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On page 73, the foot-note should be transposed to page 74.
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On pages 257 and 259, page headings, for “KOALINS”’
read KAOLINS.
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LETTER OF TRANSMITTAL

GEOLOGICAL SURVEY OF GEORGIA,
ArLanTa, February 5, 1909.

To His Excellency, Hoke Smits, Governor and President of
the Advisory Board of the Geological Survey of Georgia.

Sie: I have the honor to transmit herewith for publica-
tion the report of Mr. Otto Veatch, Assistant State Geologist,
“on the Clay Deposits of Georgia. This report is the second
report published by the State Geological Survey on this sub-
ject. The first report, published in 1898, was confined entirely
to the Cretaceous- clays along the Fall Line, whereas this
report includes not only the Fall Line clays, but also the clays
of all parts of the State. The large amount of valuable
information brought together in this report will be, no doubt,
of great value, not only to the clay prospectors, but will also
be the means of calling the attention of clay manufacturers
to our high grade kaolins and fire clays which occur in great
abundance. '

Very respectfully yours,
S. W. McCavLLig,
State Geologist.
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PREFACE

The following is the second report on clays issued by
the Geological Survey of Georgia. A report was issued in
1898 by Dr. Geo. E. Ladd on a part of the clays of the
.State; this report was .concerned only with the clays along
the Fall Line, and it was then the intention of Prof. W. S.
Yeates, late State Geologist, to publish a second bulletin
covering the entire State. This work was entrusted to me
and the accompanying report is submitted as the result of my
labors. Since the publicaion of Dr. Ladd’s report, much
development work has been done and new uses for the clays
have been discovered, and it was thought best to re-survey
the region covered by him. Many inquiries concerning the -
clays of the State have been received by the Geological Depart-
ment, both from citizens of the State and investors from
other States and it is hoped that the present report will sup-
ply these demands for information.

The field work of the report was done by the author, and
all of the principal clay localities and plants manufacturing
clay products in the State were visited in person. The time
consumed by this work was much more than was anticipated
in the beginning. In addition to the description of known
clay localities, much purely geological work and exploratory
work was done. As a result of my geological work a map
of the Cretaceous formations of Georgia is presented. But
little geological information has hitherto been published con-
cerning the Cretaceous in western Georgia, and the forma-
tion had not been subdivided and mapped.

The physical tests accompanying the report are, with the
exception of those on specific gravity, the work of the author.
It is regretted, that they could not be made more completé,
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but neither the time nor the laboratory equipment was avail-
able. The excellent chemical analyses in the report were
- made by Dr. Edgar Everhart, Chemist of the Geological Sur-
vey, except when otherwise specified. Dr. Everhart also
made the specific gravity tests. '

For the arrangement and manner of presentation, the
author is responsible. The first part of the report contains

general information, such as has been largely published in.
reports on clays by other State surveys. It was believed

that such was necessary to an intelligent understanding of
the subsequent part of the book, and the data concerning the
origin, physical and chemical properties has been presented
in as concise a manner as -possible, and technical detail
omitted.

Detailed descr{ption of clay working plants—manufactur-
ing processes, machinery, kilns, personel, etc.—are omitted
- as not being with the province of this report. Such desecrip-
tions would only make the report unduly bulky. It will be
found that a number of the counties in the State are not men-
tioned. Such counties are either remotely situated or con-
tain no known clay deposits likely to be of value. On account
of the large field to cover, exploratory work in these counties
could not be undertaken.

Throughout the progress of the field work manufacturers
and property owners generally manifested interest and gave
such assistance as was desired. Acknowledgement is made
to Prof. S. W. McCallie, State Geologist, and Dr. Edgar Ever-
hart, Chemist, for their helpful interest in the work.



The Clay Deposits of Georgia

CHAPTER I

CLASSIFICATION AND ORIGIN OF CLAYS

Drrinrrron.—The term clay is applied to earthy materials,
which have the property of plasticity when wet, and are cap-
able of being moulded and of retaining their moulded shape
when dry, and have further the property of hardening when
burned. Chemically and mineralogically, clay consists of a
variable mixture of mineral fragments, an essential constit-
uent of which is a hydrated silicate of alumina, kaolinite, or
some allied mineral, which must be present before the mixture
can have certain physical properties, requisite for its use in
the manufacture of clay wares. Clays may exist as almost
pure kaolinite or kaolins through all variations of purity,
until they grade into sands, limestone, and other sedimentary
rocks. '

Oriein.—All clays are of secondary origin and have been
derived directly or indirectly from the decay and breaking
down of the original igneous rocks of the earth’s crust. This
. decay has taken place mainly through the atmospheric agen-
cies, rain, frost, changes in temperature, wind, and through
atmospheric gases and organic agencies, plants and animals,
all of which may be included under the term weathering. The
minerals of igneous rocks, which have been the chief source
of kaolinite, or the clay base or clay substance of clays, are
the feldspars. Other aluminous minerals, however, have
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doubtless been a source of the kaolinite of clays, and the fol-
lowing list of minerals has been noted by Prof. C. R. Van
Hise' as having produced kaolinite through chemical altera-
tion:

Andalusite, anorthoclase, biotite, cyanite, epidote, leucite,
microcline, nephelite, orthoclase, plagioclase, scapolite, silli-
manite, sodalite, topaz and zoisite.

The most probable chemical reactions taking place when
the feldspars are altered to koalinite are given by Van Hise?
as follows:

ORTHOCLASE—

2K AlSi,05-+2H,0+C0,=H,ALSi,0,+48i0,+ K,CO,.

ALBITE—

2NaAlSi;0,+2H,0+C0,~H,ALSi,0,-+48i0,+ Na,C0;.

ANORTHITE—

4CaALSi,0,+3H,0=H,Ca,A1Si,0x+ H,ALSi,0,

The composition of kaolin is—H,A1,8i,0,, or AlQ,, 28i0,, 2H,0, which rep-
resents a percentage of 39.8% of alumina, 46.3% of silica, and 13.9% water.

In addition to the alteration of feldspar by weathering,
it seems probable that it may also be altered by pneumatolysis
or by the action of ascending acidic vapors. The kaolin of
Cornwall, England, has been attributed to action of this kind.

Weathering agencies tend to break down and decompose
igneous rock masses, by kaolinizing the feldspars and other
aluminous minerals, decomposing or taking into solution
others while still other more stable minerals are left as me-
chanical detritus. The residual or disintegrated mass from
weathering, consisting of clay and more or less decomposed
mineral fragments, is taken into suspension by running water
and deposited in flood plains, lakes, estuaries and seas. The
clay of the residue is deposited as kaolin or, together with
many mineral impurities, as impure, laminated clays and

iTreatise on Metamorphism, p. 352.
*Treatise on Metamorphism, p. 253.



CLASSIFICATION AND ORIGIN OF CLAYS 19

shales, and is contained in small percentages in other sedi-
mentary rocks as limestones and sandstones. These sedi-
ments may become land surface and are themselves subject
_to weathering and decay, and through the same process as
above, secondary deposits of clays are formed from them.
The origin of the main classes of clays will be discussed in
detail in the following pages. :

. CLASSIFICATION OF CLAYS

The following classification of clays is given from the
point of view of origin. A classification of clays may also be
made upon the basis of uses and physical and chemical prop-
erties, and is perhaps more desired by the clay worker than
the former; but the genetic classification is here given, since
it is regarded as essential to the understanding of the primary
divisions of clays, and ultimately the technological classifica-
tion itself is based upon the genetic classification, and is not
clearly understood until the reader has some knowledge of the
origin of clays.

The classification here given is a modification of numer-
ous others given by geologists and clay technologists.

1. ResmuaL—
Resulting in sitw from the
A. Kaolins, ] decay ff both igneous and
sedimentary rocks.
C. Semi-residual deposits.
2. TraNsPORTED—
A. Sedimentary deposits.
1. Marine and Estuarine.
a. Shales and slates.
b. Kaolins and fire clays.
¢. Impure or red burning clays,
unconsolidated.
2. Lacustrine.
a. Shales and fire clays.

b. Impure and ecalcareous clays.
3. Stream.

a. Alluvial clays.

B. Impure clays. J>
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B. Glacial deposits.
1. Bowlder clays.
2. (lacio-fluvial deposits.

C. Gravity assisted by water, or colluvial de-
posits.

D. Wind deposits.
1. Loess.

3. CmemrcaL DeposiTs.
1. Flint clays (in part).
2. Bauxitic clays (in certain localities).

RESIDUAL CLAYS

Residual deposits of clays are those clays which are left
as a residue of the decay of rock and which occupy more or
less closely the position of the rock from which they are de-
rived—those clays which have not been removed by meteoric
agencies from their place of origin. They may be derived
from any variety of sedimentary or igneous rocks and hence
have extreme variations in chemical and mineralogical com-

"position and physical properties.

The process by which rocks are converted into residual
clay deposits is called weathering. Weathering is produced
by both chemical and physical changes, and the agencies effect-
ing these changes are the atmosphere, water, and plant and
animal life. The atmosphere exerts both a chemical and
mechanical effect in disintegrating and decomposing rock
masses. The atmosphere is laden with gases, which are
taken into solution in the moisture of the air, and then exert
a chemical effect upon the minerals of rocks. Carbon dioxide,
CO,, is widely distributed in the atmosphere, and this, when
taken into solution by rain waters, exerts a strong solvent
effect upon minerals and rocks. The oxygen of the atmos-
phere also enters into combination with elements of rocks and
exerts a disintegrating effect. Oxidation is especially noticed
in connection with iron minerals. By changes in tempera-
ture, heat and cold, and by the wind, great mechanical or dis-
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integrating effects are brought about. Expansion and con-
traction from heat and cold set up strains in minerals which
gradually result in a breaking up of the rock. Rain water is
the most important agency in weathering; even pure water
exerts a solvent effect upon minerals, and this is increased by
-acids taken from the atmosphere and those derived from
plants and animals. The dropping of rain also exerts a me-
" chanical effect in moving disintegrated rock particles and pro-
ducing friction and wear of one particle over another. Plants
and animals also produce both a chemical and physical effect
in bringing about the destruction of rocks. The decay of
vegetable matter liberates organic acids which aid the decom-
"posing effect of water, and the growth of roots of trees are
observed to fill crevices and disrupt or pry apart blocks of
rocks. Certain animal life is also thought to exert an im-
portant effect in the decomposition of rock.

