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PREFACE.

In 1900 the Wisconsin Geological and Natural History Survey
i1ssued a report on the clays and clay industries of Wisconsin by
Dr. E. R. Buckley. In this bulletin the geology of the clays and
the individual plants were discussed in some detail, and a
large number of clay analyses were made on samples from
different localities in the state.

Dr. Buckley’s bulletin was published as Bulletin No. VII,
Part 1, and it was intended to follow this by Part 2, which
should contain the result of the physical and other tests on
brick which were in progress but not completed when the
bulletin was issued. Shortly after, Dr. Buckley resigned
from the Wisconsin Geological Survey and accepted the po-
sition of State Geologist of Missouri, and the completion of
the report, was, therefore, rendered impossible. The present
bulletin gives special attention to those points in the invest-
igation of the clays which were left untouched by the preced-
ing report. It is, however, a wholly independent report and
is, therefore, issued as an independent bulletin and not as the

promised second part of Bulletin No. VII.
The writer, assisted by Mr. F. L. Gallup spent the summer of

1904 in the field studying the various deposits and plants, and
collecting a number of samples for the laboratory investigation.
Nearly all of these samples were carefully taken either by the
author of the present bulletin, or by his assistant, and shipped
to the laboratory for a careful study of their physical prop-
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erties, with a view not only of determining their possible range
of applications, but also for the purpose of supplying infor-
mation to clay workers seeking information regarding them.

A second line of work has been the collection of a series of
brick samples from most of the brickyards in the state for the
purpose of test, and the results of these tests, given in Chapter
V, have brought out a number of interesting and valuable facts.

In response to many questions asked by the Wisconsin clay-
workers, a chapter on the structure, chemical, and physical prop-
erties of clays has also been incorporated in the report. Al-
though a number of analyses were made for the earlier bulle-
tin, it was found desirable to make a few additional ones, for
the present paper.

This statement is made in order to answer the numerous
inquiries which the Survey has received from persons desir-
ing the second part of Bulletin No. VII.

The writer hopes that the investigation of clays, which is
reported in this bulletin, wll aid in the development of the
clay industries of Wisconsin and will help to increase the va-
riety of the clay products. In 1905 the value of the products
of the clay-working industries of the state was $1,382,115.
More than 90% of this value was in common brick. As the
price of lumber rises, the demand for clay products in Wis-
consin is certain to increase, especially for the finer varieties.
Many of these can be supplied from the local clays of the
state if their manufacture is taken up and placed upon a com-
mercial basis. The tests of clays here reported should aid in
the selection of suitable localities and in the finding of suit-
able material for the development of the industry.

The writer takes pleasure in here acknowledging the many
courtesies received from the clay manufacturers in all parts of
the state, and special acknowledgments are due to Dr. E. A.
Birge, Director of the Survey, Mr. F. L. Gallup, who served
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as assistant throughout the work, to Dr. S. Weidman, of the
Survey, Professor Victor Lenher of the University of Wiscon-
sin who made most of the analyses given in the following pages,
Professor U. S. Grant of Northwestern University, Mr. F. H.
Merrill of Portage City, and Mr. Kirby Thomas of Superior.
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THE CLAYS OF WISCONSIN AND THEIR
USES.

CHAPTER L.

ORIGIN AND PROPERTIES OF CLAY.

In this chapter it is proposed to discuss the general structural
features and physical and chemical properties of clays, as well
as to point out briefly the practical bearing of these facts, which
frequently exert an important influence on the method of
mining, manufacture, and applications of the material.

Clay defined. It would seem to some that a definition of
this material is hardly necessary, since its two important prop-
erties, viz., plasticity when wet, and change to a rock-like con-
dition when burned are familiar to all, and yet such a defini-
tion, if made in detail, often serves to point out hitherto un-
observed characteristics. Clay may therefore be defined as a
more or less plastic mixture of small mineral particles and or-
ganic matter varying in size from those under one thousandth
of an inch in diameter up to sand grains clearly visible to the
naked eye, and including a variety of mineral species in all
stages of decay. These mineral compounds consist chemically of
oxides, carbonates, silicates, hydroxides, etc. The effect of heat
is to decompose many of these, drive off volatile elements, and
cause the clay to fuse to a hard mass.

Clay, by an increase in the percentage of certain minerals
may pass into other rock types, this change being accompanied
by the loss of its more characteristic physical features. Thus
with an increase in silica a clay will pass into sand, or in a
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similar manner it may grade into marl by an inecrease in its
lime carbonate contents. Curiously enough the percentage of
sand or lime carbonate often reaches considerable proportions
before the plastic qualities of the clay disappear.

ForMaTION OF cLAY. Clay deposits may be grouped acecording
to their origin as primary and secondary, and both kinds are
of importance in Wisconsin.

PRIMARY OR RESIDUAL CLAYS. These result from the demon-
position of other rocks, especially those containing feldspar,
but they may also be formed from other types, even serpentine
with no feldspathic minerals, yielding sometimes a very tough
plastic clay.

The formation of residual clay begins with the disintegration
of the rock mass by frost and sun. This opens up a path for
the soil waters which attack many of the mineral grains in the
rocks, breaking them down to a clayey mass, but certain min-

DRIFT .15°

RESIDUAL
CLAY

rock § 19005
FRAGMEN L :
S CLAY
ROCK{

I15. 1.—Section showing transition from residual clay into parent rock.

erals like quartz and white mica are affected but little or not at
all and may remain untouched even after all the other minerals
in the rock have yielded to weathering influences. The gritty
character of many of the clays in the residual area of Wisconsin
is due to an abundance of angular grains and fragments of
quartz.

Since residual clays are the result of weathering processes,
which begin at the surface and work their way into the rock
mass, those portions nearest the surface will be most advanced
in their decomposition, and there will be a gradual transition
from the clay above into the parent roeck below (TFig. 1).
Residual clays vary in depth from place to place and even in
the same pit the rock surface underlying the clay may rise and
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fall, being within four feet of the surface at one point, and fif-
teen or twenty feet below it at another point not fifty feet dis-
tant. On this aceount it is of the highest importance to pros-
pect such a deposit by careful boring, before attempting to
work it.

SAND
,__. SANDSTONE
TR R T B g
5 °"-0'- 'fon\\n\,q - ao:.d'"‘s»‘\%" -P w2l cLAY
B i ‘qa\ 0\ w\o N VIR \\\\ 0: s
L \\\\\\\ \\\ \\\\\\\\\\\ SCHIST

Fia. 2—Section showing residual clay covered by Potsdam sandstone. Eau
Claire River east of Eau Claire.

The residual clays of Wisconsin are found under conditions
differing somewhat from those in other states. Formed in
early geological times, they were later covered by a protective
layer of sandstone, which has also served to conceal them, and
they are now exposed either where this sandstone has been worn
away, or where the streams have cut down through it (Fig. 2),
thus exposing them, on the valley slopes, or sides of the chan-
nel.

Residual clays may show almost any color, but red and brown
are perhaps the commonest. When free from iron oxide or
nearly so the material is white, and this variety is termed kaolin.
So far as the writer has been able to ascertain, no commercially
valuable deposits of true kaolin have thus far been discovered in
‘Wiseonsin.

