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October 4th, 1898.

To His Excellency, \VN. Y. ATRINSON, Gotvernor, and President of the
Advisory Board of the Geological Survcy of Georgra: —

Sir: ~— I have the honor, to transmit, herewith, the report of Dr.
Geo. L. Ladd, formerly an Assistant Geologist on this Survey, on
a part of Tir Cravs or Grorara.  As stated in my Administrative
Report for 1897, the first part of the report, which had been fur-
nished the State Printer, was withdrawn by Dr. Ladd, in March,
1897, to add new matter. He resigned his position the following
October, without finishing the report; and I am just in receipt of
the last pages, which complete it. .

The subject is onc of very great cconomic importance to the
State; and I trust the report will meet, in part, at least, the many
requests for information about the clays of Georgia, which I have
received from investors, in the North and West.,  Field-work will
be continued on this subject, at the carliest time possible; and the
sccond bulletin of the series, which shall cover more territory, will
be published.

Very respectfully yours,
W, S, YEATES,
State Geologist.



THE CLAYS OF GEORGIA

CHAPTER 1

GENERAL REMARKS ON CLAYS

Clays and clay industries may be conveniently discussed, from
scientific, industrial or historical standpoints.

Scientific considerations deal with the definition and classification
of clays; their geological occurrence and distribution; their geo-
graphical distribution; their chemical and physical composition and
structure; their origin and properties; and the composition, structure
and properties of clay-products.

Industrial considerations are those, dealing, specifically, with the
manufacture of clay-wares, for all the various uses, such as struc-
tures (buildings, roads etc.), ornaments (architectural pieces and
art-pottery), fire-proofing, heat and electricity insulating, utensils
(pottery and porcelain), sewer-pipes, drain-tiles and miscellaneous
products; also, with the use, or misuse, of clay, as an adulterant
(for paints, foods etc.). They, further, deal with the methods of
mining and preparing clays, and with the statistics, connected with
all these subjects.

Historical considerations are those, dealing with the history of

(7)



8 DISCUSSION OF THE PROPERTIES OF CLAYS

the manufacture of clay-products, and with the development of
our knowledge of clays.

Clay articles are among the earliest manufactured products of
primitive man; and fragments of clay.utensils are among the most
enduring“recdrdé of man’s existence. The most ancient historical
records refer to the art of pottery-making, as being then in an ad-
vanced stage. The Chinese claim, that glazed pottery was invented,
by an Emperor, called Hwang-to, , whose ‘‘legendary reign, of a
hundred years, is said to have commenced in the year 2,697, B.C.”

It is claimed, that the potter’s-wheel was known to the Egyptians,
as early as 2,500 years, B. C.; and that a sort of porcelain was manu-
factured by them, during the Sixth Egyptian Dynaéty, which is
stated, by some authors, to have been as early as 3,700, B. C. From
these early beginnings, the use of clay has gradually expanded, in-
creasing rapidly, since the discovery of the art of making porcelain,
by the Chinese, at about the beginning of the Christian era; and,
again, enormously, on the introduction of porcelain into Europe;
and still more emphatically, since the art of making white porce-
lain was discovered by:.the Europeans, at the beginning of the
Eighteenth century. :

. At the present time, the uses, to which clay is put, have become
so varied, and its application.to many of these uses, so universal,
that this has been called, not unJustly, the “Age of Clay”, as well
as the “Age of Steel’'.

In spite of the varied application of clays to the techmcal and
fine arts, ranging all the way, in result, from the coarsest'’common
brick to the most exquisite pieces of artistic pottery, there has been
an extraordinarily small amount of scientific research, concefning
their nature and properties. What has been done, has been achieved:

largely by the Germans; though, at present, the importance of ‘the
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subject is becoming recognized; and the Americans, English, Freneh,
Swedes and Russians are beginning to turn their attention to these
scientific investigations. In this country, recognition of the sub-
ject is illustrated, by the number of States, which have finished, or
are at present undertaking, the preparation of treatises on the oc-
currence, distribution, origin, nature, uses etc. of the clays, within
their boundaries. Among these, are the States of New York, New
Jersey, Maryland, Ohio, Kentucky, Iowa, Missouri, Indiana, Cali-
fornia, Arkansas, Texas, Alabama and Georgia. The reports of
some are already published. Those of others are in print, and the

rest are unfinished, awaiting the completion of field-work.

DEFINITION AND CLASSIFICATION

The term clay is a generic name, for-a group of more or less con-
solidated secondary rocks, which are composed of hydrous silicates
of aluminum, usually associated with other mincrals (present as
impurities), which originate, chemically, as products, after the de-
composition of various aluminum-bearing minerals, chiefly feldspar,
and which occur, ,Leither at the place of their origin, from the ma-
ternal rock, or removed thence by geologic agencies, in foreign lo-
calities. ‘

Clays are commonly classified, from a commercial standpoint,
with reference, especially, to the uses, for which particular clays
are adaptable. From a gcological standpoint, the writer suggests,
that they be classified into larger divisilons, based on origin and

mode of occurrence; and into minor subdivisions, according to
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their composition and properties. The larger divisions of such a
classification would be somewhat as follows: —

CLASSIFICATION OF CLAYS

InDIGENOUS. —
A. Kaolins.
a. Superficial sheets.
b. Pockets.
¢. Veins.
ForEIGN OR TRANSPORTED, —
A. Sedimentary.
a. Marine.
1. Pelagic.
2. Littoral.
b. Lacustrine.
¢. Stream.
1. Flood-plain.
2. Delta.
B. Meta-sedimentary.
C. Residual.
D. Unassorted.

In this classification, the INpDIGENOUS CLAYS, as the term implies,
includes all those varieties, commonly called kaolin, which occur iz
sttu, or in the immediate place of their origin, where feldspars or other
aluminous silicates have been decomposed, and, in part, chemically
reconstructed into clays. These are commonly called, by geolo-
gists, “residual clays”, with the meaning, that they are /lef? bekind,
upon the decomposition of the parent rock. But the process, com-
pleted, is one of reconstruction, and a greater percentage of the

altering material remains, than is removed in solution. Further, as
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there are other clay occurrences, which are more properly “resid-
ual”, in the meaning of the word, the term has been reserved for its
apparently more proper use. THE FOREIGN or TRANSPORTED
Crays include all those, which have been moved, by aqueous or
aerial agencies, to points, more or less remote, from the place of
their chemical origin. This group of clays differs, among its mem-
bers, in the manner of their occurrence, and the history of their
migration, according to all the varied conditions of their origin and
composition (including impurities or accidental elements), the loca-
tion of their ultimate origin as clays, and the complex relations of
transportation and deposition, which may alternate in sequence, and
vary in detail, almost indefinitely. Especially is this last true, be-
cause of the indefinite term of life, under ordinary conditions, which
belongs to the essential minerals of clay, inasmuch as they them-
selves are the product of the destructive chemical activities, com-
monly acting on rocks.

The first group under the head of TransporTED CrLAYS is, by far,
the most important; and it is termed Sedimentary, because the clay-
beds, classed under it, all have their immediate origin as sediments,
as clay minerals, sorted out, in a large measure, by the differential,
transportive power of moving water.

The Marine Clays include those, deposited beyond the range of
fresh water. They are subdivided into the deep-sea clays, and
those bordering the shores. !

The Lacustrine Group includes fresh-water lake deposits; and the
Stream Group, those clays, which have been deposited, either on
the borders, or at the mouth, of the streams, as parts of either
flood-plains or deltas.

" These clay formations, as they are now in process of development, have been exhaustively dis-

cussed, in the report on the Deep Sea Deposits, in the reports of the Scientific Results of the Voy-
age of H. M, S. “ Challenger?”’, 1891.
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The subdivision, called Meta-sedimentary, is meant to include
those, which are not transported as clays; but which are the chemi-
cal product, from the decomposition of other transported sediments,
such as volcanic tufas, pumice etc. That this process takes place,
especially in the deep seas, is established by the results of the
Challenger expedition.

The subdivision, entitled Residual, iﬁcludes those clays, which
have, in their past history, been transported; locked up (in rela-
tively small quantities) in calcareous formations, which have been
elevated as land areas, and finally dissolved away, leaving, as a
residuary mass, unweatherable clay particles. Our most plastic
clays are of this sort, and occur in beds and pockets, in our lime-
stone formations, and in the bottom of limestone caves. The basis
of many of our soils is of this immediate origin.

The subdivision, called Unassorted; includes those which are
commonly called Till or Boulder Clays. They are transported by
glacial ice, which has little or no sorting power, and, consequently,
deposits them, without definite bedding-planes, and mixed with a

heterogeneous collection of sand, pebbles and boulders. |

ORIGIN AND COMPOSITION

Clays originate, as has already been stated, as products of the
decomposition of various silicates of aluminum. These are chiefly
members of the feldspar group, and, probably, are most largely
orthoclase and microcline. The feldspars are essentially double

silicates of aluminum, and either potassium, calcium, sodium or
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barium, which often replace each other. With these are usually
small percentages of magnesium and iron, due to the presence of
mineral inclusions.

The exact state of combination of these elements is not known;
and the nature of the change, which takes place, on decomposition,
is not completely understood; but, in general, it may be said, that
the feldspar molecules are broken up. A portion of the silica com-
bines with the alumina, and these two unite with one or more mole-
cules of water; the alkalies and other elements, present in the feld-
spar, pass into other combinations, usually soluble salts, according
to the nature of the chemical solvent. At, or near, the surface of
the carth’s crust, it is probable, that this solvent is usually carbonic
acid, in which case, the initial accessory products would be largely
soluble carbonates.

There are probably other methods, in nature, of decomposing the
silicates of aluminum, and producing the cssential minerals of clay.
Some authors ' claim, that this has been done, to a large extent, by
the action of fluids, containing fluo-silicates, or fluo-borates, which

act from below.

Experiments have been made, by Collins, * proving, that feld-
spars are converted into a hydrous silicate of aluminum, by hydro-
fluoric acid, and indicating, that orthoclase, of the feldspars is the
most readily and completely altered, by this reagent, and labra-
dorite, the least so.

The occurrence of secondary minerals, containing fluorine, such
as tourmaline, topaz, gilbertite etc., constantly associated with
kaolin, the hydrous silicate of aluminum, have led the authors cited,

and others, to the conclusion, that hydrofluoric acid has been at

! Von Buch and Daub1és.

2 Ci. Min. Mag., Vol. VII, No. 33, p. 205, on ** The Nature and Origin of Clays,” by J. H. Collins.
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least one of the important solvents leading to the production ot
kaolin. ,

The ultimate origin of clays is, then, involved in chemical pro-
cesses, which result, in the production of the essential clay miner-
als, hydrous silicates of aluminum, associated with other products
of chemical changes, and the residuary minerals and mineral frag-
ments, which are undecomposed. Such a mass, if it remains 2z sizx,
is subject to further chemical changes; to the removal of all or part
of the portions, soluble in surface water, and not at first removable
in solution; and to the introduction of new material, by infiltrating
waters. . The additional chemical changes, under ordinary condi-
tions, may consist, either in the continued destruction of the min-
erals, not wholly decomposed, before the mass becomes essentially
clay; or, in the construction of new minerals from the elements,
which are already present, or in combination with those, which
may subsequently be introduced.

Such clay will vary in character, according to the nature of the
rock, from which it is produced; the nature and completeness of
the processes; the nature of the chemical solvents; the action of
surface water, either in moving or introducing new chemical ele-
ments; and, further, according as it may be subjected to the influ-
ence of heat or pressure, which tend to convert the clay into slates
and other rocks.

All clays have this ultimate origin. The transported clays have,
however, a more immediate origin, determined by the conditions of
transportation and decomposition, which have already been pointed
out. These conditions may vary endlessly; and the endurance of
the clay minerals enables them to survive indefinite cycles of re-
moval and decomposition; and they pass from mountains to valleys,
from continents to sea-floors, from region to region, until they are

finally destroyed, by the metamorphic action of heat.
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The hydrous silicates of aluminum, which, according to the defi-
nition given above, are the essential minerals in clays, vary in com-
position, so far as they are modified, by varying amounts of com-
bined water, and different ratios of silica to alumina. Much ana-
lytical work has been done, in connection with this problem, with
disagreeing results, largely due, probably, to the lack of applica-
tion, by investigators, of a systematic and uniform method, in mak-
ing analyses, and to the want of care, by them, in ascertaining,
whether the mineral analyzed contained impurities.

Based on the work of various chemists; on that of investigators,
using the microscope, with high powers; and on the physical exper-
iments of Le Chatelier;" it may now be said to have been estab-
lished, that there are various hydrous silicates of aluminum, which
differ in proportions, in which the elements are combined, and in
form and structure, some being colloid or amorphous, and others
crystalline, in either the monoclinic or rhombohedral systems. The
most important of these is kaolinite, the accepted formula for which
is ALO,, 2 Sio,, H,0, the percentages being, Silica, 46.3; Alumina,
39.8; and Water, 13.9. Pure clay consists, therefore, of alumina,
silica and water, chemically united.

The common mineral impurities are quartz, feldspar, mica, chlo-
rite, pyrite, hematite, limonite, calcite, gypsum, alum, rutile, dolo-
mite, opal, or hydrous silica, and organic matter. These minerals
furnish, chemically, in the main, silica (hydrous and anhydrous),
potash, soda, lime, magnesia, iron, in various forms, sulphur and

titanium. These elements and compounds modify the propertics

' Le Chatelier classifies the hydrous silicates of aluminum, according to the amount of water,
chemically combined in them, which he ascertains, by determination of variations in the rate of in-
crease of temperature, brought about by the clay yielding up its combined water, and detected, by
means of his thermopyle pyrometer (which has been described in a number of scientific journals),
so applied, as to record, photographically. along the scale, the rate of increase of temperature. Sec
Bull. de la Sociét¢ de Mindralogie, Nos. 5 and 6, 1887, De I'itcion de la Chaleur sur les Argiles.
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of clays, in various ways, both as physical units and by chemical
reactions. -

The size of the particles, composing the average clay, range from
that of coarse sand, relatively small in quantity, and often wholly
absent, down to the minutest microscopic particles. Beyond these,
are an abundance of fine particles, which will render water opales-
cent, remaining suspended in it for an indefinite time.

As regards the composition, or mineral identity of the materials,
which so remain indefinitely suspended in water, no chemical de-
terminations have been made, so far as is known to the writer.
Prof. Whitney includes all these ultra small particles, in- what he
terms his “clay group.” An objection may be raised to this use of
the word “clay”, which is a term used for rock, consisting essen-
tially of kaolinite. In the case of these minute particles, it has been
shown, that they are, in greater part, fragments of this mineral.
Theoretical considerations would indicate, that they are likely to
be quartz, in as great, if not greater, measure than kaolinite; and,
hence, the material might be considered sand, often, with more
propriety than clay. The term clay should not be used on the
grounds of fineness of material, alone, if this is the case. ‘

The actual nature of these particles being undetermined, their
character may be .inferred, as follows: —

The great mass of fine grained, fragmental rocks will consist of
those minerals, which are both extremely abundant and most highly
resistant to the destructional forces, known as “weathering”. In
these respects, quartz and kaolinite vastly exceed all other min-
erals.

The rate of abrasion of rock fragments diminishes’rapidly, as
they decrease in size. A point will, therefore, be reached, where

the abrasion of particles suspended in, or transported by water,
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CHARACTERISTIC VIEW IN A RAILWAY CUT THROUGH WHITE CLAY BEDS, NEAR GRISWOLDVILLE, JONES COUNTY, GEORGIA.
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will practically ceasc.  Such particles would naturally be in a well
rounded condition.

The great mass of particles, smaller than these, will originate in
the minute condition, broken from the peripheries of larger bodies.
It has been shown by experiment, that minerals, ordinarily insolu-
ble in distilled water, will be found dissolved therein, after abrasion,
showing, that blows between masses, large enough for effect, will
possibly reach, in tearing substance away, down to the molecule of
matter.

From the fact, that the extent of surface increases relatively, as
the mass diminishes, small particles are more readily attacked and
destroyed by chemical action. So, that the sifting process, tending
to preserve quartz and the kaolinite, as residuary materials, is
heightened in productiveness.

As to the relative amounts of quartz and kaolinite, among the
extremely fine particles, the preference would seem to belong to
quartz, unless it can be shown that kaolinite crystals occur with ex-
ceedingly small diameters.

Minute products of abrasion will be most abundant, of the ma-
terial, fragments of which occur in masses, large enough to give
and receive, under the conditions of water erosion, effective blows.
While this is universally true of quartz, it is only so of kaolinite,
to a most limited extent; because the crystals of this mineral, be-
ing themselves small, are thus less likely to suffer from abrasion,
than is quartz. Despite this fact, however, the presence of a per-
fect cleavage in the kaolinite needles permits them to suffer most
cxtensive subdivision; but, with this difference from quartz, that,
while the latter can furnish an unlimited number of particles, of
varying size and shape, the kaolinite particles will rarely be smaller,

by natural abrasion, than the cleavage scales, which separate from
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each other. Owing to the small size of these, they escape further
destruction, and preserve, in the main, two of their dimensions in-
tact. This seems generally true; for a microscopic study of clays
reveals the essential mineral present, commonly, as small, thin
scales, averaging about .003 of a millimeter in diameter, with most
of their crystal angles still preserved.

Original size of the fragments and molecular structure, then,
seem to limit the smallness of kaolinite particles, and to determine
their shape, while they lead to the production of quartz grains of

any degree of fineness, and of any shape.

PROPERTIES AND CHARACTERISTICS

The properties and characteristics of clays depend upon, first,
the kaolin minerals, and, second, the impurities. In the case of the
former, the condition, in which their fragments are found is impor-
tant; that is, whether their individual particles consist of prismatic
crystals, minute plates or thin cleavage scales, resulting from either
the simplest form of disintegration of the original crystal, such as
is brought about by the action of frost, or from abrasion, suffered,
during transportation from its place of origin to its home, as a sedi-
mentary deposit. In the case of the impurities, much depends
upon both the absolute and the relative quantities of each, present,
and its state of fineness or subdivision.

Clays are characterized by no special Color. The pure variety is
white; but they commonly occur gray, drab and bluish, often mot-
tled and variegated. They are, also, found of almost all colors,
frequently being brilliantly tinted with reds, yellows and purples.
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Oruanic stains give a variety of colors, often brilliant in hue, pur-
ple and red being the most striking. Different compounds of iron,
the most common coloring causes, give greenish, gray, yellow,
brown and red tints. The colors are deepest, when the clay is
moist, and they grow lighter, as it is dried.

Thesc colors affcct the use of the clay in its raw state; as for
example, its use in the manufacture of wall-papers, the adulteration
of foods ete.

In most cases, its color, in the natural state, enables us to infer
the color of the burned product. Organic stains, however, disap-
pear on burning, while the iron stains are modified or developed,
by both the intensity of the heat cmployed, and the degree of oxi-
dation effected in the process of burning.

Clays are usually characterized by a peculiar Odor, or ““argilla-
ceous smell”’, which is not invariable, and by a smooth, unctuous
ZIvel, which is also frequently absent, being dependent upon the fine-
ness of grain, and the absence of coarse impurities or grit.

In Density, Hardness, Tenacity ete., clays ditfer widely, being modi-
fied, in these particulars, by their geological history. Among the
crystalline rocks, where they originate, they are apt to be coarse and
loosely coherent; but often transportation and sccondary changes,
which they may have undergone, following their accumulation as sedi-
ments, such as compression, the loss of water, infiltration of mineral
matter etc., changes their general structure widely. They vary from
soft, porous, incoherent masses, through tough, compact varieties,
which arc often laminated or have a fissile structure, on to exceed-
ingly tough, and even to varieties, which are so hard, that splinters,
fiving from beneath the blow of a heavy hammer, will cut the flesh
of a workman. Such clays belong to the class, known, commonly,

as “flint clays”; and they are mined only by drilling and blasting.
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The degree of hardness varies, in the scale of 10, used by miner-
alogists, from I to 3.5; but this is hardness of the clay mass, tech-
nically a rock, and not that of the individual clay or kaolinite par-
ticles, the hardness of which has not been accurately determined,
owing to their extreme smallness.

The specific gravities range, from less than 1 to about 2.5, pure
kaolinite having a specific gravity of 2.60. The specific gravity,
of course, varies with the state of compactness of the mass. One
of the Georgia clays will float, for a time, in water; and, when coated
with a thin film of paraffin, it floats like a cork.

BEHAVIOR OF CLAYS, WITH REFERENCE TO WATER
AND TO HEAT

The most important properties of clays are those, developed by
their behavior, with reference to water and to heat.

Water Absorption, Plasticity, Shrinkage and Consolidation on Drying
are the important phenomena, resulting from the relations of clay
to water.

The molecules, of which clay and water are composed, have a
strong mutual attraction. As a result of this, a single dry kaolinite
scale, exposed even to ordinary atmosphere, will rapidly absorb
moisture, condensing it, as a film on its surface. This attraction is
so strong, that experimental results, by the writer, have shown, that
dried clay will absorb moisture, thus gaining in weight, even when
enclosed in a chloride-of-lime desiccator. '



DISCUSSION OF THE PROPERTILES OF CLAYS 21

.
An aggregation of kaolinite scales, constituting a mass of clay,
may be looked upon as a labyrinth of capillary tubes. Owing to
the tension, or pull, on the free surface of liquids, which is described

H

by ph_\'sicists as “surface tenston’’, water will move in small tubes,
indepcndently of gravity, falling below its normal position, when
there is no attraction between the water and the walls of the tube,
to counterbalance this surface tension; as, for instance, if the
walls were coated with a film of grease; and it will risc, above its
normal height, acting against gravity, when there is an attraction
between the water and the substance of the given tubes. These are
known as capillary phenomena; and, in the case of clay, with its
capillary labyrinths, water will rapidly penetrate the mass, until the
supply fails, or, until the weight of water in the tubes exceeds the
other operative forces. It is in this manner, that clays absorb
moisture, doing so, very rapidly, when the particles are loosely ag-
gregated; and more slowly, though still effectually, when they have
been compressed into ever so compact a mass.

On exposing to water, dry clay powder, which has not been com-
pacted by pressure, the former replaces the air in the interstices of
the clay; and, owing to the strong attraction between the water and
the clay, it draws the particles more closely together, and thus ac-
complishes a Primary Shrinkage of the mass.

Clays, which have not been indurated, by the infiltration of silica,
or other soluble mineral matter, or by some form of recrystalliza-
tion, no matter how dense or hard they may be, will dissolve, when
exposed to water, even though the whole mass be not in contact
with it.  This phenomenon is called ‘““slacking”, and is due to the
penetration of the water between the minute kaolinite scales, in the
manner described above.

If, then, an incoherent, dry clay powder be given an opportunity,
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it will absorb a definite amount of water, dependent upon the fine-
ness of grain and shape of the particles, and the compactness of the

mass, and will shrink, in the ratios, also, of these same conditions.

SHRINKAGE AND CONSOLIDATION ON DRYING

If, in a moistened or wet condition, clay be subjected to heat, but
slightly above the boiling point, the moisture will be expelled, or,
more properly, will be absorbed by the atmosphere. It departs,
under these conditions, molecule by molecule, film after film, being
removed from the exposed surfaces, which are those in the open
ends of the minute tubes or fissures in the clay. But, as soon as a
film of water is removed from one of these tubes, the weight of the
column is diminished, and, by ‘capillary attraction”, there is a
tendency to elevate the water to its original height. This can only
be accomplished, assuming a new supply of water from any source
to be prevented, by a possible shrinkage of the whole; or by its
breaking into parts, which shrink upon themselves. The comple-
tion of this process may be termed, for convenience, the Sccondary
Shrinkage of clay. It results in a more or less consolidated sub-
stance, the degree of consolidation depending upon the nature of
the clay particles; and, essentially, upon their small size and pecu-
liar shape; that is, that they are minute, thin scales.

These remarkable characteristics, which are phenomena, so com-
mon and so apparently simple, that they seem never to have
received more than superficial explanation, are produced by forces,
brought into play by two physical processes, — nothing more than

adding to, and removing water from, clay powder; and, but for the
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part 1>1ayed by these forces, the material would again be an inco-
herent powder, at the close of the processes. This aspect of the
case seems to have been, hitherto, overlooked by clay in\'vestigators,
who have explained shrinkage, by the mere statement, that it is due
to the loss of interstitial water; but, if this alone took place, unac-
coml)anied by the action of other forces, the wet clay, on drying,
would, of course, fall again into its original state. The cffect is,
that, as the water is removed by evaporation, “surface tension”, on
the free surfaces of the water, co-operates with the attraction be-
tween the molecules of water and kaolinite, and a pu// is inaugu- -
rated, which shrinks on the one hand, and consolidates on the
other; the latter, by bringing the clay particles within the realm of
mutual attraction, or to the point, where friction, or the interlocking
of surfaces, of the particles gives strength to the mass.

The amount of shrinkage, and the degree of consolidation, for
clays of a given density, are largely dependent upon the fineness
of grain and the shape of the particles, and the condition of the
surfaces and edges of these; that is, whether they are relatively
smooth or rough.

The coarse clays, or those with much impurity, shrink but little,
and show but little tensile strength.

Clays, mixed with enough water, to make them only plastic,
shrink in amounts, ranging from about 1 to 10 per cent. When
dried, from a condition of self-saturation with water, they shrink in
amounts, ranging from 3 to, at least, 30 per cent., lincar measure-
ment.

The degree of consolidation, measured in tensile strength, varies
enormously, the variation being from a few pounds, in the case of
“flint”’ clays, to between three and four hundred pounds, in the

most plastic clays, per square inch. The manner, in which shrink-
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age and consolidation on drying are brought about, may be ex-

plained by reference to the following diagram, fig. 1.

Fig. 1

Diagram to Illustrate Shrinkage and Consolidation.

This figure illustrates, diagrammatically, the beginning of evapo-
ration of water from a mass of clay, which has been allowed to ab- -
sorb the former, to the point of saturation, through perforations in
the bottom of the containing vessel, the latter having now been re-
moved from the water-supply.

So long as water could be drawn up from below, while evapora-
tion was going on above, there would be no change in the condi-
tions, except the gradual movement of water upwards; and no
necessary movement of the clay particles in any direction.

When the supply of water is removed, surface tension at (a) still
operates to elevate water to the original height. If there were no
points of weakness in the mass, that is, if the conditions were uni-
form throughout, and each particle were fixed in its place, there
would result, of course, only a gradual subsidence of the water. If
the particles, however, be considered free to move in any direction,
uniform as regards their size, shape and distribution, and if the
affinity of water for the sides of the vessel be exactly equal to that
for the clay, a vertical shrinkage will take place.

The capillary attraction, capable, originally, of lifting water to

the points (a), would still be operative; and water, to replace that
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evaporated, would be fed from those channels, the walls of which
are the most easily collapsible; and, with the given conditions,
these would be the lateral ones, the downward movement being
facilitated by gravity and the presence of the one free surface above.

It must be borne in mind, that the tension, at the points (a), and
beneath them, throughout the process, is of unitorm value in each
and every tube.

If, as in the case of our experiment, the affinity of the clay for
the water exceeds that of the walls of the vessel, a point will be
reached, where the up-pulling at (a), between the clay particles,
will remove the water from the columns adjacent to the sides. The
mass 1s then free to shrink upon itself, in horizontal directions, as
well as vertical. Water is fed to the exposed surfaces, so long as
the particles can approach each other. Shrinkage has been accom-
plished. and consolidation results, from the bringing of the fine
particles, within the realm of mutual attraction, and from inter-
surface friction.

When this takes place in nature, the lateral tension is.unable to
contract the mass as a whole. Owing, however, to inequality of
conditions, planes of separation are established along lines of
weakness, and so-called “mud-cracks” result. The smaller masses,
thus formed, may then shrink farther. In the arts, this phenome-
non is called Checking.

The finer grained the material, the greater the amount of surface
of the particles, as compared with their mass. Consequently, there
are more contacts; mutual attraction and friction is more effective;
and the mass more completely consolidated. In the case of sand,
the mass of the individuals so far exceeds the amount of surface,
at which contacts exist, that the bonds are ineffectual, and the

material remains incoherent.
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The phenomena of shrinking and consolidating, on drying, are
all-important points in the economic use of clays, in a great variety
of ways. They make possible the sun-dried brick, and most, if not
all, of the wares produced from clay, by burning.

In a larger way, these properties of clay effect great results in
nature, and some of the facts, in this connection, are worthy of
special discussion, from the bearing they. have on agricultural prob-
lems; and, for this reason, the subject is further amplified. The
behavior of clays, with reference to water, is of fundamental im-
portance to vegetation. These properties, in conjunction with

)

“surface tension,” operate to retain water at the surface, where it
is available to furnish the moisture needed by plant life; and, also,
to draw up from the “water-table”’ below, supplies, to renew that,
removed by evaporation and the requirements of vegetation. It
carries, held in solution with the water, the mineral foods, which
build the tissue, and support the growing plants. It also forms a
crust produced through shrinkage, which retards evaporation.

Prof. Whitney, in the introduction to “Some Physical Properties
of Soils,” states, that chemical analysis has not explained the re-
lation of soils to plants, or the local distribution of the latter; that
the general distribution of these is determined by temperature and
rainfall, but the local distribution, by the relation of the soils to
moisture.

Prof. Whitney (whose works on Soils and Crop Distribution,’
should be read by every person, interested in scientific farming), in
discussing the circulation of water in soils, shows, that it is affected
by the presence of salts and organic matter, in solution, and de-
scribes the practical results of this, on water and food supplied to

! “Some Physical Properties of Soils in Their Relation to Moisture and Crop Distribution”';,

U. S. Dept.-of Agri., Bul. No. 4,1892. * Conditions in Soils of the Arid Regions;” U. S. Dept.
Agri. Yearbook, 1894. *‘ Reasons for Cultivating the Soil *’; Yearbook, U. S. Dept. Agri., 1895.
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plants, as modified by the use of fertilizers. Great stress is laid by
this author, on the relation of plants to the texture of the soil,
which, of course, affects capillary circulation. If the statements,
which have been made, above, are true, can it not be reasonably
claimed, that, without the properties of clay under consideration,
together with the surface tension of water, the very existence of
Jand vegetation, or at least the greater part of it, would be threat-
ened ¥ But for capillarity, would not rain waters escape through
or over the soils too rapidly, to be available?  Would the film of
water, directly attracted by each grain of soil, succeed in resisting
evaporationt and, if it did, how extensively would it support vege-
tation 7 Where would plant food come from? Another, more
fundamental question: — To what extent would the fine-grained ma-
terials, constituting soils, accumulate * In short, would land vegeta-
tion have a soil, permanent enough to grow in ¥t

I'rom a consideration of the facts, it is evident, that the existence
of the former and the permanency of the latter are largely inter-
dependent, and that, besides this, each is directly dependent (the
degree being the only question) on the conditions, as stated above.

If, as has been shown, clays and soils should dry without their
influence, they would dry into incoherent “powder”, “sand’ or
“dust”; and no crust, more or less solid, would be formed. On
the other hand, if they did not operate to elevate, in soils, water
from below, they would dry, after wetting, in a much shorter time.

In the former case, soils would be subject to erosion, to a vastly
greater extent, than they are, owing to the absence of a crust, and
the general consolidation, shown to result from drying.

In the latter case, the presence of the water, obtained by capil-
larity, renders the soils somewhat tough and coherent, in a different.

fashion; and so, again, it tends to retard erosive agencies.
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Thus, in two direct ways, these materials are preserved from ero-
sion by the wind, the impact of rain, and ﬂowing water.

Indirectly, a growth of vegetation is made possible, which further,
and so largely, protects the soil from erosion. Moreover, this veg-
-etation is a source of chemical decomposing agents, which accel-
-erate soil accumulation.

The following generalizations are grouped together, here, as an
-outline of the features of the circulation of water in soils: —*

1st. The soils are composed of mineral matter of different sorts, chiefly
~quartz, feldspar and clay (kaolin); and these occur in sizes, ranging from
that of the particles in coarse gravel down to minute rock fragments, .ooor
of a millimeter in diameter.” They are, also, of different shapes, the
~quartz grains varying in form, from angular to well rounded, while the
~clay or kaolin constituents are commonly present as thin, flat scales.

2nd. The state of aggregation of these, and the relative amounts of
each, present in different soils, varies enormously.

3rd. The affinity of the soil particles for water varies with their chemi-
-cal nature; and particles of the same material have a varying affinity, un-
-der different conditions, not, now, well understood.

4th. Salts and organic matter, in solution, modify the value of the sur-
“face tension of the liquid, the former generally-increasing, the latter de-
-creasing it.

sth. The circulation of water is of two sorts, viz., (a) flow due to hy-
drostatic pressure, or gravity, and (b) flow due to capillarity.

6th. The permeability of the soil to water, moving under the influence
of gravity, depends largely on the size of the tubes. The smaller the
‘tubes, the slower the rate of flow.