The form and character of a residual clay deposit, result-
ing from the processes of weathering above enumerated, will
depend upon the form, chemical composition, and texture and
stracture of the rock from which it was derived.

Resipuar Kaonins.—Kaolin is the term applied to those
clays which are white in color, which burn white and ap-
proach the mineral kaolinite in composition. Commercially
they are the most valuable clays, being used extensively in
the i_nanufacture of chinaware, porcelain, paper, etc. They
may be both of residual and sedimentary origin. Both types
of deposits occur in Georgia. The residual kaolins are de-
rived chiefly from the decomposition of the feldspars of
coarse granites or pegmatites, but may also be derived from
sediments, generally limestone, although it is possible for
residual kaolins to result from shales or schists and arkosie
sandstones. , .

In the formation of a residual kaolin from weathering, a
coarse granite or pegmatite may be taken for illustration.
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The granite is composed chiefly of feldspar (orthoclase),
quartz and mica. By the processes of carbonation and hydra-
tion the feldspar is decomposed and converted into kaolinite,
with a loss of silica and potash; the quartz of the granite is
disintegrated and may be in a very finely divided state, but
i1s not greatly affected chemically and remains in the kaolin
as a mechanical impurity or sand; the mica is disintegrated
and exists in the residual mass as small silvery flakes, but it
is not improbable that the mica itself through chemical altera-
tion has produced some kaolin. There may be minor acces-
sory minerals such as magnetite, garnet, apatite and zircon,
which may or may not be altered by the weathering agencies,
but on account of the amount present, they exert little effect
upon the purity of the residual mass. When biotite, or iron
bearing micas, occur they are oxidized and iron oxide derived
from them, forms an impurity in the residual clay. The re-
sult of the weathering is a friable mass of more or less pure
kaolin with a large percentage of quartz sand and other un-
decomposed minerals. The form and extent of a deposit will
depend upon the form and extent of the rock from which it
was derived. It may be in the form of veins, sheets, pockets
or may be derived from an intrusive mass or boss extending
over wide areas. In granites and other feldspathic rocks
complete kaolinization has often taken place to depths of 100
feet, beyond which the feldspars are undecomposed.

Residual kaolins derived from granitic rocks are observed
throughout the Crystalline area in Georgia, but no deposits
have yet been exploited and worked on a commerecial scale.

Resipvar, KaoLins From SepiMENTARY Rocks.—Extensive
deposits of white clays approaching kaolins in composition
are known to be derived from the weathering of sedimentary
rocks. Quite pure, white clays derived from hydro-mica
slates occur in Pennsylvania, and Wheeler describes deposits
of kaolin resulting from decay of Cambrian, Ordovician and
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Carboniferous limestones in Missouri. In Georgia, in the
areas underlain by the Knox dolomite formation, there are
deposits of white clays which are undoubtedly residual in
origin. The most probable explanation of these deposits is
that the kaolin was contained in the original rock as an
earthy impurity and was not derived from the alteration of
minerals in the rock. The clay might have occurred in cavi-
ties in the limestone or may have been disseminated as fine
aluminous matter. In the processes of sub-aerial decay, the
soluble portions of the rock were carried away in solution
and insoluble impurities such as clay, chert and iron were
left as a residue. The essential conditions for the formation
of residual kaolin deposits derived in such manner are that
the clay residue be in such a position that it will not be trans-
ported in suspension by running water, and that the original
rock does not contain a high percentage of insoluble impuri-
ties. Such impurities as lime, magnesia and the alkalies
would be largely removed in solution and would not greatly
affect the purity of the clay. It must be borne in mind that
while deposits derived from sediments may be directly resi-
dual, the primary source of the clays is from the decay of
igneous rocks.

Impure Resmouan Cravs.—Impure residual clays may be
derived from all varieties of rocks igneous or sedimentary,
and consequently have wide variations in color, texture, and
physical properties and extreme variations in chemical com-
position. The most common impurity in such clays is irdn,
which is also the chief coloring agent. Impure residual clays
may be high in lime, alkalies or magnesia, depending largely
upon the chemical composition of the rock from which they
were derived. These clays may be highly ferruginous, quite
siliceous or sandy, and very calcareous. Their origin is simi-
lar to that of the residual kaolins, being due to the decompo-
sition and disintegration of rock masses by weathering.
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Residual clays are of wide distribution and frequently
occur in considerable thickness, and form brick and pottery
clays of much economic value. The residual clays of the
Piedmont region are a conspicuous bright red on account of
their iron content. They are derived from the decay of the
crystalline rocks, granites, schists, diorites, ete. The residual
clays of the Paleozoic area are derived from limestones, sand-
stones and shales. Those from the limestones are usually red
in color though they may be bluish, yellow or even white and
usually possess good plasticity, except in cases where the
limestone was cherty and they are, then, highly siliceous.
The shales produce red, yellow, and light colored plastic clays.
Those derived from the sandstones, sandy shales and quartz-
ites are so highly siliceous that they are of no economic im-
portance. The Coastal Plain of Georgia is composed of com-
paratively recent sediments and has not been subjected to
weathering for such great periods of time as the older rocks
have, and also, from the fact that the rocks are for the most
part friable sands and clays, its residual clays are incon-
spicuous.

Semi-ResipvaL Crays.—In the Piedmont Plateau there are
ancient, highly metamorphosed sediménts, probably originally
shales, which are considerably decomposed but which still re-
tain their structure and are not completely disintegrated.
These rocks, where unaltered, have lost their plasticity
through metamorphic changes and are valueless for clay pro-
ducts. However, by partial decomposition, mainly of alumin-
ous minerals, they are of some economic value. Such de-
posits can hardly be termed residual clays, since the rock
preserves to some extent its orginal structure. The above
conditions apply equally well to schists of doubtful origin, and
hence such clays could hardly be termed sedimentary clays.
For this type of clay, Mr. Earle Sloan, State Geologist of
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South Carolina, applied the term Meta-residual’. In Georgia,
such deposits as that being mined at Belair in Richmond
county and the so-called shale used for the manufacture of
building brick at Bolton, in Fulton county, may be placed in
this class.

TRANSPORTED CLAYS

SEpIMENTARY CLAYS

The clays and disintegrated rock masses produced by
weathering do not always remain at their point of origin.
The aluminous or clayey matter of residual deposits, together
with more or less mechanical and chemical impurities, have
been transported and deposited by running water, wind and
ice, and form the second main division of clays, transported
clays. - When the mantle of residual material or regolith is
taken into suspension by running water or streams, the sedi-
ment carried is deposited in flood plains, lakes, estuaries and
seas. The clay deposits formed in this way are termed sedi-
mentary deposits.

MariNE aND Estuarine Deposits.—The clays which have
been carried out to the bottoms of the seas and estuaries, or
arms of seas, form stratified or bedded deposits of various
. types of clays. Shales are fine clay and mineral particles
which have been carried far out into large bodies of still
water and deposited as stratified or laminated muds of some-
times enormous thickness. By changes of elevations in the
sea bottoms and by a change in the character of the sediment
brought down by the streams, other sediments may be borne
over the muds, the whole may become land surface, and
through pressure and metamorphism the laminated muds are
-consolidated and become shales. When the beds of shale are

'Bull. No. 1, 8. C. Geol. Survey, p. 21
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subjected to heat and pressure in the process of mountain
making, they become metamorphosed into slates and schists
and thereby lose the properties of clays. Also, by process of
metamorphism the original minerals may be altered and rear-
ranged and new minerals developed so that the resulting
texture is quite different from that of the original deposil.
The term shale applies to structure rather than to chemi-
cal composition or mineral constitution, and shale clays may
have a wide range in composition, varying from highly sili-
ceous or sandy to very calcareous and bituminous. KEnormous
thicknesses occur ; the Conasauga shale formation of Georgia
reaches a thickness of 4,000 to 5,000 feet. Shales are used in
the manufacture of all kinds of clay wares except chinaware
and porcelain. They have properties similar to non-indu-
rated clays, but do not possess plasticity until finely ground.
Some plastic kaolins and white fire clays occur as sedi-
mentary deposits and are either of estuarine origin or were
deposited in off-shore bodies of water. Typical of such de-
posits are the extensive beds of white cays of the Cretaceous
and Tertiary formations of the Coastal Plain of Georgia.
These deposits are generally soft, and massive bedded and do
not show the laminated structure usually observed in sedi-
mentary clays. They are derived from the residual clays of -
the highly feldspathic, crystalline rocks of the Piedmont
Plateau, and were transported only short distances. The
origin of the white clays of the Cretaceous in Georgia is dis-
cussed in detail on a subsequent page. :
There are also extensive sedimentary deposits of marine
origin which have been deposited in seas in a similar manner
to shales, but which differ from shales chiefly in that they
are unconsolidated. There are extensive deposits of such
clays in the Cretaceous and Tertiary formations of the
Coastal Plain. These clays may have a laminated structure
and vary in composition and texture just as do the shales.
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The laminated sandy clays and black clay-marls of the Upper
Cretaceous, and the extensive fuller’s earth formation of the
Claiborne are good examples of such clays in Georgia. Un-
like shales, however, they have not been consolidated and
metamorphosed by pressure, and their plasticity may be de-
veloped without fine grinding. These clays may be calca-
reous, very sandy, or lignitic. They are chiefly of value for
brick: purposes.

LaoustRiNE Cravs.—Residual clays and rock debris may
be transported by streams and deposited in lakes and such
sediments are similar to those deposited in seas, in being
sorted and having a laminated and bedded structure. Lake
clays of glacial origin are common in some of the Northern
States, having been deposited in basins in front of the ice
sheet, or in valleys dammed up by drift. Some deposits have
‘been formed in swamps and bogs. This is generally sup-
posed to be the origin of the fire clay deposits underlying coal
~ seams, and their present purity is due to a leaching out of im-

purities by organic acids formed from the decay of vegetable
matter. The impure plastic clays in swamps along the larger
streams and near the coast in the Coastal Plain of Georgia
belong to this division of clays. These clays are very fine
grained, plastic and contain organic matter. They have been
taken into suspension by running water flowing into the
swamps, and are accumulated very slowly, since the land is
flat and the streams are very sluggish and retain in suspen-
. sion only the finest particles.