‘Where unprotected, residual clays are eroded easily by rain
or surface streams especially if the deposits are situated om
_ridges or steep slopes. Consequently, other things being equal,
the thickest deposits are to be sought for on surfaces of little
or no slope, or in depressions.

SECONDARY OR SEDIMENTARY CLAYS. These have been derived
originally from residual clays, whose particles have been washed
down into streams and carried out to seas, or lakes where they
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have been deposited as sediment on the bottom. Mingled with
the clay particles there is a variable amount of rock fragments
or sand grains, thus producing a somewhat heterogeneous mix-
ture, which however possesses the plastic qualities of clay.

These clayey sediments differ from residual ones in being
stratified. They have accumulated slowly, one layer on top of
another, successive beds sometimes being alike or just as often
of the most diverse character. Any bed or series of beds may
also and often does show horizontal variations. One of the
best examples of this is seen in the appearance and disappear-
ance of sand layers in a clay deposit. Thus at one time there
may be a bed of sand or sandy clay two or three feet thick in
the middle of the clay bed, but as the working face is pushed
ahead, this becomes thinner and thinner and finally disappears.
Sometimes another one may take its place. Stratified clays
are often of great thickness, much thicker than the residual
clays.

Stratified or sedimentary clays can be classified according to
their mode or origin into, marine, estuarine, boulder, lake, flood
plain or terrace, and glacial clays.

Marine clays are those deposited on the ocean bottom where
the water is quiet, and are often of great extent and thickness.
The only deposits of this type, found in Wisconsin, are (1) the
Maquoketa shale of Grant and Lafayette counties, which is
simply part of an extensive depos1t which extends southward
into Illinois and westward into Towa, and (2) the Cincinnati
shale found in southeastern Wisconsin. Their qualities seem to
be quite uniform over a large area.

Estuarine clays are those laid down in shallow arms of a
sea, of either continental or inland character, and areally the
deposits are generally long and narrow. These clays are often
finely laminated and in the Wisconsin deposits of this type
show very little sand. They commonly fill shallow depressions
surrounded by sand hills (Fig. 3). Those of Whitewater,
Edgerton, Jefferson and New London are all excellent examples
of this type.

Lake clays include those which have been formed in lakes.
‘Where the lake was small the clay deposit is usually basin
shaped, but where large this character is not observable. Small
lake deposits are found on the surface in many portions of the
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glaciated area of the state, but the most extensive are those
found along lakes Michigan and Superior. These have been
deposited during a former extension of the Great Lakes, and
are extensively distributed through the eastern and northern
portions of the state.

F1g. 3.—Section across Wisconsin clay deposit of estuarine type.

Lake clays are usually of high plasticity, and of low purity,
and in Wisconsin are mostly cream burning.

Flood plain or terrace clays, are clays, usually of silty char-
acter, deposited by rivers during periods of overflow. They
underlie the flat terraces or flood plains bordering many of the
larger rivers and sometimes smaller ones. Clays of this type
are liable to show both vertical and horizontal variation. Very
few are worked in Wisconsin.

Boulder clays are tough, gritty clays, often of stony charac-
ter. They represent rock flour, the product of glacial grind-
ing, and are mostly too stony for use. Very few deposits of
this type are worked in Wisconsin.

CHANGES IN CLAY DEPOSITS SUBSEQUENT TO THEIR FORMATION.
Both residual clays and stratified or sedimentary clays may un-
dergo secondary changes of either physical or chemical character
subsequent to their formation. Only those affecting the Wis-
consin clays will be mentioned, and nearly all are directly or
indirectly, the result of weathering. They may include change
of color, leaching, softening, or consolidation.

Color changes. Nearly all portions of a clay deposit, which
have been exposed to the weather for some time show various
tints of yellow or brown, the common color of the unweathered
clay being gray, grayish brown or reddish brown. The colors
produced by weathering, are caused by a rusting out or oxida-
tion of the iron oxide which the clay contains, the depth to
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which the weathering agents have penetrated the clay being
often indicated by the extent of oxidation of the iron. This
shows great irregularity, being greatest along joint planes, or
plant roots, and least where the clay is solid; where the clay is
overlain by sand or other material, this frequently serves as a
protective covering for the clay underneath. Clays of black
color due to carbonaceous matter, are sometimes bleached on the
surface due to the oxidation of the carbon to carbon dioxide.

Changes of color, caused by weathering, can be distinguished
from variations in color of primary character by the fact that
the former are most intense at the surface and shade off gradu-
ally towards the interior, whether this direction be vertical or
horizontal.

Leaching. Most clays contain at least a small quantity of
mineral matter soluble in water, and .a still larger amount
soluble in waters containing acids. More or less surface water
filters into a clay deposit, passing first through the soil where
it abstracts a small quantity of organic or carbonie acids, which
materially increase its solvent power. These weak acid solu-
tions are specially active in dissolving the lime carbonate from
the upper layers of calcareous clays and transferring them to
the lower beds, so that the upper 2 or 3 feet of a caleareous
clay bank often show considerably less lime carbonate than
the underlying strata, and may be even red burning.

Softening. All clays, unless covered by heavy overburden
are liable to soften or disintegrate on their outcrops, as the re-
sult of weathering, especially frost action. In some instances
the softening may be caused by the removal of soluble mineral
matter which had cemented the particles together.

Many clay manufacturers take advantage of this natural pro-
cess of softening and spread out the clay so that it can be ex-
posed to frost, rain and sun, but none of the Wisconsin brick
manufacturers do this.

Concretions are irregular nodules of limonite, siderite, or
lime carbonate, which form in many clays, around a nucleus of
pebbles or grains of sand. They are generally about walnut
size, but occasionally are much larger. These concretions, when
met in the calcareous clays of Wisconsin, are similar to lime-
stone pebbles in their effect, and unless screened out or erushed
often cause the brick to split in drying and after burning.



ORIGIN AND PROPERTIES OF CLAY. %

Shales. These are consolidated clays, the hardening having
been accomplished either by pressure of overlying sediments, or
at times by a cementing of the grains, or both. Most shales
will on grinding and mixing with water show as much plasti-
city as surface clays. The only true shale of value to the clay
worker in Wisconsin is the Maquoketa or Cincinnati shale.

THE EXAMINATION OF CLAY PROPERTIES. Much expense is often
saved by properly exploiting a clay property before erecting a
plant, such examinations, coupled with laboratory investiga-
tions or tests made at a factory, often preventing needless ex-
penditure of money in the event of the clay proving unsuited
to the uses to which it is contemplated putting it.

It is never safe to pass final judgment on a clay from an ex-
amination of the outcrops alone, sinece the section oftentimes
varies in a few feet.

The presence of a clay bed can often be established from an
examination of the soil, but better still from a careful inspee-
tion of the sides of any natural or artificial cuttings such as ra-
vines, and railroad or wagon road cuts. Well records of any
sort may likewise give data of value. All of these, should how-
ever be supplemented by a careful examination of the property,
made either by boring a sufficient number of holes with a large
auger, or by sinking test pits. Where time and money are
available, the latter is preferable, and does not take much extra
time, as one man can sink a pit 3x6 feet to a depth of 10 feet
in about three hours.