7th. The penetration of the soil by water, acting under the influence
-of capillarity, depends largely, also, but in a reverse way, upon the size of
the tube. The smaller the tubes for a given total area of cross-section,
-the greater the amount of water absorbed, and the higher it is elevated.

8th. For a given soil, the retention of moisture, when loss, from evap-

. For general discussion, see Whitney, op. cit.

2 In this connection, Whitney states the interesting facts, that, on the average, about 5o per cent.

«of the volume of soils is space, occupied by only air and water; that, in a cubic foot of soil, the

grains have, on an average, at least 50,000 square feet of surface; and that soils, containing from 10
.to 30 per cent. of clay, consist. respectively, of from four to twelve billion grains.
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oration, is suffered, depends upon the size of the capillary tubes; the affin-
ity of the soil particles for water; the amount of water-supply; and the:
length of the capillary tubes, or the distance of the ‘‘ water-table” below
the surface.

gth. Its retention of moisture, when suffering loss through escape below,
depends, in a great measure, upon the size of the capillary tubes, the rate
of flow, through these, for a given amount of pressure, varying, as the
fourth power of the diameters.

1oth. Soils, subsoils, and the water reservoir, may all differ in texture.
The rate of flow of water to the surface, depends largely upon the nature
of the texture of these, and the relative positions, which they occupy.
Further, the penetration of the ground, by meteoric waters depends
largely upon these same conditions.

rith. Both the presence and circulation of water in soils depend upon
very complex conditions, such as, the nature, size and shape of particles,.
their state of aggregation, or the texture of the mass, and the position and
amount of water-supply.

PLASTICITY

Plasticity may be defined, as the capability of a substance for
being moulded by a readjustment of its physical units, with refer-
ence to the moulding force. Strictly speaking, it is not a property
of clay, though it is usually spoken of, as being, perhaps, its most
important one. Perfectly dried clay is not plastic. A mixture of
clay and water, in certain ratios, which vary within fixed limits,
may be extremely plastic. Such a mass may be ‘moulded at will,
and readily retains the final shape, to which it is brought.

This behavior is of the greatest use, of course, in manufacturing
clay-products, so many of which are moulded, then dried (when
they consolidate, as shown above), and finally burned. The cause
of plasticity in clays has been a subject of conjecture and discussion,

for many years, Cook being one of the earliest American investi--
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gators, to call attention to the question. He rightly inferred the
relation existing between this property and the shape and size of the
individual particles.

A number of observers have assigned plasticity, more or less re-
motely, to the chemical composition of the clays, — that they are
aluminous and hydrous; and this theory, or rather conjecture, is,
in a measure, correct. The chemical composition certainly partici-
pates in the cause, though, just how it is connected with the phe-
nomenon, the advocates of the theory have not satisfactorily shown.

The fact, that some clays, more impure than others, are the most
plastic, has long been known. It has been suggested, that the
presence of vermicular-formed crystals, and irregularly angular par-
ticles may have a bearing on the question of plasticity. Facts,
however, show otherwise; and the suggestion does not deserve to
be dignified with the title of “Theory of Plasticity.”

It has, also, been shown, by experiment, and has been long rec-
ognized, that fineness of grain, and, as Johnson and Blake have
brought out,” the shape of clay particles are, also, factors; their
-researches show, that, when these plates occur in aggregates, in-
stead of individuals, the clay is decidedly less plastic. Prof.
Haworth has lately made researches along the same line, and has
arrived at the same conclusion.

The true explanation of plasticity can best be arrived at, by
looking at the conditions involved. Tor the purpose of these con-
siderations, clays may be conveniently divided into three classes: —
First, Those, which occur in their place of origin, — that is, the in-
digenous clays, which consist of plates, variously aggregated, and
prismatic crystals; second, those, which have been transported,

broken up into cleavage scales, and deposited in degrees of fine-

' On Kaolinite and Pholerite, Am. Jour. Science, 11, Vol. XLIII, pp. 35 and 36, 1867; Johnson
and Blake.
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ness, according to the sorting power of water, moving with different
rates of flow; and #uird, those, which have been indurated, either
by cementation, recrystallization or some unknown cause, to the
point, where they will no longer slack, in water.

In order to make the clays of the last class plastic, they must
needs be first ground. The other two classes are both plastic, the
former the least so; while, of the latter, those, which are the finest
in grain, having been carried the farthest, or deposited in the quiet-
est water, are the most plastic of all. These clays differ, respec-
tively, in a marked degree in plasticity, according to the amount of
interstitial water, which they contain. A certain percentage of the
latter, differing in the different clays, gives a maximum plasticity.

These facts evidently tend to show, that Fiuneness of Grain is one
of the necessary factors; but a comparison of clays with other fine-
grained substances shows, that fineness of grain alone is insufficient
to account for the facts observed in the behavior of clays.

As already mentioned, the microscopic examinations of Johnson
and Blake have shown, conclusively, that Skape of the particles is
also a determining factor, and theoretical considerations, to be dis-
cussed later, accord with this assertion.

Another factor, which is of supreme importance, is the Musual
Attraction, already referred to, which exists between water and clay
particles, under normal conditions; and it is here, obviously, that
the chemical composition of kaolinite has its bearing, though, not
in the manner, which has ever been assigned to it, as a cause. Of
equal significance, and of necessity as a factor, is the Suyface Ton-

sion, ' acting on the free surfaces of the water in the clay mass.

! The term, ““surface tension”, is the familiar one, used by physicists to denote certain molecu-
lar conditions on the superficial film of bodies. Owing to the absence of cohesive attraction on the
outside of such films, there exists a rclatively greater stability of position among its molecules, with
reference to movement outwardly from the mass, and a tendency to diminish the extent of surfaces,
or a surface pull, — a resultant of molecular forces acting alone from within,
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Compared with these factors, the questions of fineness of grain,
shape of the particles etc. are insignificant; at least, they are very
much less fundamental.

To sum up the situation, we have, in any given suitable sample
for demonstration, a mixture of innumerable, minute, thin, flat par-
ticles, separated from each other by films of water, the two attract-
ing and holding to each other, with a force, often greater, than that,
by which the water attracts itself. The water, which is a fluid, acts
as a lubricant, and facilitates the moulding of the mass. For this
purpose, enough water must be present, to perfect this property.
Having been moulded, the mass has rigidity enough to maintain its
shape, when too much water is not present. The difficulty, that
seems to need explanation, is, that a heavy mass of particles, mixed
with such a liquid substance, can retain almost any shape given to
it. The explanation is, that a relative rigidity is given to the water
itself by the pull, existing between it and the clay particles, over a
vast extent of surface, permeating the whole, and co-operating with
surface tension, which participates in holding the water, as does, also,
frection, throughout the mass.

The questions of fineness of grain and shape of the particles be-
come, then, largely, but modifying factors, affecting degree, and
being, within large limits at least, modifiers, rather than determi-
nants of plasticity.

For instance, coarse, angular quartz sand, when moistened, be-
comes plastic, to a considerable extent. It does not, however, on
drying, consolidate; but the consolidation of a substance, on dry-
ing, and plasticity are, as thus shown, quite different matters, and
should not be confused, as they seem to have been; because they
are, to some extent, dependent upon similar conditions, and are as-
sociated phenomena.
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The diminutive size of the particles acts as a factor, in two ways.
In the first place, the smaller the particle, other things being equal,
the more readily a number of them will move over each other. In
the second place, the smaller the particle, the greater the amount
of its surface, as compared with its mass. Prof. Whitney, in the
papers quoted, frequently calls attention to the function of ‘“‘clay”
particles, resulting from their diminutive size; and he emphasizes
the fact, that, as bodies are subdivided, or decreased in size, the ex-
tent of surface rapidly increases relatively to the mass. DBut it
should be borne in mind, that the shape of a particle can almost in-
definitely extend the relative amount of surface. Thus, for a given
mass, angular particles expose more surface than spherical ones. The
surface of spherical bodies varies, as the square of the diameter;
but, if the particles be flat, the surface can be increased, without
diminishing the mass, by change of shape (theorctically), until the
molecules of the substance all lie in a single plane. As a matter
of fact, mineral particles are generally angular, rather than round,
because they result, largely, primaridy, as minute particles of any
shape, rather than being the eroded spheroidal nuclei of larger
masses. Thus, in clays, we find the extent of surface at its practi-
cal maximum, through minuteness, on the one hand, and shape, on
the other.

It is possible, that, if Prof. Whitney, by chance, neglected the
shape, in his calculations of the amounts of surface exposed in dif-
ferent soils, his determinations being often the greatest diameters
of flat particles, the amount of such surfaces would be even greater,
than that, indicated by him.

The thin, flat shape, is also best adapted, for giving rigidity to
the mass; because the channels between such particles are most

uniform in character, and fewer weak spots are possible, where
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larger capillary tubes, such as would occur among more or less an-
gular particles, would hold an amount of water, in excess of that
producing the maximum strength.

One other factor, which should not be overlooked, is in the char-
acter of the surface of the particle — that is, whether it is rough
or smooth; ragged edges, for instance, such as occur in finely
ground clays, tend to diminish plasticity.

The shape of the particle, and the nature of its surface have,

also, much to do with the solidity of a clay, after drying.

THE BEHAVIOR OF CLAY, WITH REFERENCE TO HEAT

If clay is exposed to a gentle heat, not much above the boiling
point, no change will take place, except that of complete drying,
unless it shall have been wet enough to cause shrinkage, which,
under circumstances, as already indicated, will cause “checking’’;
and this, particularly, if the heat, even within this limit, is too
high, and the process of drying, too rapid. As the temperature is
gradually raised, molecules of the water-of-composition, or the
combined water, are given off at intervals, until the substance is
co-mpletely anhydrous. What, if any, molecular re-arrangement of
the silica and alumina, remaining, occurs, is unknown; but, finally,
the increasing temperature reaches a point, where incipient vitrifi-
cation takes place. The molecules of adjacent particles pass from
the solid to a viscous state, and coalesce, thus uniting the whole
into a much more solid and homogeneous mass, than results from

mere drying. It is at first porous. But, ultimately, the whole sub-
ymng I Y

Wl
ST
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stance fuses, and complete readjustment of the molecules takes
place; and the product, as it is ordinarily cooled, is a kind of glass.

These processes, the loss of combined water, and different de-
grees of vitrifying, produce a third, or ferziary, shrinkage of the
mass, known as fire-shrinkage. If the clay is free from impurities,
an enormous temperature is required, to bring about complete
fusion; but, in an electric arc, where the voltage is high, it fuses
into liquid glass, more quickly, than wax melts in the flame of a
candle. It will also fuse, but less readily, in the oxyhydrogen
furnace.

Clay, which is comparatively pure, and fuses only at relatively
high temperature, is called Refractory or Five Clay.

The processes, by which incipient and higher grades of vitrifica-
tion are brought about, in the arts, are termed burning or firing, and
are conducted in kilns or furnaces of various sorts.

Impurities of different kinds modify, in different degrees, respec-
tively, the refractoriness of the clay. Two substances, which are, by
themselves, highly refractory, will, when in intimate contact, unite
-chemically to form new compounds, and thus fuse, under these
-conditions, at comparatively low temperatures. This is the im-
portant principle, by which the effect of impurities, in lowering the
fusing point in clays, is accomplished.

Besides modifying the fusibility of the clay, the impurities affect
the color of the burned product, as spoken of, in discussing the
color of clays. The common coloring agent, in burning, is iron,
which gives a varicty of shades, ranging from buff and salmon, to
red, brown and black. (

The relative effect, of the different impurities on the fusibility

of clay, will be spoken of, under another heading.
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USES OF CLAY'

Clay is used, in the raw state, chiefly, as sun-dried bricks; for
the adulteration of various food and other products; and in the
manufacture of paper, principally wall-paper.

For the two latter purposes, fineness of grain, color, and freedom
from grit are the essentials.

The wall-paper industry is the most important use, to which clay,
in its native state, is put; and it is this demand, which the Middle
Georgia clays should seek to supply. Such clay brings from $8.00
to $10.00 per ton, of 2,000 pounds, delivered in New York; or, on
the average, about $5.00 per ton, at the mines.

It is used, to add weight to the paper, and to enable it to take
clearer impressions, in printing. Originally, a variety of talc and
whiting were used; but, at present, the manufacturers use almost
wholly the fine-grained, pure-white clays, which slack easily in
water, and which are found mostly in New Jersey, Delaware, Mary-
land, South Carolina, Georgia and Florida.

Fifteen to twenty per cent. of clay is added to each 1,000 pounds
of pulp, though the latter usually retains not more than half of
this, in its final state.

Not less than 10,000 tons, and probably much more, of this clay
is annually consumed, by the wall-paper trade alone.?

The use of clay, in the raw state, constitutes but an insignificant
part, in the total consumption of this material, in the world. Its

chief use is in the manufacturing of burned products, of many

! See list of publications in appendix.

2 A brief account of the use of these wall-paper clays will be found in the Manwufacturers Record,
of Aug. 15th, 1897, p. 33, in an article, entitled *“ Southern Paper Clays,” by H. K. Landis.
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sorts; and for this purpose, therc is manufactured, at the present
time, in the United States, alone, a product, valued, probably, at
not less than $70,000,000, annually. The statistics, compiled by
the United States Geological Survey, show a valuation of our clay-
products for 1890, of $67,770,695, and for 1894, of $05,389,734.
These figures are, in all probability, too low; as a large number of
the minor industries are, unavoidably, omitted, in the reports, which
are made to this department.

The burned products may, in a rough way, be classified into
household wares, including porcelain and china wares, and art pot-
tery of many kinds; structural materials, including buildings,
bridges, culverts, road-beds etc.; drainage materials, such as sewer-
pipes and drain-tiles; and refractory materials, that is, products,
which will withstand high temperature, and, in cases, the corrosive
action of chemical agents. These latter are mainly structural,
such as fire-proofing, now used extensively in large city buildings
and factories; linings to retorts and furnaces; and utensils, in which
glass is melted, fusions made for assays, etc.

Following is a list, including, in a general way, most of the prod-
ucts made of burned clay: —

Common brick; ornamental, pressed or front brick; paving-brick;
enameled brick; washed brick; fire-brick; roofing-tile; encaustic,
panel and floor tile; terra-cotta; terra-cotta-lumber; drain-tile;
sewer-pipe; glass-pots; gas- retorts; crucibles; porcelain, common
and art pottery; plumbing articles; and electric insulators.

For the methods of manufacturing these products, the manner
of preparing the clay, etc., the reader should seek the general lit-
erature on the subject, a number of references to which are given,

at the end of this report.
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GEOGRAPHICAL AND GEOLOGICAIL DISTRIBUTION

Clays are common to all countries, having the diverse distribu-
tion of fragmental rocks, as well as that of the feldspathic igneous
rocks, from which they are being constantly formed.

In the geological scale, clays occur among rocks of all ages;
but the indigenous clays are, of course, more recent, than the rocks,
among which they occur; and they may have been formed, at any
time, subsequent to the solidification and exposure of the latter,
from which they are derived. The transported clays occur in all
the geological formations, from the Paleozoic age, down to those
of the present time; but, so far as they have been preserved in the
older formations, they are more apt, to have become indurated by
compression, or by the infiltration of mineral tements, or, doubt-
fully, by recrystallization; and many, of what were once clay-beds,
in these formations, have been metamorphosed to slates, by the
action of heat and pressure. In the more recent formations, they
are less consolidated and more abundant. They are more abun-
dant, here, because, up to a certain limit, the forces, which produce
them, are more largely active, than the forces, which destroy them.
Further, they are easily and quickly removed, by erosive action,
from the older to the newer formations; and they lose nothing, de-
structively, in essential character, through the process of transpor-
tation.



CHAPTER 11

METHODS OF SEEKING AND TESTING CLAYS

Clays are located, chiefly by observation in the field; in cuts
along highways and railroads; on stream banks; and in gullies, in
the fields and forests. They arc found, also, in sinking wells, and
by boring, and they may be systematically sought by trained geol-
ogists, who infer probable location and position, from a variety of
observed geological facts.

When found, the expert can arrive at an approximate estimate of
their possible utility, by a brief examination, known as macroscopic
investigation, this meaning, merely, the hand study of a specimen.
The color is observed; the taste and feel are noted; its structure
and relative freedom from sandy impurities arc determined (by
means of a pocket lens, if necessary); and its slacking quality and
plasticity are tested, by wetting with water. v

Such an expert will, also, note its manner of occurrence; proba-
ble thickness and extent; ncarness to market, and to means of

transportation; the amount of stripping or over-burden, etc.

SAMPLING

As a preliminary to laboratory tests, the clay occurrence should
be carefully sampled; as it is useless, to undertake the expensive
(39)
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investigation of a clay, unless it is known, that cnough of such
material is available to warrant its development. Samples should,
therefore, be so collected, as to represent, if not the average of the
occurrence, at least a part of it, which can be profitably separated
from the rest. This question of sampling is one, of the greatest
importance, and it should only be undertaken, by some one, tho-
roughly familiar with clays and their uses, clay-bodies being very
rare indeed, which are uniform in character, for any considerable

distance, vertically or areally.

LABORATORY INVESTIGATIONS

For more detailed and more perfect determination of the value
of clays, a variety of means may be adopted, for testing the nature

of the properties of samples.

PREPARATION FOR TESTING

Since much of the value of laboratory tests depends upon the
comparative use of the results, a uniform method should be em-
ployed, in preparing the clays for these. Itis, of course, necessary
to vary the preparation, at times, for special purposes.

In general, clays, which slack, need not be ground; but, that
these may be compared with flint-clays, it is somectimes advisable
to grind them to a state of maximum fineness, that is, so that all
the largest particles shall pass through a sieve of given mesh,
which may range from 20 to 100, to the inch, according to the test
to be made. As it is necessary to do this, usually, in an iron

grinder, it is advisable to pass the clay slowly over an electro-mag-
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net; or, where this is not available, to remove the iron particles,
introduced by grinding, by a thorough use of an ordinary magnet.

In order to determine the possible use of some clays, it is neces-
sary to wash them, thereby removing the coarser impurities; and,
for some purposes, it is advisable to separate the clay into different
parts, according to degrees of fineness. This may be done, by dis-
solving, physically, the sample in water, in some convenient vessel,
agitating, and allowing the coarser particles to subside, and pouring
the liquid, containing the finer, into another vessel, a process, which
may be repeated indefinitely, ever subdividing the material, ac-
cording to its fineness.

The following is a brief outline, in a general way, of the usual
preparation of clays for laboratory examination, conducted by the
writer: —

The sample, which should weigh not less than thirty pounds, is
first divided into two nearly equal parts; and, from these, a suf-
ficient supply of specimens is set aside, for the description of the
clay, as it occurs in the field; for the purpose of microscopic study;
and for the determination of its specific gravity. The first division
of the clay is then ground, until it entirely passes through the sieve,
of definite mesh. The remaining part is then set aside, as a reserve.
From the ground and sifted clay, a part is taken, and dried to con-
stant weight, at 100° C,, for plasticity and shrinkage tests. Another
part is taken, freed from iron with an electro-magnet, and set aside
for the fusibility tests, and to furnish material for chemical analysis.

The laboratory study of the samples then begins, and is made,
with reference to their chemical and physical composition; their
useful or scientifically interesting properties; and the conditions, on

which these properties depend.
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SPECIAL METHOD FOR SEPARATION OF CLAYS

In order to separate into classes, according to the shape and size

of the particles, those clays, which can be physically disintegrated,

Fig, 2

g

Apparatus for the Physical Separation of Clays.

by very gentle trituration, or which will slack, use is made of anr
apparatus, illustrated by figure 2. This apparatus was made, as an

. 1 . .
experiment only ~ ; but it has been found useful. The idea was
! 1f the original plan is carried out, an apparatus will be constructed similar to this, but differing

in proportions, having a much higher tube, and a longer box, containing a long train of cars, which
it is proposed to move, at a regular known rate, by clock-work.
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suggested to the writer, by Prof. N. S. Shaler, the plan being, in
case of the successful working of this experimental apparatus, to.
construct one, with such modifications,; as would enable it to sepa-
rate particles, of various shapes and sizes, in clays and soils, and to-
record, in a measure, the rate of subsidence of such particles, in dif-
ferent solutions.

The apparatus, constructed, consists of a wooden, water-tight,
rectangular box, about four and one-half feet long, and six inches.
in height and width, inside measurement. Inserted in the top of
this box, is a glass tube, four feet high and two and one-half inches.
in diameter ". Immediately beneath the lower end of this tube, is
a double rail track?, on which runs a train of zinc cars, connected
with the sliding rod shown in @ of the figure. The bottom of the
cars are perforated, and lined, when ready for use, with filter-paper.
The front of the box, where the cars are inserted and removed, is
made water-tight, by means of a sheet of soft rubber, which is com-
pressed between the box and the end, by six thumb-screw clamps,
omitted in the figure. A stop-cock, at a lower level than the cars,
drains the water quietly from the box. The sliding-rod moves
through a brass cylinder, made water-tight by packing.

In preparing the apparatus for use, the train of cars is inserted,
and connected with the piston rod; and the front end is clamped
firmly to the box. The apparatus is then filled with water, care-
fully run in, through a rubber tube, inserted down through the glass.
one, so as not to wash out the filter papers, which lie in the cars.
When all the compressed air in the box has escaped through the
pores of the wood, and the level of the water has become stationary,
at the top of the tube, the piston-rod is pushed gently in, until the

front car is immediately beneath the bottom of the tube. The

! See fig. 2, a. 2 Sec fig. 2, & and ¢.
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piston-rod is marked, so that each car may be brought, succes-
sively, into a similar position.

The clay or material, to be separated, is rapidly sifted through a
coarse sieve ' upon the surface of the water, at the top of the tube,
at which point it is constantly stirred, by means of a wire rod,
having a circular motion, and so used as to prevent, as far as pos-
sible, the establishment of vertical currents; or the clay is intro-
duced, already in the wet condition.

The greatest difficulty, in constructing this apparatus, was in get-
ting it absolutely water-tight, under the pressure exerted, when the
tube is full of water. A very slight leak will destroy the results;
as it is necessary to maintain the column of water, undisturbed, for
many hours, in separating the finer clay materials from each other.

The first expcri‘ments were conducted, by the use of a mixture
of quartz sand, mica and clay, the sand and mica being of two
grades of fineness; one, comprising that, which, while it passed
through a 30-mesh sieve, was caught on a 40-mesh sieve, and the
-other, that, which passed through a 60-mesh sieve. The clay was
ground, until it had all passed through a 100-mesh sieve. At the
first trial, these materials were remarkably well differentiated from

.each other.

TESTS OF THE BEHAVIOR OF CLAYS WITH REFERENCE
TO WATER

Tests, along this line, have been made by the writer, for the pur-
pose of throwing light on the nature and cause of some of the
properties of clays. They are continued, in a modified way, for
the more exact determination of such properties as have an econ-

comic bearing. In order to ascertain the water-absorptive power

' An ordinary soap-shaker is very suitable,
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of clays, and the shrinkage, on drying, of a self-saturated clay,
dried samples were taken, which had been ground and passed
through a 100-mesh sieve. The method employved was as follows: —

Tin moulds were made, four and one-half inches long, by two
and one-half inches wide, by one and one-half inches deep, the
bottom being made of perforated tin.! These were then filled with
clay, by gently pouring it into the
mould, obtaining, as nearly as possible,
the same densities, which were, how-
ever, determined in each case.

After obtaining the weight of clay,
by difference, the filled moulds were
placed in a broad, level-bottom pan,
containing water, rising just to the
level of the clay in the moulds, a wide
pan being necessary, in order to feed
to the clays a sufficient amount of
water, without materiallv altering its
level.

When the moulds, filled with clay,

are exposed to the water, therc is a

striking difference in the behavior of Vessels for Water-absorption
diffecrent samples, some taking much Tests, Litc.
more water than others.

The first effect, noticeable, is the down-pull2 of the clay, the
moment it is touched by the water, causing a vertical shrinkage,
varying from almost »nz2:/ to nearly 50 per cent., and varying with

the absorptive power of the clay, and with its density. Following

Clay dried from the wet state, will, however, of course, expand on being again wet, this question .
depending ultimately on density.
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the first down-pull, broad cracks form in the clay, sometimes one-
-eighth of an inch, or more, across, which are persistent, no matter
how much water the clay absorbs; so that it becomes necessary,
for further experiment, to slightly stir the whole to a homogeneous
mixture. Such cracking is evidently due to the more rapid rising
.of the water along the sides, whence it penetrates the clay laterally,
causing the cracks, by the shrinkage produced. The results of a
number of such absorption-tests are grouped in a table, further on.
"The samples are removed from contact with the water, at the end
-of twelve hours’ exposure, though, in practice, they are found to
gain little, if any, after an hour’s exposure; the water, adhering to
‘the bottom of the vessel, is removed; the whole is immediately
‘weighed; and the weight of the water, absorbed, is determined, by
difference. By use of this method, clays are found to absorb

amounts, ranging from 235 to 200 per cent. of their own weight.

SHRINKAGE

The samples, from the above process, are then allowed to air-dry,
‘this being facilitated, by use of the steam-bath, in some cases.
"When perfectly dry, the shrinkage is determined, by difference,
between the inside measurements of the moulds and the dimensions
-of the resulting brick. Under these circumstances, shrinkages
have been noted, running as high as 30 per cent.

For the determination of the shrinkage of clays, on drying, from
the practical standpoint, that is, under such conditions as are em-
ployed by brickmakers etc., small bricks were moulded, enough
‘water being added, in each case, to make the clay thoroughly
‘plastic, and marks were made near the edges of the brick, and on
three sides. The distance between such marks, on the respective
faces, were carefully measured, before and after drying, the differ-

«ence giving the shrinkage. Such shrinkages vary from one to ten, and
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average about eight per cent. It is impossible, to obtain accurate,
comparative results, with this method, because of the difference in
obtaining like results, and because of the necessity of using differ-
ent quantities of water, to obtain the required plasticity, with dif-

ferent kinds of clays.

DETERMINATION OF THE DEGREE OF CONSOLIDATION
OF AIR-DRIED CLAY

Since the strength of air-dried clay is an important factor in the
manufacture of many clay products, it is deserving of attention
among laboratory tests. It may be determined, in a variety of
ways. Sticks of dried clay may be suspended by the ends, and the
weight, which they will support without breaking, be ascertained.
The crushing strength may be determined, as is done in the case
of building-stones, bricks etc., by moulding the clay into cubes,
and testing them in an ordinary crushing-machine. The resistance
to penetration, by a needle or cone-shaped instrument, like Vicat’s
needle, used in testing cements, may be determined; or the tensile
strength may be ascertained, by making brickettes in a mould, sim-
ilar in shape to that of fig. 3, &, and testing with a tensile strength

machine; also, of the kind, used in examining hydraulic cements.

METHODS OF DETERMINING PLASTICITY

The capability of being moulded, and of retaining any given
shape, possessed by a mixture of clay and water, as has been shown
in the description of plasticity, varies, according to a number of
factors. For all practical purposes, it can be satisfactorily deter-
mined, in a direct way. A few experiments, made in as many
minutes, will give the approximate amount of water, required to

produce the maximum plasticity, which, it should be remembered,
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is only the possibility in the substance of internal re-arrangements,
sufficient to allow the whole to be modelled, while, at the same
time, its rigidity is more than sufficient, to resist collapse or dis-
tortions, which gravity tends to produce. Any observer, of com-
mon-sense, can thus experiment with clay and arrive, very closely,
at its limitations, with reference to its capacity to take and retain,
while drying, such shapes as are commonly required in the manu-
facture of clay products. At the same time, its amount of shrink-
age can be closely estimated, and degree of consolidation, noted.

For purposes of comparison, and in the hope of obtaining some
accurate and scientific results, experimenters have suggested,
from time to time, various methods of procedure. Bischof, who
was an eminent German investigator and the author of a work on
Fire-clays,” made a number of suggestions. One was, that a stand-
ard series be adopted, and comparison of other clays made with
these, by noting the relative amounts of clay rubbed off on sheets
of paper, the rubbing being done with the fingers. Another sug-
gestion was, for a comparison of water-absorptive power of clays,
based on the theory, that the more water a clay absorbs, the more
plastic it is; and still another suggestion, by this author, was, that
comparisons be made, by forcing pencils of the moistened clay
samples through a die, in a horizontal position, and noting the ri-
gidity, by measuring the maximum distance, in a horizontal direc-
tion, reached by the pencil, from the die.

Another method of expressing the plasticity is, by means of the
tensile strength of the dried clay. This was tried by the writer,
in the preparation of a Ph. D. thesis, at Harvard, in the winter of
1893-'94.

Of these methods, only two deal directly with the question of

! Die Feuerfesten Thone. Leipsic, 1876.
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plasticity; the others are the determinations of properties, cssen-
tially different from plasticity, and result, either from the confusion
of properties (which seems to be the case), or the assumption, that
the variations in two properties are constantly the same; and, if
this is the assumption, it does not scem to be justificd by facts.

One of the direct methods is that, recommended by Lané"cnbeck,l
that is, the penetration test, by the use of Vicat’s needle.  But, in
his application of the principle, he assumes, that the greater the
plasticity of a clay, the larger the amount of water, needed, to
bring it to a definite degree of softness, at which it can be worked.
He says: — “In order to determine this point, an apparatus has
been devised for pushing with a fixed load a wire rod, or thin-walled
cylinder, to a certain depth, within a certain time, into the softened
clay.

“The proportion of water, required to soften 100 parts of the
dry clay, to the requisite emollescence is taken, as the direct meas-
ure of the plasticity.”

This method has certain advantages, when confined to the obtain-
ing only of comparative results. But, according to the writer’s
experience, if employed, as it apparently is by Langenbeck, in the
examination of all classes of clays, it is capable of leading to er-
rors. For example, some slightly plastic clays would, when little
water is added, be almost as incoherent, as in the state of dry
powder and would readily suffer the maximum penetration of the
needle. Upon the addition of more water, they would reach their
maximum toughness and plasticity; but, upon further addition of
water, they would become rapidly softened, or fluid, in nature, and
again, be readily penetrated by the needle. There seems no reason,

why it should not be employed, for the purpose of determining

!« Chemistry of Pottery,” 18z,
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maximum toughness; and it has the advantage of measuring, in a
way, both the important factors of plasticity.

The other direct method is that of Bischof, where the mixture
of clay and water is pushed through a small cylindrical tube.

This method, like the one just discussed, is capable of giving pos-
itive results, the only requirement being, that a number of tests be
made, with each clay, using different amounts of water, in order to
obtain the maximum plasticity of each.

Of the methods, which have been employed by the writer, that of
tensile strength of dried clay, as furnishing an index of plasticity,
was abandoned, for reasons which will be explained later; but it
has been used, for direct determinations, with wet clays.

Tin moulds were used,” which had the perforated tin bottom,
and were large enough at the center, to give a one-inch cross-
section of wet clay. From this central portion the sides of the
mould expand toward the ends, the whole being about three inches
in length. The clays are weighed and allowed to absorb water,
just as in the case of the absorption tests; they are then dried to
different stages of wetness, and submitted to the tensile-strength
apparatus, .

On account of the lining of filter-paper, the wet clay is readily
removed from the mould; but, in most cases, it is too fluid, in the
state of saturation, and must first be partially dried, when the
diminished cross-section must be taken into account. This method
usually permits of the ready determination of maximum plasticity.

An adaptation of the penetration principle has, also, been tried.
Experiments have been conducted, by means of the apparatus, illus-
trated in fig. 4, which consists of balances, suspended by a pulley,

so as to be raised or lowered to any required elevation, supporting,

! See fig. 3, b.
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at one end, a pan with weights, and, at the other, a steel-tipped
plumb-bob, carefully turned, so that opposite lines, running to the
point, include an angle of 40° The weight-arm is constructed,
by a thread, passing through a pulley with an index finger, moving
on a scale measuring degrees of a circle.
In some experi-

ments, this plan was Fig. 14
modificd by attach- 1l
ing a mirror to the
weight-pan arm,
which reflected a
beam of light upon
a vertical scale.

The opcration is

performed, by bring-
ing the clay beneath
the plumb-bob, the

balance being clamp-

ed to prevent swing-
jng' The balance is Apparatus for Use in Plasticity Experiments.

then lowered, until,

while the arms are still horizontal, the point of the plumb-bob just
touches the clay, when the balance is unclamped, a weight, is very
gently removed from the pan, and the plumb-bob is allowed to
settle in the clay for one minute.

In all the cxperiments in each of these serics, the same weight
of clay is taken, and the vessels used, are identical in shape and
size. When possible, a 200-gram weight is removed from the pan;
but, in the case of the low-strength clays, it is necessary, to remove

but 100 grams, and sometimes only 50. The number of grams
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removed is recorded; and, of course, it should be observed, in com--
paring the relative strength of the clays.