Stream DEeposiTs 0B Arruvian Crays.—In the early stages
of the existence of a stream its valley is narrow and V-shaped,
and it has rapid flow or steep gradient. It is engaged in
cutting down its channel, and the sediment which it carries in
suspension is coarse and is used by the stream in corroding
~ its channel in the rock over which it flows. The stream reaches
- a stage in its history when it ceases cutting down and it begins
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to widen its valley by cutting into its sides and flowing from
one side of the valley to the other, thus forming a flat plain

called its flood plain. At this stage, the river is sluggish, and
" only the clay and silty particles are carried in suspension.
During flood periods the stream may be overloaded or contain
more sediment than it can carry, and this is dropped in its flood
plain to form alluvial deposits. The alluvium is derived from
the residual material of rock decomposition just as all other
sedimentary deposits are. Rainwater washes the soil and
disintegrated rock into gullies and ravines, these enter small
branches or tributary streams, and these in turn enter larger
streams. The coarser material is deposited near the heads of
the streams and the finer material along the lower courses; the
coarse material is dropped first and the finer material remains
in suspension longest. In times of flood, the streams spread
over their plains, and the velocity of the stream being checked
some of its sediment is dropped forming a mantle of silt and
sand. This accumulation continues until great thicknesses
of alluvial deposits are formed. From the origin of alluvial
deposits, they would be expected to be quite variable in texture
and structure. The clay of alluvial deposits is generally
mixed with sand and is quite variable in extent and thickness.
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Fig. 1.—Sketch Showing an Alluvial Deposit of Clay.

Clay particles remain in suspension longest and are deposited
only in comparatively still water, and much of the clay of
alluvial deposits probably represents deposits from back
water and cut-offs, and are in the form of pockets or lenses
and not in continuous layers.
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The character of the clay depends largely upon the nature
of the rock formations over which the stream and its tribu-
taries flow. To take concrete examples, the alluvial clays
along the large streams in the Piedmont Plateau, contain a
large percentage of quartz and mica sand and other unde-
composed minerals derived from igneous rocks and the clay
is bluish or gray in color, and is simply residual kaolin made
plastic in the processés of transportation and deposition.
They contain from two to six per cent. of iron and no lime

“or only a very small amount. Those streams which originate
in the Coastal Plain, on account of the very sandy character
of the rock over which they flow, do not produce any alluvial
deposits of economic value.

Alluvial deposits furnish some of the most valuable brick
and tile clays in Georgia.

@raciat, DeposiTS

In that part of the United States which was covered by the
continental ice sheet, there are deposits of impure clays which
were transported by the ice. This material deposited by the
ice is of a heterogeneous character, and consists of the ground-
up rocks over which the glaciers advanced. Some deposits
were formed which were partly water deposits. These are a
redeposition of the drift, brought down by the ice, in streams
and lakes, the water of which was derived from the melting of
the ice.

CoLLuvial DeposiTs

Colluvial clay deposits differ from residual deposits in that
they have not been carried in suspension by streams and
are not flood plain deposits. They occupy a position mid-
way between residual and alluvial deposits and may by
gradual transition pass into either. They are due to the
transportation of residual material, by gravity and wash
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to the foot of slopes. The factors in the formation
of colluvial deposits are: 1, surface decay of rock masses
producing residual deposits; 2, transportation of this residual
material by gravity and wash; 3, rearrangement of the trans-
ported material by mechanical and chemical changes. To
illustrate the formation of a deposit, take as an example a hill
of residual material derived from a granitic rock. The sec-
tion of the residue is, beginning at the top, red clay soil con-
taining coarse quartz fragments, yellow to gray clayey resi-
due, disintegrated rock, and finally unaltered rock. By wash
from rainwater, the fine clay particles of the residue are
carried furthest and lodged at the slope of the hill, forming
the clay deposit. In granite regions, the clay at the foot of
the slope may be almost white, gradually changing into the
red and yellow soil higher up the slope.
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Fig. 2.—Sketch Ilustrating the Formation of a Colluvial Clay Deposit.

Colluvial deposits furnish some very good brick and pot-
tery clays throughout the Piedmont Plateau of the State.
Such deposits, however, are usually small.

‘Winp DeposiTs

In the Mississippi and Missouri valleys, there are de-
posits of loess, which may have been in part deposited
by wind action. The loess bears a relation to the ice sheets
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F16. 1.—ALTAMAHA SANDSTONE NEAR REGISTER.

Fi16. 2.—ALTAMAHA SANDSTONE NEAR REGISTER,
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and was derived from the sediments brought down by
glaciers; it consists mainly of very fine sand grains, and
only a small percentage of clay. It has been used in the
manufacture of brick.

CHEMICAL DEPOSITS

From what has been said previously regarding the origin
of clays, deposits of chemical origin would hardly be expected.
Some commercially valuable clays are ascribed to this origin,
however. Mr. H. A. Wheeler, who studied the clay deposits
of Missouri, was of the opinion that certain non-plastic flint
clays found in the limestones of Missouri, were chemical de-
posits, being primarily sedimentary deposits and altered sub-
sequently by leaching and recrystallization. Certain bauxite
clays, closely associated with bauxite, occurring in northwest
Georgia, are, in the opinion of the writer, associated in origin
with the bauxite. The bauxite deposits were studied by Dr.
C. W. Hayes and Dr. T. L. Watson, and the most acceptable
theory in their opinions, was that the bauxite was precipitated
from a chemical solution.

Some white clays in the Cretaceous formation of the
Coastal Plain were observed by the writer to have a perfect
pisolitic and concretionary structure, and it is difficult to
conceive how this structure could have originated, except
from precipitation from a chemical solution. The clays are,
however, sedimentary deposits which have been altered chem-

ically, in place, most likely, and have not been transported in
* solution.

The halloysite deposits in Dade county, Georgia, represent
probably a chemical alteration of residual kaolin. Small
veins of halloysite are observed in altered granitic rocks in the
Piedmont Plateau, and these are either a chemical alteration
of residual kaolin derived from feldspars or an alteration of
the feldspar itself.



CHAPTER 1I

MINERALOGICAL AND CHEMICAL COMPOSITION OF
CLAYS

Mingrars oF CLays

Clay, if absolutely pure, would consist of aggregates of
hydrated silicate of alumina alone, the mineral kaolinite, or
some allied mineral. Absolutely pure clay, in commercial
quantities, however, is not known, and the clay of commerce
consists of aggregates of particles of minerals found in
igneous and sedimentary rocks; of such aggregates, kaolinite,
or some allied hydrated silicate of alumina, is an essential
constituent. '

Clays may exist as almost pure, as kaolins, or may be of
complex mineral composition, or may consist predominantly
of one mineral with only a very small percentage of clay.
Thus clays may vary from 99 per cent. pure to those contain-
ing only 5 or 6 per cent. clay substance. The different min-
erals existing in clays may occur as oxides, carbonates, sili-
cates, sulphates, etc., and different minerals have different
chemical and physical properties and their presence in clays
in appreciable amounts, exerts a peculiar influence upon the
working and burning qualities of clays.

The following is a list of the more common minerals, which
have been identified by various investigators, occurring in
clay: quartz, orthoclase, plagioclase, muscovite, biotite, lim-
onite, hematite, magnetite, pyroxene, hornblende, pyrite, sid-
erite, calcite, garnets, manganese oxide, gypsum, rutile, ilmen-
ite, tourmaline, glauconite and bauxite.
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The kinds and quantity of minerals found in clay are de-
termined by its origin, whether sedimentary, residual, ete.,
and the rocks from which it was derived. The list of miner-
als given above could doubtless be vastly augmented, and
perhaps a greater part of all of the minerals known to occur
in rocks might under peculiar conditions be found in clays,
but such a list would be neither of practical nor of scientific
value. Only those minerals which occur in commercially
valuable clays and which have a direct bearing upon the prop-
erties of the clay or are of special mineralogic interest need be
discussed.

Kaouinite.—Kaolinite is a hydrated silicate of alumina.
Its chemical formula is Al,0,, 2Si0,, 2H,0, which represents,
alumina, 39.8 per cent., silica, 46.3 per cent., and water, 13.9
per cent. In its crystalline form, it is white or pearly and
occurs in hexagonal plates. It has a hardness of 2 to 2.5 and
a specific gravity of 2.2 to 2.6. The mineral is commonly re-
garded as the base of clays, though its presence in the crys-
talline form is rarely detected with certainty in clays. How-
ever, regarding kaolins as in the main being composed of ag-
gregates of scales or plates of kaolinite, the mineral is plastic,
and is highly refractory, having a fusing point near cone 36,
or about 3,362° F.

Other hydrated silicates of alumina related to kaolinite
are halloysite, pholerite, rectorite, allophane, and newtonite.
Halloysite has been noted as occurring at several localities in
Georgia. Halloysite is ordinarily non-plastic; not as earthy
or friable as clay, and is compact enough to break with a con-
choidal fracture; it usually has a waxy lustre and varies in
color from pure white to greenish, yellow and red. It con-
tains a higher percentage of combined water than kaolinite;
the composition as determined by Le Chatelier and given by
Dana is 2H,0, A1,0,, 28i0, + Agq. or silica, 43.5 per cent.,
alumina, 36.9 per cent., water, 19.6 per cent.
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QuarTz.—Quartz, either in crystals or in the amorphous
impure form of chert or flint, is the most common mineral
impurity in clays and may vary from less than one per cent.
in very pure kaolins to 70 or 80 per cent. in impure brick
clays and certain siliceous fire clays. As marking the
extremes in the clays examined in Georgia, a very pure, sedi-
mentary kaolin from Dry Branch showed 0.5 per cent. quartz,
while a very siliceous fire clay, utilized for fire brick at Mis-
sion Ridge, showed 80 per cent. free silica or sand.

Quartz in clays affects their fusibility and behavior in
burning, shrinkage, plasticity and tensile strength. It also
detracts very much from the value of certain clays which are
used in the raw condition, such as those used for paper filling.