THE CHEMICAL AND MINERALOGICAL COMPOSITION OF CLAYS.

The composition of clay is of some practical importance, as it
stands in close relation to its physical character, and the analy-
sis when properly interpreted can at times be used as a partial
guide towards the probable physical behavior of the substance.
Since the chemical composition of the clay depends on the min-
eral species present in it, it may be well to refer to these first.

MINERALS IN CLAY. The minerals most frequently found in
clays are quartz, feldspar, calcite, dolomite, gypsum, mica, py-
rite, iron ores, hornblende, and rutile. All of these with the ex-
ception of quartz and mica are as a rule present in such small
grains that they are not visible to the naked eye, and can be de-
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tected only with a microscope. Their general characteristics
and effects are referred to below.

Quartz or silica is absent from few clays, whether residual or
sedimentary, forming most of the sand grains from those
clearly visible to the naked eye, down to those forming the
finest grit, detectable only with the teeth or microscope. Most
of the sand and silt in the Wisconsin clays, therefore, consist of
it.

Quartz exerts a strong influence on the physiecal behavior of
clays, for sinee it may be regarded as a sandy impurity, an in-
creasing amount of it lessens the air shrinkage, decreases the
plasticity, and renders the body more porous in burning.

Alone, quartz is highly refractory, and its presence in low
grade clays tends to raise their fire-resisting qualities, but
when clays are heated to high temperatures, quartz reverses its
behavior and fluxes with the alumina, econsequently in low or
medium grade clays a slight excess of quartz is beneficial for
their fire-resisting qualities, but in fire clays it is detrimental.

Feldspar, which is a complex silicate of alumina with either
potash, soda, or lime, is no doubt present in many clays, but the
grains are rarely large enough to be observable by the naked
eye, for the reason that the mineral is less resistant to the
weather than quartz, and hence breaks down easily into fine
grains, which rapidly decay to clay.

If present its effects on the plasticity, and air shrinkage is
so far as known, much like that of quartz sand. It will also
tend to reduce the fire shrinkage of a clay up to its fusion point,
or point of fluxing with other more easily fusible elements in
the clay. It is by no means as refractory as quartz, fusing at
a temperature of about 1180° C, the exact fusion point depend-
ing on the feldspar species present.

On account of its fusibility and usual freedom from iron
oxide feldspar is regarded as an important fluxing element by
whiteware manufacturers.

Mica, which is another silicate of complex composition, eon-
sists of silica and alumina, with other bases. There are two
common species, known respectively as muscovite or white mica
and biotite or black mica. The former, which is a compound
of silica, alumina, and potash is whitish in color, and decays
very slowly when exposed to the weather, while the latter
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which is a compound of silica, alumina, magnesia, and iron, is
much less resistant and decomposes more readily. On this ac-
count muscovite is the mica species usually recogmizable in
clays, and is one of the very few minerals that can be detected
in very small grains, for the bright shining scales of this mineral
are quite prominent and readily catch the eye.

Of the Wisconsin clays examined, the residual clays contain
the most mica, while in the lake and estuarine clays it is com-
paratively scarce.

Iron ores. Under this caption is included a series of iron
compounds, which are the same as those worked for iron when
in sufficiently concentrated form, but in clays they are present
in too small amount to answer for this purpose. They include
the four mineral species, limonite, hematite, siderite, and mag-
netite.

The first of these is present in all clays stained brown and yel-
low. The second is no doubt present in many of the red clays,
while the third occurs probably in caleareous clays, and the
fourth is doubtfully present in some of the residual clays.

Few of these iron compounds are as a rule present in gran-
ular form, but occur as a film of cement around the other min-
eral grains. Some, like the limonite, may assume a gelatinous
or colloidal condition, but this is difficult of proof. In a few
instances both the limonite and siderite may form concretionary
masses. '

The main fact to be remembered is, that some form of iron
oxide is also invariably present in clays, though in varying
amounts as can be seen from the analyses in this report.

Other iron-bearing minerals. Pyrite, the sulphide of iron, a
yellow metallic mineral when fresh, is not uncommon in some
clays, but none was observed in any of the Wisconsin deposits.

Iron also occurs as an ingredient of some silicate minerals,
such as biotite mica, garnet, or hornblende, and these are pres-
ent in small quantities in the residual clays, as well as possibly
in some others.

Effects of iron. If in granular form, the iron would have
much the same effect as sand in the unburned clay.

If as a film or cement, it would act as a coloring agent, the
limonite and hematite being important in this respeet and col-
oring the clay yellow, brown, or red. This strong coloring
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effect is noticed chiefly in the residual clays, some of which con-
tain over 15 per cent iron oxide. This point is referred to
again in more detail. In burning the iron aids the fusion of
the clay, and also serves to color it buff or red, depending on
the amount present.

Calcite. This mineral consists of carbonate of lime, and is
especially abundant in the lake and estuarine clays of Wiscon-
sin, as well as in some of those of the glacial type. The Ma-
quoketa shales also contain it, though to a less amount. Tt can
be easily detected for it dissolves rapidly in weak acids and
effervesces violently upon the application of a drop of muriatie
acid or even vinegar. It is fortunate that its presence can be
so easily determined, for it is rarely found in sufficiently large
grains to permit its identification with the naked eye. The
concretions found in many clays are largely composed of lime
carbonate.

Dolomite, the double carbomate of lime and magnesia, occurs
no doubt in many of the surface clays of Wisconsin, judging
from the large amount of magnesium carbonate which they con-
tain, but the grains are always of microscopic size.

Gypsum, the hydrous sulphate of lime, may be present in
many clays, but was not seen in any of the Wisconsin ones, ex-
cept on miecroscopic examination.

Hornblende, pyroxene, and garnet are all silicate minerals of
complex composition, and occur in many of the residual clays in
very small grains. Both are easily fusible and weather readily,
on account of the iron oxide which they contain, and, there-
fore impart a deep red color to those clays formed from rocks in
which they are a prominent constituent. The residual clay
outeropping on the Wisconsin river southwest of Medford is a
good example of this.

THE CHEMICAL ANALYSIS OF CLAYS. There are two methods
of quantitatively analyzing clays, the one being termed the ulti-
mate analysis and the other the rational analysis.