In addition to these, an original method was tried, by means of
an apparatus, devised to test the tensile strength of clays, at dif-
ferent stages of wetness, up to and including that of self-saturation.
The requisites for the apparatus were, that it should permit the ab-
sorption of water by different clays, under uniform conditions, and
should be so constructed, as to grasp, in some way, very wet clay,

and prevent, as far as possible, any flow, or change in cross-section,.

Apparatus for Testing the Tensile Strength of Wet Clays.

while the breaking test was being made. The apparatus, found to-
best fulfill these requirements, is illustrated in fig. 5. It consists of
two rectangular metal cars, with perforated bottoms, like the moulds.
above described. These cars have a cross-section, one inch wide
and one and one-eighth inches high, and are about four inches,
each, in length. The extra depth of the car is to allow approxi-
mately for the shrinkage of the clay powder, when wet, so that the
final cross-section of the wet clay may be, as nearly as possible, one-
inch square. On the open ends, are flanges, a quarter of an inch

wide, where the cars join. Within each car is soldered a test-tube:
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tbrush, placed horizontally in the center of the car-box. These
‘brushes are cut off, about a third of an inch from the open end of
‘the car, and are slightly tapered at that end. An end view of one
.of these cars is shown in fig. 6. One is mounted on clock wheels,
so as to run, with the least possible friction, and is connected with
a pan, to reccive weights, by a cord, which passes over a pulley-

~wheel, at the level of the

Fig. 6

.center of the car. The other
.car rests upon wire legs, and
1is attached firmly to the ta- ,
.ble, which supports the ap-
‘paratus.

When ready for usc, the
.open ends of the two cars
.are brought together, being
separated by a thin piece of
Afelt, cut to fit the flanges on
‘the ends of the car, and are

iheld in place by means of

clamps. The bottom is lined Iind View of a Part of the Apparatus for Test-
with ﬁlter-paper, to prevent ing the Tensile Strength of Wet Clays.
‘the escape of clay through

the perforations. The apparatus, thus prepared for use, is filled
with dry, powdered clay, gently sifted finto the cars, which arc
jarred sufficiently to insure the complete penetration of the clay
.among the bristles of the brushes. After weighing, and ascertain-
ing the density, it is placed in a pan of water, so that the surface
-of the water just recaches the clay through the perforations. \When
‘the clay has absorbed its maximum amount of water, the apparatus

.18 returned to its position on the table, the clamps are gently re-
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moved, and weights delicately, but rapidly, added, until the wet
clay breaks, and the two cars separate.

It is probable, that better results might be obtained, by substi-
tuting, for the weight-pan attachment, a spring apparatus, which
could be connected with the movable car, and which, on being
pulled, until the cars separate, would automatically register the re-
quired strength; or, by using the cement tensile-strength apparatus,
as in the case of the dried clays.

OBJECTIONS TO THE INDIRECT METHODS

The objections to the indirect methods are, firsz, that it has not
been shown, that the variations, in the properties actually tested,
are in constant ratio with those in plasticity; second, that, in the
preparation of the samples for testing, or in the process of con-

’

ducting the experiment, the “personal equation’ is as large, as in
the simple, hand examination of the clay-worker; and, #urd, that
the results, attainable, have so large a limit of error, as to be in-
sufficiently accurate, for scientific purposes.

The dry tensile-strength test is based upon the assumption, that
the plasticity of a clay is due to the interlocking and interlaminat-
ing of plates and bundles of prisms; but this involves a miscon-
ception of the nature of plasticity, as already shown. Moreover,
according to the writer’s experience, there is no constant relation,
between the properties of the clay, in the dried and wet states.

As an illustration of this fact, experiments, conducted on two
different clays, will serve. One of theseis from Woodbridge, N. J..
and is a soft, “plastic” clay; the other, a sample of the Christy
washed pot-clay, from St. Louis, Mo. The accompanying table

shows the important facts: —
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~—— Name of Clay ——
Woodbridge, N. J.  Washed Clay, St. Louis

Amount of Clay Base_____. 04.34 56.13

“ *  Sandy Impurities 1.92 38.32
Percentage of Water Ab-

sorbed ... ___ ... 75.00 52.00
Tensile-strength Units, in Sat-

urated Condition .__ .. _ .. 60 68

Tensile-strength Units, 4 of
Absorbed Water Evapo-

rated .- ___________. .. 330 320
Tensile-strength Units, 25 Ab-

sorbed Water Evaporated_. 6,890 1,800
Tensile-strength Units, Dried

Condition_ .__________._.__ 4,200 10,300
Shrinkage on Drying _..___ 16 19

A study of this table shows the hopelessness of mecasuring the
plasticity of clays, by their tensile strength when dried. What is
shown is, that the Christy clay has about 20 times as much sandy
impurity, as the Woodbridge clay — in fact, more than one-third
of it consists of quartz sand. It absorbs less water; it is less plas-
tic, by the direct-weight tensile process, having a maximum of
about one-fourth of that of the Woodbridge clay; and it has a
greater shrinkage. DBut, by the dry tensile test, it is more than
twice as strong as the Woodbridge clay. . By this method, then, it
is more than twice as plastic as the Woodbridge clay, an absurdity
and a contradiction of facts. Besides the results shown in the
table above, experiments, made with the penetration apparatus,
showed, that the easec of penetration of the two clays, the Wood-
bridge and the Christy, in a state of saturation, is in the ratio of
60 to 57; but, when the same quantity of water is added to each,

the amount taken being the average of the amounts required to
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produce a maximum toughness in each, they showed the ratio of
case of penetrability of g to 25; or, in other words, that the Wood-
bridge clay, under certain similar conditions of wetness, is more
than two and one-half times as tough or rigid as the Christy clay.

The last objection to this method, that is, that it is insufficiently
accurate, for scientific purposes, is borne out by the admissions of
one of its champions, first, that a large “personal equation” comes
in, in preparing the sample; and sccond, that one, without consider-
able experience, in employing the method, will get variations in
results, of from 25 to 30 per cent. of the strength of each clay;
and that the expert can only hope to keep the variation to within

20 per cent.

SUMMARY OF RESULTS

The experiments, conducted with reference to e bchacior of
clays tloward watcr, showed, naturally, results, widely varying
among different clays. A brief summary of the more important
of them is given below:—

1 Clays absorb water, in amounts, varying, respectively, from
40 to 200 per cent. by weight.

2 Generally spcaking, those, which were originally incoherent
in nature, absorb the largest amounts of water: and, with little va-
riation, the less the density of the dried, pulverized clay, the higher
the percentage of absorbed water.

3 The rate of drying varies directly with the amount of water
absorbed.

4 The amount of sZrinkage of a clay varics according to a com-

plex of conditions, such as density, the size and shape of particles
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of the clay-base, and their state of fq_;grcgation;I also, according to
the amount of sand present, and the size and shape of its particles.

5 The percentage of secondary shrinkage varies in different
directions, being grcatest for the smaller dimensions, the reason for
this being, probably, as follows:—

The tendency to establish equilibrium in the mass, due to the loss
of water on an evaporating surface, is not followed by uniform re-
sults, owing to greater friction, and a greater amount of mass, to
be moved in the longer direction than in the shorter. Conscqucntl_\'.

the movement and shrinkage is more successtul, along the shorter

(o2
g
dimension. More marked than this, however, as a cause, is the
difference in the amount of friction, on the contact surface, at the

bottom of the brick, along the lateral and longitudinal directions.

g
A slender pencil of clay can be dried, without breaking, only by
resting it on a serics of rollers, or by some similar device.

6 The tenacity of the clays varies exceedingly, at different
stages of wetness.

7 In general, clays, diminishing the most in bulk, through scc-
ondary shrinkage, were, in the dried state, the most tenacious. For
cxample, one clay, having a maximum shrinkage, in a single direc-
tion, of about 24 per cent., withstood a strain, per square inch,
eleven times greater than another with a maximum shrinkage of
less than 8 per cent.

S Plasticity depends upon the amount of water present; on the
shape and size of the particles; and on the attraction of these for

avater,

1. L . . R
The kaolinite scales are sometimes grouped togcther into larzer units,
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EXPERIMENTS ON THE BEHAVIOR OF CLAYS
WITH REFERENCE TO HEAT

The effect of heat on clays is to drive out the combined water;
to change the color (when certain impurities are present); to con-
solidate, and, ultimately, to fuse them.

The experiments, necessary to determine the valuable qualities
of a clay, are to burn them to different degrees, noting the color,
structure and strength of the burned product, and observing the
amount of shrinkage suffered; and to observe the temperatures, re-
quired for burning to a desired hardness, and the point, at which
fusion takes place. The burning tests are made, very conveniently,
in an ordinary muffle furnace. The determination of fusibility,
especially for the more refractory clays, requires the use of spe-
cially devised apparatus, and some instrument for determining de-
grees of heat, over as great a range of temperatures as possible,
and the means of obtaining comparative results of temperatures,
too high to be measured by any instrument.

This recording of the higher temperatures is known as pyrome-
try, and a great varicty of methods have been employed, by differ-
ent investigators.

A comprehensive study of the measurement of high tempera-
tures will be found in a bulletin of the United States Geological
Survey, by Dr. Carl Barus;* and the application of various meth-
ods to the determination of the fusibility of clays has been pre-

sented, in a paper by Hofman and Demond.”

' On the Thermo-Electric Measurcment of High Temperatures. U. 8. Geol. Survey, Bul. 54, by

Carl Barus.

2 * Refractoriness of Clays,” Trans,, A. 1. M, E,, Vol. XXIV, p. 32.
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Of the many methods, which have been advocated, the most re-

liable and convenient, according to the writer’s expericnce, is the

Fig. 7
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Seger-cone method, and the German modification of Le Chatelier's

pyrometer.
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This pyrometer consists of a hard porcelain tube about a yard
long, within which is a thermo-electric coupling, of platinum and
an alloy of platinum and rhodium. This tube is inserted in the
fire, where it can be left or removed at will. The coupling is con-
nected, by insulated wires, with a galvanometer, the deflection of
which is recorded on a dial, by degrees of temperature. This in-
strument records temperature, up to I,GOOC C. .

The Seger-

cone method

Fig. 8

is onc which

was propos-

ed and devel-
oped by Dr.
Seger,of Ber-
lin. Ilc pre-
pared a series

of very point-

cd three-
e . . sided pyra-
Hlustration Showing llow Seger Cones Are Inserted in a Brick-kiln P
mids, com-

for Regulating Temperature.

monly called

‘“cones,” about one inch in height, composed of varying mixtures

of alumina and silica, and, except ncar the top of the scries, flux-
ing bases, such as potash, soda, lime, lead and iron oxides.

The constituents arc proportioned, so as to give a difference be-
tween successive cones, of approximately 307 C.. between cones
022 —o011, and 20° C., between cones 011 — 30.

These cones, shown in Plate NIV, arc an extremely convenicnt
and inexpensive method of obtaining approximate melting points;

and they are sufficiently accurate, for all practical purposes.



LPROSPECTING AND TESTING 61

They are extensively used in clay laboratories, and by manu-
facturers. The manner, in which they are employed, is to expose
in a furnace, or kiln, a similar cone of the clay to be tested, to-
gether with Seger cones (which are numbered in a  continuous
series), standing rather far apart in the scale; and repeating the
experiment, narrowing down the difference between the standards,
until the test specimen melts with one of the latter, or between
two, which stand adjacent in the series. Usually, not more than
two or three trials are necessary, for a determination.

The manner, in which these cones are inserted in brick kilns,
when they are used for the purpose of regulating temperature, is
illustrated in figs. 7 and §, taken from the Zhonindustric Zeitung.

Iig. g shows, in section, a gas furnace devised to attain a high
and equable temperature, for the purpose of obtaining comparative
fusing points by this method.”

In testing the fire-clays of Middle Georgia, it was found, that
the poorest of them have a fusing point, higher than that of plat-
inum, and they are, therefore, beyond the range of study with the
Le Chatelier pyrometer. Use was, therefore, made of the upper
series of Seger cones; and even these almost failed to give compar-
ative results, the Georgia clays withstanding a temperature, which
only the most refractory cone (No. 36 of the Seger series) was able
to resist, thus making these clays outrank, in refractoriness, any,
which appear to have ever been tested in the United States.

In order to make these tests, it was necessary to use a special
furnace, which is manufactured for the purpose, by the *“ Clenr-

isches  Laboratorim [y Thonindustric” in Berlin,  This furnace

L . N . . . .
This cut is reproduced from Langenbeck’s “ Chemistry of Pottery,” through the kindness of -
the author and The Chemical Publishing Co., Faston, Penn.
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-consists of a deep iron cylinder, thickly lined with an extremely

refractory mixture of magnesia and pure kaolin, It has a bore of

-about four and a half inches at the base, narrowing slightly toward the

To the Chimney

Scale, }i"zo 1"

Testing-Furnace for Determining Fusibili-
ties (after Langenbeck).

top. The base is a thick
plate of iron, perforated with
holes arranged in rings, to
admit air supplied by bel-
lows, capable of giving a very
strong blast. The cones are
inserted in a small, covered
cylindrical vessel, composed
of a mixture, similar to that,
which lines the furnace, and
having a refractoriness some-
what higher, even, than cone
36. This vessel rests on a
solid cylinder of the same
shape, size and material, thus
being elevated to the point
where maximum temperature
is attained.

These vessels, before and

after using, are shown in Plate
XIV.

The following table,’ from Zhonindustrie Zeitung, shows the num-

‘bers, composition and approximate temperatures, Centigrade, at

~which the cones fuse: —

1 This table is a copy of one, recently sent the writer by the manufacturers; and it should be

-approximately correct.
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VIEW SHOWING BOWLDERS OF CLAY, IN THE GRAVEL DEPOSITS, OVERLYING A CLAY-BED IN SOUTH CAROLINA, NEAR AUGUSTA, GEORGIA,
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NEW EXPERIMENTS

Some time ago, the writer made a number of experiments, in
connection with the fusibility of fire-clays, with a view to deter-
mining a method, which would give comparative results, in the
simplest and quickest way. To this end, attention was turned to

the possibilities of the electric

furnace and the oxy-hydrogen

1; ]( blast-furnace.

THE ELECTRIC FURNACE

An illustration of the electric

furnace used in these experi-

ments is given in fig. 10. The

furnace consists simply of a

block of lime," having two holes

Electric Furnace and Calorimeter, for Use

in Fusibility Experiments. drilled through it, intersecting
each other at the center, at
right angles, the horizontal hole being the size of common elec-
tric-light carbons, and the vertical hole varying from 1x1 inch to
1x 2 inches, according to the requirements of the experiment.
For some experiments, the vertical hole does not go entirely
through the lime. The illustration shows a calorimeter in position
beneath the furnace; but, in actual experiment, this was arranged,
to be raised to, or lowered from, the furnace. The electric car-

bons, connected with an Edison dynamo, were inserted in the fur-

1 . f . . . .
These lime furnaces are readily made in five minutes time, on a turning-lathe.
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nace through the horizontal holes, the points coming in contact, at
the intersection with the vertical one, the arc being drawn out,
when needed. The current, used to establish a suitable arc, of an

inch to an inch and a half, registered 140 volts and 40 amperes.

THE OXY-HYDROGEN FURNACE

The oxy-hydrogen furnace used consisted simply of a block of
lime, in the side of which a hole was drilled, for the admission of
the oxy-hydrogen flame, and into the center of which, from the
top, was another hole, for the admission of the clay to be tested.
The furnace was hollowed out, in order to provide against contact
of the clay with the lime.

The gases for this furnace were supplied from tanks, where they

were each kept under the same hydrostatic pressure.

CLAY PENCILS

The clays, to be tested in these furnaces, were prepared as fol-
lows: — The clay, powdered to pass through a 100-mesh sieve, had
all the magnetic iron removed by means of an electro-magnet; it
was then made into prisms about fifteen centimeters long, with a
basal section, 1 x1 centimeter. These are the dimensions of the
wet pencils; but, when ready for use, they vary from this size, in
proportion to their amount of shrinkage, on drying and burning.

The pencils were made in a mould, lined with filter-paper, the
clay being wet with sufficient water, to make it plastic, and pressed
into the mould with a spatula. The sides of the mould were then
removed, the pencils lifted by means of the filter-paper, and put
away to dry. Of several methods tried, this proved the most ef-

fective, and gave the largest percentage of unbroken pencils.
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USE OF THE ELECTRIC FURNACE

ATTEMPT AT TEMPERATURE MEASUREMENTS

The electric furnace was used mainly for preliminary experiment,
the original aim having been, not only to get comparative results,
but to ascertain, to a reasonably close approximation, the absolute
temperature of fusion for the various clays experimented on. The
difficulties to overcome, in order to make possible any satisfactory
results of this sort, were, however, too many. The method under-
taken was to insert the clay pencil in the furnace, from above,
through the vertical opening, avoiding contact with the lime, and
to fuse the clay off, in drops, which fall into the calorimeter be-
low. Experiment showed, that the size of the drops was nearly
uniform, for a given clay; and it was thought to avoid the diffi-
culty presented by the unknown factor, the latent heat of fusion,
by placing the calorimeter, so that the surface of the contained
water would intercept the falling drop at the exact point of re-
solidification. It was found, that such a point could be located, by
means of the different effects on the surface of the resulting glass
bead, in accordance with its condition, either liquid or solid, on
reaching the water. Up to this point, the preliminary experiments
promised much. By marking the position for the calorimeter, on
its support, when all was in readiness for the experiment, a final
reading could be taken, of the temperature of the contained water,
and it could be instantly placed in position, the pencil inserted in
the furnace, and, in half a minute more, a sufficient number of
drops fused off, to raise the temperature of the water in the calo-
rimeter, a desirable amount, for best results. The glass beads,

which are exceedingly tough and elastic, when cold, usually re-
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mained unbroken, on striking the water; and, after the final tem-
perature-reading was made, they could be taken out and weighed.
The water, of course, was weighed as a preliminary.

A number of these experiments were made, with fairly good re-
sults, assuming that the value 0.35 expressed the specific heat of the
glass bead, and that it was constant, at different temperatures.

The specific heat of substances, however, varies at different tem-
peratures; and the rate of variation is not known to be constant
with increasing temperature. It is probable, that, while it increascs
with the temperature for some substances, it may decrease with
others. Very little experimenting seems to have been donc on this
subject, especially with high temperatures. The writer hoped to
make a series of dcterminations of this specific heat of fused fire-
clay glass, at a range of temperature, from 200° C., up to the melt-
ing point of the substance.

Since it was not possible, owing to lack of time, to verify, by
duplicate experiments, the determinations made, and, further, since
it was a first trial, and the method was comparatively crude, the re-
sults arc worthy only of being recorded as experiments.

For these, a number of glass beads werce fused off clay pencils
in the electric furnace, a‘nd placed in a large platinum crucible,
which was exposed to the heat of a blast lamp, run by power, for a
half-hour, for each cxperiment, the temperaturc not being taken,
until it was approximately constant. The beads weighed, on an
average, not over half a gram; so they were easily heated through,
within the given time. The wire thermopile was inserted in the
crucible, and brought in contact with the glass beads, used in the
experiment. It was not ajlowed to touch the bottom of the crucible.
The calorimeter used was a small brass cylindrical vessel, within a

similar larger one, and separated from it, by cotton-wool packing.
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The data of four experiments are given below: —

EXPERIMENT A

Number of fire-clay glass beads . .- .. 3
Weight ¢ “ o o 1.3144 grams
Temperature * “ . a61° C.
Weight of water ... ceee——.. 75 grams
Temperature of water-... . _....___.. 21°C.

“ “omixture .- .o ———. .. 24°C.
Water equivalent, of calorimeter —_ . _. 4.7
Calculated specific heat ... ... 416

ExpPErRIMENT B

Number of fire-clay glass beads ... ___. 3
Weight * “ o A 1.3144 grams
Temperature * “ ‘Lo < so6° C.
Weight of water _. __.. . ____ . _____. 75 grams
Temperature of water——_.__..___.___. 20.5°C.

" “ mixture-.__..___..___ 23.9°C.
Water equivalent, of calorimeter. .. ... 4.7
Calculated specific heat ______________ 427

ExpreriMENT C

Number of fire-clay glass beads - ___.._. 3
Weight “ “ ‘L 1.3144 grams
Temperature “ “o_ .- 712°C.
Weight of water .___ _______________ 75 grams
Temperature of water._______________ 23.0°C,

“ “omixture__ o _ ... 26.9° C.
Water equivalent____ __. __ ______._._ 4.7

Calculated specific heat ____ ... ______ .343
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ExrerIMENT D

Number of fire-clay glass beads ___._. . 2
Weight ¢ “ “ s .8509 grams
Temperature “ “ o __..... 927°C.
Weight of water . ___ _______ . _._____. 75 grams
Temperature of water ... ________ 23.2°C.

“ “ mixture. . __._____. 26.0°C.
Water equivalent - ... _______ 4.7
Calculated specific heat .. .. .. _______. .366

GROUPED REsULTS

A Temperature._. . 461° C. __ Specific Heat____ .416
B o 2. 506°C. __ g R ¥
C “ —eew 712°CL L “ o .343
D “ e 027 CL L “ wo_ll. .366

In the last experiment, one of the three beads heated stuck to
the crucible, and did not roll into the calorimeter, showing incipient
melting. Another experiment failed, in which the beads were
heated to 1,100° C., owing to their incipient melting and adherence
to the crucible.

Some of the difficulties encountered may be easily obviated, and
a sufficient number of determinations may be made to give average
results of practical value, at least in a comparative way.

Before making these determinations, 0.35 was arbitrarily assumed
as the specific. heat, at the fusing point of fire-clay; and, on this
basis, a number of pencils, some of which were mixed with calcium
carbonate, in amounts varying from I to 4 per cent., were fused;
and they gave as results, by the calorimeter method, temperatures
of fusion, ranging from 1,990° C,, to 2,651° C., the latter being the

result obtained, on fusing the unadulterated standard clay. As be-
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fore stated, these are recorded, only as experiments, and not as in-
dicating undoubted temperatures of fusion. The results are too

high, owing to super-heating of the drops.

COMPARATIVE FUSIBILITY

An attempt was made, in several ways, to utilize the electric fur-
nace, to obtain comparative fusibilities. One method was to insert
the clay pencils continuously, as fast as drops were fused off from
the lower end, and to take the average duration of time between
the falling of drops, as a basis of comparison. This method, how-
ever, failed to differentiate clays, whose fusibility points were near
each other.

Another method tried was to insert in the furnace, in a similar
way, for the same length of time (a few seconds), one pencil after
another, with an occasional repetition of a standard pencil, as a
check on the temperature. This method gave unsatisfactory re-
sults, owing to the ease, with which the arc changes its position.

Experiments were also tried, for getting a comparison between
two clays, at one time, by inserting a pencil of each, firmly clamped
together, about a quarter of an inch apart, so as to allow the arc to
run betwcen them; but, owing to the very slight vibrations of the
latter in the air currents, very different amounts of fusion were pro-
duced on the pencils of the same clay; so, that the method failed.

The last cxperiment, tried with the electric furnace,” was to
make pencils, as before, inserting, near one end, completely covered

. Tt is possible to use the ejectric arc, without the furnace; but it is much less satisfactory, the
arc being frequently blown out by currents of air, and readily cut off by the insertion of the clay
pencil, which, apparently, utterly refuses to conduct the electricity; whereas, in the highly heated

furnace, the arc readily maintains itself, gliding from one side to the other, of the pencil. Thereis

much less danger, also, in using the furnace, there being a better opportunity to protect the eyes
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UNCONFORMITY BETWEEN A MANTLE OF LAFAYETTE SAND, AND FIRE-CLAY BEDS, AT STEVENS' POTTERY, BALDWIN COUNTY, GEORGIA.
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with the clay, bits of metals and alloys, where possible, in the form
of wire, in which case they were inserted parallel with the length of
the pencil. These were exposed to the heat of the arc, until the
ends were fused to glass, about a third of an inch up the pencil;
then they were broken open, and a study was made of the effect on
the enclosed metals, among others, platinum, iridium and osmium
being tried. But this method was given only a preliminary and.

incomplete trial.

USE OF THE OXY-HYDROGEN FURNACE

The oxy-hydrogen furnace was used, in conjunction with the-
electric furnace; and, for obtaining comparative results, it was much
more satisfactory, on account of the lower heat developed, which,
however, was ample to fuse the most refractory clay.

The comparative fusibility of the selected clays was readily de-
termined in this furnace. The attempts, however, to compare:
them in a series, was only partially successful, on account of un-
avoidable changes in temperature, during the appreciable time con-
sumed, in making a number of fusions. The method, giving the
best results, was, to compare the clays, each with cach of the othe.rs,
repeating these comparisons, and varying the time of exposure,
to make the results more conclusive.

The experiment was conducted, in practice, as follows:— The

and face from the intense light. The writer had several unpleasant experiences from this source of
danger, being made ill, as was also Mr. Adams, Professor in Electric Engineering in the Lawrence
Scientific School, owing to insufficient protection from the light; the skin, which had been exposed.
becoming sore, as from a severe sunburn. The eyes, brain and nervous system were affected for.

more than a week, the symptoms being disagreeable, if not alarming.
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‘hydrogen being lighted, the oxygen turned in, and the flow of
gases regulated, to provide the required temperature, the two marked
pencils to be compared were inserted through the vertical opening,
.into the furnace, one after the other, by means of tongs, care being
taken to lower each the same distance in the furnace. By using
dark-colored glasses, the effect of the heat on the clay could
be watched, throughout the experiment. The time of exposure for
the first comparison was usually ten seconds; for the second, fif-
teen; for the third, twenty; and for the fourth, thirty; but these
_periods were made to vary, according to the temperature obtained
in the furnace. At the end of each comparison, the ends of the
pencils were broken off, labelled and laid aside; for subsequent ex-
amination, unaffected portions being used in the next trial.

Given the oxy-hydrogen plant, this seems to furnish a direct,
practical, rapid and simple method of obtaining comparative fusi-
-bilities of fire-clays. A set of standard pencils can be made, in
accordance with a scale of fusibility; and, by comparisons, through
this method, the refractoriness of any clay can be obtained, in a
satisfactory manner, in less than five minutes. It involves vastly
less labor and time, than the Seger-cone process, conducted as de-
scribed above, and is equally accurate in results. The lime fur-

-nace, after use, can be removed to a desiccator, and kept indefinitely.

INDIRECT METHODS

Most of the indirect methods, for determining the fusibility of
-clays, are attempts to express the refractoriness, by mathematical
formulea, which take into consideration the chemical and physical
~constitution of the clays.

The formula, advocated by Bischof, for determining what he calls
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the “refractory quotient,” is based, wholly, on the chemical com-
position, and is the result of the division of the quotient of the
oxygen of the fluxes into the oxygen of the alumina, by the quo-
tient of the oxygen of the alumina into the oxygen of the silica: —
O in ALO; ~ O in 5i0,
Oin RO~ O in ALO,

Seger recommends modifying the relation of the silica and alu-
mina, by adding the ratio of the fluxing constituents to the alumina,
with that to the silica, and multiplying the same by the quotient of
the latter into the former, as follows: —

Oin ALO, = OinSi0, Oin ALO,  OinSiO,
OmRO ~ OmRO “ 0RO = OmRO

While these formulae are to some extent useful, they do not take

into account the effect, which the physical condition has on refrac-
toriness, the point, to which attention was called by Prof. Cook in
1878."

Wheeler suggests a formula, for taking these physical factors
into consideration; but it has not been generally shown to be prac-

ticable. It is given in his own language, as follows: —?

“F.I :?_f—th’ (A), when the clays have the same specific gravity
and fineness of grain.

In this formula, F.F. represents numerical value of the refractoriness.
N represents the sum of the non-detrimental constituents, or the total sil-
lca, alumina, titanic acid, water, moisture and carbonic acid. D represents
the sum of the fluxing impurities, or the alkalies, oxide of iron, lime and
magnesia, D’ represents the sum of alkalies, which are estimated to have
double the fluxing value of the other detrimentals, and hence they are
added twice.

This formula is found to give fairly good comparative values of the refrac-
toriness of clay, that do not differ more than o.2 from one another in density
{the closer the specific gravity the more reliable the comparison), and are

I Class of New Jersey,”” Geol. Surv. of N. J., 1878, by Cook and Smock.
2 Atissouri Geol. Surv., Vol. X1, “Clay Deposits,” by H. A. Wheeler, 18¢6,
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of similar fineness of grain. When the clays to be compared differ in
density and fineness, it is necessary to modify formula (A) by a constant
C, that will have different values depending on the density and fineness,
so that the formula will be : —
N
brorc B

values as in (A).

F. F. — in which N, D and D’ will have the same

C == 1, when clay is coarse-grained, and specific gravity exceeds 2.25.

C — 2, when clay is coarse-grained, and specific gravity ranges {rom 2.00 to 2.25.
C = - 3, when clay is coarse-grained, and specific gravity ranges from 1.75 to 2.00.
C == 2, when clay is fine-grained, and specific gravity is over 2.25.

C == 3, when clay is fine-grained, and specific gravity is from 2.00 to 2.25.

C = : 4, when clay is fine-grained, and specific gravity ranges from 1.75 to 2.25.

These values of C are only approximate.”

For determinations of refractoriness by this method, the long
and tedious process of a complete quantitative chemical analysis,
which should be made in duplicate, must be gone through, and
then the specific gravity and fineness of grain, determined.

The trouble with all these methods, even if they were known to
give accurate results, is, that they are too expensive and trouble-
some to employ.

So long as we can obtain, in an hour or two’s time, at the out-
side, the relative fusibilities, and, in most cases, the actual fusing
points, the use of these formul is as unnecessary as it is compli-
cated and expensive; and the results are unreliable.

As opposed to these methods, which seek to deduce the relative
refractoriness of clays, by formulwe based cssentially on the chemi-
cal composition and densities of the clays, are the expcrimental
methods, classified as the direct and indirect, which have been
thoroughly discussed in the paper, by Hofman and Demond, quoted
above, the various modifications of methods being assigned to the
originators, Knaffl, Bischof, Otto, Seger and Cramer.

The direct experimental methods are those, which seek to com-
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pare the effects produced, of different clays, by exposure to the
same temperature. In some methods, as Knaffl's, the point of a
small cone of clay is exposed to the blowpipe flame, and the result
is compared with that of a similar experiment on another clay.
Otto burns three test-bricks, placed altcrnately with two standard-
bricks, in a coke, forced-draught furnace, and compares the test-
and standard-bricks respectively (with each other), to ascertain the
uniformity of temperature, obtaining the relative refractoriness by
comparison of the test-brick with the standard. Seger and Cramer
have made cones of artificial mixtures, having a wide range of re-
fractoriness, which are used as standards. '

The indirect experimental mecthods are based on the principal
of cither toning up low-grade clavs, by the addition of definite
amounts of more refractory materials, or the toning down of high-
grade clays, with definite amounts of fluxes, until the clays have
similar refractory qualities, at the same temperature.

An arithmetical expression of the results is obtained, by a simple
calculation, based on the amount of material added to the clay.
These methods involve the necessity of reproducing the same tem-
perature, for different experiments. To overcome this difficulty,
Hofman and Demond devised a furnace, especially constructed to
maintain constant temperatures over a considerable area in the
furnace. As a standard of mecasurement, they adopted l.e Chate-
lier’s pyrometer; and they used, as a flux, calcium carbonate diluted
with silica, their idea being, to so lower the fusion points of clay,
as to make comparisons possible, at low temperatures, which are
obtained in a more nmnagcable way, and to permit, at any time,
the observation of the effects of the heat on the samples tested.

The results of the experiments of these gentlemen, as published

' See . 39,
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by them, promised much for the method; but later experiments
failed to prove its usefulness. It apparently worked nicely, on
making up the mixtures, fusing them, and measuring the tempera-
tures; but, when a definite temperature was assumed, and the at-
tempt was made to prepare mixtures, that would fuse at that tem-
perature, the behavior of the mixtures was not characteristic enough,

to make it the basis of a test.

CHEMICAL ANALYSIS

The chemical analysis of a clay, if unnecessary and inadequate,
as a means of determining refractoriness, is frequently of use, tech-
nically, for the purpose of locating the cause of certain good or
bad properties, the latter of which may be often remedied by
special treatment.