Pure quartz has a fusing point of about 3,326° F. or near
pyrometric cone, 35. Ordinarily considered it increases the
refractoriness of a clay; this faect has been observed by
every brick maker, for when his clay becomes sandier than
usual a longer and greater heat is required to obtain a hard
burned brick. - At high temperatures, however, it has been

proven by laboratory experiments, that silica acts as a flux.
This was first proven by H. Seger, the famous German tech-

nologist. ~ Mr. H. Ries, in his study of New Jersey clays,
made similar experiments with a mixture of white burning
clay and finely ground quartz, and obtained results agreeing
with those of Seger, and deduced the conclusion that those
fire clays, other things being equal, which contain the smallest
quantity of free silica or sand are the most refractory. The
size of the quartz particles also affects the fusing point, fine
grains fusing more readily than coarse.

Quartz sand in a clay diminishes both the air and fire
shrinkage. Sand added to a clay tends tomake it more open
and porous, and when the water used in mixing up the clay
is expelled by evaporation, the clay particles can not draw
as closely together as if the sand were not present and hence



MINERALOGICAL AND CHEMICAL COMPOSITION OF CLAYS 35

the shrinkage is lessened. In the burning of clays it has been
observed that there is a diminution in the volume of the clay
until the pbint of vitrification is reached. This shrinkage is
‘due in the main to the fusion of mineral particles composing
the clay; the quartz grains do not enter into this fusion at low
temperatures and hence counteract the shrinkage. In some
very sandy brick clays there may be an expansion rather than
a contraction.

'Quartz sand is a non-plastic material and when added to
a clay lessens its plasticity. It is also known from laboratory
and practical experience that sand lessens the air dried
strength of clays, and hence a knowledge of the amount and
character of sand present in a clay is essential to the suc-
cessful working of a clay.

Frrospar.—Nearly all clays contain feldspar. Feldspar
is a silicate of aluminum with potash or lime or soda. The
mineral varies in color from white to pink, red, yellow and
green; it is not as hard as quartz, being 6 in the scale of
hardness while quartz is 7. Feldspar is not found in clays
in as large particles or in as large amounts as quartz, since
it does not resist abrasion in transportation or resist weather-
ing to the extent that the latter mineral does. It is rarely
found unaltered in clay and is cloudy from partial kaoliniza-
tion. The highest percentage of feldspar in Georgia clays
analyzed for this report was 38 per cent., while the average
is probably not over 2 per cent.; in some of the plastic kaolins
and bauxitic clays it is entirely absent.

Feldspar fuses at 2,012° F., to 2,198° F., but may act as a
. flux in clays at a lower temperature. In the manufacture of
chinaware, porcelain, etc., feldspar is added to kaolins, to
reduce their refractioness.

Mica.—Mica is found in nearly all rocks both igneous and
sedimentary, either as an original or secondary mineral and
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since it is not easily decomposed by weathering agents and
since it is readily carried in suspension by running water, it
is a common constituent of clays. Muscovite and biotite are
the varieties most commonly met with. Muscovite is a sili-
cate of alumina and potash having a chemical formula,
H,KAl;, (Si0,);; this corresponds to silica, SiO,, 45.2 per
cent., alumina, Al,0,, 385 per cent., potash, K,O, 11.8 per
cent., water, H,0, 4.5 per cent.

Biotite is a complex silicate of alumina, potash, iron and
magnesia, and is of variable composition, but the formula,
(HK), (MgFe), Al, (SiO,); is given by Dana as typical.
Mica is present in clays in the form of thin, glistening scales
or flakes; the biotite, which is black when fresh, is nearly
always decomposed and the iron leached from it. Mica is
present in nearly all shales and in some clays is the most -
abundant mineral impurity. The plastic white clays of the
Cretaceous of Georgia all contain mica as a mineral impurity
and it very often exceeds quartz in amount. On account of
its usunal fineness and ease with which it floats, it is difficult
to eliminate it from clays by washing.

Mica acts as a flux in clays at high temperatures. How-
ever, it is stated by one investigator that if muscovite is
ground extremely fine that it will vitrify sufficiently to
produce a non-absorbent body below cone 4.! In the case of
some micaceous brick clays, as those of the Piedmont Platean,
the mica flakes retain their individuality and appear on the
burned brick as glistening scales, where the brick are not
burned to vitrification. The fusing point of muscovite mica,
when not in an extremely finely divided state, is about that
of cones 7 and 8, and under certain conditions scales of mica
may appear in a body burned even to this temperature.
When iron bearing micas are present they exert some color-
ing action upon the burned clay. In the examination of the

'R. T. Stull, Transactions Amer. Cer. Soc., Vol. IV, p. 225,
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fire clays of Georgia, the writer found that when the clays
did not contain over 2 or 3 per cent. of mica, their refractory
qualities were not appreciably affected. Likewise, the pres-
ence of a small amount of muscovite mica in a kaolin does
not materially detract from its value.

~ LimonITE.—Limonite is a hydrous oxide of iron having the
chemical formula 2Fe,0,, 3H,0; or Fe,0,, 85.5 per cent. H,O
14.5 per cent. It is the most common iron compound in clays;
it is yellow, yellow-brown, or even black in appearance, and
occurs in clays disseminated in fine grains, and then gives a
uniform color to the raw clay, or, it may occur in the form of
accretions or concretions and limonitic crusts and layers. It
is not an original constituent of igneous rocks and when pres-
ent in clays, has resulted from the alteration of other min-
erals. It has both a coloring and fluxing effect in the burn-
ing of clays. The presence of less than one per cent. is often
sufficient to produce a noticeable color effect in a burned clay
and hence is an injurious constituent of kaolins, which are
required to produce pure white bodies. On the other hand
for the production of lower grade clay produects, as common
brick, paving brick, sewer-pipe, etc., it may be a desirable
constituent in clays on account of its coloring and fluxing
action.

In many residual and alluvial clays, limonite is present in
the form of small black or brown accretions about the size
of buckshot or small marbles, and these if not finely crushed,
affect the appearance of the burned product by causing a
cracked or rough surface and fused, black splotches. Such
concretions are especially noticeable in the alluvial clays of
the Chattahoochee, Flint, Ocmulgee and Savannah rivers in
the Piedmont Plateau and near the Fall Line.

Hemarire.—Hematite is the anhydrous sesquioxide of
iron, Fe,0,. It is distinguished from limonite by its red
color and streak and greater hardness. It readily alters to
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limonite. It produces both a coloring and fluxing effect in
clays. ’

Mae~ETITE.—Magnetite, Fe;0,, magnetic iron ore, is not
common in clays. Magnetite is an original constituent of
igneous rocks and is no doubt present in residual clays
derived from igneous rocks. It has been observed in the
form of minute black grains in some of the plastic sedimen-
tary kaolins of Georgia, and may be partly the cause of the
minute black specks observed when these clays are burned.
It is, however, rarely present in clays in sufficient amount to
materially effect the value of the clay.

SiperITE.—Siderite, the iron carbonate, FeCO;, occurs in
some shales, either in concretionary masses or disseminated.
It has been observed in some of the Coal Measure shales in
Georgia. In burning, the siderite would be converted into
iron oxide, with the expulsion of CO,, carbon dioxide.

Pyrire.—Pyrite the iron sulphide, FeS,, is very frequently
found in clays and shales and is an injurious ingredient. It
is pale yellow to brass color, has a metallic lustre and occurs
in cubes or nodular lumps. In burning, the pyrite may be
converted into iron oxide and sulphur dioxide, SQ,, which
latter uniting with steam forms sulphurie acid, H,SO,. The
sulphuric acid may unite with lime and magnesia compounds
producing soluble sulphates which appear on the burned
product as an efflorescence. 'When scattered grains occur,
it may produce a splotched or speckled effect, similar to that
produced by manganese. ‘

Pyrite occurs in some of the shales of northwestern
Georgia and is often very noticeable in the black and gray
clay-marls of the Cretaceous and Eocene formations in the
Coastal Plain. ‘

Lime CarBonaTE.—Lime carbonate, CaCOy,, occurs in clays
in erystals as calcite, in the form of nodular concretions, or
as fragments of limestone. Calcite is a soft, translucent to
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opaque mineral, and occurs in rhombohedral crystals. Lime
carbonate when present, as much as 3 or 4 per cent. may be
detected by its effervescence with acids, or even with strong
vinegar. Lime carbonate is found both in residual and trans-
ported clays—ecrystals of calcite are observed in shales and
their metamorphosed equivalents, while calcareous concre-
tions and fragments are found in residual and alluvial clays.
Lime carbonate in clay acts as a flux, and when present in any
large amount produces a very rapid vitrification and hence is
objectionable in clays used for sewerpipe and paving brick.
‘When burned it is converted into quicklime which slakes upon
exposure and causes a cracking of the ware. If the lime car-
bonate is disseminated through the clay. or finely crushed it
will not injure the clay for ordinary wares.

Concretions and fragments of lime carbonate were
obgerved in the alluvial clays at Abbeville and Albany, where
they have given some difficulty in the manufacture of brick.
A rather unique occurrence of the coneretions is at Union
Point, where they occur in a residual clay derived from an
igneous rock. In this case the lime carbonate was probably
derived from the carbonation of hornblende, a silicate of lime,
magnesia, and iron.

GypsuM.—Gypsum is a hydrous sulphate of lime; it is a
soft mineral and ¢an be scratched with the finger nail. It
has a pearly lustre and occurs in plate-like crystals or in a
fibrous form, and does not effervesce in acids. It is not of
wide-spread distribution in clays, but when present is an
injurious ingredient. Gypsum is not an original constituent
of igneous rocks but is formed as a chemical precipitate from
the ocean and salt lakes or lagoons. It may be of secondary
origin in clays and is formed by the action of sulphuric aeid
upon lime carbonate. This mineral is most likely to be found
in Coal Measure shales where conditions were more favorable
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for its formation; it does not occur in alluvial clays nor has its
‘presence been noted in kaolins.

It was observed by the writer in small amounts in the
sandy clay-marls of the Cretaceous of Georgia, but was not
seen in appreciable quantity in any other clays.