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

The ultimate analysis of a clay might be expressed as fol-
lows:

Silica...cvevnvenennns (810,)

Alumina. ....ooonon (A1,0,)

( Ferric oxide ......... (Fe,04)
' Lime ....cvviuvnnnan. (Ca0)
Magnesia ............ (MgO)

Fluxing impurities.. < Alkalies........ 5 gg(tizsh .............. ((II‘%;O()))

................ 2

l Titanic oxide ........ (Ti0,)
L Sulphur trioxide..... (SO;)
Carbon dioxide ...... (CO,)
Water...... Ceeeeees (H,0)

In many analyses, the first seven of these and the last one
are usually determined. The percentage of carbon dioxide is
usually small, and commonly remains undetermined, except in
very caleareous clays. Titanic oxide is rarely looked for, ex-
cept in fire clays, and even here its presence is frequently
neglected. Sinee the sulphur trioxide, carbon dioxide, and
water are volatile at a red heat, they are often determined col-
lectively and expressed as ‘‘Loss on ignition.”” If carbonaceous
matter, such as lignite, is present this also, will burn off at
redness. 'To separate these four, special methods are neces-
sary, but they are rarely applied, and, in fact, are not very
necessary, except in calecareous clays, or black clays. 'The loss
on ignition in the majority of dry clays is chiefly chemically
combined water. The ferric oxide, lime, magnesia, potash, and
soda are termed the fluxing impurities, and their effects are dis-
cussed under the head of Iron, Lime, Magnesia, etc., and also
under Fusibility.

All clays contain a small but variable amount of moisture in
their pores, which can be driven off at 100° C. (212° F.).
In order, therefore, to obtain results that can be easily com-
pared it is desirable to make the analysis on a moisture-free
sample, which has been previously dried in a hot-air bath. This
is unfortunately not universally done.
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The facts obtainable from the ultimate analysis of a clay are
the following:

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

2. The refractoriness of the clay, for, other things being
equal, the greater the total sum of fluxing impurities, the more
fusible the clay.

3. The color to which the clay burns. This may be judged
approximately, for clays with several per cent or more of fer-
ric oxide will burn red, provided the iron is evenly and finely
distributed in the clay, and there is no excess of lime. The
above conditions will be affected by a reducing atmosphere in
burning, or the presence of sulphur in the fire gases.

4. The quantity of water. Clays with a large amount of
chemically combined water sometimes exhibit a tendency to
erack in burning, and may also show high shrinkage. If kaoli-
nite is the only mineral present containing chemiecally combined
water, the percentage of the latter will be approximately one-
third that of the percentage of alumina, but if the clay con-
tains much limonite or hydrous silica the percentage of chem-
ically combined water may be much higher.

5. Excess of silica. A large excess of silica indicates a
sandy clay, and if much is present in the analysis of a fire clay,
it indieates low refractoriness.

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

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

These are the main points determinable from the ultimate

analysis. : . ;
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Analyses of several different types of clay.

Silica (SiO0g) ..vvvnver venn
Alumina (Al;O,)......

Ferric oxide (Fe,Oy)
Lime (CaO)...............
Magnesia (MgO)........... R
Potash (K;,0) .............
Soda (Na,0)e..oviennnnnnn.
Water (H,O)..............
YLoss of ignition...........
Titanic oxide (TiO,) . . . .
Carbon dioxide (COg) ..o ifeevnees]ieirenfeveniadinenn.. e

* Included under ignition.

. Kaolinite.

. Kaolin or china clay. Approaches closely to kaolinite in composition.
. A fire clay, Woodbridge, N.J. Low percentage of fluxing impurities.
A red-burning clay. Note high iron and low lime percentage.

. A calcareous clay. Note high lime percentage.

. A very sandy clay. Note high silica percentage.

Sk

Rational analysts. This method has for its object the deter-
mination of the percentage of different mineral compounds pres-
ent, such as quartz, feldspar, kaolinite, ete., and affords a bet-
ter conception of the true character of the material. Where the
clay contains only the three mineral ingredients mentioned
above, the execution of the rational analysis is comparatively
simple, but where other minerals are present, as in low grade
clays, its manipulation is attended with more difficulty. How-
ever the rational analysis is applied usually only to the better
grades of clay, such as kaolins to be used for china ware, and
there it is an important aid to the potter who understands its
use. '

The rational composition of clay can be determined from
its ultimate analysis, but it involves complex ecalculations, and
the results obtained in this manner are less accurate, than
if the rational composition is determined in the usual way.

CHEMICAL COMPOUNDS IN CLAY AND THEIR EFFECTS. In ex-
plaining above the mode of expressing the ultimate composition
of a clay, it was pointed out that a number of compounds were
usually present, and that some of these influence the character
of the clay to a marked degree.
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The effects of these should be discussed next.

Silica. Silica is usually present in clays in the form of
quartz, but in addition to this it may be present as an ingredient
of various silicate minerals;” of which the most important are the
minerals kaolinite, feldspar, mica, or hormblende. The exact
form of combination of the silicaj is not usually regarded
in the ultimate analysis, although sometimes free and combined
silica are referred to, the former covering all silica except that
contained in kaolinite. Such a division is misleading, and a
better practice is to use the term sand to include quartz, and
silicate minerals other than kaolinite, which are not decompos-
able by sulphuriec acid. In most analyses, the total silica
alone is given. ’ :

Clays vary widely in their silica contents, and as fair exam-
ples of extremes we may take the calecareous clay from White-
water with 32.48 per cent of silica, and the loess clay from Ar-
cadia with 73.08 per cent of silica. '

‘With the exception of kaolinite, all of the silica-bearing min-
erals are rather sandy in their nature. A high percentage of
silica generally indicates a sandy or silty elay, and a large quan-
tity will thus tend to reduce the air and fire shrinkage as well
as plasticity, the effect increasing with the size of the silica
grains,

Iron oxide. This is one of the commonest ingredients of
clays, and few are absolutely free from it, although the amount
present, as in some china clays, may be but a trace. A num-
ber of minerals may serve as sources of iron oxide in clays, three
of which, viz., limonite, hematite, and magnetite are themselves
oxides, while in the others the iron is held in combination with
other elements, forming silicates, sulphides, or carbonates. This
latter class yield up iron oxide only after decomposition.

Iron exerts a wide spread effect as a coloring agent in both
vaw and burned clay. In the raw clay it produces yellow,
brown, or red colors from oxides such as limonite and hematite,
or green colors due to silicates. The carbonate (siderite) and
the sulphide (pyrite) might if present in sufficient quantity
and in fine form produce a gray coloration. The intensity of
the color ecannot be taken as an indication of the amount of iron
present, for it requires a much smaller amount of iron to pro-
duce a given shade in a sandy clay than in one free from sand.
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But, even several per cent of iron oxide may not be notice-
able, if the clay contains much carbonaceous matter, because
this keeps the iron oxide in a reduced form, in which condition
its eolors are less brilliant, and in addition the earbonaceous
matter often masks the iron color. Again the maximum color-
ing effect is obtained by an even distribution of the iron oxide
in the clay, rather than by its segregation into lumps or patches.

The coloring effects of iron oxide in burned clay will de-
pend on 1. the amount of iron in the clay, 2. the tempera-
ture of burning, 3. condition of iron oxide and 4. the condi-
tion of the kiln atmosphere.

1. Clay free from iron oxide, or nearly so, burns white.
As small a quantity as 1 per cent, may impart a slight yellow-
ish tint to the clay in burning, while 2 to 3 per cent yield buff
colors, and above this red shades.

2. In any given clay, the intensity of color, deepens with
an increase in temperature, a red-burning clay passing through
pink, pale red, red, deep red, and reddish purple, if burned at
successively higher temperatures.