Of a number of methods, which have been recommended, the
following has been found, by the writer, the most satisfactory in
the way of results, and the simplest in practice: —

Three grams of the finely powdered clay are dried, for several
days, at 100° C. to a constant weight, and the loss is calculated, as
Hygroscopic Moisture. The analysis proper is then calculated, on
the basis of this dried clay. The clay, from the above determina-
tion, is ignited, at an intense red heat, to a constant weight, and
the loss is calculated, as Loss on Ignition, or Combined Watcr, Carbon
Di-oxide and Organic Matter. The clay is then fused with sodic
carbonate; and the resulting cake is dissolved in water acidulated
with hydrochloric acid; evaporated to dryness; and moistened with
hydrochloric acid, which is diluted with hot water, after standing

for half an hour. The fluid is decanted on a filter; and, after a
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repetition of this process three times, the precipitate is transferred.
to the filter, washed, ignited and weighed as the total Silica, SiO,.
The residue from the SiO,, after treatment with hydrofluoric acid,.
is weighed, and set aside, for separate analysis. It is, probably,
mostly titanium, which has not been determined in the Georgia
clays, thus far analyzed. The filtrate and wash-water is divided
into two equal parts, in each of which the iron, calcium and mag-
nesium is determined. In the first of these two parts, the Jron
and Alumina are precipitated with ammonic hydrate; this is washed,
first by decantation, and finally on the filter paper, until free from-
chlorine; and it is then dried, ignited and weighed.

After concentration of the filtrate from the alumina and iron, the-
Calcium is precipitated by ammonic oxylate, which is filtered, washed,
ignited and weighed as Zzme. From the filtrate of the calcium de-
termination, the Magnesia is precipitated, and weighed as Magnesia-
Pyro-phosphate. After weighing the ignited alumina and iron, it is
fused with acid potassic sulphate, and the iron is determined (after-
reduction with zinc) by titration with potassic permanganate.

In the second filtrate, the iron and alumina are precipitated and.
washed; dissolved in sulphuric acid; freed from hydrochloric acid by
evaporation; and the iron is then determined by titration, as before.
The calcium and the magnesium are then precipitated as the oxy-
late and pyro-phosphate respectively, and weighed as before.

The alkalies are determined, from new portions of clay, by Prof..
J. Lawrence Smith’s method, as given in Fresenius.

The sand is then determined, by digesting a portion of clay, for-
twelve hours, in sulphuric acid, and evaporating to dryness; boil- -
ing with sodic carbonate, and weighing the washed and ignited in--
soluble residue as sand.

Before the final grinding of the clay for amalysis, all the mag--

netic iron is removed with a magmnet.



CHAPTER I

THE FALL LINE CLAYS

INTRODUCTORY REMARKS

Beginning a study of the Clays of Georgia, in the Spring of
1896, the writer first turned his attention to the vast extent of strat-
ified deposits in the Southern half of the State. The fol'owing
notes embody the results of several months’ field-work in South
Georgia. They contain, also, the results of the chemical analyses
and physical tests, made on the Clays of the Fall Line region of
South Georgia. They have been accumulated, in the intervals be-
tween field-work on the Clays and general laboratory work, the
writer acting for the Survey, at the time, in the capacity of both
geologist and chemist.

The field-work in South Georgia was begun, by trips down the
large rivers,—the Chattahoochee, Ocmulgee, Altamaha and Savan-
nah—the starting points being Columbus, Macon and Augusta.
It was on these excursions, that the white kaolins, occurring along
the Fall Line, were encountered. Later, much time was spent in
tracing them across the State, and in determining their geological
horizon. This task was a difficult one, owing to the close similarity
in the materials of strata belonging to the different geological pe-
riods, and to complicated unconformities between these strata.

The chief results of the work done are:— First, the tracing of

(80)
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the Cretaceous strata, eastward, across the State, thus necessitating
a modification of the geological map of Georgia, which has hitherto
limited the Cretaceous to a strip of territory, traversing the central
western part of the State. Second, the discovery of white kaolin,
some of which ranks with the valuable South Carolina deposits, as
“paper clay.””  Third, the experimental proof, that some of these
kaolins, suitable for fire-clay, are more refractory, than any of the

noted fire-clays of the United States.

GEOLOGY AND PHVYSIOGRAPHY

East and South of the Appalachian mountains, which consist of
folded Paleozoic strata, extends the so-called Piedmont Plateau,
consisting mainly of ancient metamorphic and eruptive rocks. This
“plateau’ is a northeast and southwest trending belt, having an un-
dulating or rolling surface with hill-tops lying, almost uniformly,
in a theoretical plane, which dips away toward the sca. Bounding
this area, on the seaward side, is the Coastal Plain, which differs
widely from the Piedmont Plateau, in the nature of its rocks, in age,
and in general aspect. The rocks here are sedimentary, and range
from Lower Cretaceous to Pleistocene. The Metamorphic schists
and gneisses of the Piedmont Plateau are crumpled and distorted;
and the beds, if they may be called such, appear to stand edge-
wise. On the upturned edges of these rocks, are the almost hori-
zontally lying, sedimentary strata, which make up the Coastal
Plain. The boundary line, or the surface line of contact, between
the Coastal Plain and the Piedmont Plateau is known as the Fall

Line. Owing to the different geological conditions in the two re-
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gions, the rivers, traversing them, undergo a great transition in
character along this Line. They cross the Piedmont Plateau, swift-
flowing, often as cascades, and, still more frequently, as dashing
rapids, the water tumbling over hard ledges and boulders of crys-
talline rocks. But, emerging from the gorges and comparatively
deep valleys of the Piedmont belt, they begin a quiet, meandering
journey, over the Coastal sediments, to the seca, the larger rivers
becoming navigable at the Fall Line.

A study of the geological map of the United States will show,
that, from New York southward, almost all the large cities are sit-
uated along this Fall Line, that is, along the Western margin of
the Coastal Plain. In Georgia the important cities, so located, are,
Augusta, Macon and Columbus, at the head-waters, respectively,
of the Savannah, Ocmulgee and Chattahoochee rivers.

The topography, or surface features, of the Piedmont Plateau has
resulted from forces diametrically opposite, in large measure, to
those, which have outlined the surface features of the Coastal
Plain. In the case of the former, the operative forces have been
destructive; in the case of the latter, they have been largely con-
structive, and in part only, destructive. The present surface of
the Piedmont Plateau has been attained by the removal of a vast
thickness of overlying rocks, and is, we know not how much, lower
than the original one. The rocks, of which it is composed, were
once probably largely sedimentary, or water-deposited. They
were traversed and overflowed by masses of igneous rock; and all
have been so modified by the forces, which have acted on them, in
the long interval of geologic time, since their formation, that their
original nature is largely lost, and they have passed into the cate-
gory, known to geologists as Metamorphic rocks. They are com-

posed largely of quartz, feldspar and mica; and they are cut by in-
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numerable quartz veins. These rocks, through the action of the
atmosphere and surface waters, are constantly decomposed, and
the rain and the streams are carrying the decomposed products to
the sea. The difference between the rate of decomposition of the
rocks and the rate of removal of the products, results in the sur-
face zones, — soils at the top passing downward through less and
less decomposed material, to the solid rock below, the latter being
frequently stripped bare, and exposed in gullies and stream-beds.
For a long time, even for a long geologic time, this process of low-
ering the surface of the crystalline rocks in the Picdmont belt, and
the giving up of its material to the sea, took place, while the mar-
vin of the sea was far inland, with refcrence to its present position.
The seashore may be considered to have been approximately along
the line, which has been defined as the I'all Line.  The products
of the weathering and decomposition of the Piedmont crystallines,
consisting of clay, sand and gravel, of varying coarseness, were
emptied by the streams and rivers into the sea, and were distributed
according to varying conditions. They finally built, along with
the limestones, which were formed, the stratified beds of the Coastal
Plain. These consisted, besides the limestone, of clays, marls,
sands and gravels, the two latter having become, in places, sand-
stone and conglomerate. The materials are separated from each
other, with varying degrecs of perfection, and the sand grains and
pebbles are fresh and regular, as they originated from the decompo-
sition of the crystalline rocks; or they are rounded and smoothed,
by the hardships of their journey to the sea, according to its length.
After many oscillations, these sediments, emerged, finally, from
the water; and the streams, which had formerly entered the sca at
the Fall Line, sweeping across the formations, which their work had

created, carved out the valleys, now existing in the Coastal Plain.
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Owing to the comparative youth of the Coastal Plain, the fea-
tures, which have been called constructive, that is, which resulted
from the building up of the strata beneath the sea, are far from be-
ing obliterated. Therefore, it is seen, that, from the point of view,
of the kind of rocks, their immediate origin, and the nature and
origin of the surface features, the character of the Piedmont Pla-
teau and the Coastal Plain are distinctly unlike. The latter was
built, under the sea, of the materials, brought down by the streams
from the former. The destruction of the one led to the growth of
the other.

In the following story, the origin of the clays of the TFall Line
is briefly told: —

Among the crystalline rocks of the Piedmont side, undisturbed,
or in situ, are the clays, which have been gradually formed by the
decomposition of the schists or gneisses. Among the sedimentary
rocks, on the other side, are the beds of clay, which, originating in
the crystalline rocks, were transported, with other materials; sorted
out by the action of running water; and deposited in lagoons and
quiet off-shore stretches. These were, in turn, buried by other
clays, or beds of sand and gravel, sometimes having been first
largely cut away, by rapid-flowing currents, resulting from changed
conditions. The overlying beds would then rest on the very ir-
regular surface of the clay, producing an ““unconformity,” ' a term
used to describe the conditions, when the upper part of a bed, for
example, has been removed (often irregularly), before the succeed-
ing deposit is laid down. Sometimes, the same effect has been
produced by the temporary emergence of the strata from the sea,
their erosion by streams, their subsequent depression, and their

burial by newly deposited strata, which rest on the eroded surface.

! Sce Plates IV, V and V1.
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The location of the Fall Line in Georgia is shown on the accom-
panying map; and the relative positions of the Coastal Plain for-
mations, with reference to each other, and to the rocks of the Pied-
mont Plateau, are shown in the diagrammatical cross-section.’

The decomposition of the rocks of the Piedmont Plateau now
furnishes clays, iz sztu, and in low places, where the washings from
the hills accumulate, which are suitable for many common uses.
From them may be made a high grade of building-brick and a com-
paratively low grade of refractory ware. As a rule, however, they
are too sandy and too full of various impurities; so, that their use
is rarely more than for local purposcs. On the other hand, the
clays of the Coastal Plain region are very varied in character, often
uniform in quality over wide areas, and of vast commercial im-
portance. For the gencral reader, therefore, a brief outline of the

nature and history of the Coastal Plain formations will be given.

THY, COASTAIL PLAIN

It should be understood, that the formations of the Coastal Plain
region represent different geologic periods. They are all young, as
compared with the rocks of the Piedmont Platcau, on which they
rest. The history of the region is that of repeated subsidence and
emergence; at one time, 2 land area being represented, dissected
and eroded by streams, and, again, the whole, or a part, being cov-
ered by the sea, and reconstructed, or added to, by deposition on
the old eroded surface.

Within the present arca of Georgia, the Cretaceous, Eocene,

1 .
See fig. 11.
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Miocene and Pleistocene are represented by formations of varying
thicknesses. A vertical cross-section would not show them with
their original thickness, as deposited, on account of the erosion
suffered, during the land intervals. Therefore, in large measure,
just as they, collectively, are the ‘“worked over’ materials, for-
merly belonging to the crystalline rocks of the Piedmont Plateau,

the successive formations are built up, in part, of the materials de-

Fig. 11
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Ideal Cross-Section, To Illustrate the Positions of the Various Formations along the Fall
Line. a. Crystalline Rocks (Gneiss, Schist, Granite, Trap Etc.). b. Cretaceous Sands,
Clays, Marls and Limestone. c. Tertiary Sands, Clays, Marls and Limestone. e. La-
fayette Sand, Gravel and Clay. i. Columbia Sands.

rived from the underlying or older ones. The different periods are
thus identified by “unconformities,” and by fossils (when these are

present), more readily, than by difference in the nature of the ma-

terials.

THE CRETACEOUS PERIOD

It was probably about the beginning of the Cretaceous period,
that the subsidence took place, which brought the shore line to
approximately the position of the present Fall Line, and which led

to the earliest deposition of the formations, now constituting the



GEOLOGY AND PHYSIOGRADPITY 87

Coastal Plain region. Before the deposition of the great thickness
of Tertiary strata upon the Cretaceous, much of the latter, especially
along its land margin, was eroded, and re-deposited in the Tertiary
seas. The subsequent removal of the Tertiary and overlying strata,
has brought the Cretaceous rocks to the surface, over a considerable
arca in the western part of central South Georgia. This area is
triangular in shape, with the base on the Chattahoochece river, the
apex at Macon, and the northwestern side following, approxi-
mately, the Fall Line. Going down the Chattahoochee river from
Columbus, a total thickness of Cretaceous strata, of about 1,640
feet, is seen, consisting of beds of clay, sand, gravel, marl and lime-
stone. Along the river section, many interesting beds of clay ex-
ist, the consideration of which is left for a future report.

East of Macon, a narrow belt of the Cretaceous strata, probably
the basc of the series, has been traced by the writer, all the way
across the State into South Carolina, some miles beyond the valley
of the Savannah. The lowest group of the Cretaceous, formerly
known in Georgia, Alabama and westward, as the Tuscaloosa, is
noyw known as ‘the Potomac group, being doubtless of the same
age, as the strata of that group, which occurs further north, where
the remarkably valuable clays of New Jersey are found, with the
same relative position, with reference to the Fall Line, as in Geor-
gia. The all-important clays of the Fall Line belt belong to this

Potomac group.

THE TERTIARY ERA

The Tertiary Era is represented in South Georgia, by the Eocene
and Miocene Periods, with a total thickness of nearly 2,000 feet.

The Eocene formations have a thickness of nearly 1,600 feet, and



83 GEOLOGY AND PHYSIOGRAPIY

consist of limestone, buhrstone, conglomerates and beds of sand,
clay and marl, with occasional beds of lignite. These strata over-
lie the Cretaccous, and, in some places, completely over-reach this
lower formation, and rest directly upon the Piedmont crystallines.
The nature of the materials and their derivation have already been
pointed out. During the Tertiary Era, there was at least one land
epoch, with its resulting unconformity, and a great many minor
oscillations, along the coast, changing the depth of the water, under
which the rocks were deposited. The Miocene Period, with a total
thickness, probably not exceeding 300 feet, rests upon the Eocene,
and is apparently confined to the extreme southern and southeast-
ern portions of the State, the depression, which led to its develop-

ment, not having involved a great part of the Coastal Plain region.

THE COLUMBIA AND LAFAYETTE FORMATIONS

The formations of the Cretaceous and Tertiary succeed each
other, without any long continued land intervals, geologically
speaking; and, in spite of the unconformities mentioned, they rest,
one on another, in a generally conformable series. At the close of
the Miocene Period, however, South Georgia stood, for a long time,
high above the sea, the great rivers carved broad and deep valleys,
cutting down, in places, to a depth of 350 feet below the gencral
surface level, for a breadth of several miles, the topographic fea-
tures of the region becoming pronounced.

Following this land epoch, however, came a new subsidence, the
shore-line moving inland to the present Fall Line, and, in places,
somewhat beyond it. During this subsidence, when elevations,
now 800 feet above the level of the sea, were washed by its waves,

deposits of sand, clay and gravel were spread irregularly, some-
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SECTIONAL VIEW OF A BOWLDER, APPARENTLY A CONGLOMERATE, CONSISTING WHOLLY OF CLAY, BALDWIN COUNTY, GEORGIA,
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times to the depth of 150 feet, like a huge mantle, over the hills
and valleys, which had been carved out, during the land epoch.
The materials of this formation can be found all over southern
Georgia. They rest on the hill-tops, on their slopes, and on the
floors of the valleys, and greatly interfere with geological research.
This formation is known as the Lafayette.

After a comparatively brief subsidence, there was a re-emergence,
when new valleys were cut, often through the Lafayette, and pene-
trating the underlying strata. Then took place a final submergence
and a deposition of the superficial sands and gravels, which make
up the Columbia formation. The Columbia and Lafayette forma-
tions are unconformable, with reference to each other; they also lie
unconformably upon the Tertiary and Cretaceous strata; and, along
the margin of the Coastal Plain, even upon the crystallines of the

Piedmont Plateau.

GENERAL ASPECT OF THE FALL LINE BELT

Journeying from Columbus to Augusta, /¢ Macon, by rail, or
over the dirt roads, the Fall Line will be crossed and re-crossed,
and the observer will notice, now the features of the Piedmont
Plateau, and, again, those of the Coastal Plain. On the Piedmont
side, he sees the well-rounded hills and deep red soils, which char-
acterize its ancient formations. Occasionally, and especially in the
vicinity of streams, are scen bare stretches of crystalline rocks;
while, here and there, exposed in the gullies and road-way cuts,
are to be seen the various transitions between the fresh crystalline
rocks and the products of its decomposition, which constitute the

soils. The schists are brilliantly colored, especially where decom-
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posed, — red, yellow and greenish shades predominating. The soil
is comparatively fertile, and yields abundant crops.

On the Coastal Plain side, where the highest clevation is about
750 feet, the well defined hills are replaced by broad, flat-topped
platcaus and wide reaching terraces, the latter, particularly, pre-
dominating in the vicinity of the great rivers. Occasionally,
strcams and railroad cuts penetrate through the sedimentary strata
and the crystalline rocks, below, it being often hard to distinguish,
where the one ends and the other begins, the lowest of the sedi-
ments being composed of the coarser elements of the underlying
crystallines, large boulders of the latter frequently occurring. The
contact of the Cretaceous with the crystallines is best seen, on the
Alabama side of the river at Columbus.’

The Lafayette and Columbia sands and gravel, which cover the
Coastal Plain, may be secn, along much of the whole distance, to
have smoothed out the minor irregularities of the old land surface.
They make a less fertile soil, as a rule, than that found on the
Piedmont side of the line; and these formations are responsible,
for most of the barren sand-plains, found in South Georgia.

The Lafayette gravels are characterized by cross-bedding, rapid
transition from coarse to fine material, and generally, by a deep-
red color, resulting from the oxidation of iron-bearing materials.
It frequently has a mottled appearance, which is noticeable in the
sides of gullies and cuts. The prevailing red color is frequently
broken, by a net-work of gray and blue tints, which mark the
former position of the roots of trees and shrubs, where the iron
oxide has been ‘“reduced,” by the organic compounds resulting
from their decay.

The Cretaceous beds, that is, those of the Potomac Group, which

! See Plates XV, XVT and XVIIL.
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occur along the Fall Line, are visible at many points in cuts along
the Central Railway, particularly between Columbus and Macon,
and for many miles east of Macon, both on the Central and Geor-
oia Railroads.  They consist mainly of white clays and sands,
sometimes wholly differentiated from each other, the clay being
remarkably free from grit or sand, and the sand beds, in turn, being
entirely free from impurities of any kind, ready, indeed, to be manu-
factured into the best plate-glass.

The Tertiary beds are exposed, at manyv points along the dirt
roads, chiefly cast of Macon, excellent sections of fosstliferous
marls, of Focene age, being exposed in the railroad cut at Summit,
in the southern part of Jones county. One of the most interesting
scctions along the Fall Line belt is at Rich Hill, which has an ele-
vation of 730 feet. It is capped by lafavette materials, and ex-
poses in deep gullies on the southern side, one hundred and fifty
feet of Tertiary strata, resting uncomformably upon the white Cre-

taceous sands and clays at its basc.

NOTES BY LOCALITILES

COLUMBUS

Columbus is situated at the Fall ILine on the Chattahoochee
river, down the course of which a magnificent section of the Coastal
Plain formations is exposed. At Columbus itself, however, there
arc to be secn only the crystalline rocks of the Piedmont belt, and

overlying them, unconformably of course, the Potomac or base of
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the Cretaceous series, on the eroded surface of which rest the clays
and gravels of the Lafayette and Columbia formations, the latter
lying unconformably on the former, so that three distinct uncon-
formities are recognizable.

The crystallines are gneissic and schistose in character, and arc
beautifully exposed at low-water in the river bed, above the steam-
boat landing. The best sections are exposed on the Alabama side,
where a small stream has dissected the plain, and cut down into
the underlying crystallines. A general view of this locality is rep-
resented in Plate XVI, which shows some of the general geological
and topogréphic features of this region, and is a beautiful illustra-
tion of stream-erosion. The Potomac formation is clearly seen to
rest, as shown in Plate XVII, on the old eroded surface of the
crystallines, which are very much decomplosed, although the struc-
ture of the rocks still remains. Between high- and low-water marks
in the river-bed, where the overlying formations have been stripped
off, the transition from the wholly decomposed gneiss, down to
the fresh, unaltered rock, is strikingly apparent. The decomposi-
tion of these rocks has given to the gently sloping bed of the river,
as seen at low-water, an exquisite coloring effect. The most deli-
cate shades of green, yellow and pink are harmoniously blended,
and set off by the deep orange and reddish tints of the precipitous
banks, which rise to a height of twenty-five or thirty feet, in the
back-ground. A general view of these decomposed and colored
rocks is shown in Plate XV; while, in Plate XVII, is illustrated a
near view, showing the distinctness, with which the banded struc-
ture is retained, even where the gneiss is practically wholly decom-
posed.

The Potomac formation consists here of Arkose, or the materials

of the decomposed gneiss, but slightly sorted, so that it is some-
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times difficult to determine where the gneiss ends and the Potomac
begins. It furnishes however, in places, beds of clay, derived from
the decomposed crystals of feldspar of the gneiss, which, after
washing to remove the sand, have been used, locally, for the manu-
facture of pottery. The Lafayette formation, with its characteris-
tic color and sand and gravel beds, is exposed in cuts and ravines,
on the higher ground, especially on the Alabama side. The local
surface features are herc determined, in a general way, by the for-
mation last laid down, that is, by the Columbia. This constitutes
the plain or terrace, on which the city of Columbus stands, and is
made up of variegated sand, alluvial clay and loam. The general
section seen on the Alabama side of the river is, descending from
the surface, first, red and orange loam, then mottled purple and
reddish clays resting on cross-bedded, gray, white and pinkish
sands, somewhat consolidated, which, in turn, rest upon the vari-

colored decomposed gneisses.

CLAY INDUSTRIES AT COLUMBUS
The manufacture of clay products at Columbus is confined to the
making of bricks and common pottery. The total annual product
of brick is about 10,000,000, which arc worth, on an average, $5.00
per thousand. The clay used is the alluvial material of the Colum-
bia formation, and is quite plastic and free from grit. It is white
and bluish colored, and varies in thickness from ten to sixteen feet.
The following plants were in operation, at the time of the writer’s

visit to this locality: —
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SHEPHERD BROTHERS WORKS

The works of this firm are situated on the plain of Columbus,
just south of the city limits. The product is chiefly stock-brick;
but some face-brick are manufactured, by re-pressing. The stiff-
mud process is employed, the machine used being a ““side-cut” Da-

lonian.

C. W. RAYMOND'S WORKS
Mr. Raymond has a plant similar to that of Shepherd Brothers,

situated three or four hundred yards from the Georgia and Ala-

bama Railroad, with a capacity of 80,000 bricks per day.

G. 0. BERRY'S WORKS
Mr. Berry’s plant is at roth Avenue and 8th St., where about
35,000 bricks per day are produced, on an average of twenty days
in the month. The bricks are made in a Chamber’s end-cut ma-
chine. “Temporary’ kilns are used at this, as at the other Colum-
bus yards. Mr, Berry manufactures, also, an excellent quality of

jugs, which are burned in a small rectangular kiln.

J. L. MATHEWS' POTTERY

Mr. Mathews operates a pottery, making jugs, churns and flower
pots, in a small way, burning in a small, rectangular kiln. The clay

used comes from the brickyard of Messrs. Shepherd Brothers.

— ¥
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THE BUTLER DISTRICT

Going cast from Columbus, the mottled clays and cross-bedded
sands of the Potomac formation may be traced all the way to
Macon, across the broad divide between the Chattahoochee and the
Flint rivers, to Everett Station; and, again, from there over into the
valley of the Ocmulgee. Overlying the Potomac, there may be
seen, at many points, from ten to thirty feet of reddish gravel and
sands, with occasional streaks of white clay, belonging to the La-
fayette. The Potomac sands are strikingly cross-bedded, and con-
tain lenses of very coarse pebbles. The beds, as a whole, have
little continuity, thickening rapidly, and as rapidly disappearing,
to be replaced by other beds. The clay is frequently sandy. The
overlying sand and gravel is not always red and orange, but, occa-
sionally, white and gray; and it is sometimes indurated, and stands
out in massive walls. In many places, the incoherent, fine-grained,
buff-colored sands, varying in thickness from two to twelve feet,
appear to lie unconformably on the Lafayette; but, sometimes, they
apparently grade uniformly into it. They may belong to the
Columbia formation. The Potomac formation, although generally
mottled with bright-red and purple colors, is frequently white, and,
again, drab and bluish. It has a wavy, irregular surface, on which
the overburden rests, with distinct unconformity. This formation,
itself, rests, like a mantle, on the underlying crystallines, justas the
Lafayette and Columbia formations mantle over the hills and val-
leys of the Tertiary and Cretaceous. In going east, it rises from
the valley floor of the Chattahoochee at Columbus (230 feet above
the sea), to an elevation of 670 feet, at Butler. On a railroad trip

between Columbus and Fort Valley, the clays of this formation are



96 NOTES BY LOCALITIES

frequently seen to rest directly on the upturned beds of gneiss,
which are weathered to a depth of several feet, and which resemble
closely the clay itself; but, when crossed by streams, the loose
material is cut away, and the solid gneiss is exposed.

At Butler, a number of openings have been made in the Poto-
mac clays, and some of the best properties have been purchased by
a syndicate, with the object of excavating and washing these clays,
for the wall-paper industry. One of the Butler localities, where de-
velopments have actually been made, is two and one-half miles west
of the railroad station, where the white and mottled clays of the
Potomac formation are exposed at, or near, the top of the circum-
ference of the broad plateau. Where the clay is exposed, there is -
practically no overburden, for many yards along a broad belt,
running around the plateau; but, beyond this belt, a gentle slope
is formed of Lafayette gravel, which reaches an approximate thick-
ness of some twenty feet. The clay here has a thickness of twenty
to twenty-five feet, and is underlaid by sand. In places, it is snowy-
white, when dry, and cream- and drab-colored, when moist. At
other points, it is orange-colored, and stained with iron along the
joints, and, sometimes, in the clay itself. It is largely free from
grit; but it always contains some, which is often very coarse.” The
clay itself is sometimes coarse-grained, and contains scales of mica.
The clay is massive and jointed. At the time of the writer’s visit,
a company had erected a small drying-shed, and some experimental
apparatus for grinding and washing clay. A few car-loads of the

product had already been shipped to northern markets. Across

Y The frequent occurrence, in this formation, of the very coarse grains of sand, scattered, in
abundance, irregularly through the beds of very fine-grained clay, presents a problem difficult to
explain, unless it may be, that the coarse grains were tloated on the surface of the water to places
above their present position, by the action of **surface tension?’; while the fine-grained clay was
still settling in the very quiet waters, which would not transport the sand, once it were completely
immersed.
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the valley, perhaps a mile in width, the clay occurs, in much the
same manner. It is, however, very dark-colored, dense and more
plastic, and has less grit, often none at all. When first mined, it
is chocolate-colored, and, in places, drab. Upon drying, though
still dark, it becomes much lighter in color. It makes a good pot-
tery clay, and will surely find a market, in time. There are many
other localities in the vicinity of Butler, where these clays may be
found. Among these, is one, on the property of Mr. J. J. McCants,
about four miles west of the railroad station.

The surface of the country about Butler is generally sandy, being
covered usually with a loose, buff sand, which rests on more or less
compacted sands, sometimes replaced by a hard, waxy, but sandy,
clay.

It is often difficult to determine the geological formation, with
which one is dealing, in this vicinity, owing to the similarity in the
deposits of the different groups, particularly those of a sandy
nature, which, being alike in origin, resemble each other very
closely, and all the more so, when affected by surface conditions,
oxidation, de-oxidation, disturbances by the roots of plants and

trees, and by the slides and washings down slopes.

THE RICH HILIL, AND CRAWFORD COUNTY LOCALITIES

Going northward from Fort Valley into Crawford county, a broad
plateau, about 523 feet above the sea, is traversed for a number of
miles, with scarcely any perceptible change in elevation. A grad-
ual rise then takes place, until an elevation of about twenty feet

above the level of Fort Valley is reached, where a very rough,
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broken country is encountered, six or seven miles north of that
place, with hills, which ascend from 80 to go feet above the highest
part of the Fort Valley plateau. This broken country continues,
until Rich Hill is reached, a short distance southeast of Knoxville,
which rises abruptly 165 feet above the surrounding hills, or to an
approximate elevation of 670 feet above the sea.

The surface of the Fort Valley plateau consists of a red, waxy
sand and clay formation, cut into gullies by running water, as
though with a chisel, and full of por-foles. Ina few places, fine-
grained plastic-clay seams are encountered; also thin layers of
coarse pebbles.

Entering the broken country north of this plateau, near the base
of the steep hill, a clay, probably the Potomac, is encountered, in
places, white, but more generally mottled with red, purple and yel-
low tints. The surface of this clay is found at different elevations
at different points; and it is impossible to say, whether this is due
to extensive erosion, preceding the deposition of the overlying
beds; to flexures; or to its rising and falling with the contour of
the old Piedmont topography, which underlies it. The greatest
thickness of this clay, seen at any one point, was thirty-five feet.
Overlying it is a red and yellow, tough, sandy clay, with numerous
plastic-clay partings, with the upper part more sandy, and strik-
ingly cross-bedded. The slope above this is covered with a white
and gray sand, on the south side of Rich Hill, which is traversed
by tremendous gullies. The following section is seen here, in de-
scending series: —

1 Tough, red clay, overlying sands of various
colors, and containing at the base more or
less lignite .. o - .. .. .- __ 45 feet

2 Gray and drab, fine-grained clay, which breaks
concentrically on drying. When cut with a
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knife, it gives no evidence of grit, but shows a
smooth, polished surface. On drying, it be-
comes hard and porous, and is almost white.
It resembles the clay of Fitzpatrick, described

on another page .. __. . _______.._________. 30 fect
3 Limestone beds, composed almost entirely of

shells and shell fragments. - _._.____._____._._ 25 *

Redand buff sands - ._.. . ___. _._.___.__. 15 *
5 Cross-bedded sands and clay, unconformably

overlaidby No. 4. ________._ ... ___.._.___ 50 “

There is an apparent unconformity between Nos. 1 and 2. Some
of the beds are highly fossiliferous, containing crinoid and bryozoan
remains, sharks’ teeth and numerous bones of vertebrates. The
surface of some slopes consists wholly of a loose sand, of shell
fragments, largely delicate bryozoan remains. The lower thirty
feet of this section consists of fine, white sand and clay. Two or
three feet from the base, there is apparently another unconformity .
These white sands and clays are probably Potomac. They vary
rapidly in character, and replace one another, in a manner indicating
frequent changes from strong currents to quiet waters.

Some of the colored beds in this section are curiously “white-
washed,” with a thin layer of fine, white clay, which the waters
have brought down from overlying seams. In places, the down-
dripping water, holding in suspension particles of white clay, is
evaporated; and stalactites, sometimes in the shape of broad, wavy
sheets, suspended from overhanging strata, are found, just as lime-
stone stalactites are produced, by the evaporation of water carrying
the burden, except that in this case, the clay particles are held in
suspension, instead of in solution.

A general view of the Rich Hill section is shown on Plate III.

At many points in Crawford county, the clay, which is doubtlers
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Potomac, is used for the manufacture of common pottery, an indus-
try carried on in this country in a primitive way, and under condi-
tions, which make its continuation remarkable. There are certain
families, which are brought up, generation after generation, as pot-
ters, the business being carried on chiefly at odd times in the win-
ter, and, at intervals, in the summer during the making of crops.
A small plant, typical of this country, is illustrated in Plates IX
and X; it is located at Dent, a post-office in the interior of the
county. Plate IX shows a primitive kiln, which, however, answers
its purpose quite satisfactorily; and Plate X, the clay mixer. The
products of this pottery are sold mostly by peddling, the articles
being carried in wagons, so the writer was informed, sometimes to
a distance of 75 miles, and disposed of, partly for cash and partly
in trade. These potteries are located mostly in the vicinity of Dent,
Pine Level and Gaillard’s. Among the proprietors of different
establishments; are Messrs. J. Becham, W. Becham, S. Becham,
J. S. Newberry, J. N. Merritt, Thos. Dickson, H. N. Long and
I1. D. Marshall.

The kilns, like that in the illustration, hold from 300 to goo
‘“gallons” per burning. They are rectangular, and have an inter-
mediate draft. The clay used is a mixture of “chalk” (white Po-
tomac clay), with mud obtained from the swamps. The clay is
hauled to the potteries in wagons, over several miles of sandy roads.
For glazing, these potters use a mixture of wood ashes, lime and
sand. This is colored by the addition of powdered limonite. It
makes a fairly good glaze; but it is rough, owing to the coarse sand

contained.
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THE MACON DISTRICT

Macon, the chief city of Middle Georgia, is located in Bibb
county, at the Fall Line, the head of navigation on the Ocmulgee
river. The business portion of the city is built on a broad terrace,
the second one above the river. The suburbs and much of the
southern portion of the city is on the hills, flanking the western
side of the valley.