RuriLe.—Chemical analyses show that titanium dioxide is
almost universally present in clays and the source of this is
commonly attributed to rutile, TiO,. Rutile occurs in cry-
stalline rocks and is a common secondary mineral in the form
of microlites or minute needles. It has a hardness of 6 to
6.5 and would be very resistant to weathering and to abrasion
in transportation. Rutile in the form of needles has been
observed with certainty in some shales and schists. All of
the analyses of Georgia plastic kaolins and fire clays and
bauxitic clays showed percentages of titanium dioxide rang-
ing from 0.08 to 9.25 per cent., though no rutile or any other
titanium bearing mineral has yet been positively identified
in them. Ground rutile mixed with a white burning refrac-
tory clay lowers the fusing point of the clay. According to
experiments made by Mr. H. Ries?, it was observed that one-
half per cent. of rutile lowered the fusing point of the clay half
a cone, and that 5 per cent. of rutile lowered it 2 cones. It is
also known that ground rutile produces a yellow coloration in
kaolins at low temperatures.

In testing the Georgia plastic kaolins and the kaolins
associated with the bauxites, the writer was unable to detect
any appreciable color effect or lowering of the fusing points
of the clays, due to the percentages of TiO, shown in the
analyses. It is highly probable that the titanium dioxide of
these clays is not derived entirely from rutile.

Hor~NBLENDE AND PyroxENE.—These minerals are silicates
of calcium, magnesia, and iron and are original constituents
of igneous rocks, and may occur in the residual clays derived

*Clays of N. J., Geol. Surv. of N. J., p. 70,
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from these rocks. The decomposition of hornblende is the
cause of the deep red color of some of the clay soils of North
Georgia. Either the hornblende or pyroxene if present in
clay in any large quantity would be active fluxes. It is not
improbable that some of the minute black specks observed
in the white clays of the Coastal Plain are due to unaltered
particles of hornblende or pyroxene.

Gravconite—Glauconite is a hydrated silicate of potash
and iron, and occurs as green, sandy grains. It fuses at low
temperatures and hence has a fluxing effect in clays; it also
produces a color effect on account of the iron. Glauconite ap-
pears in the clays of the Upper Cretaceous and Lower Eocene
in Georgia, but none of these clays have yet been utilized for
manufacturing purposes.

Bavuxite.—Bauxite is a hydrous oxide of alumina, probably
having the chemical formula Al,0,, 2H,0. It is a valuable
ore of the metal aluminum. It forms a varying percentage
of the bauxitic clays of Northwest Georgia and is also closely
associated with clays at the newly discovered localities in
Wilkinson county. Bauxite is very highly refractory and
-increases the fusing points of clays. It lessens the plasticity
of a clay and causes it to crack in burning on account of the
high percentage of combined water which it contains.

Ma~canese.—Oxides of manganese were observed in
Georgia clays, but not in quantity to exert any appreciable
chemical or physical effect in the working or burning of the
clays. Manganese oxide, probably pyrolusite, occurs as
stains along joints and occasionally in small lumps in the
white clays of the Cretaceous. It would be an injurious

ingredient in those clays used in the manufacture of white
ware.
Tre CEEMICAL ANALYSIS OF CrLAYs

There are two commercial analyses made of clays—the
ultimate and the rational. In the ultimate analysis the con-
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stituents of a clay are given as oxides of various elements,
although the mineral components of the clay may exist as
carbonates, silicates or sulphides. The rational analysis is
an attempt to resolve a clay into its mineral components. The
chemical analysis is of practical value to the clay worker when
rightly interpreted, but an opinion as to the value of a clay
is liable to error if based entirely upon it, and the analysis
should be supported by physical tests. The rational analysis
is of value only in the case of those clays used in the manu-
facture of the higher grades of clay wares.
The following is the form of the ultimate analysis:

Constituent Formula Percentage
Silica, SI0; vivriviiiir i _—
Alumina, ALO; tvviiiiiit ittt ieenns
Iron (Ferric), FeOz vovvnenrviinnnnriiarennnns
Iron (Ferrous) FeO .ieiiriiriiininiinennnnnss
Lime, Cal it e
Magnesia, MO e
Soda, NaO vvvverreirnteiiiiienecnens
Potash, KiO toeieniienineneennneronnnas
Titanium dioxide, TiO, ......cvvviiiiiiiiiiiine.

Water (combined), H,O ...ovvniiveiniiiiiiiiiien,
Moisture, HiO iiiveireiiienenctenenasans

In the rational analysis only three constituents are deter-
mined: :
Clay subStance .....coveieeiinerrerieneronnenannes
QUartz .. ...ttt i i ettt
Feldspar . ovvveerenniineiannseetoneeeesocneenenns

Siica Si0,.—Silica is given in most clay analyses as
‘‘combined’’ and ‘“free.”” By ‘‘combined’’ silica is meant the
silica in combination with kaolinite, or the clay base, and the
gilica of other silicates, which may be present, which are
decomposed by sulphuric acid. Quartz and other silicates are
given as free silica or sand.

The amount of silica shawn in analyses of clays presents
wide variations. Theoretically pure clay or kaolinite would
contain 46.3 per cent. silica. The range in 125 analyses of
Georgia clays was from 25.83 per cent. to 85.00 per cent.
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Brick clays usually contain the highest percentage of total
silica since they generally contain a large amount of free
silica or sand.

The effect of quartz or free silica in clays has been dis-
cussed. Other silicates as hornblende, mica, garnet, feldspar,
etc., may be the source of a part of the total silica of the
analysis. These minerals, if present in appreciable quan-
tities, may lower the fusibility and the shrinkage of clays.
The ultimate analysis, however, does not determine the par-
ticular varieties of silicates present. v

Avumina, AlL,O,—The alumina of the analysis is con-
sidered as the alumina of the clay base. In clays containing
feldspars and other aluminous silicates, however, it is very
probable that these yield a part of the Al,O,, of the analysis.
In some clays, bauxite, Al,O;, 2H,0, is present. The range
of alumina in Georgia clays was from 7.34 per cent. to 48.22
per cent., the lowest in a fuller’s earth the highest in a clay
from Rome, containing free bauxite. The percentage of
alumina in pure clay, commonly regarded as kaolinite, would
be 39.8 per cent.

Iron.—Iron is given in the ultimate analysis usually as
the ferric oxide, Fe,0,;, but the ferrous iron, FeO, is also
frequently determined. This iron is derived from the iron
minerals in clay, as limonite, hematite, pyrite, siderite, ete.,
and the silicates, biotite, hornblende, garnet, glauconite, ete.

Iron is a strong coloring agent both in the raw and
unburned clay. It produces a great variety of colors in
burned clay—from very faint cream to yellow and buff, all
shades of red, brown, blue and even black. The amount of
iron as shown by the ultimate analysis is not always by any
means an index as to the depth of color which the burned
clay will show. As an example a clay from Wilkinson county
showing 11.73 per cent. Fe,O; in the analysis, did not burn
to as deep a color as an alluvial brick clay from Georgetown
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showing only 3.74 per cent. of iron. The Wilkinson county
clay is a natural mixture of almost pure kaolin and iron
oxide, while the Georgetown clay is a very sandy, alluvial
clay. Aside from the quantity of iron oxide present, various
factors affecting the color which it will produce are: 1. Tex-
ture and distribution of the iron in the clay; 2. Form of the
iron; 3. Kiln conditions in burning, whether oxidizing or
reducing, and temperature; 4. Chemical combination with
certain other constituents of the clay which neutralizes the
color effect of the iron. In the first case, it is readily seen
that the color effect produced will be quite different, when the
iron is in a finely divided state and intimately disseminated
through the clay and when it exists in coarse grains and
unevenly distributed. It is also important to know whether
the iron exists in the clay in a ferric or ferrous form, whether
for example as limonite, or as some ferrous silicate as biotite
or hornblende. In burning, the kiln atmosphere may be
either oxidizing or reducing. In the former case the iron is
converted into the ferric form and in the latter case to the
ferrous, with different shades of color resulting. The effect
of differences in temperature may be observed in the burning
of any ferrugineus brick clay in the ordinary updraft kiln.
The brick may vary in color from pale salmon at the top, to
red in the centre and purplish and black near the eyes of the
kiln.

The combination of iron oxide and lime in the burning of a
clay is known to produce a buff or yellow color. As to
whether the formation of alumina-iron compounds takes place
in burning an neutralizes the red color of iron seems to be
debatable. The writer observed, in the investigation of
Georgia clays, that certain bauxitic clays from Northwest
Georgia did not show as great a tinge of color as some of the
plastic, white clays from the Cretaceous, though having a
higher iron content. This fact, however, can not be attri-
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buted with certainty to the higher alumina content in the
bauxitic clays. As a laboratory experiment, a mixture of
clays was made in which the content of iron oxide, Fe,0,, was
kept constant, 5 per cent., and the amount of alumina in the
mixture increased, by the addition of pure aluminum oxide,
from 36.78 per cent. to 50.18 per cent. Bricklets were made
of the mixture and burned as near as possible under the
same conditions to cone 4. The result was a very perceptible
increase in depth of color from the highest alumina to the
lowest, the shades ranging from the faintest pink to buff.
The same series was burned at cone 11, and all burned to a
rather leathery buff with no decisive differences in the depth
of color. A rather interesting result of the experiment was
that under certain conditions a clay mixture containing as
much as 5 per cent. of Fe,0, may be burned at a high tem-
perature and show scarcely any color. Analyses of the sep-
arate mixtures were not made, but the chemical composition
of the three constituents was known and the percentage of
iron thus calculated.

Iron compounds in clays exert a fluxing action, not only
because their individual melting points are lower than that
of the clay base, but because it is believed that iron oxide
enters into combination with silica forming an easily fusible
silicate.

Iron in clays may be either a desirable or an undesirable
constituent. In the lower grades of wares it is of value both
as a fluxing and coloring agent, while the presence of less
than one per cent. in kaolins may impart sufficient color to
destroy the commercial value of the clay. ‘

Lime.—The lime of the chemical analysis does not exist
in the clay in the form of an oxide, but is derived from the
lime minerals of clays such as calcite or limestone, dolomite
and gypsum, and the lime silicates, as feldspar and horn-
blende, may contribute a small amount. Lime is an active
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fluxing agent in clays and when in excess of iron may unite
with this latter mineral and neutralize its color effect.