3. Two forms of iron oxide are recognized, viz., the ferrous
oxide (FeO) and the ferric oxide (Fe,0;). In the former one
part of iron is united with one part of oxygen, but in the lat-
ter one of iron is combined with one and a half parts of oxygen.

The ferric oxide therefore, contains more oxygen per unit
of iron than the ferrous salt, and is said to represent a higher
stage of oxidation. Limonite for example represents the ferric
condition of iron for its composition is Fe,0,4+H,0. Siderite,
the carbonate of iron, has the formula FeO, CO,, and here the
iron is in the ferrous stage.

Under favorable conditions, iron passes rather readily from
the ferrous to the ferric condition and viece versa. Thus if there
is a deficit of oxygen in the interior of the kiln for proper com-
bustion of the earbon, the fuel will steal it from the iron oxides
in the clay, and reduce them to the ferrous state. On the
other hand if there is more than enough air in the kiln to sup-
port ecombustion, all the iron oxide in the eclay gets changed te
the ferric form and the brightest tints obtainable from the
amount of iron in the clay, are formed. Smoky fires, for in-
stance produce deoxidizing results. Ferric oxides yield buff,
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red, or brown colors, while ferrous oxides produce blue or black
tints.

The bricks made from eclay containing carbonaceous matter
sometimes show a black core. The reason for this is as follows:
In the firing of such a clay, the carbonaceous matter is burned
off wholly or in part, but this process requires oxygen, which
comes either from the kiln fire or the ferric oxide in the clay.
Consequently as long as carbonaceous matter remains in the
brick, the iron oxide will be kept in a ferrous form. When it
finally does begin to oxidize, the change begins from the sur-
face and works towards the center of the brick, but owing to
the shrinkage of the clay the body may have become too dense
to allow the oxygen to enter, and there consequently remains a
black- or bluish black core of ferrous iron. It should be here
stated that the iron is not ferrous iron alone, but this in com-
bination with at least silica, giving probably a complex ferrous
gilicate. Some of the bluish black color of the core may also
be due to unconsumed carbon.

4. Since the stage of oxidation of the iron is dependent on
the quantity of air it receives in burning, the condition of the
kiln atmosphere is of great importance. If there is a deficiency
of oxygen in the kiln, the fire is said to be reducing. If on
the contrary there is an excess of oxygen, the fire is said to
be ozidizing. These various conditions are often used by the
manufacturer to produce certain shades or color effects in the
ware.

Iron oxide is also a fluxing impurity, lowering the fusing
point of a clay, and this effect will be more pronounced if the
iron is in a ferrous condition or if silica is present. A low iron
content is, therefore, desirable in refractory clays. Fire clays
commonly show under 3 per cent, and brick clays often con-
tain 5 or more per cent.

Lime. Lime is found in many clays, and is abundant in many
of the Wisconsin ones. While a number of minerals may serve
as the source of it, the chief ones in the Wisconsin clays are the
carbonates, caleite (CaCO,) and dolomite (Ca Mg) CO,. When-
ever the ultimate analysis of a clay shows several per cent of
lime (CaQ) it is usually there as an ingredient of lime carbonate
(CaCO0,), and in such cases its presence can be easily detected
by putting drop of muriatic acid or vinegar on the clay.



ORIGIN AND PROPERTIES OF CLAY. 17

When this compound is present it is mostly of very finely
divided character, but sometimes forms limestone pebbles, or
coneretions.

Action of lime carbonate in clays. When clays containing
lime carbonate are burned they lose not only their chemically
combined water, but also their carbonic acid gas, which leaves
the clay in a very porous condition, it remaining so until the
clay is vitrified. This fact is well shown by the high absorption
of the cream-burning samples tested, as well as by the absorp-
tion tests made on the cream-colored brieks.

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

If, however, the temperature is raised higher than is required
simply to drive off the carbon dioxide, and if some of the min-
eral particles soften, a chemical reaction begins between the lime,
iron, and some of the silica and alumina of the clay, the result
being the formation within the clay of a new silicate compound
of very complex composition. The effects of this combination
are several. In the first place, the lime tends to destroy the
red coloring of the iron and impart instead a buff color to the
burned clay. This bleaching action is most marked when the
percentage of lime is three times that of the iron.

Aside from this lime carbonate also affects the fire shrinkage
and fusibility of a clay. Calcareous or limy clays do not shrink
steadily when burned. On the contrary they swell slightly in
the early stages of firing. It is found in firing the continuous
kilns at Milwaukee that a chamber of bricks set about 30 courses
high increases as much as two and a half to three inches in
height in the early stages of firing, and then shrinks again to
its original volume, the latter being reached at about the fusion
point of cone 3, at which point the burning is stopped. If the
clay is heated still farther its shrinkage is found to be very low
until its point of vitrification is almost reached when the fire

shrinkage shows a sudden and large increase. This is followed

9
<
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by a rapid softening of the clay. Indeed, caleareous eclays soften
so rapidly that the points of incipient fusion and viscosity are
often within 41.6 C. (76 F.) of each other. This rapid soften-
ing of caleareous clays is one of the main objections to their use
for vitrified ware.

One peculiar feature about many of the Wisconsin calcareous
clays is their higher fusion point as compared with those from
many from other states, not a few becoming viscuous at cone
5. Whether this is due to a high magnesia content remains to
be seen.

Although highly caleareous clays are looked on with disfavor
by some, for the manufacture of brick, it is ecertain that a large
number of the Wiseonsin clays produce a product of excellent
strength.

Magneswa. Considering the run of clays from all states it can
be said that magnesia is rarely present in quantities exceeding
one per cent. In the Wisconsin ones however it has been found
to run as high as 12.25 per cent. Although several minerals
may serve as sources of it, the common one in the Wisconsin
clays is probably the mineral dolomite, a double carbonate of
lime and magnesia.

Magnesia has been usually regarded as having an effect on
clay similar to lime, but experiments by Méckler* have indicated
that it is a less powerful flux, and separates the points of ineipi-
ent fusion and vitrification more than lime does.

Alkalies. Under this head are included potash and soda.
Most clays contain but a small percentage of them, but some,
such as one deseribed from Platteville, contain a large quantity,
viz., over 9 per cent.

Feldspar and the white mica, muscovite, are the most common
source of alkalies in clays, although other minerals such as horn-
blende or garnet might supply them, but they are rarely present
in clay in any quantity.

Alkalies are considered to be the most powerful fluxing ma-
terial that the clay contains, and if present in the form of sili-
cates are a desirable constituent except in fire clays. Mica if
very finely divided may flux with other ingredients of the clay
at as low a temperature as cone 4, but if coarse grained the

*Thonindustrie Zeitung, vol. XXVI, p. 706.
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scales retain their identity even up to cone 9 or 10. Feldspar
fuses at cone 9 but may flux some at a lower cone.

Titantum. This element is absent from few clays, and most
of the analyses made for this report show small amounts of it.
‘Whether it enters into fluxing action with the other grains at
low temperatures is not known, but in fire clays it is to be reck-
oned as a flux. It will if present in amounts of perhaps 5 or 6
per cent yield a yellow coloration at high cones. It seems not
improbable too that it causes the yellowish tints in some kaolins,
which show an exceedingly low percentage of iron oxide.