The valley of the Ocmulgee, here, is broad, with gently sloping
sides, on which three terraces are usually found. The geological
formations and their relationships differ from those about Colum-
bus, in that the Cretaceous groups are absent, with the exception
of the Potomac, which itself is wanting in the immediate vicinity
of Macon, having evidently been entirely removed in the valley of
the Ocmulgee, before the deposition of the Lafayette and Colum-
bia formations.

The topography of the country about Macon is typical of that of
the Fall Line in general. North of the city, are the red hills of
the crystallines; south of it, the terraces of the Ocmulgee, and the
broad sand and gravel-capped plateaus, — drvides between minor
streams, which flow into the great river. These are not confined
to the valleys, but sweep about over the whole country, south of
the Fall Line, and broaden into the sandy plains, called also, tech-
nically, terraces. The Fall Line crosses the Ocmulgee river, be-
neath the Macon foot-bridge; and here are exposed boulders and
out-cropping ledges of the hard Piedmont crystallines. Overlying
them, are the Columbia terraces; and, east and west, mounting
over, but capping, the Tertiary heights, are the white, red and

orange gravels and sands of the Lafayette.
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Beyond the limits of the Ocmulgee valley, on both sides of the
river, railroad and highway cuts expose the Potomac clay and
sands, which vary from the occurrences, as described at Columbus,
Butler and the Rich Hill district, in that they are less highly-col-
ored, and that the remarkable, mottled appearance has grown less
and less marked coming eastward. The characterstic cross-bedding
is retained, and white sands and gravels, which may belong to the
Cretaceous, or which may, however, be as recent as the Lafayette,
overlie these clays, unconformably, occupying decp channels and
wide, irregular arecas in them, and containing much material, de-
rived from their beds, and mixed in with the sand and gravel.
Sometimes, this is present, as partings; and, sometimes, large frag-
ments and even boulders of the white clay occur. Characteristic
views, showing this phenomenon, may be seen in Plates 1V, VI
and VII. They will be described more minutely on another page.

One of the best sections of the Lafayette, in the vicinity of
Macon, is on the Forsyth road in Vineville. Here, are cross-
bedded gravels, containing large quartz fragments, and some mica,
of a pink and red color, cut out by cross-beds of a very coarse gravel,
with pebbles two to four inches in diameter, the whole coated with
red iron oxide, which gives the mass its characteristic color.

North of Macon, district 13, lot 338, N. L., there are out-
crops of the decomposed crystalline rock, unlike the gneisses in the
vicinity of the Macon bridge, and showing rather the characteris-
tics of schist.

On the estate of Mr. R. E. Park, near Holton, there is a cross-
bedded, gray, sandy clay, associated with a friable buff and pink
sandstone, loosely consolidated, and containing many large peb-
bles. This clay seems to have been derived from the decomposed

schists in the vicinity, the products of which have been washed into
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low-lying ground. It may, however, be a remnant of some of the
Coastal Plain formations, perhaps the Lafayette.

About seven miles southwest of Macon, on the Central Railway,
at a place called Rutley, there is a good exposure of the Potomac.
At the surface, here, there is a reddish and buff compact sand, six
feet in thickness, carri*ing a two-inch seam of hard ferruginous
sandstone.  Beneath this, is a cross-bedded gravel, six feet in
thickness, and composed of coarse pebbles. These are probably
Lafayette; they rest unconformably on six or eight feet of white,
bluish and pinkish Potomac clays, known locally (as is the case
everywhere along the Fall Line), as ‘‘chalk.” The clay is very
irregular in quality, being sandy and somewhat iron-stained; but,
over considerable areas, it is pure white and quitc free from par-
ticles of sand.

Entering Macon on the Ilouston road, near the foot of a long
hill, down the slope of which Lafayette gravels are exposed, is
another section of the Potomac clay, or *“chalk.”

On the Jeffersonville road, east of the river, a number of sections
occur. Ilere, in the Lafayette formations, arc found cross-bedded
sands and gravels, containing large, angular, transparent quartz peb-
bles. These sands are much mixed with white kaolins, which occur
in places, as thin seams. The formation mounts the hills, and flanks
their sides. In the railroad cut near this road, is a stratum of cross-
bedded sandstone, overlying the pure white clay or kaolin, the
surface of which is completely coated with a wash of red clay,
coming from the overlying formation. The mottled appearance
of the red clays, due to de-oxidation by organic matter from the
roots of trees, is here apparent,

At a few points along the Jeffersonville road, fossiliferous strata

of Tertiary age are exposed in gullies, by the way-side.
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Six miles northeast of Macon, on the Griswoldville road, where
the highway is crossed by the railroad, there is exposed a section,
forty feet in thickness, the strata all showing evidence of extreme
changes in the rapidity of currents, cross-bedding being prominent,
and the sudden transition in the size and nature of the materials
being a striking feature. At the base of this section, are ten to
twenty feet of white cross-bedded sands, with lenses of kaolin and
mica, both of which are also largely mixed with the sand. This
is doubtless Potomac. Unconformably overlying this, are ten to
twenty feet of red and mottled micaceous clays and sands. Over
these, but often wholly wanting, are two to four feet of gray and
buff sand and loam. Similar sections are to be seen at many other
points.

The clay industry of Macon is confined to the manufacture of
building-brick and sewer-pipe. The clay used is chiefly that of the
Columbia formation, which is taken from the lower terraces near
the river. But some clay is brought by rail from points in Bald-

win county.

THE H. STEVENS SONS CO.’S PLANT

The largest clay manufacturing company is The H. Stevens Sons
Company, which produces sewer-pipes and drain-tiles, of all varie-
ties. Their works are located just south of the city limits. They
have a large building, 60x 360 feet, with two stories and a base-
ment; also 10,000 feet of shed space. The machinery includes the
usual variety of disintegraters, pug-mills, wet-pans, pipe-press, ele-
vators etc. The wares are burned, in six circular down-draft kilns.
The present capacity of the plant is oo car-loads per year. It was
established in 1887, and is the leading sewer-pipe plant of the
south.
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The following firms are engaged in manufacturing building
brick: — A. C. Earnest & Co., Peter Harris, The Macon Brick
Works, C. J. Tool, Geo. Anderson, C. C. Stratton and G. J. Blake.

These plants are all located on the lower terrace, and near the river.

GRISWOLDVILLE

Griswoldville is centrally located, in an area of the best Potomac
clays found along the Fall Line. This area includes the southern
half of Jones and Baldwin, and the northern part of Twiggs and
Wilkinson counties. As a whole, it is a part of the water-shed
between the Oconee and the Ocmulgee rivers.

The town of Griswoldville is situated on the main line of the
Central Railway, about ten miles east of Macon, and five miles
south of the Potomac belt. Within the area mentioned, there are
many geological sections of the formations, which have already
been described, and a large variety of clays, suitable for commer-
cial purposes. These are found among the decomposed crystal-
lines; in the Potomac formations; at many points among the Ter-
tiary strata; distributed over a wide area in the Lafayette; and in
the Columbia formations in the valleys of the Oconee and Ocmul-
gee. The Columbia clays are utilized at Macon, in the latter
valley, and at Milledgeville, in the former. The Potomac clays,
found in this area, are of the best quality; and they occur in the

greatest abundance.
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J. R. VAN BUREN & CO.’S WORKS

At Griswoldville, the Potomac clays are found at a number of
points on the property of Messrs. J. R. VanBuren & Co. They are
exposed in railroad-cuts, and in gullies, which occur along the
terrace followed by the Central Railway. This terrace is about
100 feet above the Macon bridge. The surrounding hills, composed
of Tertiary strata, mantled with Lafayette, rise to an average
height of 160 feet above the plain, or 260 feet above the terrace,
on which the business portion of the city of Macon stands.

One mile west of the VanBuren residence, in a railroad-cut two
or three hundred feet long, the Potomac clay is characteristically
exposed, overlaid by Lafayette gravels. An illustration of this
section is shown in Plate II. At the base may be seen the snowy-
white kaolin and the white cross-bedded sands of the Potomac
formation, above which are the red and occasionally white gravels
and clays of the Lafayette. Near the contact of the two, the La-
fayette consists largely of materials taken from the Potomac.

On the south side of the railroad, the white clay, which is sandy
in patches, has a thickness of from ten to twelve feet, while the
overlying red and white cross-bedded Lafayette has a thickness of
fiftcen or twenty feet. On the north side, the surface of the Poto-
mac clay is lower, and, in places, wholly cut out by Lafayette
gravels. South of this cut, the Potomac clays are exposed in old
fields over wide areas.

Two miles beyond the first railroad cut, and still on the Van-
Buren property, is another railroad-cut, where again the Potomac
clay is seen, under similar conditions. From these two railroad-
cuts, a large amount of clay has been shipped to Chattanooga, Ten-

nessee, to be manufactured into fire-brick and refractory wares.
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East of the VanBuren residence, from one to two miles, cuts along
the railroad still expose valuable beds of the Potomac clays.

The clay on this estate is, in many places, entirely free from grit,
and, therefore, suitable for the manufacture of wall-paper, for which
purpose it is specially adapted. Some of it, however, is more or
less colored, usually, a drab or cream color; and occasionally it is
sandy, or éontains fine grit. This, however, can be removed by
washing, there being an abundance of water in the vicinity, thus
making the clay suitable for paper manufacture. An average sam-
ple of clay, taken from the first railroad-cut, varies in color, from
snowy-white to a creamy tint; and it is about as hard as chalk. It
is fine-grained and tough, and has a soapy feel. An average
sample of the clay from the field east of the VanBuren residence,
and south”of the railroad-cut, is cream-colored, when damp, and
almost white, when dry. It is very fine-grained. Muscovite scales
are not seen with the naked eye, and but very little of this mineral
is detected, by the use of the lens. It absorbs water and disinte-
grates rapidly, and becomes somewhat plastic; and it shows a trace
of grit to the feel. An occasional grain of sand may be seen under
the microscope, with a high power. The only impurity observed
is muscovite, although there is less of this mineral, than in most
other Potomac clays of this region. Quartz, as a rule, is wholly
absent; and, on the whole, it is one of the purest clays studied.
Some specimens are locally stained with iron oxide, apparently due
to the alteration of ferruginous minerals; and, in these, the lens re-
veals scattered muscovite plates and some magnetic crystals, but
no quartz. Under the microscope, a multitude of muscovite plates
and prisms are visible; also a trace of magnetite, but still no quartz.

A chemical analysis of the pure variety gave the following re-

sult: —
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Hygroscopic Moisture . . . . . . . . . . o0.57
Combined Water, Carbonic Di-oxide Etc . . 1308
Combined Silica . . . . . . . . . . .. 4494
Alumina . . . . . . . . . . ... .. 30.13
Free Silica,orSand . . . . . . . . . .. 123
FerricOxide . . . . . . . . . ... .. o.45
Lime . . . ... .. ......... o.18
Magnesia . . . . . . . .. .. .. .. o1l
Potash . . . ... . ... ... .. o5
Soda . . . . . .. ... .. ... .. 063

Total . . . . . . ... ... ....100.26
Clay-base Present . . . . . . . . . . . 97.34
Fluxing Impurities . . . . . . . . . .. 1.88

Experiments, as described on pages 45 and 46, show, that the
uncompressed dried clay from this locality absorbs 112 per cent.
of its weight of water. On increasing the density of the clay by
25 per cent., it absorbs 114 per cent. On increasing it another
25 per cent., or 50 per cent. in all, it absorbs 109 per cent. of its
weight; showing, that the density of the clay powder does not
materially affect its absorptive power, so long as it is free to ex-
pand in at least one direction.

This clay, when wet and moulded into briquettes, shrinks, on dry-
ing, but .8 of one per cent. Its tensile strength, after drying, is
25 pounds per square inch. In refractoriness, it is almost equal to
the highest grade Seger cone manufactured. That is, it will stand
more heat, without fusing, than any clay in the United States,
studied, except the similar clays in neighboring localities. Its spe-
cific gravity is 1.76.

Experiments made on a sample, collected from a field adjoining
this locality, show, that it absorbs 835 per cent. of its own weight

of water, and shrinks, on drying, about one per cent. of the length
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of a briquette.  The maximum tensile strength is 41 pounds,
per square inch. Its specific gravity varies from 1.62 to 1.80. The
burned product is white to fine cream-colored, according to the
conditions of burning: and, unless great care is used, it crackles
and bursts open, — the only objection to its use for the manufac-
ture of china ware. It is exceedingly refractory, and fuses with
Scger cone 353.

An average sample of the clay from the railroad cut, on the
VanBuren property, east of the residence, has the following charac-
teristics: —

Some of the hand specimens show blotches and seams, of a red-
dish-brown mineral, which, under the lens, secms to be hematite,
or possibly turgite. Under the microscope, grains of quartz are
visible, varying from .001 to .004 of an inch in diameter, although
some are recognizable, as small as .005 of aninch. There are some
few muscovite scales; and scales of kaolin are grouped together,
in more or less coherent aggregates.

An average sample from the second railroad cut, west of the
house, shows a massive clay, with numerous muscovite scales and
small crystals of magnetite. This clay readily disintegrates in
water, and is moderately plastic. Under the microscope, with a
high power, many muscovite prisms arc observable; and scales,
averaging in size about .0o1 of an inch in diameter. This clay
shrinks, on drying, § per cent., and has a tensile strength, dricd, of
36 pounds per squarc inch.  Its fusing point is between thosc of
Seger cones 34 and 33. It burns to a crcamy color, and crackles,

when burned by itself.
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THE PROPERTY OF MRS. SALLY JAMES

Northeast of the estate of Messrs. VanBuren & Co., are numer-
ous other exposures of a high-grade clay (belonging to the Poto-
mac formation) on the estate of Mrs. Sally James. This clay, or
““chalk,”” is here exposed in gullies, and is seen, also, in the vicinity
of the estate of Mr. G. W. James, where there are small outcrops.
One of these is just east of the James residence, where the follow-

ing section may be seen: —

1 Red Lafayette gravel.__________.___._____ 10 feet
2  White Potomac clay, carrying a thin, half-inch

seam of fronore.. . .___._______.__.._...__. 3 *
3 Micaceous sand - ... ___.___________.____ 2 ¢

The clay is of good quality. At the point, where it is exposed,
it has been largely cut out by the overlying gravel; but there are
doubtless thicker beds, at other points in the neighborhood, now
buried by the overlying gravels. It is probable, also, that other
similar clays lie beneath the bed of micaceous sand, seen at the
base of the section.

The second exposure shows from four to six feet of white clay,
unconformably overlaid by 15 feet of red and white cross-bedded
sands, which contain lumps of white clay, derived from the under-
lying stratum.

In the railroad-cut, near the James residence, is an exposure of
red sand and loam, containing nodules of limestone, which overlie
the white, micaceous sands, and contain, also, numerous scattered
balls of white kaolin. In all probability, a white Potomac clay lies

beneath this formation.
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LEWISTON

At Lewiston, a station on the Central Railway, a few miles east
of Griswoldville, in the extreme northwestern corner of Wilkinson
county, thick beds of a remarkably pure and snow-white variety of

clay occur.

THE LEWISTON CLAY WORKS

This clay is mined by The Lewiston Clay Works, established in
1893. Mr. J. W, Huckobee is the Superintendent of the works.
The product is shipped north, the highest grades being consumed
by the wall-paper industry, and other grades, in the manufacture
of encaustic tiling and similar wares. Owing to the removal of
the clay, by the company, from its pits, remarkably good sections,
are exposed. There are at present three of these openings or pits,
situated on the north and northeast slope of the hill, and but a few
yvards from the railroad track.

The western pit has been abandoned, owing to the thinning out
of the clay bed. The clay and fifteen feet of gravel stripping have
been removed, here, over an area of a quarter of an acre. The
stripping is carried away in hand-barrows, and dumped on the
slope of the hill, below the outcropping beds of the clay strata.
The clay itself is worked by pick and shovel. Itall requires careful
sorting, and is separated into different grades, much of it being
discarded, which, in time, will be valuable for markets, now barred
by high cost of transportation. Only that clay, entirely free from

grit, is utilized; and this is sorted on the basis of color, there being
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three grades: First, the pure white; second, the yellowish; and
third, the spotted. The last mentioned is only faintly mottled, the
general effect being white, exceptional specimens, only, showing
grayish and palc—yellow tints,.  When dry, it is whiter, than when
first mined. Even that, which has a distinct yellow tint, when
fresh, dries very nearly pure white, After mining, the clay is
placed in open drying-sheds, of which there are four," the lumps
of clay resting on shelves, made of bars two to three inches apart,
and arranged to permit free circulation of air. After drying, the
clay is broken up and rammed down, by use of a mole, into hogs-
heads, in which it is shipped. These hogsheads hold, each, about
one ton of the dry clay. They are made on the place, at a cost
of about one dollar apiece. The plant is small and inexpensive,
consisting only of drying-sheds, an office, a small store-house for
tools, open sheds, where the casks are manufactured, and a short,

wood-rail tram and car.

OCCURRENCE OF THE CLAY

The clay varies from three to eight feet in thickness, and is of
massive structure. Its upper surface is very uneven, and there is
a marked unconformity, between it and the overlying sediments.
This is illustrated in Plate 1V, where the workman in the {ore-
ground is pointing to the lines of unconformity, he himself stand-
ing against a wall of hard white clay. This view shows, also, in
the overlying strata, the occurrence of balls of white clay, derived
from the lower bed and torn loose, probably by the action of the
coarse pebbles upon this bed. They cannot have been transported
far, or they would have been disintegrated, and deposited in another

manner, in more remote and quiet waters.

! See Plate X1.
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Overlying the clay proper, is a stratum of eight feet of loose,
unconsolidated sand, sometimes cross-bedded. Then occurs a len-
ticular-shaped bed of clay, with a maximum thickness of two feet,
six inches; then red clay and sand, which continues to the surface,
with a maximum thickness of six feet.

In the east pit, the following section is seen, from above down-

ward: —

1 Red and ycllow, clayey sand, with scams of
laminated clay; also thin seams of brown iron
ore, containing many coarse pebbles .. _____. 6 feet
2 Irregular siliceous beds, resembling quartzite,
and containing drusy quartz cavities and many
fragments of shells_. __.._

|
3 White sand, free from iron stain, cross-bedded
in places, containing mica and kaolin, and also
nodules or fragments of white clay, in the upper
surfaces of which are sharply-outlined, pear-
shaped cavities, each filled with a yellowish
clay. These cavities vary in diameter from one-
fourth to one inch - ___ . _________.____ 7o
White, gritless clay, or kaolin ____________.__ 2 «
5 White sand .- . ... ___._ (?)

The layers of sand and laminated clay of this locality show signs
of crumpling, due to lateral compression. Similar evidence of dis-
turbances is seen at many other points, where slight crumpling or
folding, faulting on a small scale, and the presence of numerous
slickensided surfaces in beds of clay, show the occurrence of a crush-
ing force, at some comparatively recent time.

The interesting features, which are shown to best advantage at
this locality, are the nature of materials; evidences of crumpling
and lateral disturbances; a distinct unconformability; and the pres-

ence of a large amount of kaolin, resulting from the decomposi-
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tion of feldspar fragments, which once constituted much of the
mass of sand of this region (that is, it belongs to the class of “* Meta-

3

sedimentary,” as given in the classification of clays, on page 10).
The presence of fossils in the materials, particularly the clay here,
is also very interesting. The true horizon of the beds, carrying
them, has not yet been determined. They may be Tertiary or Upper
Cretaceous. It is probable, however, that they are Lafayette, the
forms having been transported there from the beds, where they
originated, in the Tertiary rocks, of which the higher lands are
composed. ‘

As a rule, the gravels are of a sub-angular character, and are but
little water-worn. In fact, the minerals of this whole formation
scem not to have traveled far, but to have come from the gneissic
and granitic belt immediately north, and to have been deposited by
currents, changing rapidly in direction and rate of flow. It is wor-
thy of note, also, that the flat, sandy plain, in which the clay for-
mation occurs, has the same elevation, namely 260 feet above the
Macon bridge, as have the hills about Griswoldville.

An average sample of the clay, from the Iewiston Clay Works,
has a faint-yellow tint, which becomes practically white, on drying.
It is massive and somewhat friable; and, so far as can be seen with
a hand lens, it is nearly free from impurities. It absorbs water rap-
idly, dried clay taking up 108 per cent. of its own weight. Examined
under a microscope, with a high power, but few impurities are seen.
These consist of muscovite prisms, occasional grains of magnetite,
and some few quartz grains, the largest being .05 of an inch in
diameter. It is a fine-grained clay, entirely free from any coarse
sand.

A chemical analysis gave the following results: —
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Hygroscopic Moisture . . . . . . . . . . 0.99

Loss on Ignition, Combined Water, CO,Etc. 12.98
Combined Silica . . . . . . . ... .. 4492

Free Silica,orSand . . . . . . .. .. . 1.535
Alumina . . . . . . . . .. ... .. 39.13
FerricOxide . . . . . . . .. .. ... 105
Lime . . . . .. .. ... .. .. .. o040
Magnesia . . . . . . . . .. ... .. o017
Potash . . . . . . .. . ... . .. . trace
Soda . . ... ... ... ... ... trace

Total . . . . . . . . .. ... ... 99.20
Clay Base . . . . . . .. .. ... .. 97.03

Fluxing Impurities . . . . . . . . . .. 1.062

Briquettes of this clay shrink, on drying, nine-tenths of one per
cent., and have a tensile strength, dried, of 19 pounds per squarc
inch. Its specific gravity varies from 1.55 to I.go. On burning,
there is no perceptible shrinkage. It burns to a pure white, and is
apt to crackle, unless very carefully treated. It is one of the most
refractory clays, tested by the writer. Its fusing point is almost
equal to that of Seger cone 36.

Southeast of Lewiston, just west of the Baker estate, is an occur-
rence of Potomac clay, which resembles, in characteristics, that
used at Stevens Pottery, Baldwin county. It is white, when dry,
hard, faulted and much slickensided. In places, it is discolored
with iron stains. Overlying it, unconformably, is a stratum of
marl-like green-sand showing cross-bedding, and having an average
thickness of six feet. This stratum contains small shell fragments
in some lavers. Above this, is a red and gray, laminated clay,
which is overlaid, in turn, by red sand varying in thickness from
four to eight feet, and grading upwards into the red, sandy clay,

over which is a gray, porous sandstone, but slightly consolidated.
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The clay, which is of a good quality for the manufacture of sewer-
pipes, fire-brick etc., has a thickness of from fifteen to twenty feet.
It is very tough, and not easily disintegrated.

Under the lens, little, if any, foreign matter is recognizable, with
the exception of a reddish material, which would seem to be hema-
tite or turgite; but, under the microscope, it appecars merely as iron-
stained kaolin. The clay is but slightly plastic, and does not dis-
integrate, on the addition of water. A high magnifying power
shows many grains of quartz, which range from .001 to .004 of an
inch in diameter; also, many, of smaller dimensions. The kaolin
scales occur, bound together in small aggregates. Briquettes of
this clay shrink, on air-drying, one eighth of one per cent., and
show a tensile strength of 56 pounds per square inch. It hasa
specific gravity, varying from 1.67 to 1.87. This clay burns to a
pure white color, with a tendency to crackle, when burned without
admixture of other clays. It shrinks, on burning, an additional

two per cent. of its length.

THE GORDON ROAD

On the Gordon Road, between Lewiston and Gordon, which is
the next railroad station east, there is a very interesting section,
exposed in a gully by the road-side. This section is as follows, in

descending series: -—

1 Fine, red and orange sand, with occasional
partings of shale . __________ . _______ . 8o feet
Clay shales, with orange sand partings ... _- g ¢
Fine white and orange sands . ____._.._._._ 3 “
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Alternating layers of ferruginous sand and shale 1 foot
5 Massive, gritless clay, jointed and slickensided,

with many casts of shells, the shells themselves

having been dissolved and removed by perco-

lating waters, Joint planes, stained with iron

and manganese. .. ... ____..__.____ 16 feet

Greensand and marl .. ... ____.__ . ______ 4 “
7 White clay, very hard, jointed and slicken-

sided, very pure, (grading downwards into 8). 4 *
8 Friable mixture of clay and sand, containing

much sub-angular quartz .- . ___ ___.__._._ §

Samples of this clay were taken from four different positions in
this section. One of these is a drab-colored, compact, tough clay,
which breaks with a conchoidal fracture. The only impurities, re-
vealed by the lens, arc traces of muscovite. It absorbs water
slightly, and does not disintegrate, when wet. Under the micro-
scope, quartz grains appear to be almost entirely absent, and the
impurities arc scales and prisms of mica (the largest being .05 of
an inch in diameter), and a few fragments of a colorless, slightly
transparent mineral, showing a rectangular cleavage, which seems
to be orthoclase. Briquettes made of this clay, shrink, on drying,
27 per cent. in length, and have a tensile strength of 135 pounds
per square inch. Its specific gravity varies from 1.83 to 2.08. It
burns to a deep red color; and, although it shrinks exceedingly on
drying, the additional shrinkage, in burning, is imperceptible. Its
fusing point is low, being cqual in refractoriness to Seger cone 26.
The potash, released from the decomposing fragments of feldspar
(orthoclase), are probably responsible for its comparatively low
grade, in this respect.

Another sample from this locality is a brownish drab, in color, —
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hard, dense and brittle, and breaking with a conchoidal fracture. It
is but slightly plastic, and does not readily absorb moisture. Scales
of muscovite may be seen with the naked cye; and an abundance
of them, along with a few grains of transparent quartz, are visible
under the lens. Under the microscope, quartz fragments are seen,
some as large as .05 of an inch in diameter; also, some muscovite,
Briquettes of this clay shrink, on air-drying, 25 per cent. in length.
Tts specific gravity varies from 1.87 to 2.00. It burns to a buff color,
and it must be burned very carefully to prevent crackling. Its fusing
point, as determined with the LeChatelier pyrometer, is 1,300° C.

The third sample of this clay, selected, is dense, tough and drab-
colored, and has a gritty feel. On the joints, it is stained with ox-
ides of iron and, occasionally, manganese. It contains many scales
of muscovite, and quartz grains, varying, in diamcter, up to onec
thirty-second of an inch. It absorbs water slowly. Under the
microscope, quartz and muscovite are the only impurities seen.
Briquettes of this clay shrink, on drying, 25 per cent. in length;
and it has a tensile strength, dried, of 291 pounds, per square inch.
On burning, it behaves like the last described sample.

The fourth sample resembles the third, in physical appearance.
It has a specific gravity, ranging from 1.75 to 1.81, and a tensile
strength, dried, of 300 pounds per squarc inckh. 1t shrinks 23 per

cent,, on drying, and 4 per cent., on burning.

THE WHITEHURST PROPERTY

About a mile and a half east of Lewiston, and one mile south of
the railroad, on the property of J. I. Whitehurst, is an exposure,

over a wide area, of the Potomac clays, which outcrop on the north-
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ern side of the hill. In the gullies, where it may be seen, this clay
has a thickness of at least ten feet, and is covered with six or eight feet
of stripping, which, further back in the hills, assumes an enormous
thickness. The bottom of this clay is not visible. The exposure
here emphasizes the fact, that the Potomac clays of this belt are
not persistent in character, for any distance, but grade off rapidly
into sand and sandy clays.

The quality of the clay is excellent in places; but it is frequently
coarse, sandy, and somewhat discolored, all of which lessens its
value. It is not unlikely, that beds of a high grade will be found
on this property.

The strippings, where exposed, consist of sand and a loosely con-
solidated conglomerate. A sample from this locality, for labora-
tory examination, shows a friable, massive clay, white and pale-buff
in color, and containing an abundance of muscovite scales, which
may be seen with the naked eye. Under the pocket lens, occasional
crystals of magnetite may be detected. Under the microscope, the
amount of muscovite appears to be unusually large. Mica prisms
may be seen, which are bent, and give a wavy extinction. There
are, also, occasional prisms, with a high single refraction and basal
cleavage, which resemble apatite. These prisms are, in all proba-
bility, prochlorite, so that there is here a mixture of two members
of the mica group. Quartzis very scarce; but occasional grains of
feldspar and magnetite are recognized.

This clay has a specific gravity, varying from 1.81 to 1.87.
Briquettes have a linear shrinkage, on drying, of .g of one per cent.,
and no further shrinkage, on burning.

Its tensile strength, dried, is 19 pounds per squre inch. Its fusing
point is equal to Seger cone 335, making it one of the most refrac-

tory of clays.
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THE MASSEY PROPERTY

About two and a half miles south of Gordon, which is the next
railroad station east of Lewiston, is the estate of Dr. E. I. Massey.
The homestead is situated on a high, narrow ridge, which is some
seventeen miles in length, and has practically the same elevation,
as the hills and ridges about Griswoldville.

At the base of this ridge, on the north side, are innumerable ex-
posures of the Potomac clay. On the road, which passes the Mas-
sey house, and runs down into the valley northward, there is an
interesting geological section. The descent from the house to the
valley is 150 feet. For fully 120 feet, vertical distance, of this
descent, the exposures are wholly red-and-orange marl-like sands, in
places interbedded with thin seams of clay, and carrying fragments

1y

of the underlying clay, or “chalk.” Bedding can scarcely be made
out; and it seems to lie on the slope like a mantle; so that it is
doubtless Lafayette. Near the top of the section, however, it is
bedded, and contains clay seams; then it pitches downward, almost
with the slope of the hill. On the extreme crest, the sand is ver-
milion-colored. At the well, near the Massey cotton-gin, and at
other points of observation, these sands have a thickness of from
15 to 20 feet. The well penetrates a blue fossiliferous clay, which
seems to have a thickness of 100 feet, and is probably Tertiary.
It overlies the white Potomac clays and sands, at the base of the
hill.  The well-section does not agree with that of the road-side;
but this is on account, probably, of the mantle-like nature of the
sands at the latter place.

On the south side of this ridge, the overlying sands appear to

have been removed; and a blue clay, which weathers' white and is
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broken up and much slickensided, is exposed along the entire
slope. It is at least 100 feet, in thickness. This bed of Tertiary
materials rests unconformably on the “chalk,” or Potomac clay, at
the base. As mentioned before, the outcrops of the “chalk” are
to be seen in gullies, in the lowlands, for miles around. At a dis-
tance, where the soil has been washed away, the effect is like that
of snow-fields. The roads, too, are often colored white, by this
material; and they make remarkable contrasts along-side of the
red, vermilion and yellows of the sands and other clays, which are
usually associated with it. The white clay, in these localities, is
often entirely free from grit and sand particles. It is sometimes
plastic and sometimes non-plastic, in the latter case, weathering
into angular fragments. That, exposed on the Massey property,
weathers and crumbles into dust. In other places, it becomes ex-
ceedingly hard on exposure, and rings under the blows of a ham-
mer. This latter variety is characterized, when powdered, by a
mealy, instead of the ordinary unctuous, feel. It contains, however,
what seem to be nodules of a slightly different clay, as has been
seen and noted at other localities. These so-called nodules are
dark in color, and plastic. They are found in pear-like shapes,
with slender necks, and look something like Prince Rupert drops,
the largest part being nearly always the lowest. In places, this
clay contains much iron, which is particularly common on the
jointed surfaces, but which is sometimes contained in the clay, as
aggregations of ochre.

The occurrence of red ochre is specially abundant on the prop-
erty of Mr. N, A. Whitehurst.  On the north side of this ridge,
the bluish clay, which overlies the white Potomac clay, is probably
the same as that, exposed on the road-side, west of Mr. Baker’s

house, as described above.
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Samples of this clay, for laboratory purposes, were taken from
four different localities. One of these may be described, macro-
scopically, as being a massive, fine-grained, white to buff-colored
clay, which glistens brightly in the sun-shine, the light being re-
flected from numerous mica scales. No quartz is to be seen, under
the hand lens. It absorbs water rapidly; and, when wet and
moulded with the hand, no grit is felt. Under the microscope, a
multitude of scales and prisms of muscovite appear, g9 per cent.
of which are exceedingly minute; but a few scales range, in diame-
ter, to .003 of an inch. Quartz seems to be absent, and magnetite
crystals are very rare. It varies in specific gravity, from 1.75 to
1.85.  Briquettes shrink, on drying, less than one per cent. in
length; and they have a tensile strength of 23 pounds per square
inch. On burning, no further shrinkage is observable. It burns
white, or to a fine pinkish color, crackling more or less intensely,
according to the nature and temperature of the flame, to which it
is exposed. When burned carefully, it makes a smooth, porous,
substantial brick, with only a faint tendency to crackle. Its fus-
ing point is between Seger cones 35 and 36.