The amount of lime in 125 analyses of Georgia clays ranged
from 0 to 13.89 per cent. Common brick clays may contain
a very high percentage of lime without their value being
materially affected, provided that the lime, if in the form of
the carbonate, is in a finely divided condition. It is injurious
in paving brick and sewer-pipe clays if in large quantity, since
it produces rapid vitrification.

Maenesia.—The magnesia, MgO, of the ultimate analysis
is derived mainly from magnesian silicates of crystalline
rocks, such as hornblende, biotite, etc., and the double car-
bonate of magnesia and lime, dolomite. It is rarely present
in clays in large quantity. The amount in 125 analyses of
Georgia clays ranged from nothing to 5.86 per cent.; the
average in 52 kaolins and fire clays was only 0.07 per cent.

Magnesia exerts a fluxing action in the burning of clays.
The work of a German investigator, Mackler, and in this
country of Mr. Adolph Hottinger! has shown that magnesia
is a less powerful flux than lime and in clays carrying mag-
nesia, the vitrification and melting points are farther apart
than in lime clays. Also that kaolin with magnesia gave a
denser body at the same temperature than with lime.

In view of these experiments it can hardly be considered
an injurious ingredient of clays, except in the case of fire
clays where it is in sufficient amount to exert a fluxing action.

Sopa anp Porasa.—Soda and potash, in the clay analysis,
are given as the oxides, Na,0 and K,O. It is doubtful
whether the compound Na,O exists; K,0, may be produced
artificially, but does not exist in nature. Soda and potash
are derived mainly from the silicates, feldspar and mica. In
some Tertiary and Cretaceous clays of the Coastal Plain,
potash may be derived to some extent from glauconite, a sil-

1. Trans. Amer, Cer. Soc.,, Vol. V, p. 130.
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icate of potassium and iron. The feldspars are silicates of
alumina and potash or lime and soda; orthoclase, the potash
feldspar, contains 16.9 per cent. of potash, while the lime-soda
feldspars, oligoclase, andesine and labradorite contain from
4.5 per cent. to 14.2 per cent. of soda. Albite, the soda feld-
gpar, contains 11.8 per cent. soda. Muscovite contains 11.8
per cent. of potash; paragonite is a soda mica, but has not
been observed in clays.

Soda and potash, commonly termed alkalies, are regarded
as the most powerful fluxes in clays. Brick clays usually
contain the highest percentage of alkalies and in such clays,
if in the form of silicates, the alkalies are a desirable con-
stituent. In fire clays, if the alkalies exceed one or two per
cent., the fusing points of the clays are apt to be materially
lowered. The presence of a small per cent. of soda and pot-
ash in kaolins is not necessarily injurious, and when derived
from feldspar would on the other hand be desirable. The
average amount of soda in 52 Georgia kaolins and fire clays
was .09 per cent.; the average amount of potash was .16 per
cent. The average in 123 clays of all kinds was soda .27 per
cent., potash, .83 per cent.

Treantom.—Titanium in eclays is in reality of common
occurrence, though it is often regarded as an uncommon con-
stituent. From data collected by H. Ries!, the common
oceurrence of titanium in clays is shown by the following list:

Twenty-one New Jersey clays.......c..c...... 1.06 to 1.93 % .
A series of Pennsylvania clays............... 0.85 to 4.30 %
Eleven Qhio coal-measure clays.......c.o0nu. «. 0.16 to 1.68 %
- Fire clays from St. Louis.................... 1.00 to 1.91 %
- Thirty-five clays from Virginia............... 0.00 to 1.88%
One hundred Texas clays, ....ccvveeenionnnss 0.00 to 212 %
To this list may be added:
Seventy clays from West Virginia............. 46 to 2.82%*
Twenty-two 8. Carolina fire clays and kaolins. .37 to 1.82%*
One hundred and seven Georgia clays.......... 04 to 9.25%

1. Clays, Occurrence, Properties and Uses, p. 84, John Wiley & Sons.
2. West Virginia Geol. Surv., Vol. ITI, 1905.
3. 8. C. Geol. Surv. Bulletin No. 1.
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The average of the 107 Georgia clays was 1.33 per cent.;
in 52 kaolins and fire clays the average was 1.64 per cent.

Rutile, TiO,, and ilmenite (TiFe),0,, are regarded as the-
most probable sources of the titanium dioxide of the chemical
analysis. Other possible sources are from titanite, CaO,.
Ti0,, Si0,=Silica, 30.6 per cent., titanium dioxide, 40.8 per
cent., lime, 28.6 per cent., and perovskite, CaTiO,=lime 41.1
per cent., titanium dioxide, 58.9 per cent. Brookite and -
octahedrite are of the same composition as rutile. ‘

Many of the plastic kaolins of the Cretaceous contain
more titanium dioxide than all of the other impurities com-
bined. Microscopic examination was made of these clays to-
determine if possible the source of the titanium. However,
no titanium bearing minerals were identified with any cer-
tainty. Dr. T. L. Watson' made examination of the bauxites:
of Northwest Georgia, which contain high percentages of tita-
nium, and no titanium bearing minerals were recognized. It
seems likely that the titanium is connected with the origin of
the bauxites which are of chemical origin. '

The writer ventures to suggest that some of the titanium
of the analyses of the white Cretaceous clays is in chemiecal’
combination with the aluminum silicate or clay base and does:
not exist as a free oxide.

Ground rutile mixed with kaolins is known to produce a
fluxing effect and a yellow coloration at high temperatures.
The writer was unable to.observe in the investigation of the-
Georgia kaolins, that the percentages of titanium dioxide-
shown in the chemical analyses, appreciably affected either
the color or the fusing points of the clays.

‘Water.—Water is given in the analysis as moisture or
hygroscopic water and combined water. Water absorbed’
from the atmosphere is retained in the pores of the clay but
is not in chemical combination and is expelled from the clay
at 100° C. In the natural state clays may contain as much:

1. Geol. Surv. of Ga., Bull. No. 11, p. 52.
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as 15 or 20 per cent. of water and in some exceptional cases
as much as 50 or 60 per eent. without becoming soft mud.
In air drying, the moisture is evaporated, and in making the
analysis it is desirable to have the clay dry, so that the
analysis generally shows less than one per cent. of moisture
or not more than one or two per cent. Some fuller’s earths,
such as that from Twiggs county, will retain as much as 7 or
8 per cent. of moisture under ordinary conditions of air dry-
ing. This is due to the extreme minuteness of the pore
- spaces of the earth.

The combined water is that which is in chemical combina-
tion with certain minerals forming the clay, and which is not
expelled from the clay except by heating at temperatures
above 100° C. The chief sources of the combined water of
clays is from the clay base, kaolinite, which contains 13.9 per
cent. combined water; limonite, and muscovite mica, contain
145 per cent. and 4 to 5 per cent. of water respectively.
Bauxite in some of the Georgia clays increases the amount of
combined water since it usually contains about 30 per cent. of
combined water. A high percentage of combined water indi-
cates that the clay is likely to crack during the early stages of
burning. ‘

Loss on IanITION in an analysis includes combined water
and carbon dioxide, sulphur and organic matter which may be
present.



CHAPTER III

- PHYSICAL PROPERTIES AND TESTS OF CLAYS

The physical tests of greatest practical importance to the
clay worker are those on plasticity, strength, air shrinkage,
burning and fusibility, fineness of grain, slaking and specific
gravity. Much of the information given in this and the
preceding chapter is of a general character and is familiar
to clay technologists, but not to the average clay worker or
to those proposing to invest in clay industries and who have
not made a scientific study of clays. These chapters are
essential to a correct understanding of the tests given in a
subsequent part of the report. In writing this part of the
report the author as much as possible has given concrete ex-
amples and specific allusions to Georgia clays.

- PrasTIcIiTY

Plasticity in clays is the property which they possess, when
mixed with water, of being moulded into desired shapes and
of retaining their shape after moulding. A number of theo-
ries have been advanced in explanation of this valuable prop-
erty of clays, but clay technologists are not yet agreed upon
the cause of it. Likewise, no practical method has been
devised of measuring plasticity, and the loose terms used to
describe are of little value for comparative purposes. The
description of the plasticity ‘of clays is a matter of judgment
and will vary with the individual. Plasticity is expressed in
such terms as plastic, very plastic, or highly plastic, of medium
plasticity, or poorly plastic. Very fine grained, plastic or
unctuous clays are described commonly as ‘‘fat,’” while coarse
grained, sandy clays, or those lacking in plasticity, are termed
“‘short’’ or ‘‘lean.”” These terms, however, can at best but
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convey a hazy idea to the mind, until one has a wide experience
with different kinds of clays from widely separated localities
and can form a comparison from mental pictures of clays with
which he is familiar and which are types of different kinds of
plasticity. The soft white clays of Dry Branch may be con-
sidered the most highly plastic clays in the State. Some
rough estimate of the plasticity of a clay may be obtained by
rolling out in the hand a small eylinder of the wet clay 15 or 1
inch in diameter, and noting the degree to which it can be bent
without rupture and breaking. ‘

The amount of water required to develop the plasticity
of a clay is of much practical importance. The finer the
grain and the greater the pore space, the more water is
required to develop maximum plasticity. Ordinary brick
clays and shales require 15 to 30 per cent. of water; the
plastic kaolins of (teorgia required 30 to 45 per cent. to
develop their maximum plasticity. As an exceptional case
the fuller’s earth from Attapulgus, Decatur county, requires
90 per cent. of water to develop what poor plasticity it pos-
sesses.

Brick clays are not required to possess as much plasticity
as some clays used for other wares, and often very sandy or
“lean’’ clays possessing but very little plasticity are used.
Where brick are made by the stiff mud process it is not neces-
sary to develop the maximum plasticity of the clay. Fire
clays are often very lean or non-plastic and it is necessary to
mix a plastic clay with them. Clays used for sewer-pipe,
drain tile and roofing tile should have good plasticity, and
this is also an essential property of pottery clays. Residual
~ kaolins have only poor plasticity, the sedimentary kaolins,
like those of Georgia, and ball clays are highly plastic.
Sedimentary clays, with the exception of some metamor-
phosed shales, are generally more plastic than residual clays.