Water. Two kinds of water are recognized, viz. 1. Mechan-
ically combined water or moisture and 2. chemically combined
water.

Moisture is the water held in the pores of the clay chiefly by
capillarity, and fills the spaces between the clay grains. When
these are all small, the clay may absorb and retain a large quan-
tity, because each interspace acts like a capillary tube. If the
spaces exceed a certain size, they will no longer hold the moist-
ure by capillary action, and the water, if poured on the clay,
drains off. The fine-grained clays and sands, for these rea-
sons, show higher powers of absorption and retention, while
while coarse sandy clays or sands represent a condition of min-
imum absorption.  This same phenomonon shows itself in the
amount of water required for tempering a clay. Thus a very
coarse sandy clay from Milladore required but 18.7 per cent of
water for mixing, while a very plastic one from Eau Claire
required 39.6 per cent. Highly aluminous clays do not neces-
sarily absorb a high amount of water.

Moisture passes off partly by evaporation in air, but the last
traces are expelled only by heating the clay to 100° C. (212° F.).
The evaporation is accompanied by a shrinkage of the mass,
which ceases, however, before all the moisture has left the clay,
but these last traces are not expelled until the bricks are placed
in the kiln. '

Rapid expulsion of moisture may result in a cracking of the
brick. If the clay contains soluble salts, the water brings these
to the surface and leaves them there as a scum.

Chemically combined water, is that which exists in chemical
combination with other elements, and is driven off by heating
the clay to a temperature ranging from 400° C. (752° F.) to
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600° C. (1112° F.). The minerals which yield most of it are
kaolinite, muscovite, or white mica, and limonite. Hydrous
silica and gypsum if present would add to the supply, but the
water contained in the latter passes off at 250° C. (482° F.).
In most clays the larger part of the combined water appears to
be supplied by some hydrous aluminum silicate, possibly kaolinite
and is usually about one-third the amount of alumina in the
clay. After the water has been driven off the clay is left in a
somewhat porous condition.

Organic Matter or Carbon. Although this includes all frag-
ments of vegetable origin, whether large or small, it is the finely
divided carbonaceous matter in the clay, with which the clay
worker has to reckon. Organic matter, of coaly character, even
in small quantities usually colors a clay gray or black.

In clay working its effect is chiefly noticeable in burning the
wares. Carbonaceous matter will burn out of clay at a red heat,
provided it can have a supply of air. This it usually gets if the
fire is oxidizing and the clay remains porous until the carbon
is burned off. If, however, the clay is dense-burning and the
firing proceeds too rapidly, the carbonaceous matter becomes
imprisoned in the brick before it can burn out, and later when
the heat is raised the organic matter is decomposed with the
evolution of gases, which in their effort to escape, will, if pres-
ent in sufficient quantity, bloat and blister the ware. This does
not happen unless the elay contains more than one or two per
cent of organie’ matter. Clays with two per cent of organie
matter are difficult to burn unless very sandy or molded dry
press.

In most clay analyses the organic matter is not determined
separately, but included under loss on ignition.

Soluble salts. Probably all clays contain a small percentage
of soluble material, although this rarely exceeds two or three-
tenths per cent. During the drying of the clay the moisture
brings these to the surface, and deposits them there as a scum.
These soluble salts are commonly sulphates of the alkalies, mag-
nesia and perhaps lime, and their presence often causes the man-
ufacturers considerable trouble.

If a clay free from these cannot be used, it is customary to
add either barium carbonate or barium chloride to the clay in
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tempering to either render them insoluble, or form such easily
soluble compounds that they will readily wash off.

In some instances these soluble compounds remain in -the
burned brick, and do not come to the surface until the ware is
set. in the wall. Hard burning will sometimes fix such sub-
stances by fusion, but experiments showed that in some bricks
at least they remained in a soluble form even when the brick
was fired to cone 3. Thus four samples of a cream-burning
clay, representing different degrees of firing, were taken from
a kiln in eastern Wisconsin. Two hundred grams of each brick
were ground up sufficiently fine to pass a 100 mesh sieve. Two
gram samples were then taken from each and placed in distilled
water, which was warmed for several hours with occasional
stirring. The water was then filtered off and the clear filtrate
evaporated to dryness, the percentages obtained being given be-
low. A, representing the soft burned, and E the hard burned.

Per cent
7 G 4.50
& AP 2.20
L 1.42
5 1.23
R 1.03

«~ This shows that the harder the firing the less the quantity of
soluble matter in the brick. It is somewhat difficult to see why
the percentage of soluble matter in the brick is so much higher
than it is the raw clay, in which it is not over a few tenths
per cent. It seems improbable that any sliould form in burn-
ing, as there is no pyrite in the clay, and the thought suggests
itself that it may be due in part to the water used in tempering,
or possibly due to sulphur trioxide in the fuel gases, attacking
some of the compounds in the elay, with the formation of soluble
sulphates.

PHYSICAL PROPERTIES OF CLAY.

The physical properties of clay are of more importance to the
practical clayworker than the chemical composition, since they
give data which can be readily and quickly grasped, and which
bear directly on his work. They are, moreover, properties with
which he has already gained familiarity, even though he may not
have defined them in exact terms.
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Those which are most prominent are plasticity, tensile
strength or bonding power, shrinkage, fusibility, texture, color,
slaking qualities, and absorption.

Plasticity, or the property which clay has of forming a plastic
mass when wet, is a eharacteristic of all clays and shales, but
possessed by different ones to a variable degree, so that they
range from those of very low plasticity, or lean ones, which are
very sandy, to others of high plasticity which are termed fat.
‘With these few facts in mind it becomes apparent that the
plasticity of any clay can be adjusted to some extent at least
by artificial means. Clays which are too fat or plastic can have
their plasticity reduced by the incorporation of sand or less
plastic eclays, while those which are too lean, can be rendered
more plastic by mixing in fat clays, or removing the sand.

Since the air and fire shrinkage usually stand in close relation
to the plasticity, the possibility of controlling the latter property
is also of importance to the manufacturer.

At many yards a mixture of several beds is used, in order to
reach the proper degree of pastiness. Highly plastic clays, ex-
hibit a tendency toward high air and fire shrinkage, while lean
clays show the contrary. The latter, however, are often de-
ficient in their honding qualities. s

Sedimentary or stratified clays are commonly of higher plas-
ticity than residual ones, but there are naturally exceptions
under each group.

The degree of plasticity of any clay eannot be inferred from
its chemical analysis.