Another sample, taken a half-mile west of the locality, from
which this clay was collected, has practically the same character-
istics and properties, as do two other samples, selected at points
half-a-mile apart. ,

The fourth sample, spoken of above, resembles these in the hand
specimen; but it contains, scattered throughout, round areas of
another clay, slightly rusty in color, some of which are at least
two-fifths of an inch in diameter, although they are usually smaller.
This clay does not rapidly absorb water; and it requires consider-
able rubbing, before an emulsion is obtained for microscopic study.

A high power shows considerable foreign matter, varying in size
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up to .005 of an inch. This mineral is remarkable and unusual.
1t occurs in little prismatic crystals, which are sometimes straight,
but often curved into semi-circles, or more complicated forms.

Such crystals have a black border, and show a rather high single
refraction; but the double refraction is very weak. They range in
size from mere specks, which cannot be measured, up to .0006 of
an inch in diameter, .00033+ being, perhaps, the average size. In
color, they are usually gray, with a faint yellowish tint. Similar
bodies have been described by Ternier.” They have been noted
in Missouri clays by Haworth, who identifies them as prochlorite.
Those, which he describes, have a cleavage at right angles to the
prism; while these have a cleavage parallel with the prism. The
small rounded areas, spoken of, seem to differ from the rest of the
clay, in that these worm-like bodies are less abundant and smaller.
The clay, as a whole, is remarléably free from quartz grains; but it
contains occasional needle-like crystals of rutile.

A sample from a hundred-foot bed of clay, of which the mass of
the hill is here constituted, appears in the hand specimen to be fine-
grained, massive, friable, and locally spotted with stains of iron
oxide. No trace of foreign matter is revealed with the pocket lens.
It absorbs water rapidly; becomes extremely plastic; and shows
no traces of grit. Under the microscope, with a No. 3 objective,
the only foreign matter appearing is an occasional scale of musco-
vite, or a grain of magnetite. No other impurities are revealed by
a high power. It varies in specific gravity from 1.82 to 2.00. It
shrinks, on drying, 9 per cent., and, on burning, an additional 2 per

cent. It burns white, without crackling.

' See Compte Rendus, T, CVIII, 183g, p. 1,071.
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THE R. S. SMITH PROPERTY

On the east side of the road, and just opposite the Massey prop-
erty, on the estate of Mr. R. 5. Smith, there are good exposures of
the Potomac clay, as is also the case, on the adjoining property of
Messrs. Smith and Sons.

A sample, from the latter place, shows a white, fine-grained, fria-
ble clay, specimens from near the surface being more or less stained
with iron oxide. Under the lens, practically no quartz or mica is
visible. A microscopic examination proves it to be a remarkably
pure clay, the only foreign matter being exceedingly small prisms of
muscovite, and a few specks of magnetite. The largest of the mus-
covite scales are .001 of an inch in diameter. Briquettes of this clay
shrink, on drying, 8 per cent. of their length, and, on burning, an
additional 2 per cent. Its tensile strength is 51 pounds persquare
inch. Its specific gravity varies from 1.55 to 1.66. It burns, with-
out ¢rackling, to a cream color; and its fusing point is very high,

standing between that of Seger cones 335 and 36.

LOCALITIES SOUTH OF THE MASSEY PROPERTY

Traveling south and southeast from the Massey property, all the
way to Big Sandy creek, which flows in an easterly direction
south of Irwinton, the white Potomac clays are frequently seen in
the valleys and low lands. The overlying Tertiary strata become
thicker, however, as the Fall Line becomes more remote, until

finally the streams fail to cut through them, and these clays remain
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hidden from sight, though they doubtless continue easterly and
southerly far out beneath the waters of the sea and the gulf.

Samples of clay were taken from the banks of the Big Sandy,
and from the properties of Messrs. Vincent and Bridges and Mr.
Z. T. Miller.

THE Z. T. MILLER CLAY

The Miller property is situated about a mile, or a mile and a half,
south of the Massey property. The road approaches it, by de-
scending a steep slope, where a bed of fine clay, 120 feet thick,
similar to those described at Massey’s, is exposed, overlaid by
orange and vermilion sands. Unconformably underlying it, is the
Potomac clay. This is exposed on the Miller estate, in gullies,
and at the surface in low-lying fields. The thickest exposure, yet
seen, is at this locality, where at least thirty feet of the white clay
is visible. It is remarkable, here, for the abundance of the pear-
shaped cavities and areas, which have been spoken of above. These
would seem to have originated, by the boring of worms or insects,
were it not,. that they permeate the whole mass, throughout its
thickness, and yet do not seem to be connected, one with another.
This clay is also noteworthy, on account of a property, it possesses, of
hardening, on exposure to the atmosphere. Often, for several feet
beneath the surface, it is exceedingly hard and tough, and is pen-
etrated by a pick with difficulty. This property leads to a consid-
erable use of the material, in the construction of chimneys. The soft
clay is trimmed into blocks with an ax, and exposed to the weather,
whereupon, they become hard and strong. Nothing, revealed by

the chemical analysis, or the microscopic examination, explains
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this phenomenon, which may result, however, from the deposition,
on drying, of an exceedingly thin film of soluble silica, among the
clay particles.

A hand specimen, from the average sample collected, is cream-
‘colored, very fine-grained and friable. The cavities, spoken of,
have occasionally a dark lining of a carbonaceous material; and
this suggests, as a possible explanation of their occurrence, that
they originated by the decomposition, and removal by solution, of
organic remains, either animal or vegetable. With the hand lens,
neither quartz nor mica are discernible; and, under the microscope,
no quartz can be distinguished; while muscovite is of extreme
minuteness, and rare.

A chemical analysis of this clay gave the following results: —

Hygroscopic Moisture. . . . . . . . . . o.21
Combined Water, Carbon Di-oxide Etc. . . 14.52
Combined Silica . . . . . . . . . ... 42.79
Free Silica, or Sand . . . . . . . . . .. .82
Alumina. . . . ., . . . . . . ... .. 4042
FerricOxide . . . . . . . . . .. ... .70
Potash . . . . . .. . ... .. ... trace
Lime . . . . . ... ..., .. ... 0037
Soda . . . . .. ... «33

Total . . . . . . .. ... .. .. .100.45
ClayBase . . . . . . . . . . .« « .. 97.73

Fluxing Impurities . . . . . . . . . . . 1.90

This clay absorbs 8o per cent. of its weight of water. Its specific
gravity ranges from 1.89 to 1.94. Briquettes shrink, on drying, 8
per cent. of their length, and an additional 4 per cent., on burning.
They have a tensile strength, dried, of less than 10 pounds per

square inch. It burns snowy white, with a strong tendency to
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crackle. Its fusing point is very high, nearly equal to that of
Seger cone 36.

THE VINCENT AND BRIDGES PROPERTY

This property is one mile south of Irwinton. Clay occurs here, in
much the same manner as at Miller’s. It is massive, fine-grained;
and, under the lens, it shows only a trace of muscovite. The mi-
croscope shows it to be one of the purest of clays. Quartz grains
are very scarce. Mica, however, appears, though in small quan-
tity; and magnetite cannot be detected. Briquettes of this clay
shrink, on drying, about 9 per cent. of their length, and, on burn-
ing, an additional 4 per cent. Its tensile strength is 28 pounds
per square inch, and its specific gravity varies from 1.64 to 1.73.
It burns to pure white; but it cannot be utilized alone, on account
of crackling. Its fusing point shows it to be one of the most re-

fractory of clays, nearly equal to that of Seger cone 36.

THE BIG SANDVY DISTRICT

Irwinton, the county-seat of Wilkinson county, is separated from
Jeffersonville, the county-seat of Twiggs county, by a valley, fifteen
miles broad, which is drained by Big Sandy creek. The two towns
stand on ridges, of practically the same elevation; and the low land
between them is much broken and dissected.

The two clay localities, last described, are typical of the many

“‘chalk” deposits, found in this low-lying district. On Big Sandy
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creek, the clay has a thickness of twelve feet, the lower six feet
being almost white and free from grit. The upper part of the bed
is sandy and drab-colored. Overlying it, is a bed of mottled pur-
ple-and-red clay. The white variety is very hard and brittle, re-
sembling flint, though not so hard. It can be scraped with a knife
into a soapy-feeling powder. A hand specimen from an average
sample of the white clay is fine-grained, compact, and breaks with
a conchoidal fracture. It absorbs water quickly; but little clots
seem to remain unaffected. Under the microscope, a low power
shows, rarely, a small quartz grain and an occasional muscovite
scale. A high power reveals only the invariable accessories — scales
and prisms of muscovite.

Briquettes of this clay shrink, on drying, 6 per cent. in length, and
an additional 314 per cent., on burning. Its tensile strength, dried,
is 21 pounds per square inch. Its specific gravity averages 1.66.
It crackles slightly, on burning, and retains its white color, which
becomes creamy, in an intense heat. It has the same high refrac-

tory quality, as that at Vincent and Bridges, and other localities.

THE McINTYRE LOCALITIES

The southwest limit of the outcrops of the Potomac clays passes
Irwinton, in a northeasterly direction. Meclntyre is situated on the
Central Railway, about half way between Gordon and the Oconee
river. Initsvicinity, there are again exposed, in the low-lying lands
and at the bases of the hills, the red-and-white mottled clays, which
appeared so abundantly, in the general region under discussion.

The following section, in descending series, is exposed, in the nu-
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merous gullies, with vertical walls from 50 to 60 feet high, on the

Irwinton-Gordon road, three and a half miles from Mclntyre:—

1 Redand Vermilion sands, massive, and without
bedding-planes_ __ ... ___.__._____.____25to 30 feet
2 Bright gold and yellow, extremely plastic clay,
with thin seams of sand ___ _____

~ X3
e ee. 3
3 Orange and white fine sands - .______.__ 25 to 30 ¢
4  White Potomac clays.. - __ __.__._______._ 3 feet

The laboratory examination of the yellow, plastic clay has not
been completed. It is doubtless of Tertiary age.

Two and a half miles northwest of Mclntyre, at the base of the
eastern slope of a ridge, there is an exposure of about forty feet of
white and somewhat sandy clay, in many respects closely resembling
that on the Miller property, the upper part being hard, and contain-
ing numerous areas of dark-colored, plastic clay, shrunken away
from the walls of cavities. Above this, is a coarse fire-clay, over-
lying which are many feet of a characteristically faulted and slicken-
sided fire-clay (the same as is described, in the notes on the Mas-
sey property), of reddish and purplish color. Overlying this fire-
clay, are 60 to 75 feet of sands. The entire thickness of the sec-
tion, exposed here, is 170 feet.

Just west of Mclntyre, on the estate of Mr. L. A. Snow, are some
outcrops of the Potomac clay, similar to other occurrences, except
that, where exposed, they are somewhat discolored and sandy.

East of Mclntyre, is a series of ridges and terraces, extending
to the valley of the Oconee. The valley here is five miles wide,
and largely occupied by low, rolling hills, similar to those in the
Big Sandy valley. At frequent intervals, the chalk-like Potomac
clay may be seen.

On the John Davis farm, one and a half miles east of Mclntyre,
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it occurs with a thickness of thirty feet, the upper part being sandy.
It is overlaid by a mantle, spreading down the slope of the hill, or
ridge, of red and yellow Lafayette gravels, which contain numerous
balls and boulders of the underlying clay. At the base of the sec-
tion, the clay is almost wholly free from grit and sand; but it is
largely stained with brilliant colors, red, yellow and purple.  This
clay would not be suitable for the demands of the paper industry;
but it could be manufactured readily into paving-brick, pottery or
sewer-pipe, there being plenty of fine sand, and, also, very nlastic
clay in the vicinity, making possible any required mixture.

Beyond this exposure, is a broad, flat-topped ridge, maintaining
the general elevation, as scen at Irwinton, Gordon and Lewiston,
and in the ncighborhood of Griswoldville. '

Laboratory experiments with this clay show, that it absorbs water
and disintegrates, readily. It shrinks, on drying, 5 per cent., linear
measurement, and an additional 2 per cent., on burning. Its spe-
cific gravity varies from 1.73 to 1.906; and it has a tensile strength,
dried, of 21 pounds per square inch. It is apt to crackle, on burn-
ing, and it assumes a buff to fine reddish color. It fuses at about
the same temperature as Seger cone 28.

On the property of Mr. August Pennington, on the flank of this
ridge, therc is, also, an excellent exposure of the same clay, which
again out-crops in the low land at “Chalk Hill,” one of the foot-
hills on the west side of the Oconee river. The clay, at the latter
place, where exposed at the surface, does not indicate a high grade.
It has a velvety appearance, is gray-colored, and contains some
grit. In one gully, it is scen to grade downward into the sand. It
contains, also, beds of red and yellow ochre, and is stained these
colors, in many places. It contains, also, the pseudo-nodules,

which have been so frequently referred to.
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CHALK HILL

An average sample, collected for laboratory study, shows that
briquettes shrink, on drying, 4 per cent. in length, and an addi-
tional 2 per cent., on burning. Its specific gravity ranges from
1.74 to 1.go; and it has a tensile strength of 21 pounds per square
inch. It burns, with little crackling, to a fine pinkish color, at
temperatures obtained in ordinary kilns. It is friable and easily
broken, a fact, in general, of all these Potomac clays.

On the Central Railway, a half-mile west of Mclntyre, a deep
red, very plastic clay is exposed in a gully.  Three feet of this bed
can be seen; but it is doubtless much thicker.  An average sample,
examined under the hand lens, reveals the pearly-lustered cleavage
faces of mica 1)1ates; and, under the microscope, magnetite grains
become visible, the largest of which are .0006 of an inch in diame-
ter. Quartzis almost wholly absent.  Briquettes of this clay shrink,
ondrying, 5 per cent. of their length, and an additional 4 per cent., on
burning. Itsspecific gravity ranges from 1.74 to 1.85. It is almost
impossible to dry it, without crackling; and its tensile strength, dried,
is, therefore, not satisfactorily determined. It burns to a decp-red
color, and crackles. TIts fusing point has not yet been determined.
It is probably low, owing to the large amount of iron oxide con-

tatned.
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LOCALITIES NEAR THE MACON AND DUBLIN RAILROAD,
TWIGGS COUNTY

The northern half of Twiggs county was carefully explored for
Potomac and other clays, characteristic of the TFall Linc belt. In
addition to trips from Macon into this county, the dirt roads were
traversed, with many side trips, from Griswoldville, southwesterly
to Dry Branch, southeasterly, along the line of the Macon and
Dublin Railroad; and thence southwesterly to Bullard’s Station on
the Southern Railway, and in the valley of the Oconce. From
Bullard’s Station, practically all of the roads were traversed north
to Dry Branch, again, which is on the boundary between Bibb and
Twiggs counties.

In this area, just as in the northern part of Wilkinson county,
there are abundant outcrops of Potomac clay, which disappear
southward, under the overlying Tertiary strata. There are also

some interesting clays, in the latter formation.

THE PAYNE AND NXELSON CLAY PIT

One and a half miles south of Dry Branch, and about half-a-mile
northeast of the railroad, a bed of the Potomac clay has been
worked by the firm of Payne and Nelson. The works, here, are of
the same nature as those at Lewiston, except that operations are,
at present, conducted on a smaller scale.

The clay is taken from an open pit, and is classified and stored
in drying-sheds for shipment. As at Lewiston, it is generally
shipped in casks, although sacks are employed for this purpose to

some extent.



NOZLES BY TOCALITIES 133

The stripping consists of from one to two feet of soil and gravel,
and from two to six feet of the Potomac clay, which is stained with
iron oxide. The total thickness of the clay is fiftecen fect, the
lower three feet varyving from grav to drab in color, and being
rather coarse and containing an abundance of magnetite crystals.
The best of the clay is pure white, and resembles flour in appear-
ance. The one defect is the occasional presence of ferruginous
stains, along the joint plancs, which necessitates careful sorting, and
the trimming of the blocks of clay. This clay disappears, in the
neighborhood, beneath the Tertiary strata, which consist of fine-
grained, laminated clays, alrcady described, as occurring at other
points.

A chemical analysis gave the following results:—

Hygroscopic Moisture. . . . . . . . . . 1.9I
Combined Water, Carbon Di-oxide Ftc . . 13.39
Combined Silica . .. . . 43.08
Free Silica, or Sand . . . . . . . . . . . T.94
Alumina. . . . . . . . . . . . . . . . 4063
FerricOxide. . . . . . . . . . . . . . Lol
Lime . . . . . . ... ... . ... . o106
Magnesia . . . . . . .. ... .. .. o000
Potash . . . . .. ... ... .. .. o.27
Soda . . . . . ... ... .. .. .. Trace

Total . . . . . . . .. . . . . . .100.48
Clay Base . . . . . . . . .. . . . . 97.00
Fluxing Impurities . . . . . . ... 1.44

A hand specimen, from the average sample collected here, re-
sembles the Lewiston clay. It is very friable, and varies from
white to a pale-cream color. It contains an abundance of musco-
vite scales and some grains of magnetite, readily detected by

aid of the hand lens. Under the microscope, a high power shows
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it to be a very pure clay, containing rare grains of quartz and mag-
nctite, along with the muscovite, which characterizes all these clays.
Briquettes of this clay shrink, on drying, 8 per cent. of their length;
but, on burning, no further decrease in size is perceptible. 1t has
a tensile strength, dried, of from 12 to 15 pounds per square inch.
Its specific gravity varies from 1.72 to 1.89. It burns white, and,
sometimes, to a faint pinkish color, and shows the tendency to
crackle, observable in all the clays of this class. Its fusing point

lies between Seger cones 335 and 36.

THE DRY BRANCH, FITZPATRICK, NAPIER'S MILL,
BOND’S STORE AND BULLARD'S DEPOSITS

Going south from The Payne and Nelson Clay Works, and fol-
lowing the railroad, a variety of Tertiary clays may be scen in the
cuts and gullies. Striking occurrences are exposed in the railroad-
cut at Dry Branch, and along the highway at several places near
Fitzpatrick.

A half-mile northwest of Fitzpatrick, on the Hornsby road, there
is an immense gully, where the following sections are seen, in de-

scending series: —

1 Yellow soil, grading downwards into red
sand __ . _ .. - ___._ ... .- __..10t0 12 feet
2 Laminatedclay... .. ... ... . ____ g5 *“
Fine sand, with carbonaceous layers (2 to 3
inches thick).. -.._._ ... . .. _ 0
4 Grayish, laminated clay . .. .. _.___ 4
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u

White to cream-colored clay, which dries to a
hard, punky condition, is exceedingly tough,
and can be cut and carved, to a remarkable
extent, even when perfectly dry. It breaks
with a conchoidal fracture, and the joint planes
are concentrically arranged. These are stained
with iron oxide, and the bed is permeated with i
veins of greenish-colored sands - ___ .. ____ 12 fect
6 Green laminated clay, very plastic and con-
taining black carbonaceous layers __. . ______ g

About a mile west of Fitzpatrick, in a gully, by the railroad side,
the clays of the above section may also be seen, to good advantage.
They contain here, as at many other points in this vicinity, a few
small fossil casts. The white variety was sampled for analysis and
tests.

The result of the chemical analysis is as follows: —
Hygroscopic Moisture . . ., . . . . . . 870

Loss on Ignition—Combined Water, CO, Etc. 11.24

Soluble and Combined Silica. . . . . . . 54.39
Free Silica,orSand . . . . . . . . . .. 6389
Alumina . . . . . . .. . .. . ... 14064
FerricOxide . . , . . . . .. .. . .. o.28
Lime . . . .. ... ... ...... 708
Magnesia . . . . . . . . . . . . .. . LTI
Potashand Soda . . . . . . . . . .. . 4.23

Total . . . . . . . .. . . . .. . .100.40
Clay Base . . . . . . ... . .. ... 8oz27
Fluxing Impurities . . . . . . . . . . . 13.30

A hand specimen shows a white to grayish clay, with sometimes
a yellow to greenish tint, and occasional stains of iron oxide along
the joints. When dry, although exceedingly hard and tough, it

cuts easily; and, when cut, it shows a smooth, glossy surface, which
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takes a good polish. In spite of its toughness, it is porous and
almost as light as cork, floating readily on water, although, when
placed in the water, it sIowly moistens, becomes pasty, and, after
a few minutes, sinks. Some scales of muscovite may be seen with
the naked eye. The clay is not very plastic.

Under the microscope, there appears a large amount of forcign
material, perhaps from fifteen to twenty per cent., which consists
largely of rounded grains of quartz, the largest being .01 of an inch
in diameter. Occasional magnetite grains occur, and also plates
and prisms of muscovite and angular fragments of feldspar. There
are also a few small arcas of a yellow-colored mineral, which scems
to be titanite, but which was not identified with certainty. In ad-
dition to these impurities, there occur occasional fragments of an
isotropic, colored mineral, most likely basal sections of biotite.
The clay particles are more or less bound together, in little aggre-
gates. Its specific gravity varies from 0.go to 1.20, averaging near
the former amount. Experiments, with the dry, powdered clay, ’
prove it to have an enormous absorptive-power, the clay taking up
over 200 per cent. of its own weight of water. It shrinks, on dry-
ing, 235 per cent,, linear measurement. A dried briquette shows an
average tensile strength of 213 pounds per square inch. On burn-
ing, the dried brick shrinks an additional 6 per cent., and burns from
a buff to a pale-yellow color, easily crackling and fusing, at a tem-
perature of 1,330° C.

At a comparatively short distance east of the above locality, and
in the vicinity of Napier’s Mill, the white Potomac clay is again
encountered, underlying the Tertiary beds.

A hand specimen from this locality shows a beautiful white, fria-
ble and fine-grained clay, containing an abundance of muscovite

scales, with numerous quartz grains, which may be distinguished
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VIEW ILLUSTRATING SOME METHODS OF CLAY TESTING.

In the background, are brickettes, for tests of tensile strength, and shrinkage on drying and burning. On the sides, are types of vessels, used in testing clays
and checking temperatures, in furnaces and kilns. In front, are the vessels and covers, used in testing the highest grade refractory clays. Behind these, are
some, which have been through the test, and are now broken open, exposing the cones, some of which have been partially or wholly fused. In the immediate
foreground, is a series of Seger cones, after a test. The unfused cone, on the left, is one inch high.
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with the pocket lens. Under the microscope, muscovite, magnetite
and quartz are all visible, with a low power. A high power shows
further, only, that these impurities occur in great abundance. This
clay shrinks, on drying, about 8 per cent., linear measurement, and
but slightly more, on burning. Its tensile strength, dried, is 22
pounds per square inch. Its specific gravity varies from 1.70 to
1.85. It burns to a faint pinkish color, crackling slightly, and has
a fusion point nearly equal to that of Seger cone 36.

West of Fitzpatrick, and between there and Bullard’s station,
there is a similar occurrence of the Potomac clay in gullies near
the foot of the hills. It is here best seen at the road-side, near
Bond’s store, where it is in all respects similar to that at Napier’s
Mill.

Going east from Bond’s store to Bullard’s, one travels over the
Tertiary uplands, and finally down steep slopes to the Columbia
beds of the upper river bottom (Ocmulgee river).

THE STEVENS POTTERY LOCALITY

Stevens’ Pottery is situated in Baldwin county, on a branch of
the Central Railway, running from Gordon to Milledgeville. It is
so named, on account of the clay-manufacturing plant of Messrs.
Stevens Brothers and Co., situated there. This firm is the largest
producer of fire-clay and pottery in the State, and one of the
largest producers of sewer-pipe. For a general view, see Frontis-

piece. This plant consists, in part, of one pipe-machine, one semi-
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dry brick-machine, three turning-wheels, two grinding-and-temper-
ing-machines, clay-washing apparatus and compressor, two tall up-
draft kilns (for sewer-pipe, flues and some grades of pottery) and
four circular and one rectangular down-draft kilns.

The clay, used, consists of a mixture, according to the product
desired. In part, Ocmulgee alluvium from Macon is employed;
and in part, red clay from the Lafayette beds on neighboring hill-
tops; and, further, the white fire-clay, probably Potomac, which is
obtained at a number of different points on the extensive lands of
this company; but chiefly, that found along the line of the rail-
road, for a mile or more from the works.

About three quarters of a mile west of the railroad, on the slope
of a low hill, a large pit has been opened, where fire-clay is found,
near the surface, and covered with but little stripping. The clay is
white, as a whole; but it contains more or less iron, and is stained
in places a deep red. The Lafayette gravels overlie the clay, rest-
ing unconformably on its very irregular surface. The average
thickness of the latter is fourteen feet. It is somewhat sandy and
micaceous. Underlying it, there is a stratum of white sand, three
feet in thickness. Beneath this, in turn, is another bed of fire-
clay, the thickness of which could not be determined.

An average sample of the best grade of fire-clay from this local-
ity is very fine-grained and pale buff in color. Under the hand
lens, a few scales of muscovite may be seen; but they are not
abundant. Under the microscope, with the highest power, only an
occasional grain of quartz can be detected; and there are no quartz
grains, over .005 of an inch in diameter.

- A chemical analysis gave the following results: —
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Hygroscopic Moisture . . . . . . . .. o0.72

Loss on Ignition—Combined Water, CO, Etc. 13.64

Combined Silica . . . . . . . . . . .. 43.85
Free Silica,or Sand . . . . . . . . .. . 277
Aluminum . . . . . . . . . .. ... 3828
FerricOxide. . . . . . .. .. .. .. 1o02
Lime . . . .. .. .. ... ... .. o.18
Magnesia . . . . . . ... .. . ... o0.00
Potash . . . ... ... .. .. ... o053
Soda . . . .. ... .. .. ... .. o008

Total . . . . . . . . . ... .. .. 99.87
Clay Base . . . . . . . . . . . .. .. 9577
Fluxing Impurities . . . . . . . . . . . 1.33

This clay absorbs 100 per cent. of its weight of water. It hasa
linear shrinkage of 8 per cent, and an additional shrinkage, on
burning, of 2 per cent. Its specific gravity varies from 1.69 to
1.75; while its tensile strength is 24 pounds per square inch. It
burns to a fine pinkish color, and gives a moderately firm brick. It
does not crackle, if burned carefully. Its fusing point is about
that of Seger cone 35. .

The Lafayette, at this point, contains, in places, a clay, some of
which is used, in the manufacture of brick and sewer-pipe. It has
a rusty color; is porous and sandy; and contains grains of quartz,
ranging up to one-sixth of an inch in diameter; also, fragments
of feldspar, which have been altered to clay, since their deposition.
Fully 5o per cent. of the mass consists of quartz. It seems to
have been an original sandy layer, made up of quartz and feldspar,
and the feldspar has in time decomposed, and furnished the clay
portions, zn sizu. It is all permeated with yellow iron oxide, and
it contains some large grains of magnetite.

South of the works and adjacent to the railroad track, there are
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several pits, or quarries, where a variety of clays may be seen.
These occur at intervals, the farthest being a mile, or more, away.
At many of these localities, the clay occurs at approximately the
same level. At intermediate points, however, it is cut out and re-
placed by orange sands of the Lafayette formation.

At the first of the clay pits, going south along the railroad track,
there is evidence of two unconformities. The section exposed,

here, in descending series is as follows: —

I Orange sand, containing clay in some places,
and in others, coarse, water-worn pebbles. It
is often indurated, and much stained with

B N S 1 T {51634
Uneonformity.

(8]

White sand, which contains much kaolin re-
sulting, in part, at least, from the ‘decomposi-
tion of fragments of feldspar. It is indurated
in places, and is often cut out by the overly-
ing orange sands, as is also the underlying
clay, which, in turn, is partly unconformably
replaced .. ... _________._.______._ oto 6 feet
Unconfornuty. '
3 White and gray clay, which contains some
sand, and is much jointed, but not so much so,
as that, seen in other localities in this vicinity.
It contains considerable iron oxide near the
uppersurface .. ... . . ... __ _3to 0 fect
4 Cross-bedded sand, iron-stained, and both fine
and coarse. It contains many thin seams of
limonite, which often lie in the plains of the
cross-bedding . ... _____.___._. .. ___._ (9

Resting on the irregular surface of the clay, number 3 of the

section, are some interesting pebbles and boulders of clay,I some

! Sce Plates VII and VIII.
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of which are several feet in diameter. They are partly, and some-
times wholly, surrounded (except at the contact surface with the
white clay bencath) by an orange sand. These balls are irregular
in shape, and as variable in size. They arc apparently made up of
small fragments of clay, water-worn, but not disintegrated, which
have been re-cemented by clay. The color contrasts are sharp and
the fragments stand out from the matrix beautifully. The origin
of these clay-conglomerates, as they might be called, is as hard to
explain, as is their present position. The writer has scen a clay
breccia, where a hard flint-clay seems to have been crushed and re-
solidified by infiltrating clay, deposited by water; but, in the case
at hand, there is too little angularity in the fragments, to suggest,
that these masses, have been formed in this way, in their present
position.  They secem certainly to have been brought or rolled
there, by currents, which cut out more or less of the clay-bed,
already deposited, and which, later, deposited the surrounding
materials. They are certainly younger than the clay stratum, and
older than the gravels; fora stream, that could deposit such masses,
would hardly deposit sands and clay.

In Plate V11, the unconformity is plainly seen, being pointed at,
by the boys standing.along the face of the exposure. In Plate
VIII, a cross-section of the fragments of one of these boulders,
three feet in diameter, is illustrated.

At the second pit, going south, a quarter of a mile, along the rail-
road track, still other interesting phenomena may be seen. The
nature of the surface drift of orange sand changes, here, somewhat.
It contains more clay and less sand; but it is remarkable for a con-
siderable percentage of fragments of clayey shales, which it con-
tains, a shale resembling that described, as occurring on the Gordon

road, between Lewiston and Gordon, south of the Southern Rail-
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way track. In addition to these masses of shale, it contains very
many irregular fragments of a white clay, evidently belonging to
the older beds, lying beneath it, in the section, which is additional
proof, if that were necessary, of the unconformity existing here.
The white sand, found at the first pit, is wanting at the second;
and, in its place, are beautiful orange sands and a bed of two varie-
ties of clay, curiously mixed.

It is difficult to understand the relation of these two clays to
each other. The one is hard and white, rubbing into a soft, flour-
like material, between the fingers. It is very much broken up, and
the surfaces are universally slickensided and stained with oxides of
manganese and iron. Included in, or associated with, this white
clay, in the same bed, are irregularly shaped masses, some a yard
in diameter, of a different kind of clay, the general color of which,
at a distance, is bluish. On close inspection, it appears mottled,
as though some segregating action had taken place. It is quite
hard, and absolutely free from grit. It cuts, with a knife, with ex-
treme smoothness; and it is so tough, that thin, curling shavings,
of considerable length, can be whittled off. It is waxy, in nature,
but a little harder than wax, and submits to carving, perfectly. It
would seem, therefore, to be perfectly homogeneous. Some of these
masses are, however, coarser and more porous in nature. In gen-
eral, on weathering, this variety breaks up, somewhat concentrically,
so that, on the surface of the bed, the fragments are as small as an
acorn, or smaller.  As the result of this tendency, these pockets, or
the masses of this particular clay, fall out from the face of the pit,
faster than the white clays, surrounding them; so that they leave
cavitics, in the face of the latter, which is present in much the
greater amount.

The phenomenon, here, is the exact opposite of that in the case
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of the clays, which have a nodular appearance, and which occur
south of here, as described on the Miller estate, and elsewhere. In
the latter case, these peculiar masses, which are, however, very
different in nature, become indurated on weathering, and project
above the surface.

It is difficult, at present, to account for these phenomena. It
might be suggested, that the blue clay had been washed into cavi-
ties of the white, made by springs or streams of water; but it
should be noted, that the white clay next to the blue clay, which is
completely surrounded, is thoroughly jointed and slickensided by
compressive forces. The blue clay, however, does not penetrate
these cracks. "It is evident, therefore, that the crushing and slick-
ensiding of the white clay must have been later, with regard to this
hypothesis, than the infiltration of the blue variety, the blue being
harder, and withstanding the crushing, which broke up the white.

There are veins of the white clay, which cut across the blue
masses; and this would seem to indicate, that the white clay is the
younger of the two; but it is impossible to conceive, how waters,
free from masses of ice, could deposit large boulders of the hard,
compact clay, while it was depositing, grain by grain, the minute
particles, which constitute the white clay. It is possible, of course,
that the veins of white clay are secondary and comparatively re-
cent, being subsequent to both the blue and white varieties. Near
the bottom of the white clay, there seems to be a more intimate
mixture of the two kinds. If these widely different clays are,
then, phases of one original sedimentary bed, how can we account
for the great difference in character, and, especially, that one is
wholly free from grit? Different stages of induration, or the pres-
ence of varying amounts of impurities, or infiltrated mineral de-

posits, might easily be imagined, as occurring in different places in
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the same bed. Physical segregation, or floceulation, could be con-
ceived, as bringing about striking differences in the character of
such deposits in different parts of the bed. But it cannot be secen,
how the phenomena here could be thus explained.