Plasticity generally bears a relation to air shrinkage and
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drying qualities of clays—those clays which are most plastic
have the highest air shrinkage and are more likely to erack
in drying. There are exceptions to this, however. Some
Georgia clays approaching fuller’s earths in composition
were observed to have excessive air shrinkage, yet were only
moderately plastic; also, some of the white clays of the
Coastal Plain, are observed to be very plastic, but show much
lower shrinkage in drying than would be expected.

STRENGTH

The air dried strength of a clay is a very important prop-
erty in the manufacture of clay products. The water mixed
with the clay to develop its plasticity, is expelled by drying,
and as the water is evaporated the clay particles are drawn
closely together, and the cohesion of the grains gives the
clay strength. The strength of some clays is thought to be
partly due to an interlocking of the clay grains. The cement-
ing power of colloidal matter (jelly-like or glue-like sub-
stance) formed by the action of water upon clay particles
will perhaps be found to be the chief cause of strength.

The air dried strength of clays enables them to be handled
and to resist shocks before burning, without serious loss from
breakage. Clays must also possess air dried strength in
order to stand compressive weight without crushing as in
the case of brick and sewer-pipe. Strength tests are always
given as tensile strength, although it might seem more desir-
able to determine the compressive strength, but the tensile
strength, however, will be found to bear a close relation to
compressive strength. The strength of a clay also gives some
information as to the amount of non-plastic matter which a .
clay will stand. In the use of some clays for certain pur-
poses it is often necessary to add sand or other non-plastic
matter to them.

In the laboratory, tensile strength is determined by
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measuring, in a machine, the power required for pulling apart
air dried briquettes of one inch cross section. In making the
tests on the Georgia clays a Fairbanks cement testing machine
was used, and the clay to be tested was made into briquettes
similar to those used in cement testing. The clays were
worked up to their best placticity and carefully moulded to
prevent flaws; it was found that the best results were obtained
by taking a single piece of clay a little larger than the mould
and pressing it firmly into the mould and then trimming off
the excess with a sharp spatula. The clays were first air
dried in a closed room, special care being taken to prevent
too rapid drying and to prevent the cracking and warping
which highly plastic clays are subject too. Before breaking
in the machine the briquettes were further dried in an air
-bath at 212° F. Ordinarily only 5 or 6 briquettes of each
clay were broken, but when a clay was likely to show great
variation in the strength tests, as many as 12 or 15 briquettes
were made and broken.

The strength of the Georgia clays tested ranged from 10
pounds (or less) to 320 pounds per square inch. The plastic
kaolins and purer fire clays ranged from 10 pounds and less
to 150 pounds per square inch; the indurated fire clays or
flint clays did not exceed 20 pounds; the bauxite clays of
Northwest Georgia were very low and crumbled before their
strength could be measured. The brick clays other than
shales give from 40 to 320 pounds; the shales of the Paleo-

© zoic region, from 20 to 75 pounds. Some of the plastic white
clays of the Cretaceous formation showed very high strength;
a white clay of high purity from Griswoldville showed a
. maximum of 135 pounds-per square inch. High strength in
clays of such purity is very unusual. The shales of Georgia
are much lower in strength than those of the Coal Measures
of Ohio, Indiana, Towa, Missouri and other States which are
extensively used for brick and other purposes.
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Tests on clays from various States have ranged from
0 to 487! pounds per square inch. Kaolins are usually low in
strength and in using them in the manufacture of porcelain
and chinaware, it is necessary to mix ball clays with them to
increase their plasticity and strength. The sedimentary
kaolins have greater strength than the residual kaolins; in two
Georgia kaolins the tensile strength exceeded 100 pounds.
Brick clays should have a strength above 50 pounds and pre-
ferably 100 pounds. Clays showing less than 50 pounds are -
used for brick purposes, but the loss encountered from break-
age 1s often serious. The tensile strength of paving-brick clays
should be as high or higher than that of common brick; pot-
tery clays should have a strength of 100 pounds, though clays
of lower strength are used; sewer-pipe clays should possess
a strength above 100 pounds. Clays used in the manufacture
of fire clay products will vary according to the particular
product. Clays having a strength not exceeding 20 pounds
are used, while for some purposes a high strength or bonding
power is requisite.

DryiNG SHRINKAGE

The diminution in volume of clay, due to the loss by
evaporation of the water used in developing plasticity, is
termed its air shrinkage or drying shrinkage. The latter
term is perhaps preferable, since clay products are not so
generally dried in the open air as formerly, but are now
dried by artificial heat. In those products where exact and
uniform sizes are required the importance of a knowledge of
the shrinkage of the clay being used is readily apparent.
Even in the case of clays used for common building brick, it is
essential that the brick-maker have at least some knowledge
of the approximate drying shrinkage of his clay. The shrink-
age is very often an index as to the rapidity with which a

1. H. Ries, Clays, Occurrence, Properties and Uses, p. 123,
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clay can be dried—a high shrinkage generally denotes a plastic
or ‘‘tender’’ clay which is liable to crack and warp if dried
rapidly, while low shrinkage indicates a ‘‘lean’’ or coarse
sandy clay which can be, dried rapidly or placed in the kilns
before completely dry, without danger of cracking.

The shrinkage measurements given in this report are lin-
ear measurements, made upon small bricklets 4 inches in
length. Lines were drawn with the sharp point of a pen knife
and measured to 1/100 of an inch, before and after drying
and the shrinkage expressed in terms of the wet length.
Comparative shrinkage measurements with a standard size
brick 8x414x23) inches, and the small bricklet used in the
laboratory tests showed no appreciable differences. The
shrinkage measurements obtained in the laboratory will gener-
ally be found slightly greater than those obtained in actual
practice. In making the shrinkage tests each clay was run
through a 40 mesh sieve, worked to its best plasticity and
dried at 100°C. in order to obtain results of value for com-
parison. In the practical working of a clay it may be either
finer or coarser grained, smaller percentage of water used in
mixing and worked to greater density by machine moulding,
all of which would produce variations in shrinkage.

The shrinkage of the Georgia clays tested ranged from less
than 1 per cent. in very hard flint clays and coarse sandy
brick clays to 17 per cent. in a very fine grained, minutely
porous fuller’s earth. If the shrinkage is above 5 or 6 per
cent. it may be considered high, if above 10 or 12 per cent.
it is excessive. The Georgia plastic kaolins and fire clays
of the Coastal Plain ranged approximately from 3 to 9 per
cent.; the bauxite clays showed low shrinkage, 2 to 6 per
‘cent.; the brick clays, other than shales, showed from 1 to
17 per cent.; the shales of the Paleozoic area gave from 1
to 7 per cent.
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It often becomes necessary to reduce the shrinkage of a
clay in order to successfully utilize it in the manufacture of
clay products. The most common anti-shrinkage agent is
sand or sandy loam. Coarse sand is more effective than fine
sand, and when the sand is extremely fine, no appreciable
lessening of the shrinkage takes place unless a very high per-
centage is added. The addition of sand or other non-plastic
material to a clay, reduces its plasticity and strength, and
makes the burned product more porous, so that the amount
of non-plastic material which can be safely added will be
determined by the peculiar properties of the clay.

Burxixng Trsts

In making burning tests on clay, tests and observations
should be made for fusibility and degree of fusion at various
temperatures, shrinkage at different temperatures, color
under various conditions, and other phenomena which clays
might exhibit, as swelling, warping, etc., which it would be
necessary to know in forming an opinion as to the value and
uses of a clay.

In making tests on Georgia clays a small gas-fired labora-
tory kiln was used for low temperatures and the Deville
furnace, fired with coke, was used for determining the fusibil-
ity of refractory and semi-refractory clays. For testing,
small bricklets 314x114x14 inches and 314x114x1 inches were
used. It is to be regretted that large samples could not be
burned and that the tests could not be made under conditions
more closely approximating those in actual practice, but
neither the time nor equipment was available.

For obtaining temperatures, the series of pyrometric
cones, manufactured by Prof. Edward Orton, Jr., Columbus,
Ohio, were used. The following is a table giving the approx-
imate temperatures of fusion of the cones in Centigrade and
Fahrenheit:
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FUSION POINT FUSION POINT

No. of Cone. . Cent. Fahr. No.of Cone. Cent. Fahr.
022 590 1094 8 1290 2354
021 620 1148 9 1310 2390
020 650 1202 10 1330 2426
- 019 680 1256 11 1350 2462
018 710 . 1310 12 1370 2498
017 740 1364 13 1390 . 2534
016 770 1418 14 1410 2570
015 800 1472 15 1430 2606
014 830 1526 16 1450 2642
013 860 1580 17 1470 2678
012 890 1634 18 1490 2714
011 920 1688 19 1510 2750
010 950 1742 20 1530 2786
09 970 1778 21 1550 2822
08 990 1814 22 1570 2858
07 1010 1850 23 1590 2894
06 1030 1886 24 1610 2930
05 1050 1922 25 1630 2966
04 1070 1958 26 1650 3002
03 1090 1994 27 1670 3038
02 1110 2030 28 1690 3074
01 - 1130 2066 29 1710 3110
1 1150 2102 30 1730 3146

2 1170 2138 31 1750 3182
3 1190 2174 32 1770 3218
4 1210 2210 33 1790 3254
5 1230 2246 34 1810 3290
6 1250 2282 35 1830 3326
7 1270 2318 36 1850 3362

Fusmsmiry.—During the early stages of the burning of a
clay, the hygroscopic water or moisture and the combined
water and volatile elements, as sulphur dioxide, carbon diox-
ide, and organic and carbonaceous matter are driven off.
This takes place at a temperature below 1000° C. After the
volatile elements are driven off the clay is in a more or less
porous condition and no shrinkage has taken place, but on
the contrary there may be a slight expansion. At low tem-
peratures, a fusion or melting of some of the more fusible con-
stituents of the clay takes place; this fusion of the mass
gradually increases until it becomes glassy or vitrified and
only coarse quartz grains can be recognized. Beyond the
vitrification stage, with increase of temperature, the clay be-
comes viscous and flows or is completely melted. In the man-
ufacture of clay wares, it may be necessary to burn the clay
only to the point at which there is a partial fusion, or merely
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a sufficient fusion to bind the mass together while the greater
part of the mineral constituents are unfused, as in the case of
soft burned brick; or for other wares it may be necessary to
effect sufficient fusion to make the product steel hard, or to
bring the mass to such a state that it is more or less glassy
and the mineral constituents have lost their identity, or to
vitrification. ,

The fusion of a clay, or the temperatures required to bring
the clay into such a condition as the use of the product made
from it demands, depends upon a number of variable factors,
as the mineralogical and chemical composition, texture or
size of the grains composing the clay, conditions of firing and
rate of firing. In general those clays having high percent-
ages of fluxes as shown by the ultimate analysis will have low
fusing points, as for example we know that a brick clay will
fuse at a lower temperature than a kaolin or fire clay. How-
ever, an opinion as to the burning properties of a clay based
upon the ultimate analysis alone, is liable to grave error, since
the analysis gives no indication of the texture of the clay and
the manner in which the oxides are combined, or its mineral-
ogical composition and its homogeneity, or the distribution of
compounds in the clay, all of which affect its fusion. It has
been observed in numerous instances that clays of nearly the
same chemical composition may have widely separated fusing
points. .