Tensile strength or bonding power. The tensile strength of
a clay is the resistance which it offers to rupture when air dried
“and is an important property by virtue of which the unburned
clay ware is able to resist shocks and strains in handling and
which property also enables the clay to carry a variable amount
of non-plastic material such as sand, which is often added to
improve it. It is sometimes possible to get a general idea of
the probable tensile strength of a clay from the degree of plas-
ticity or stickiness which it appears to have and yet there is no
constant relation between the tensile strength of the clay and
its plasticity. All we can say is that many plastic clays have
a high tensile strength and that many lean clays have a low
tensile strength. On the other hand some clays of lean char-
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acter show a surprisingly high tensile strength, as for example,
a very silty clay from Elkhorn, whose average tensile strength
was 206 lbs. per sq. in. A high tensile strength does not neces-
sarily indicate that the particles of the clay will cling together
so firmly as to resist cracking during drying, for some clays
with a high bonding power show a strong tendency to ecrack
when dried fast. For example, one of the estuarine clays of
southeastern Wisconsin has a tensile strength of 228 pounds
per square inch, but if this same clay is rapidly dried it cracks
badly.

The tensile strength is measured by molding the tempered
clay into briquettes of the same form and dimensions as those
made for testing cement, and when these are thoroughly air
dried they are pulled apart in a suitable testing machine. The
cross section of the briquettes when molded is one square inch.
After being formed they are allowed to dry first in the air and
then in a hot air bath at a temperature of 100° C. (212° F.).
‘When thoroughly dried the briquette is tested. Theoretically
the briquette should break at its smallest eross section with a
smooth straight fracture, and when this does not occur it is due
to a flaw in the briquette or because the clips tend to cut into
~ the clay. In such event the briquette breaks across one end
and to prevent this it is necessary to put some soft material such
as asbesfos facing or rubber between the clip points and the
sides of the briquette. If the briquettes are molded and dried
with care the variation in the breaking strength of the indi-
vidual briquettes should not vary more than 15 or 20 per cent,
but with some very plastic clays it is extremely difficult to keep
the variation between these limits.*

In testing the Wisconsin samples the tensile strengths given
are the average of twelve briquettes and in the cream burning
series tested the tensile strengths ranged from an average of 64
pounds per square inch to 386 pounds per square inch. The
residual clays range in their tensile strength from 96 pounds
per square inch to 339 pounds per square inch.

*The tensile strength of clay briquettes is expressed in pounds per
square inch, but since the briquette shrinks In drying the strength
actually obitained In testing will be less than that for a square inch,
and the result must be Increased in proportlon to the amount the bri-
quette has shrunk.
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The tensile strength of the clay is probably due in part to an
interlocking of the clay grains as well as the presence of col-
loidal matter which acts as a cement. Clays which are made up
entirely of fine grains or coarse grains often show a low tensile
strength and those which are made up of a mixture of sizes
seem to produce a maximum strength.

The tensile strength of most clays is usually lowered by the
addition of coarse sand, but a mixture of two clays may some
times show a higher tensile strength than either of the clays
‘alone.

Shrinkage. All clays shrink in drying and burning, the
former loss being termed the air shrinkage and the latter the
fire shrinkage.

Air shrinkage. The air shrinkage is the decrcasc in volume
which a eclay shows after being molded and is caused by the
drawing together of the clay particles as the water evaporates
from the molded mass. This continues until all particles have
come into contact, but since even then there are some pores left
in the clay there may still be some water left in the material
after the air shrinkage has ceased. The amount of air shrink-
age is usually low in lean clays and high in plastic ones for the
reason that the former absorb but little water in mixing and the
latter a large quantity of it. The clays however which absorb
the higher amount of water in mixing do not necessarily show
the higher air shrinkage. The air shrinkage of any ome clay
will also vary not only with the amount of water added but
also with the amount of pressure given the material in molding
so that soft-mud bricks often show a high air shrinkage and
dry-press bricks none at all. The addition of sand to a clay
will in nearly every case lower ity air shrinkage and for this
reason the air shrinkage of many soft-mud bricks is low because
a considerable quantity of sand is incorporated with the clay
during the tempering process. The effect of sand on the air
shrinkage can be seen, by comparing the physical tests of the
clay and brick mixtures given on the later pages.

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

Fire shrinkage. All clays shrink during some stage of the
burning operation even though they sometimes expand slightly
at certain temperatures (calcareous and many siliceous clays).
The fire shrinkage, however, varies within wide limits; the
amount depending partly on the quantity of volatile elements
such as combined water, organic matter, and carbon dioxide
present in the clay, and partly on the texture. It reaches a
maximum when the clay vitrifies but it does not increase uni-
formly up to that point and in fact is very irregular. Thus
a certain amount of shrinkage takes place when the combined
water begins to pass off, namely at 400° C. (752° F.) and an
additional amount occurs at higher temperatures, but the lat-
ter is frequently not the result of the contraction following the
volatilization of some of the elements. Wherever the fire
shrinkage is given in this report it refers to the linear shrink-
age during the burning and is expressed in terms of the length
of the bricklet when molded. Thus if the fire shrinkage at cone
1 is given as 4 per cent it means that the amount of fire shrink-
age at that cone is 4 per cent of the length of the bricklet when
freshly molded. Between the points at which chemically com-
bined water passes off and 1000° C. there is practically no fire
shrinkage but above this point the contraction begins again.
As an illustration of the way in which the fire shrinkages vary
in the different clays we may take the following examples:

No. 1. Plastic clay from Maquoketa shale.

No. 2. Gritty, residual clay from Stevens Point.

No. 3. Caleareous clay from Watertown.

No. 4. Residual clay from Eau Claire.

Cone. 010 05 03 1 3

| O .6 1.7 4 Viscous ...{cecvven...
II.......... 1 1.3 3 4.9 ...,
II.......... 0 Slightly | Slightly | Slightly 2

swelled .. swelled.. swelled. .

v ... 1 4.7 6.3 8 8.3
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Since many clays when burned shrink to such an extent as
to cause loss from warping and cracking it is necessary to add
materials which of themselves have no fire shrinkage thus de-
creasing the shrinkage of the mixture in burning. Sand or
sandy clays are the materials most commonly used for this pur-
pose but ground bricks (grog), and even coke or graphite may
be employed. In Wisconsin sand and ground bricks are the
only materials used.

The various anti-shrinkage agents serve not only to decrease
the shrinkage in drying and burning but also tend to prevent
blistering in an easily fusible ferruginous clay when hard fired.
They also serve to increase the porosity of the ware and thus
facilitate the escape of the moisture in drying and in the early
stages of burning as well as often enabling the products to
withstand sudden changes of temperature. If sand is added
for this purpose it may act as a flux at higher temperatures and
this action will be the more intense the finer its grain. Large
particles of grog are undesirable especially if they are angular
in form because in burning the clay shrinks around them and
the sharp edges serve as a wedge opening cracks in the clay
which may expand to an injurious degree. Large pebbles and
lumps of tough clay which have not been broken up in temper-
ing will do the same.