An additional matter of interest, in connection with these phe-
nomena, is the presence, in the blue clay, of thin veins, which ram-
ify through the boulder-like mass, but which do not penetrate the
white clay, and are older than the veins of white clay, above re-
ferred to. These veins consist of what seems to be a new mineral,
judging by a preliminary analysis. Itisa transparent hydro-silicate
of aluminum, having a yellowish color and a soft, waxy consistency.

Beneath this blue-and-white clay bed, comes in the white clay,
or “chalk,” where it lies at a considerably lower elevation, than at
the other pits. It is highly micaceous, and is used for fire-brick
and for pottery, when properly mixed with other clays. The sec-

tion, here, is as follows: —

1 Orange sands, very clayey and full of frag-

ments of shale and ““chalk” ___.__.__ 12 to 15 feet
2 Blue-and-white claybeds.. .. ..___.._._._ 8 «
3 White micaceous fire-clay._____.__._______ 3+ ¢

A hand specimen of the fire-clay, from bed No. 3 of this section,
shows a friable, white to pale-yellow clay, containing a large amount
of muscovite and some small crystals of magnetite. Under the
microscope, many basal sections of muscovite and magnetite, along
with a few crystals of calcite, which show the planes of the rhom-
bohedron, and are about .001 of an inch in diameter, are observable.
There are also present many prismatic sections of muscovite crystals;
while quartz grains are wholly absent, even those, with a diameter
as small as .0002 of an inch, being rare.

This clay has a specific gravity, varying from 1.70 to 1.80. It
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shrinks, on drying, about 6 per cent.; but, on burning, no additional
shrinkage is observable. It has a tensile strength, dried, of 24
pounds per square inch. It burns, with little crackling, to a white,

and sometimes faint pinkish, color.

SUMMIT

About six miles northwest of Griswoldville, and north of the Fall
Line, is an outlier of Tertiary strata, unlike any of those seen at other
points in the State. They are exposed in the railroad cut, at a
point known as ‘Summit,” where they reach an elevation of 250
feet above the Macon bridge. These beds are limited in extent,
and are surrounded by decomposed schists and diabase dikes, be-
longing to the Piedmont Plateau. On the eastern extension of this
railroad cut, they may be seen to lie directly upon the decomposed
schist, which is here cut by a dike of the fine-grained diabase rock,
thirty feet in thickness.

This outlier consists of bluish and greenish, more or less lami-
nated clay, which, in several horizons, is densely packed with shells
and shell fragments. About thirty feet of clay is exposed in the
railroad section; and it is capped by gravel beds of the omnipres-
ent Lafayette.

An average sample of fossil-free material was collected and ana-

lyzed, with the following results: —
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Analysis of an average sample of workable clay, collected at Summit,

near Roberts station, Jones county.

Hygroscopic Moisture . . . . . . . . . 3.64
Loss on Ignition, Combined Water, CO, Etc. 19.41
Combined Silica . . . . . . . . . . . . 13062
Free Silica, or Sand . . . . . . . . . . 30680
Alumina ., . . . . . . . . . ... .+ 1136
FerricOxide . . . . . . . . . ... .. =220
Lime . . . . . . . . . . .. .. ... 1389
Magnesia . . . . . . . .. .. .. .. L73
Potash . . . . .. .. . .. . .. . . trace
Soda . . . . . . . .. .. ... ... 1306

Total . . . . . . . . .. .. ... .10057
ClayBase . . . . . . . « . . . . . . . 44.59
TFluxing Impurities . . . . . . . . . . . 19.18

Hand specimens, taken from this bed, show a slate—coloredr
massive and tough clay, more or less filled with remains of gastro-
pods. It contains, also, a few visible scales of muscovite; and it
has a coarse, gritty feel.

Under the microscope, an abundance of small black specks, of
what seems to be carbonaceous matter, possibly mixed with mag-
netite, is apparent. These vary in diameter, from .01 of an inch to
.002 of an inch. Quartz grains, which range, in size, up to .007 of
an inch in diameter, are seen to be present. Samples, taken from
the top and bottom of this bed, respectively, show, under examina-
tion, almost identically the same characteristics, as appeared in
the test of the above described sample.

This clay, when dry, absorbs 98 per cent. of its weight of water;
and the dried, powdered clay, instead of shrinking and settling in

the vessel, as it absorbs water through the perforated bottom,
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swells — in some cases, projecting an eighth of an inch, or more,
above the top of the vessel.
It shrinks, on drying, 18 to 20 per cent., and, on burning, an ad-

ditional 2 per cent., or even less. The tensile strength of an air-

dried briquette gave results, varying as follows:—
I Sample from base of beds, 143 pounds per square inch.
2 Sample from middle of beds, 304 pounds per square inch,
3 Sample from top of beds, 2535 pounds per square inch.
The specific gravity varies from 1.80 to 2.00.

Owing to the large amount of lime present, the fusing point of
these clays is unusually low. The most refractory sample com-
pletely melted, at a temperature of 1,280° C.  An average sample
fused at 1,100°. When burned, at a moderate heat, the product is
a substantial, palec-buff-colored brick, without cracks or flaws.

This clay would make an excellent material, to mix with the
white Potomac clays or the alluvial clays of Macon, for the manu-

facturc of vitrified paving-brick.

MILLEDGEVILLE

Milledgeville is situated just above the Ifall Line, on the red
hills, capped with the soils of the decomposed Piedmont crystal-
lines; and it overlooks the Oconee river from the western side.
The sedimentary rocks begin to disappear, about six miles south of
Milledgeville, where the decomposed, upturned, micaceous schists,
with their numerous quartz veins, begin to appear.  IFFor some dis-

tance north of here, however, the latter are still capped, in places, with
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layers of drift. In many places, the soil has lost its red color, espe-
cially near the surface, and becomes a gray or ‘“mulatto,” the change
being due, apparently, to the solution of the iron stain by organic
acids. The prevailing reds, in the gneiss and schist regions, are
probably due to the presence of iron-bearing minerals, which furnish
a constant supply, through their decomposition, of the iron, which
is oxidized and stains the soil.

In the city of Milledgeville, there is but one industry, utilizing
clays, namely, The Milledgeville Brick and Pottery Works, the
property of Mr. J. W. McMillan. These are the only clay-works
in Baldwin county, except those at Stevens’ Pottery. They are
situated on the second river-bottom of the Oconee, near the foot-
bridge, which crosses that river.

The clay, which is worked here, is doubtless of Columbia age.
It is a plastic alluvium, which varies in character, as all alluvial
clays do; but it is workable, at this point, to a depth of ten feet from
the surface. With the clay, obtained locally, is mixed, to some
extent, for the manufacture of bricks, the white, micaceous Potomac
clay, obtained at Carr’s station, in IHancock county, where it occurs
in a cut on the Georgia Railroad. The clays are mixed, according
to the desired texture and color of the burned product.

The product consists of common building-brick, re-pressed face-
and ornamental-brick, and, also, tiles and a variety of pottery, such
as garden urns, fancy vases, and large jugs and flower-pots, the
latter being of exceptional high-grade. About 2,000 bricks per
day are made. The plant, as illustrated on Plate XII, consists of
an office, store-house, drying-ﬁouse, Penfield brick-machine, hand
re-press-machine, turning wheels, flower-pot machine, with a ca-
pacity of 3,500 per day, five rectangular brick-kilns, one circular,

up-draft pottery-kiln, divided into vertical compartments, one rec-
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tangular, down-draft pottery-kiln, one steam-engine and boilers, and
a tram and tram-cars.

The works were established in 1887; and the product is shipped
all over the South, even to points in Texas.

Wood is used in burning; but, at the time of the writer’s visit, it
was the intention of the proprietor to use coal, and put in new and

improved machinery.

THE REGION WEST OF MILLEDGEVILLE

West of Milledgeville, along the Fall Line towards Macon, the
character of the crystalline rocks varies rapidly; and they pass from
coarse gneisses, resembling granite, but with a true gneissic, banded
str.ucture, to laminated schists, the planes of schistosity being folded,
dipping downward, here and there, and giving the rocks the appear-
ance of standing on edge. They are decomposed, to a depth of from
I5 to 20 feet, but not completely so; asthere are, usually, in a decom-
posed mass, cores of solid rock. The color of the soil varies, as
already stated, from red to gray; and there is often a sudden transi-
tion in color, corresponding to the kind of crystalline rock below.
Among the sedimentary formations south of the Fall Line, there
are also red and gray soils, sharply separated from each other, in
just the same way; though the sudden transition in this case is the

result of a different cause.
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THE AUGUSTA REGION AND EASTERN EXTENSION OF
THE FALL LINE CLAYS OF GEORGIA

East of Baldwin county, the Fall Line, as stated on preceding
pages, crosses and re-crosses the Georgia Railroad, on the whole
averaging south of it. The white Potomac clay occurs, as de-
scribed in the Milledgeville notes, at, or near, Carr’s station on the
Georgia Railroad, in Hancock county, and at other points, on this
road, near Augusta. South of here, its occurrence becomes rare,
until it finally disappears, as usual, beneath the Tertiary strata. It
may be found, at intervals, along the lines of the Augusta Southern
Railroad, between Sandersville and Augusta, and crossing parts of

Washington, Glascock, Jefferson and Richmond counties.

THE WORTHEN LOCALITY

The most important exposures, along the line of the Augusta
Southern Railway, are near Chalker and Worthen, in Washington
county. It occurs, in large quantities, at Magnolia Plains on
Floyd’s creek, and at the Worthen and Upper Mills on Keg creek.
At the first of these three places, it is pure white, and contains but
little grit. At the other, it is coarser and more siliceous. Wash-
ington county, in which these occurrences are situated, has a num-
ber of small potteries, operated in a manner, similar to those in
Crawford county. The wares are made, at intervals during the

year, and are disposed of, by peddling through the country.
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The leading potteries are those of J. M. Bussell, John Redfern
and Andrew Redfern. The business has been carried on, for the
past 75 years, or more.

At Chalker, the white clay, which seems to be Potomac, is ex-
posed in the railroad cut, and has a very irregular surface, showing a
maximum thickness of twelve fect, and being unconformably over-

laid by the following series of Tertiary and Lafayette material : —

1 Lafayette, sandy loam,
. —_—__15to 20 feet
covering the slope
2 Coarse, micaceous, laminated clay, varying in
color from drab to yellow, weathered into
small cubical and angular fragments ..____.. 6 ¢

Fossiliferous, sandy clay, indurated and sili-

(@8}

ceous inplaces .._._____.____.___.___.4to 6
4 Hard, siliceous layers, undermined by the

stream in the immediate vicinity, where beds

are exposed thirty feet in thickness and re-

sembling a quartzite. It contains many fos-

sils. oo L. L. _._.__.__.1to 2W*“
5 Dark-drab and brown, iron-stained, sandy
clay . oo L l_._... 8§ ¢

THE AUGUSTA CLAYS

The geological conditions, seen at Augusta, which is situated at the
head of navigation on the Savannah river, are very much like those
at Macon and Columbus, more especially Macon, where the Poto-
mac formation is not observable in the immediate vicinity of the

city.
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West of the city, however, and at a considerable elevation above
it, in Richmond and Columbia counties, are exposures of what is
doubtless the white Potomac clay. In this region, there are, also,
observable numerous sections of Tertiary strata; abundant sections
of the Lafayette, resting unconformably on the strata beneath it;
and frequent sections of the decomposed crystallines, showing the
unconformable contact between them and the overlying sediments,
which contain, at their base, numerous fragments of the crystalline
rocks, and immense quantities of muscovite and other minerals de-

rived from it.

THE CLAY INDUSTRY OF AUGUSTA

The clay industry of Augusta is confined chiefly to the manu-
facture of building-brick, although a small amount of tiles, orna-
mental ware and terra-cotta is produced. A part of the industry,
really belonging to this community, is across the river, in South
Carolina.

The clay, used, is Columbia alluvium, occurring in the plains, on
which the business portion of Augusta stands. The maximum
production on both sides of the river, in any one year, has been
30,000,000 bricks; while the average annual production is about
20,000,000.

THE AUGUSTA BRICK COMPANY

This company is said to have the largest brick-yard in Georgia.
It was established by a man named Delaigo, a refugee from the

San Domingo massacre. The product consists of common and
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ornamental brick (hand pressed). The average annual production
is said to be about 14,000,000, most of which is common brick.
The bricks are made by 3 Sword machines (stiff clay process),
having a capacity of 10,000 per day. They are burned, in four
ordinary clamp kilns. Wood, at the average cost of $3.00 per
cord, is used in preference to coal, for burning. The plant is sit-
uated on the southeastern edge of Augusta, on the flood-plain, and
about 30 feet above the surface of the river. The clay used is ex-
cellent in quality, and free from any excess of sand and mica. A
sample of alluvial clay, a fair average of that used by the various
companies, was collected for physical examination, the results of
which were as follows: —

Its specific gravity is approximately 2.00. It shrinks, on drying,
8 per cent., linear measurement. Its tensile strength, dried, is 148
pounds per square inch. It burns to a fine, strong, red brick; but,
owing to the impurities present, it is, of course, not a refractory

or fire brick. It fuses, at a little less than 1,300° C.

THE WILBUR BOSWELIL PLANT

Mr. Boswell produces, annually, with a Sword machine and four
or five clamp kilns, a large number of common- and a few face-

brick. His plant has a capacity of 30,000 per day.

THE McCOY BRICK AND TILE COMPANY

This company has an elaborately equipped and thoroughly mod-
ern brick-yard. The plant consists, in part, of one continuous kiln,
of the Youngrens pattern, with a capacity of 30,000 per day of
twenty-four hours; one Swift kiln, changed from an original Mor-

rison, with a capacity of 500,000; one Phillips dryer (with ten
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racks), heated by exhaust steam from the engine, which is run
through 160,000 feet of pipe, the air, thus heated, being agitated
by 26 fans. The bricks are dried, in the last named apparatus, in
about 24 hours. They arc introduced and removed, on cars. It
has a capacity of 20,000 per day of ten hours. There are also
open-dryers, consisting of covered racks, which carry 120,000
bricks, and are capable of turning out 20,000 per day.

The system of operating, at these works, is interesting. The
clay is brought from the dump, in cars holding a little less than a
cubic foot each. These are elevated, on cables, by a winding-drum,
and are emptied into an immense granulator, which crushes and
mixes the clay with sand. This granulator delivers the clay, at an
angle of 45° into a machine, which is crusher, pug-mill and
auger brick-machine combined, and which delivers, upon an apron,
side-cut brick, with the ‘‘flats,” rough, and the exposed edges,
smooth.  The machine is made by E. M. Freese & Co., of
Galion, Ohio. It has a guaranteed capacity of 40,000 per day, and
can be made to produce 6,000 per hour. The company has, also,
a 100 horse-power engine, with 110 horse-power boilers, and a
55,000-gallon water-tank, elevated on a 72-foot tower. The yard
is equipped for re-press work; but, with the brick-machine, now
used, this process is not necessary.

The clay is obtained from the river bottom, about 34 of a mile

from the works, to which it is drawn, on a tram, by mules.
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THE GROVETOWN DISTRICT

Grovetown is about 20 miles west of Augusta, on the Georgia
Railroad, near the southeastern boundary of Cplumbia county.
Here, as also-in Berzclia on the west, Belair on the east, and the
adjacent territory in Richmond county on the south, there occurs
a great abundance of clays of many varieties.

The white clay, ot “chalk,” has been shipped from a number of
points in this region, for a varicty of uses. The only develop-
ments of clay, in these two counties, except that of the industries,
already described in Augusta, is that of a small pottery at Grove-
town, where, convenient to the railroad and an excellent bed of
clay, a high grade of common pottery is produced.

In a railroad cut, just east of Grovetown station, there is an ex-
posure, for a considerable distance, of the upper part of a bed of
clay, only three feet of which can be seen, which is remarkable in
character. When fresh from the bed, it is from gray to buff in
color; but it is sometimes stained with yellow and reddish tints.
It seems to be wholly free from grit, and is carved readily with a
knife; but it will not disintegrate in water, although it can be crum-
bled with the fingers; and, when ground up, it becomes exceed-
ingly plastic. It is a soft clay; but it breaks, on weathering, con-
centrically. Although soft, neither rains, nor the waters, which
constantly seep through its joint-planes, and flow down into the rail-
road ditch, make any appreciable impression on the bed, as regards
the removal of material.

In spite of its seemingly favorable properties, it cannot be used,
at least without the addition of other clays, in the manufacture of

burned products, owing to its tendency to pop and fly to pieces,
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with explosive violence, on being heated, regardless of the care,
with which this is done. The cause of this has not yet been inves-
tigated. Fossils are said to have been found in this bed; but none
were seen by the writer. It may be of Cretaceous age; but it is
probably Tertiary.

A hand specimen of this clay may be described as being from
buff to gray in color, with yellow iron-oxide stains, aloﬁg the joints.
It is compact and very fine-grained, and has a conchoidal fracture.
Under the pocket lens, it shows traces of mica, but no quartz.  Under
the microscope, with a high power, minute scales of muscovite ap-
pear in great abundance; also quartz grains, ranging up to .00I of
an inch in diameter, and an occasional minute crystal of magnetite.
The specific gravity of this clay is found to be very uniform through-
out the bed. The determination of many samples gave 1.30 as a re-
sult, with no appreciable variation. It shrinks, on drying, about 16
per cent., and, on burning, an additional 4 per cent. It is one of the
lightest clays examined. The tensile strength of dried briquettes
is 144 pounds per square inch. It burns to a buff color; but, how-
ever carefully burned, it bursts into many fragments, at a compar-
atively low temperature.

It is overlaid, with a bed of Lafayette red clayey gravel, which
would make an excellent road material, and might be profitably

used for that purpose in Augusta.

SILAS REED'S ESTATE
On the property of Mr. Silas Reed, near Grovetown, a small
stream, resulting from springs, has caused a ‘“break,” a quarter of
a mile in length, along the hillside. The water moves on the sur-

face of a bed of dark-colored, tough clay, known in this locality, as
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and once worked for a paint material. It is simply a

)

“umber,’
clay, which contains a large amount of carbonaceous material, in
places becoming so far lignitic in character, that it will burn,
although with difficulty. Sometimes the clay resembles that, de-
scribed as occurring in the railroad cut at Grovetown; and, also,
the exceedingly light variety found at Fitzpatrick. Dr. Hatton, of
Grovetown, stated to the writer, that fossils have been found in this
horizon, where it has been penetrated by wells.

This bed of lignite and clay is exposed to a depth of from 15 to
18 feet. Its color varies from cream to brown and black. A deep
shaft was sunk here, by prospectors in search of umber; but a
record of the beds passed through could not be obtained. This
clay does not absorb water, at least until crushed and powdered.
Under the microscope, small amounts of muscovite, occasional
grains of ‘quartz, and large quantities of organic matter are visible.
Overlying it, is an enormous mass of red, deep-orange, and golden-
yellow sands, with, here and there, a seam of clay, evidently of

Tertiary age.

THE MARY INGLETT PROPERTY

This property is about three miles south of the Georgia Railroad,
near Grovetown. Thereis here, in a gully, on the edge of a sandy
plateau, an exposure of white clay, known locally by the usual
name, ‘“chalk.” It is almost wholly buried, and hard to examine.
Its thickness could not be ascertained. The clay and conditions
in general suggest strongly the occurrence on the VanBuren estate
in Jones county, as described above. The clay bed is overlaid bya
sand, mostly quite coarse, and consisting of fragments of white and

smoky quartz, and containing partings and occasional isolated
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masses of clay, derived from the bed beneath. The surface of the
country, about, is covered with just such sand, the smaller grains
of which are sharp and angular, while the larger are well rounded.
This formation is many colored; contains, throughout, seams of
clay; and is doubtless Lafayette. On the extreme surface, many
of the quartz pebbles have been carved by wind-blown sand to a
remarkable extent. Among these, have been found good imitations
of octahedrons; and those, showing pyramids on one side, are of
frequent occurrence. The clay itself is not all white; but it is oc-
casionally pink and mottled. The pocket lens reveals anabundance
of quartz grains and many scales of mica. Some of the quartz is
smoky. There may also be detected many distinct cleavage frag-
ments of partially kaolinized feldspar. Under the microscope, the
quartz grains appear in great abundance, and many scales and
prisms of muscovite are visible. There may, also, be seen a few
remarkably shaped bodies, the dimensions of which vary from .01
to .oz of an inch. They are probably organic, and most likely, the
remains of diatoms. Prisms of zircon, also, occur. The clay has
a specific gravity, varying from 1.8 to 1.9. It shrinks, on drying,
8 per cent., linear measurement, and an additional 2 per cent., on
burning. It has a tensile strength, dried, of 20 pounds per square
inch. It burns to a pinkish or cream color. Its fusing point corre-
sponds to that of Seger cone 30; and it is therefore highly refrac-

tory.

BELAIR

There is an excellent opportunity at this place, to study the re-

lations between the decomposed crystalline rocks and the overly-
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ing sediments, which are so largely derived from them. It is well
illustrated by a section in the railroad cut, just east of the station.
The exposure, here, is about 20 feet in height. The fissile structure
of the decomposed schists, at the base of the section, is very pro-
nounced; although the decomposition of the rock, as a whole, is
almost complete; and the resulting material is, at least in many
places, homogeneous, fine-grained and plastic. It is beautifully
vari-colored, — chocolate, red, golden-yellow, white and gray being
the predominating colors.

In some localities, this rock seems to have been a fine-grained
chloritic schist; but, in other places, it resembles shale. The dip
of the schistose planes varies from 45° to 60°.

This crystalline rock is cut by prominent quartz veins, which,
although broken, have remained hard and unaltered, while the rock
about it is decomposed. The quartz veins project above the irreg-
ular surface of the crystallines, showing, that, during the process of
erosion, which went on, when this was a land surface, the surround-
ing rock was worn away, further than the quartz veins.

Another feature, which tells the same geological story, is the dis-
tribution, at the contact of the sediments with the upturned crys-
tallines, or along the whole irregular surface of the latter, of large
irregular-shaped boulders of quartz, which are evidently residuary
from quartz veins, once resting in the crystalline rocks, but which
were left behind, as surface boulders, while the bed-rock itself was
decomposed and removed. About these, but of course unconform-
ably resting on the crystallines, is a bed of coarse angular sand and
gravel.

Since the clays, which have been studied, have been largely de-
rived, with their impurities, from the decomposed crystallines, a
sample of the latter, from this place (where, although it has not

been removed and sorted out by the running water, it is neverthe-
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less thoroughly decomposed), was selected and submitted to physi-
cal tests, similar to those employed in the case of clays.

The results of a physical examination of this material were as fol-
lows:— A hand specimen shows a massive mixture of kaolinite,
muscovite, quartz and feldspar, and also numerous bright crystals
of magnetite. It is, therefore, seen to contain exactly the same
minerals, that are found in all the clays examined along the Fall
Line, except that the latter consists more completely of the finer-
grained material, kaolin, the coarse particles, quartz, magnetite,
feldspar and muscovite having been removed by the differential
carrying capacity of moving water. Under the microscope, with a
low power, a large amount of sericite, in minute crystal plates, and
occasional crystals of calcite are seen. The specific gravity of this
material varies from 2.03 to 2.09. It shrinks, on drying, 4 per
cent., linear measurement; but, on burning, there is no additional
shrinkage. The tensile strength of the dried mass is very low,
being not over five or six pounds per square inch; and the dried
mass crumbles readily between the fingers. It burns to a porous,
friable substance, and would make good brick material, with the
addition of a little plastic clay. It is not refractory, but fuses com-

pletely, at a comparatively low temperature.

H. F. CAMPFIELD’S PROPERTY

-

A section, somewhat similar to this one at Belair, may be seen on
the property of Mr. H. F. Campfield, about three quarters of a mile
east of Lula station, on the Knoxville road.

About ten yards northwest of the exposure in the railroad cut at
Belair, there is an occurrence of sand and gravel, sometimes white,

but often red and yellow, and containing occasional thin seams of
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limonite; while, here and there, it is cemented into a solid conglom-
erate by iron oxide. Contained in these gravels are, also, irregular-
shaped pockets, sometimes several feet in thickness, of fire-clay,
which dries white, although it is frequently colored with iron-oxide
stains. It is fine-grained.

Beds of fire-clay, similar to those occurring in the gravels at this
locality, are found at other points in this region, notably at a point
on the railroad, near the 12-mile post (between Belair and Grove-
town), and, also, at a point 2% miles south of Belair, where there
is a bed of it, excellent in quality.

Partially buried beneath this gravel, which may be either Ter-
tiary or Lafayette, is a comparatively hard rock, which seems to be
a partially decomposed gneiss. The structural planes are, how-
ever, horizontal; and it may consist of slightly re-arranged arkose,
derived from gneisses, which contain an abundance of quartz and
feldspar crystals, the latter, in this case, being thoroughly kaolin-
iz;ed and consequently soft. Such beds as this need be observed
critically, to distinguish them from many of the sedimentary gravels,
which overlie them.

A hand specimen of the decomposed gneiss, shows a white to
gray, porous-looking material, stratified or laminated, and very
friable. It is gritty and possesses little plasticity. In a strong
light, it glitters, with a white, satin-like luster, caused by an immense
number of minute scales of some micaceous mineral. Under the
microscope, grains of quartz are visible, ranging up to .01 of an
inch in diameter. Fully 50 per cent. of the mass is seen to consist
of prisms and plates of a pale-straw-colored mica, the plates rang-
ing up to .003 - of an inch, in diameter. These plates, or scales,
appear to be muscovite, and the prismatic sections give very high
interference colors. It might be classified as sericite. The mate-

rial contains also a little magnetite and masses of kaolinite scales.
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DEPOSITS EAST OF BELAIR, ALONG THE
GEORGIA RAILROAD

Fast of Belair, at the eight-mile post, on the Georgia Railroad,
are thick and massive beds of clay, sand and gravel, the clay, or
kaolin, being often intimately mixed with the gravel, in a manner
hard to explain, as it would seem, that water, depositing such coarse
sand and gravel, which is often cross-bedded, thus showing the
presence of strong and varying currents, would entirely wash away
the fine-grained clay.

On both sides of the cut, striking unconformities are observable.
An illustration of the better of these is shown in Plate V. The irreg-
ular surface of the lower-lying series seems to have been carved be-
neath flowing waters, which, subsequently, under changed conditions,
deposited the overburden. The contours of the surface of the former
are too sharp and irregular, to have been developed on a land sur-
face. There is probably represented, here, a deposit of Lafayette
on the Lower Cretaceous mixture of sand and gravels, the former
consisting of materials derived from the latter, which is apparently
a continuation of the sands occurring in Jones, Baldwin and other
counties, under similar conditions.

In the high slope, above this exposure, are coarse beds of re-
siduary gravel, lying on the extreme surface. They are mostly
composed of smooth, well-rounded pebbles. The fields, too, are
often covered, after a heavy rain, with very coarse, white and trans-
parent quartz sands, which produce a glittering effect like that of

SNow.
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NINETEEN-MILE POST, GEORGIA RAILROAD
RICHMOND COUNTY

At this locality, there is a clay, almost white in color, which is very
plastic, and contains isolated grains of quartz, scattered through the
mass. It has been crushed, and again cemented together, by the
infiltration of a finer clay. The upper layer of the bed, two feet in
thickness, is full of areas of clay, with the peculiar nodular effect,
characteristic of the variety found on the Miller estate, which has
been described above. These areas are somewhat indurated, as in
the case of the Miller clay; and, where the bed has been weathered,
they project beyond the surface. Unconformably overlying this
clay, is a bed of grayish and yellow, very hard, but rather porous,
clay, containing sand, in patches and isolated particles, in all, 15 to
18 feet in thickness. It is vari-colored, being gray, yellow and
pink in different places, and frequently mottled.. The quartz grains,
contained in it, are rounded. It contains the same filled cavities,
or nodules (7), as in the bed below. Overlying it, are massive beds
of incoherent bands, which, however, in places, are strongly cross-
bedded and full of water-worn pebbles, some of which are rounded
fragments of limonite. These sands carry, also, much clay, scat-
tered through them, and as numerous vari-colored partings.

A hand specimen from #ke lower bed shows grains of quartz, some
of which are as much as a sixteenth of an inch in diameter. Under
the microscope, grains of magnetite are visible, and some quartz,
although small grains of this mineral are rare, the larger ones being
such as could be easily removed by washing. Muscovite is in
abundance, there being only an occasional prism, but what is over.oo1

of an inch in length. The kaolin is in aggregates, which do not
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readily disintegrate. Zircon needles are observable, averaging .003:
of an inch in diameter. The little aggregates of kaolin vary in.
size from .001 of an inch to .0002 in diameter; and they are usually
stained a pale-brown color.

A hand specimen, selected from #ke upper bed, is of a beautiful
pink color, with - numerous parallel partings, varying in color, and
showing a thin seam of iron oxide deposited along the planes of
- separation. Considerable mica can be recognized with a pocket
lens. The study of this clay, under the microscope, reveals a con-
siderable amount of foreign matter, consisting mostly of angular
quartz grains, the largest of which are .0006 of an inch in diameter.
With a high power, the double-refracting clay particles are nu-
merous; but nearly all are so small, that their thickness is insuffi-
cient to produce an interfer ence color of the first order. The finest
material is often stained a pale-yellow color. Muscovite is present,
in basal sections, in prisms up to .0008 of an inch in diameter.

The specific gravity of this clay varies from 1.53 to 1.76. It
shrinks, on drying, about 10 per cent,, linear measurement, and an
additional 5 per cent., on burning. Its tensile strength, dried, is
25 pounds per square inch. It assumes a pink to reddish color, on
burning, and makes a porous, friable brick, when burned without

admixture of other clay.
THE SEVENTEEN-MILE POST, GEORGIA RAILROAD
COLUMBIA COUNTY

At the 17-mile post, there occurs a white to yellow friable clay,

with comparatively little grit, and free from impurities of any kind..
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It resembles the best clay, seen in Jones and adjacent counties.
Its specific gravity is 1.70. It shrinks, on drying, 8 per cent., and
-asmall additional per cent., on burning. Its tensile strength, dried,
is 25 pounds per square inch. It is highly refractory, and has a
fusing point between that of Seger cones 35 and 36, and is, there-
fore, one of the best fire-clays, as regards refractoriness, which has

been examined.

ALONG THE GEORGIA RAILROAD, WEST OF
GROVETOWN

Traveling westward on the Georgia Railroad from Grovetown,
clays are observed in cuts, much like those already described, in
this vicinity, being colored red, white and yellow. They are seen,
also, near Boneville, just east of the station, and, again, some little
distance west of it.

The layer of sediments near Boneville, becomes very thin, and
the underlying schists are exposed, in all the stream-beds. Near
Thomson, granitic rocks occur; and, from Thomson to Camack, the

crystalline rocks alone are exposed.



CHAPTER 1V

A COMPARISON BETWEEN A GEORGIA CLAY
AND OTHER WELL-KNOWN CLAYS
OF THE UNITED STATES

The localities of a series of widely-known clays, which the writer
has selected, and which are here placed in comparison with one of
the Georgia clays examined, were personally visited by him, in
connection with a study of the Clays of the United States, begun
several years ago; and the samples, from each locality, were per-
sonally and carefully collected, with the view to obtaining, as nearly
as possible, an average, for the given locality, of the workable part
of each clay-bed, under consideration. The experiments and analy-

ses were, also, personally conducted.

»

THE DEFINITION, OCCURRENCE AND DISTRIBUTION OF
FIRE-CLAY

The term, fire-clay, is generally used, from its commercial signifi-
cance, as a name for clays, which have refractory qualities, sufficient
to enable them to resist the high temperatures, used in the techni-
cal arts, mostly in the construction of furnaces and of vessels, in

which glass is to be made, zinc smelted, ores assayed, etc.

(166)
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A pure clay is highly infusible; and the clays, selected for com-
parison with the Georgia clay, are those, which contain such small
quantities of fluxing impurities, as to enable them to withstand high
temperatures. As the clay occurs in nature, the lack of these im-
purities, detrimental to it as a fire-clay, may be due, either to their
original absence, or to the fact, that they have been dissolved and
removed, by natural processes. All clays probably originate, in the
presence of these impurities; and transported clays may have, de-
posited with them, more or less of such; and it is probably due, in
most cases, at least, to a final removal of deleterious compounds,
that clays of high refractoriness exist. The conditions, favorable
for the removal of the impurities, are largely, that the clay-bed
shall be exposed, for a long time, to the influence of comparatively
pure waters, charged with some solvent reagents, and shall be suf-
ficiently porous, at least in some period of its existence, to allow

the free percolation and escape of these waters,

GEOLOGICAL AND GEOGRAPHICAL OCCURRENCE

Clays, which have been so situated, occur in many parts of the
world, and have been commercially developed, largely in Great
Britain, Germany, France and the United States of America, — less
extensively in Sweden and other countries.