In regard to effect of conditions of burning it is also be-
lieved that fusion is brought about at a lower temperature in
an oxidizing atmosphere than in a reducing one. It has like-
wise been observed that fusion can be effected at a lower tem-
perature by long continued slow firing, than by very rapid
heating. Co ‘

The points at which clays will completely fuse or melt
ranges from approximately cone 07 in the case of very im-
pure shales to cone 36 in the case of kaolins, while it is prob-
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able that some clays containing a percentage of bauxite will
exceed cone 36.

It is only in the case of fire clays that it is essential to test
for high refractoriness and the useful properties of burned
clay products is developed at vitrification and the lower stages
of fusion. The following is a table given by H. Ries! of the
approximate cones used in the burning of various clay prod-
ucts in the United States:

Cones
Common briek ........c.iiuiiiinieiiniinsneannes. 012—01
Hard-burned, common brick...............ciiuienn. 1— 2
Buff front brick ................. e 5— 9
Hollow blocks and fireproofing...................... 03— 1
Terra Cotta .. .vniirennnenneeennnennenecanennnnn 02— 7
Conduits .....ooriiiivi it iiriiinitanneenasnans 7— 8
White earthenware ..........voeieieiniienrennanns 8—9
Fire Dricks ....iveniieniiiii ittt ienerennsonananas 5—18
Porcelaln ......c.iiiiiiieiiiiit ittt 11—13
Red earthenware ...........cceiiinieriinrnnnnnnnn. 010—05
BtomewWaTe ...t i i it it e 6— 8

In the laboratory testing, the clays were burned at tem-
peratures approximating those used in practice and the effect
at the different temperatures noted. Thus a brick clay might
be burned at cones 07, 05, 01, 2, and 5, and at these different
cones would be observed to change from a soft salmon at
cone 07 to bright red and steel hard at cone 01, and complete
vitrification at cone 2, and viscosity at cone 5.

e SmriNkaGE.—After the combined water and volatile
elements in a clay are driven off, it is left more or less porous,
in addition to its porosity caused by the grains composing
the clay, not fitting closely together. As fusion begins, the
pore spaces are closed up by the melting of the constituent
grains of the clay, thereby causing a gradual shrinkage in
volume, until the point of vifrification is reached, when the
mass becomes homogeneous and non-porous. Beyond vitri-
fication there may be expansion due to the volatilization of
the clay.

1. Clays, Oceurrenée, Properties and Uses, p. 153.
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The amount of fire shrinkage shown by clays ranges from
less than one per cent., in very coarse sandy brick clays, to as
high as 20 per cent. in a very porous fine-grained clay. High
shrinkage is usually accompanied by warping or cracking.
Shrinkage above six or seven per cent. may be considered
high. Kaolins and the purer clays generally show the high-
est fire shrinkage, though some impure clays, in the nature of
fuller’s earth, in Georgia, showed shrinkage exceeding 20
per cent.

In the manufacture of encaustic tile, electrical porcelain
or any other ware where exact and uniform sizes are required,
the control of fire shrinkage becomes an important problem.
Sand and grog (ground brick, saggers, etc.) are mixed with a
clay to reduce fire shrinkage.

In measuring the fire shrinkage of the Georgia clays the
dried bricklet was measured to 1/100 inch before and after
burning and the fire shrinkage expressed in terms of the
length of the dried bricklet. Since shrinkage begins at incip-
ient fusion and increases to vitrification, the bricklets are
drawn from the kiln at different temperatures in order to de-
termine the amount of shrinkage and the rate of shrinkage.

Covror 1N Burnineg.—Since color plays such an important
role in the value of clay products, observations on color are
an essential part of clay testing. Iron compounds both in
the burned and unburned clay are the chief coloring agents,
but neither the shade nor depth of color in the raw clay nor
the amount of iron shown by analysis is any sure index to the
burned color. In general one may be reasonably certain that
a clay which is yellow, red or brown in nature will burn to
some shade of red under oxidizing conditions in the kiln and
‘at temperatures approaching vitrification, also that a clay
containing more than three or four per cent. of iron oxide;
Fe,0,, in the analysis, will burn some shade of red providing
there is no excess of lime to neutralize its coloring effect.
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The ultimate analysis gives us neither the form in which the
iron exists nor its distribution. _

Temperature in burning plays an important part in pro-
ducing color effects. Generally the depth of color increases
with the temperature. For example, some white clays may
show no trace of color at cone 4, but develop a decided eream
color at cone 9. It is most often in the examination of white
clays which are likely to prove suitable for the higher grades
of clay wares, that predictions of the burned color are based
upon the amount of iron shown by the chemical analysis, but
the errors are offen as serious as in other clays.

The kiln conditions likewise affect the color, whether
oxidizing or reducing. The iron is converted into ferric form
under oxidizing conditions and in this form its red color effect
is stronger, while reducing gases tend to convert a red color
into a bluish or bluish-black.

TEXTURE

The size of the grains composing clay varies from that of
small pebbles to particles so extremely minute as to remain
in suspension in water for several days and be beyond the
measurement of the highest power microscopes. The coarse-
ness or fineness of grain in clays plays an important part in
their plasticity, strength, fusibility, shrinkage and color.
The clay grains may be of a comparatively uniform size or
there may be a variation in sizes. In examination of the
plastic kaolins of the Fall Line of Georgia, it was observed
that in some cases above 95 per cent. of the clay passed a 200
mesh sieve, and upon being agitated in a large beaker of
water a sufficient amount of the clay remained in suspension
to make the water milky for a period of a week and over.

SLAKING

The slaking of clays is the property they have, when dry,
of crumbling and disintegrating into pulverulent mass when
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placed in an excess of water. Slaking has some practical
bearing upon the utilization of clays. The ‘‘weathering’’ or
slaking of shales increases their plasticity and facilitates tem-
pering, and those clays used in the manufacture of paper as a
filler should slake readily, since clays that become finely pul-
verulent have greater plasticity and spread more evenly,
while those which are lumpy leave ‘‘clay spots’’ on the paper.
Thus the property of slaking may be of especial interest to
clay miners in Georgia, since large deposits of paper clays
exist and are mined and sold in extensive quantities. Slaking
also has a bearing on the washing of a clay, since washing is
facilitated by the ready disintegration of the clay.

In slaking, the water first fills the pore spaces of the clay;
then the partioles of clay are entirely surrounded by a film of
water, being separated from each other by thickness of the
film thus causing an increase in the volume of the clay. When
an excess of water is added, the clay grains become so far
separated from each other that the clay mass crumbles. The
process seems to be entirely physical and it is doubtful if any
disintegration is due to chemical action, as in the slaking of
quick lime. Thus it may be perceived that a clay which has
undergone a considerable degree of consolidation, as shales,
or those which are cemented by lime, iron or silica would slake
very slowly. Soft kaolins slake completely within a few
minutes, while some shales and very hard flint clays slake with
extreme slowness or not at all. '

In order to make comparative tests on the slaking of clays,
one inch cubes were dried in air bath at 212° C. and were im-
mersed in 250 CC. of water at 25° C. and the time noted for
plete disintegration. The degree and time of slaking depend
upon the mass of the clay, freedom from moisture, the tem-
perature of the water and the purity of the water. The
rapidity of slaking increases directly as the temperature of
the water up to the boiling point. Any substance which in-
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creases the density of the water, retards the slaking of the
clay—alum and common salt placed in the water produced
a very marked retardation. Tests are of no value for com-
parison unless the samples are free from moisture, as the
presence of a small amount before immersion retards the
slaking. When the clay is perfectly dry, and is immersed in
water there is a hissing sound, and the expulsion of the air
frequently takes place with such force that drops of water are
blown from the vessel containing the water.

The following are comparative slaking tests made upon
Georgia clays:

Spaking TEesT

Time  Degree of slaking

Paper clay, Georgia Kaolin Co....... 6 min. fine powder
Paper clay, American Clay Co....... 3 min. fine powder
Paper clay, Atlanta Mining &
Clay Co..ovvviiiviiieinnan... 5 min. fine powder
Paper clay, Albion Kaolin Co........ 4 min. fine powder
Flint eclay, Gibson.................. .. .... mno slaking
Paper clay, Butler................... 4 min. pulverulent
Plastic white clay, Gibson........... 5 min. flaky
White eclay, Perry.................. 21 min. lumpy
Fire clay, Copperas Bluff............ 214 min. eoarse granules
Fire clay, Carr’s Station............ 7 min. flaky
White, plastic clay, J. T. Hatfield.... 7 min. granular
‘White clay, Rico mine.............. 4 min. complete
Pottery clay, I. Mandle.............. 10 min. slightly mealy
Shale, Chatsworth .................. 4 days very slight disintegration
Bauxite clay, Hampton mine, Cave
Spring ... 4 min. coarse, angular
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