In the United States, they occur in localities, scattered over the
length and breadth of the country. Geologically, they are practi-
cally confined to the Coal Measures, where they are most largely
developed, and to the Cretaceous and Tertiary formations. The

most extensively worked of these is the Allegany Coal Measure
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basin; and, within its boundaries, the greatest development of the
fire-clay industries is in Pennsylvania, Ohio and Maryland. The
Illinois Coal basin is worked, in a number of localities, over a wide
area. The outlying portion of this basin in St. Louis county, Mis-
souri, is enormously developed within the city-limits of St. Louis,
mostly in the vicinity of the suburb, Cheltenham. The coal basin,
which extends southwestward from lowa, furnishes an abundance of
good fire-clay, and is most largely worked within the limits of Mis-
souri.

The Cretaceous formations furnish high-grade refractory clays,
which are worked very extensively in the State of New Jersey, and
in the neighboring portions of New York, on Staten and Long
Islands. Beds of the Cretaceous are also worked very successfully
in the States of Colorado and Georgia.

The Tertiary formations are worked for fire-clays in the States of
Texas, California and Florida.

In one district, namely, that developed on the Kentucky and
Ohio sides of the Ohio river, near Portsmouth, Ohio, a bed of fire-
clay is worked, which belongs to the Lower Carboniferous period.

Fire-clays in the United States are worked, and form the basis
of important industries, in New York, New Jersey, Pennsylvania,
Ohio, Maryland, Georgia, Kentucky, Tennessee, Illinois, Indiana,
Iowa, Missouri, Texas, Colorado and California; and it is probable,
that, if fire-clays are not already mined in many other States, they
soon will be. Among these are Michigan, West Virginia, North and
South Carolina, Alabama and Arkansas.
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CLAYS SELECTED FOR SPECIAL STUDY

The clays, discussed in this chapter, were selected, on account of
their significance, as furnishing, to some extent, typical samples
from the most important fire-clay beds, when considered from the
point of view of their commercial value, geological age, and geo-

graphical position. They come from the following localities: —

Woodbridge, New Jersey St. Louis, Missouri
Woodland, Pennsylvania Athens, Texas

Mount Savage, Maryland Golden, Colorado
Canal Dover, Ohio Carbondale, California
Sciotoville, “ Griswoldville, Georgia

NEW JERSEY

This State has long been noted for its clay industries. The cen-
ter of development of these is in Middlesex county,” which lies just
west of Staten Island Sound and Raritan Bay.

The clay-beds in the Middlesex district belong to the Cretaceous
formation, and occur at the bottom of the New Jersey Cretaceous
series, where they are known as the Plastic Clays, a synonym of
“Potomac,” “Tuscaloosa’’ and * Trinity,” terms used along the
southwestward continuation of this formation. The Cretaceous

strata occur, in surface distribution, as a broad belt, stretching

T The geology of this region, the nature and origin of the clays, and the industries based on them,

/ have been most admirably studied and described by the late Professor George H. Cook, State

‘Geologist, and his assistant, Mr. John C. Smock, since State Geologist, in a report, already referred
to, which was published by the Geological Survey of New Jersey in 1878.
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across the State from Sandy Hook to Delaware Bay, having a
northwesterly strike, and dipping gently to the southeast, beneath
the Tertiary strata, and out under the Atlantic ocean. The Plastic
Clay beds are lowest down in the series; and, consequently, they
outcrop farthest west. There are but comparatively few places,
where these clays actually outcrop at the surface, since they are
often buried under many feet of sand and gravel drift.

South of the region under discussion, within New Jersey, the clay-
beds are so completely covered by drift, as to be little exploited,
or worked.

Clays, belonging to this same formation, extend northeastward,
and are worked, for commercial purposes, on Staten Island and Long
Island, New York, and on Martha’s Vineyard at Gay Head, in Massa-
chusetts. In the two former places, they are mined for the manufac-
ture of fire-brick; but, in the latter, for pottery and tile-making.
The Southern extension of these clays furnishes material for many
clay industries in a number of States, particularly in South Caro-
lina and Georgia.

In the Plastic Clays, there are three beds, which, although they
are used commercially, for various purposes, are designated as
“fire-clay,” and furnish excellent material for the manufacture of
refractory wares. These are the South Amboy, the Woodbridge
and the Raritan fire-clay beds. A sample of clay from the bed at
Woodbridge, was taken by the writer, as before stated; and the
results from his study of it may be seen in the several comparative

tables, near the end of this chapter.
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MARYILAND®

Maryland is the seat of numerous and important clay industries.
Brick, terra-cotta, tile and pottery are manufactured largely, in the
vicinity of Baltimore, where the clay is furnished by the Potomac
and Columbia formations. Fire-clay is also mined, from these for-
mations, at Baltimore, and at North East, in Cecil county. The
most important fire-clay locality is, however, in the western part of
the State, where the clay is obtained from the Coal Measures. The
development of the clay is confined to Allegany county; and the
locality, in general, is known as the Mount Savage Fire-clay dis-
trict. The general geology of this district is closely related to that
of Western Pennsylvania and Eastern Ohio.

The Mount Savage Fire-clay district is situated in the western
part of Maryland, and southwestern part of Pennsylvania. It is
one part of the Carboniferous field, which extends, as already out-
lined, from Northeastern Pennsylvania, through Eastern Ohio,
Maryland, West Virginia, Kentucky and Tennessee, into Alabama.
Within this broader area, a large number of fire-clay beds are worked.
Few of them, however, are continuous over any great extent of
country; and none of them approach uniformity, in character and
quality, throughout any considerable distance. Some beds are
more persistent than others, in all these respects; and, among them,
a few furnish exceptionally good clay. These have been developed
mostly in Western Pennsylvania, Eastern Ohio, the northern part

¥ The geological literature and notes of these fire-clays are confined essentially to various reports
of the Pennsylvania and Ohio Geological Surveys; to a paper by the late Professor George H. Wil-
liams and others, in a book entitled ** Maryland, Its Resources, Industries and Institutions,” pub-

lished for the Chicago Exposition; and to a paper on the manufacture of fire-brick at Mount Sav-
age, Maryland, by Robert Anderson Cook, in Vol, XIV, Trans. Am. Inst. Min. Eng.
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of Central Kentucky, and in Allegany, Maryland. They have
been slightly developed in West Virginia, Tennessee and Alabama.

The ¢ Mount Savage bed,” proper, is worked in Allegany
county, Maryland; in Bedford and Somerset counties, Pennsylva-
nia, immediately north; and, it is said,” in Cambria county, Penn-
sylvania, at Johnstown. The numerous other fire-clays worked,
north and west of this region, appear to be in other beds in the
geological scale.

The fire-clays belong to the group, originally designated, in the
Paleozoic formations, as No. XII, by Rogers, and known as the
Pottsville or Seral Conglomerate. It belongs, geologically, in this
region, at the bottom of the Coal Measures, just beneath the Lower
Productive Measures, and above the Mauch Chunk Shales.

The earliest and best known of the fire-clay works, in this region,
are those at Mount Savage. Other works, which mine the same
bed, are at Frostburg, Maryland, and Hyndman, Bedford county,
and Keystone Junction, Somerset county, Pennsylvania; possibly,
also, at Williams station in the last named county. As before
mentioned, the writer visited Mount Savage, and selected, from its
clay bed, a sample for study, the results of which may be seen in

the tables of comparison, near the end of this chapter..

PENNSYLVANIA

Pennsylvania is one of the leading fire-clay-producing States in
the Union. Kaolin, ¢ sitx, is mined in the southeastern part of the

State, and the fransported clays, of several geological ages, in a

! See report H H, 2nd Geol. Surv. of Penn., 1875, p. 99.
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great many localities. The best known fire-clays are those, occur-
ring in the Coal Measures, in the western part of the State. Beds,
occurring at different horizons, are worked at different places.

The clay, underlying the Freeport Upper Coal, exists in numer-
ous places, as an excellent fire-clay, and has been mined extensively
at numerous localities, the best known of which is Bolivar. Itis
also worked at several places in Fayette, Indiana, Beaver and West-
moreland counties.

The Lower Kittanning Coal is often underlaid by a fire-clay,
which is also extensively mined for a high-grade refractory mate-
rial, at a number of places, both in Pennsylvania and Ohio. The
workable part of the bed is usually six or seven feet thick, and the
whole bed varies in thickness, from-ten to fifteen feet. It is mined.
in Fayette and Westmoreland, and, probably, in other counties.
In some counties, it is said, that the Ferriferous Limestone Clay is.
worked as a fire-clay. The plastic clay, occurring immediately be-
low the Clarion Coal-bed, is mined at Bolivar, on the Conemaugh
river, and is used in admixture with non-plastic clays, in the man-
ufacture of refractory materials. The Brookville coal under-clay (?)
is mined at several places in Clearfield county; and, among other
localities, at Brookville, in Jefferson county; Queen’s Run and Far-
randsville, in Clinton county; and Johnstown, in Cambria county.

The two best known fire-clay districts are the Clearfield and the
Mount Savagé, which, as was stated in the notes on Maryland, ex-
tend into Pennsylvania. The results of the writer’s investigation of
the sample, taken from the clay bed at Woodland, Clearfield county,

are to be seen in the comparison tables, near the end of this chapter.
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OHIO

The clays of this State have been carefully studied by'Professor
Edward Orton, State Geologist of Ohio, and Mr. Edward Orton, Jr.,
who have made elaborate and comprehensive reports on their dis-
tribution, origin, nature and uses.”

Clays for pottery, tile, sewer-pipe and brick-making are mined from
the beds, belonging to several geological periods, at many different
points in the State. The Clays of the Coal Measures, however,
vastly exceed in importance those of all the other formations, and
the so-called Kittanning Clays and Shales are the all-important
clays of this series.

The beds, which furnish the highest grade fire-clays, and are ac-
cessible, are limited, with few exceptions, to two districts — one, in
the northeastern part of the State, covered largely by Tuscarawas
county; the other, in the central part of the southern margin of
the State, in Scioto county, which, considered as a clay district,
extends across the Ohio river into Green and Carter counties, Ken-
tucky. In the Tuscarawas county region, the fire-clay, worked, is
the Lower Kittanning Under-clay, previously mentioned in the
notes on the Pennsylvania fire-clays. The occurrence of this clay
has been admirably described by Mr. Orton, as follows: —

“The first district of Kittanning clays, met, on entering this
State from the east, is the yellow-ware beds of Liverpool and Wells-
ville. The vein, here, is plastic and easily mined, and is reached
mainly through drifts. It underlies the Kittanning Coal, directly.

The next district is the Jefferson County pipe-works, which line

the Ohio river, for twenty miles, from Wellsville nearly to Steuben-

1 Vol. V, Geol. Surv. of Ohio, Report on Economic Geology. Ibid., Vol. VII, Part I, 1893.
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ville. The clay is here regularly excellent in quality, easily found,
and at convenient levels for mining. It is rather sandy, or siliceous,
quite hard at first, but quickly slacking on exposure; and it is
plastic and readily moulded, after grinding. The clay extends up
Yellow creek, beyond Irondale, where it still is of good quality,
and is in constant use. In the northern part of Tuscarawas county,
at Mineral Point, the Kittanning clay appears, in a new and valua-
ble phase. It is found, as a very hard and fine fire-clay, suitable
for making any-refractory material. It is used for retorts, glass-
pots, brick of finest special grades, etc. It is found, about three
feet below the Kittanning coal, separated from it by worthless clay.
There can scarcely be a more beautiful or faultless stratum of clay,
than the hard clay of this place. It lies in a band, three and one
half feet thick, showing faces smoother, than the most regular coal;
it is so hard, that chips from a pick-blow will cut the hands of the
miner. Itis of a light-drab tint, burning to a light-cream color;
it shows the blue, concentric venation of organic matter, noticed in
the flint-clay of Sciotoville. The mining of this clay is carried
along with the mining of coal, both being taken out of the same
pit-mouth. The coal is usually worked first, and then the clay.
There is enough plastic clay occurring with the flint, to allow its
perfect working. This bed of hard clay marks the Kittanning hori-
zon from Magnolia.”

The Scioto county clay belongs beneath the Maxville, or Sub-
carboniferous Limestone, coal (?), and is the lowest fire-clay bed,
in the Geological scale, worked in this country. This clay has been
described by Mr. Orton," as follows: —

“The deposit is first found in the tops of intersecting ridges near

Portsmouth, occasionally overlain by nodules of limestone, but no

! Economic Geology of Ohio, Vol. V, ** Clay Deposits,” page 661.
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coal; at Sciotoville, eight miles eastward, the hills are all high
enough to hold it, and its best development is here; at Webster,
thirteen miles further on, it is at drainage-level; and, shortly after,
dips under the surface. On the Kentucky shore, and for forty miles
to the southeast, it has a very heavy development. The clay runs,
from one foot to five feet thick, averaging two feet, six inches. It
is benched, where practicable; drifted, where necessary; and all is
mined by powder. It is grayish-drab in color, full of blue organic
stains, but of remarkable purity and excellence. It is very hard
and flinty; but it runs soft in places, so that plastic clay need not,
as a rule, be imported.

“ Another small development of this clay is found near Logan,
Hocking county, where it supports the manufacture of a good fire-
brick.”

Two samples of clay from this State were investigated, by the
writer. They were taken, respectively, from Canal Dover and Scio-
toville. The results may be seen in the tables of comparison, near

the close of this chapter.

MISSOURI

Missouri completes a quintette of States, with those already
discussed, remarkable for their clay deposits. These abound
within her borders, in endless variety, and are suitable for nearly
all the uses, to which clay is put. Her fire-clays are wide-spread
and varied, in manner of occurrence. They may be grouped for
convenience of study, according to their geological occurrence,
into three classes, which may be designated as the St. Louis, Craw-
ford and Audrain Clays.
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The first and most important of these classes includes those,
which are mined in the city of St. Louis, and which belong geolog-
ically to the Coal Measure basin, lying in St. Louis county and
city, with the exception of a small area in St. Charles county, just
across the Missouri river. This Coal Measure basin may be con-
sidered as an outlier of the Illinois Coal basin, since it is geologi-
cally nearer that basin, than the one lying west of it. It will be
discussed more in detail, below.

The next class, the Crawford clay, includes a large number of
more or less isolated pockets of fire-clay, occurring, unconforma-
bly, in cavities and along old valleys, among the Silurian and, pos-
sibly in some cases, Devonian and Lower Carboniferous rocks.
These pockets of fire-clay are distributed over a number of coun-
ties, océupying about the center of the eastern half of the State, its
northern boundary being but a few miles north of the Missouri
river. They are of uncertain geological age, and are possibly the
remnants of a once very extensive formation in this region. They
are to be found mostly in the minor lateral valleys, along the bor-
ders of the greater ones, and apparently always near the tops of
the valley sides. They sometimes occur in shallow pockets along
the top of the divides, this being especially noticeable in Gascon-
ade county, where they occur over a wide area. The greatest
thickness of the clay, seen by the writer, was at Regina, Jefferson
county, where a pocket had been opened, to a depth of sixty feet.
Borings have been made in pockets, seeming to belong to this
class, which penetrated the clay to a depth of 125 feet.

The clay is usually of a cream-color; but it is often mottled with
purple and reddish tints, which are organic stains, and which readily
disappear, onignition. It is hard and brittle; breaks with a conchoi-

dal fracture; and weathers concentrically, breaking up indefinitely
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into sharp, angular fragments. It is mined (as a fire-clay) mostly
in Montgomery, Warren, Franklin, Crawford and Phelps counties,
for shipment only, going to fire-brick works in St. Louis, Chicago
and eastern cities, where it is used in connection with more plastic
clays, to diminish their shrinkage.

In one locality, near Union in Franklin county, the upper four or
five feet of this clay is plastic. In a great many other places, it
occurs as white clay, brilliantly mottled with reddish tints, and
sometimes stained very dark purple. It is comparatively soft, and
free from sand, and has a smooth, soapy feel; and it is cut with a
knife, in an indescribably smooth, soft way.

The third class, Audrain clay, most highly developed in Audrain
and Callaway counties, belongs in the Coal Measure basin, extend-
ing southwestward from lowa, across Missouri, and occupying the
greater part of the northwestern half of the State. The workable
fire-clays of this class are confined, largely, to the southeastern
border of this area. They were developed at the time of the writer’s
study of this region, in 1890, only at Fulton, Mexico, Ladonia and
Vandalia. The Fulton clay (in Callaway county) may possibly be-
long to the second class, described above. At Mexico, this fire-
clay is largely developed, as it is, also, at Vandalia; but it is not

certain, that the clay at these two places belongs to the same bed

ST. LOUIS, MISSOURI

The St. Louis fire-clays are, by far, the best known in Missouri.
They are the only ones from the State, that are represented in this
comparative study.

The following descriptive notes of the St. Louis locality and its
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clays are reproduced, largely, from a report, published by the writer
in 18g1.”

Geologically speaking, St. Louis has three local sources of clay.
These are the Coal Measures, the Quaternary deposits, and the re-
siduary product of decomposing limestone. Of the two latter, the
Quaternary deposits only are of much value; and these, not being

used as fire-clay, will not be discussed.

THE CoarL MEASURE CLAYS

The Coal Measures, which have an area, approximating two hun-
dred square miles in St. Louis county and city, carry practically an
inexhaustible supply of potter’s, sewer-pipe and fire clays, of which
the best of the latter have long been noted for their high refractory
qualities. The mining and manufacturing of these clays has been
carried on, for many years, and, to a large extent, in the immediate
neighborhood of St. Louis.

The fire-clays occur in beds, ranging from a few inches to seven,
or more, feet in thickness. They are occasionally so near the sur-
face, as to be mined by drifts; but usually they have to be sought
by shafts. The deepest of these in St. Louis is 120 feet, from the
surface of the ground to the bottom of the clay bed.

These clays, even in the same bed, vary largely, in character
and composition. They are, usually, grayish in color, and very
hard, when mined; but, after exposure to the weather for a variable
time, the clay softens, or slacks, and falls into a loose mass of finely
divided particles. Pyrite occurs in the clay, generally in aggrega-
tions, and either close to the top or bottorh of the clay bed, so that
it may be avoided, to a great extent, in mining. The best grades

of clay, those suitable for making glass-house pots, in a raw and

1 Bulletin No. 3, Geological Survey of Missouri.
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unwashed condition, are of limited occurrence, and are not contin-
uous in the bed, in which they are found. They may be considered
as existing in “pockets”; but the transition, from the best clay into
the poorest grades, is gradual.

The fire-clay is mined in chambers, which are kept well timbered,
until they have been carried as far as possible, when the timbers
are removed, and the roof is allowed to drop in, the débris forming
a wall for a new chamber, which will be run along the side of the
old one. There are probably several miles of these chambers
within the city of St. Louis. Immediately overlying the clay, is,
generally, a hard shale or a bed of sandstone, which makes a very
good roof. At some of the mines a bed of coal lies just above the
fire-clay; but it rapidly thins out, and almost quite disappears, at
other mines. The use of powder is a necessity in the mining, on
account of the hardness and density of the clay.

Two samples from the St. Louis fire-clays were taken, respect-
ively, from the Evens & Howard mines and the factory of the
Christy Fire-clay Co., the sample from the latter being of their
washed pot-clay. The tables of comparison, near the end of this

chapter, show the results of the writer’s investigations.

COLORADO

The Colorado clays are representative, in a general way, of the
clays, occurring in the Eastern Rocky Mountains. They belong
mainly to the Cretaceous and Paleozoic formations, the best and
most used being the Upper Cretaceous. These clays have been so
little prospected and developed, in other regions in this part of the

country, that no comparison can be made; and it cannot be asserted,
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although it is probable, that clays, belonging to the same horizon
as those worked for refractory materials in Colorado, occur of equal
purity elsewhere. k

The fire-clays of this State furnish, largely, the refractory mate-
‘rial for the furnaces in the Rocky Mountain region. They are
taken from the Dakota member of the Upper Cretaceous formation,
which flanks, with its upturned strata, the eastern margiﬁ of the
mountains, and makes the ‘“bordering reefs,” locally known as
“hog—baéks.”

The sample taken from the fire-clay bed at Golden, was studied
by the writer, and his results are included in the tables of compari-

son, near the end of this chapter.

CALIFORNIA

Clays are mined in a number of places, in different parts of the
State; but little has been published, concerning their geological
occurrence and age. They, probably, are mostly from the Ter-
tiary formations, which are distributed in the Sacramento and San
Joaquin valleys and the minor valleys of the Coast Range. These
clays are used largely, for the manufacture of pottery, sewer-pipe
etc.; and but one locality has been found to produce a refractory
clay. This is in Amador county, along the foot-hills, and near the
eastern border of the Tertiary strata, which occupy the great valley
of California, and which are thought to be of Pliocene age. The
clay is mined, in the vicinities of Ione and Carbondale, part of it
being locally manufactured into pottery, but most of it being shipped
to Sacramento and San Francisco, where it is manufactured into

fire-brick and various other products.
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The sample, taken by the writer, from the clay banks at Carbon-
dale, was submitted to investigation, the results of which are given

in the comparison tables.

TEXAS

Texas, like California, has geological formations, furnishing an
abundance of clay material, which has been but little worked. The
most important of the clay-producing formations, omitting from
consideration the possible value of kaolin deposits among the gran-
itic rocks, are the Cretaceous and Tertiary, which occupy the
greater part of the State, The most valuable clays, however, are
confined to eastern localities, and belong to the Miocene, or Fay-
ette, division of the Tertiary. While beds, from this geological
horizon, are mined at a number of places, for pottery and the com-
moner uses, there are only three localities, where they are worked
as fire-clay. These are in Henderson, Limestone and Fayette
counties, the beds worked in the two latter counties being assigned
to the so-called Timber Belt beds."

The Fayette clays are referred to, in a report by the State Geol-
ogist, as follows:—*

“The Fayette beds contain light-colored clays, many‘ of which
are pure white. These beds of clay not only underlie and overlie
the middle beds of Fayette sands; but they are also found inter-
bedded with that series.”

Many analyses have been made of clays of various portions of

¥ Second An. Rep., State Geologist of Texas, p. 74.
2 Excerpt, * Clay Materials of the U, S.,” by Robert T, Hill, page 521.
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these beds. While some of them are too high in alkalies, or fusi-
ble constituents, others are well suited, for the manufacture of all
grades of earthenware, below that of porcelain, or French china, as
it is called. Clays of this variety have been secured, in various
localities, from Angelina to, and below, Fayette county.

The most important of the fire-clay localities, in Texas, is that at
Athens, the county-seat of Henderson county, in the northeast part
of the State. At this point, the clay belongs to the Miocene, or
Fayette, horizon. The results of the writer’s investigations of a
sample, taken from the bed at Athens, may be seen in the tables

of comparison.

GEORGIA

All the geological formations of this State furnish clays, either
residual or sedimentary; and, in many parts of the State, these are
found of sufficient purity, to warrant their use as refractory mate-
rial. Clays, for other purposes, occur abundantly, and are widely
distributed. They are used in the manufacture of all kinds of
building-brick, both red and buff, sewer-pipes, pottery, terra-cotta,
fire-brick and fire-proofing.

The clays of the Fall Line, from which the typical fire-clay sam-
ple is selected, have already been discussed in another chapter,’
and the facts will be but briefly summarized, here.

The fire-clay horizon belongs to the Potomac division of the Lower
Cretaceous, which extends across the State, in a narrow belt, running
from Columbus to Augusta, and is largely overlaid by the sands

and clays of the Tertiary, Lafayette or Columbia formations.

I See Chapter II.
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The locality, from which the type-clay, used in this comparative
study, was selected, is Griswoldville, Jones county, which is located
near the center of the most extensive and most developed outcrop-
pings of the high-grade Potomac clays in Georgia. This clay is
used, at many localities, in the manufacture of pottery, usually on
a small scale; and, at only one place, namely, Stevens Pottery, in the
manufacture of fire-brick. Stevens Pottery is but a few miles north-
east of Griswoldville. At Lewiston, about six miles east, and at Dry
Branch, about five miles west of Griswoldville, this same clay is
mined for shipment to manufacturers of wall-paper. The clay is
found in all directions from Griswoldville, being exposed in railroad
cuts, or in gullies, in the field. It is mined in open cuts, being
sometimes bare of stripping; but, usually, it is covered, by from
eight to twenty feet of sand and gravel. For the analysis and de-
tailed description of this clay, the reader is referred to Chapter 117,
pages 107-109 inclusive, where they occur, in the notes on the Fall

Line Clays.
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Water Lost, on Drying at

100° C., or ‘ Hygro-

scopic Moisture” . . 0.57] 1.34] 1.23] 1.08| 2.63 2.42| 0.83] 2.74 1.40; 1.82| 1.48
Combined Water, CO,and !

Organic Matter . 13.08| 14.03| ro.22| 12.89| 8.94| 12.76] 13.30| 10.20 | I13.11| .17 12.62
Combined Silica, SiO, 44-94, 43-46] 32.03] 44.84] 26.03 | 36.03| 45.99; 27.56 | 43.28 31.82] 41.93
Alumina, ALO, . 39.13] 36.98| 28.14] 37.27| 21.16| 31.75] 31.72| 23.26 | 40.04] 20.71| 38.14
Free Silica, or Sand . 1.23| 1.92| 26.81] o0.61|38.32| 17.00| §.22{31.82| o0.31| 37.06| ©5.90
Ferric Oxide, Fe,O, 0.45 ©0.99[ 1.67| 1.48 2.72 1.06 0.36] 3.24 2.40f 1.0I| 1.3I
Lime, CaO . 0.18 o.15 o0.49| o0.58 o0.61 0.87| 0.36| 0.65{ o.15 o0.22| trace
Magnesia, MgO . . o.11] 0.83] 0.28 o0.62) o.30 0.04| o0.23] o.42 o0.17| 0.39{ o©0.17
Potash, K,0 o.51, o.2rf o.15 0.89] 0.86| o0.16] 0.48 o0.54| o©0.30, 0.69] o0.49
Soda, Na,O . 0.63 0.28| 0.46| o.19] 0.88 0.48| o©0.45] o.79 ! 0.38] o0.39{ o0.42

Total 100.45| 98.75/ 100.25| 99.37 09.82°[ 100.15| 08.11| 98.48" 100.14| 99.46| 100.98
Clay Base? . 97-34| 94.37 70.39| 95.00| 56.13 | 80.54] gr.or| 61.02 | 96.43) 59.70| 92.69
Fluxing Impurities . 1.88] 2.46] 3.45 3.74] 5.37 2.58| 2.27] 5.64| 3.40] 2.70 2.39

! Based on Clay, dried at 100° C.

3 Contained, also, Sulphur, .12, and Sulphur Tri-oxide, .z6.

2 Approximate.

* Contained, also, Sulphur, .31, and Sulphur Tri-oxide, .35.
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TABLES OF COMPARISON

CLaY BAsSE PrRESENT

1 Griswoldville, Georgia _.._.____ 97.34 per cent.
2 Sciotoville, Ohio___ . .____._.__._._ 96.43 ¢ ¢
3 Woodland, Penn. ... .______ _. g5.00 * ¢
4 Woodbridge, N. J. ._._.______.._ 94.37 “ «
5 Mount Savage, Md. _.._.______ g2.69 “
6 Golden, Colo. ___.___._.._.. .. gror *“ ¢
7 Carbondale, Cal.._..__..__._._ 80.54 “ ¢
8 Canal Dover, Ohio._.__..._ __ 70.39 *“ ¢
9 Evens & Howard, St. Louis, Mo. 61.02 * ¢
10 Athens, Texas —woow oo oo 59.70 ¢ ¢
11 Christy, St. Louis, Mo. ._.. ... 56.13 “ ¢
SaND PRESENT
1 Sciotoville, Ohio._.__..__....__ 0.3 per cent.
2 Woodland, Penn..____._.______ o0.61 * ¢
3 Griswoldville, Georgia - ___.___ 1.23 “ ¢
4 Woodbridge, N. J. _.__._.._.... 1L.g2 *“ ¢«
5 Golden, Colo. __ . ___.__.._._ .22 ¢ «
6 Mount Savage, Md. _.._.__.._. 5.0 “ ¢
7 Carbondale, Cal. .___.___ . ... 17.00 *
8 Canal Dover, Ohio .. ____. ... _ 26.81 “
9 Evens & Howard, St. Louis, Mo. 31.82 *“ ¢«
10 Athens, Texas ... ________.____ 37.06 ¢«
11 Christy, St. Louis, Mo, ._._._._. 38.32 * ¢
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FLuxEs PRESENT

Griswoldville, Georgia . .._. ____
Golden, Colo._ .. . __ . ________
Mount Savage, Md. __ .. .__..__.
Woodbridge, N. J. __ __._. . __.
Carbondale, Cal. ... __.___.__.__
Athens, Texas . _.-_ .. ._..
Canal Dover, Ohio . __.___.___ .
Sciotoville, $ L ee_.
Woodland, Penn. .. .___.____ _.
Christy, St. Louis, Mo. - _. .. _.
Evens & Howard, St. Louis, Mo.
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1.88 per cent.
2.27 ‘ ¢
2.39 ‘¢
2.46 ¢«
2.58 ¢
2.70 ¢ ¢
3.45 ¢
3.40 Y
3.74 ¢
5:37 ¢
5.64

Scare oF ReraTive DENSITIES

~ (No. 1, LEasT DENSE)

-

Griswoldville, Georgia
Woodbridge, N. J.
Athens, Texas
Carbondale, Cal.

Canal Dover, Ohio
Golden, Colo.

Mount Savage, Md.
Sciotoville, Ohio
Woodland, Penn.
Evens & Howard, St. Louis,
Christy, St. Louis, Mo.
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TENSILE STRENGTH

(WET)

-

Christy, St. Louis, Mo. — Strongest

2  Woodbridge, N. J.

3 Athens, Texas

4 Woodland, Penn.

5 Evens & Howard, St. Louis, Mo.

6 Griswoldville, Georgia

7 Carbondale, Cal.

8 Sciotoville, Ohio

9 Canal Dover, *

10 Golden, Colo.

11 Mount Savage, Md. — Weakest

TENSILE STRENGTH
(DrY)

Christry, St. Louis, Mo, ______ 1561bs. persq.i
Evens & Howard, St. Louis, Mo. 128 ¢ ¢« «
Athens, Texas.___.____._._. 115 *«“ * «
Golden, Colo. ... __. 60« &
Mt. Savage, Md. ._.._. . __._ 49 « ¢« o«
Canal Dover, Ohio.._. .. . 47 ¢« “ «
Sciotoville, Ohio__.._.._._.._. 38 « v« «
Griswoldville, Ga..__._. ._ .. Y ST
Woodland, Penn. ._ . __ __ __. 31 ¢« ¢« ¢
Woodbridge, N. J. ... ... 24 ¢ « «

Carbondale, Cal. ... .___._..._ 16
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ScaLE OF PENETRABILITY
(WET)
No. 1, Least Penetrated
Mount Savage, Md.
Athens, Texas
Christy, St. Louis, Mo.
Woodbridge, N. J.
Golden, Colo.
Griswoldville, Georgia
Carbondale, Cal.
Evens & Howard, St. Louis, Mo.
Canal Dover, Ohio
Sciotoville, Ohio .
Woodland, Penn.

ScaLE oF RErLaTIVE HARDNESS

(as Cray Occurs IN THE FIELD)
Carbondale, Cal. — Softest
Athens, Texas
Griswoldville, Georgia
Woodbridge, N. ].

Christy, St. Louis, Mo.

Evens & Howard, St. Louis, Mo.
Golden, Colo.

Sciotoville, Ohio

Canal Dover, ¢

Woodland, Penn.

Mount Savage, Md. — Hardest
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The foregoing tables show, of the Georgia fire-clay, that, of the
whole series, it is the most refractory, and contains the largest
amount of clay base, the smallest amount of fluxing impurities and
nearly the smallest amount of sand. It is one of the softest clays
in the series; is the least dense; and absorbs the largest percentage
of water. As regards shrinkage on drying, it stands intermediate in
the series; but there is no further shrinkage on burning, which is
true of only one other sample in the series, namely, that from
Athens, Texas. In tensile strength, both dry and wet, and in pen-
etrability, it is intermediate. In most of the important properties
for a fire-clay, it is remarkable. There are few fire-clays, however,
which have such a range of properties, as makes them suitable for
manufacture, without a mixture of other clays; as, for instance, to
make them more plastic, less plastic, more refractory, shrink less, or
possess a greater tensile strength and “body.” Its one defect is,

that it crackles, on burning; but this can be easily remedied.

_,3%.____



APPENDIX

By W. S. YEATES, STATE GEOLOGIST

Dr. Ladd having failed to furnish the “list of publications,” re-
ferred to, on page 36, I have compiled a bibliography of such pub-
lications on the subject of Clay and its manufacture, as seemed
desirable for this work. For an excellent and very extensive

bibliography, the reader is referred to the work of Dr. J. C. Bran-
ner, mentioned in the list below.
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