Fusibility. The changes which occur in the early stages of
burning have already been réferred to. With the increase in
temperature above 1000° C. a softening of the clay grains be-
gins; and as a result of this softening which represents the
stage of incipient infusion, hardening of the mass takes place.
‘While at this stage the clay may have softened sufficiently to
weld together, the fusion has not been intense enough to pre-
vent the identification of the coarser grains in the clay. With
a further increase in temperature, the amount depending on
the character of the clay, an additional amount of shrinkage
oceurs and many of the particles become sufficiently soft to
allow the mass to settle or compact itself into an impervious
condition thus closing up all the pores in the clay. This is
termed the condition of vitrification and the piece of vitrified
clay when broken shows a very smooth fracture and sometimes
a slight lustre since all the particles except the coarse quartz
grains have been melted together into a dense solid mass.
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Vitrification, since it represents a condition of close compact-
ness of the clay particles is also the point of maximum shrink-
age. If the heat is raised still further the clay softens so that
it can no longer hold its shape and flows or gets viscous. The
custom has therefore been to speak of three stages* in the burn-
ing of the clay, namely incipient fusion, vitrification, and visco-
sity. It is however usually difficult to reeognize exactly the
exact point of attainment of these three conditions for the clay
may soften so slowly that the change from one to the other is
very gradual. The difference in temperature between the points
of incipient fusion and viscosity varies with the composition of
the clay. In many calcareous clays these points are within
27.7° C. (50° F.) of each other, while in refractory ones they
may be 377.7°C. (700°F.) to 444.4°C. (800°F.) apart. The
practical importance of having a clay in which the points of
incipient fusion and viscosity are well separated is usually
clearly recognized in the manufacture of many clay products
where the aim is to produce a vitrified or impervious ware.
If the temperature interval between the points of vitrifi-
cation and viscosity is small it is difficult to bring the ware up
to a condition of vitrification without the risk of reaching the
temperature of viscosity and melting the contents of the kiln,
because it is impossible to control the kiln temperature within
a range of a few degrees. The point of vitrification is not al-
ways midway between that of incipient fusion and viscosity.

The temperature of fusion of the clay depends on (1) the
amount of fluxing impurities, (2) the condition of these fluxes,
(3) the size of the grains and (4) the condition of the kiln at-
mosphere, whether oxydizing or reducing.

1. Other things being equal the temperature of fusion of a
clay falls as the percentage of total fluxes rises. Thus a brick
clay shows a much lower fusion point than a fire clay because
1t has a much higher percentage of fluxes. It should be pointed
out in this connection however that all fluxes and impurities
do not act with equal energy, some being more active than
others.

2. The condition of the fluxes may also affect the result.
Thus lime, for example (if present in the form of carbonate of

*H., A. Wheeler. Vitrified Paving Brick, p. 12, 1895. Ind.
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lime will induce a fluxing action in the clay at a lower tempera-
ture than will be the case if the lime is present as a silicate.

3. The size of the mineral grains in the clay also affects the
fusing point. Other things being equal a fine-grained clay will
fuse at a lower temperature than a coarse grained one for the
reason that when the particles of a clay begin to fuse or flux
with each other this action beglns on the surface of the gralns
and works inwards towards the center. If therefore the easily
fusible grains are of small size they fuse more rapidly and are
more effective in their fluxing action than if the grains were
large. Since some of the mineral grains in the clay are more
refractory . than. others the elay in its earlier stages of fusion
can be regarded as a mixture of fused particles with a skeleton
of unfused ones. If the proportion of the former to the latter
is large there will be a strong hardening of the clay with little
shr. %age and the burned clay will still be porous. With an
increase of the temperature and the fusion of more particles the
pores fill up more and more and the shrinkage goes on until at
the point of vitrification the spaces are practically all filled.
Above this point there is no longer a sufficiently strong skeleton
to hold the mass together and the clay begins to flow. The
conditions which influence the difference in temperature be-
tween vitrification and viscosity still remain (v be satisfactor-
ily explained but it probably depends on the relative amount
of fluxes and non-fluxes and the size of grain of each.

4. Finally it is found that the same clay will fuse at a lower
temperature if in burning it is deprived of oxygen than it will
if burned in an atmosphere containing plenty of the latter.

Determination of fusibility. The temperature at which a
clay fuses is determined either by means of test pieces of known
composition, or by some form of apparatus or mechanical py-
rometer, the principle of which depends on the expansion .of
gases or solids, thermoelectricity, spectrophotometry, ete.

Seger cones. These test pieces consist of a series of mixtures
of clay with fluxes, so graded that they represent a series of
fusion points, each being but a few degrees higher than the
one next to it. They are so called because originally intro-
duced by H. Seger, a German ceramist. The materials which
he used in making them were such as would have a constant
composition, and consisted of washed Zettlitz kaolin, Rostrand
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feldspar, Norwegian quartz, Carrara marble, and pure ferric
oxide. Cone No. 1 melts at the same temperature as an alloy
composed of one part of platinum and nine parts of gold, or at
1150°C. (2102°F.). Cone No. 20 melts at the highest tempera-
ture cbtained in a poreelain furnace, cr at 1530° C. (2786° F.).
The difference between any two successive numbers is 20° C.
(36°F.), and the upper member of the series is cone 36, which
is composed of a very refractory clay slate, while cone 35 is
composed of kaolin from Zettlitz. Cramer of Berlin, made a
series below No. 1 by mixing boracic aecid with the materials al-
ready mentioned. Hecht obtained still ‘more fusible mixtures
by adding both boracic acid and lead in proper proportions to
the cones. The result is that there is now a series of 58 num-
bers, the fusion point of the lowest being 590° C. (1094° F.),
and that of the highest 1850°C. (3362°F.).

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

The table of fusing points of these cones and their composi-
tion is given below:
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Composition and fusing points of Seger cones,
Fusing Pornt,
No. of ps
cone. Composition. o .

0.5 Na,0 ) 2.0 Si0,

022 (4 b, 1,094 590
0.5 PbO 10 B,0, )
0.5 Na,0 2.2 SiO,

.021 0.1 Al,O, 1,148 620
0.5 PbO 1.0 B;O,
0.5 Na,0 (24 S

.020 g 0.2 Al,O, i 1,202 650
0.5 PbO 1.0
0.5 Na,O 2.6 0,,

.019 0.3 ALO, 1,256 680
0.5 PbO 1.0
0.5Na,O (2.8 SiO,

.018 0.4 AlO, 1,310 710
0.5 PbO 10 B
0.5 Na,O 3.0 0,3

.017 0.5 Al O, 1,364 740
0.5 PbO 1.0
0.5 Na,O I3.1 02

.016 0.55 Al,O, 1,418 770
0.5 PbO L1.0
0.5 Na,O 32

.115 06 Al O, 1,472 800
0.5 PbO 1.0
0.5 Na,O 3.3 Si0,

.014 0.65 Al,0, 1,526 830

(0.5 PbO 1.0

0.5 Na,O0 3.4 SO

.013 { : §0.7 Al,O, { * 1,580 860
0.5 PbO 1.0 B,0,
0.5 Na,O (3.5 8i0, )

.012 { 0.75 Al,O, i 1,634 890
0.5 PbO 1.0 B,0;
0.5 Na,0 ) 36 8io,

.011 { jO.S Al,0, 1,688 920
0.5 PbO 1.0 B,0,
0.3 Na,0 102 Fe,0, (3.508i0,

.010 1,742 950

0.7Ca0 0.3 AlL,O, [0.50B,0;
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Composition and fusing points of Seger cones—Continued.

N Fusinag Poinr.
o. of ees
cone. Composition.
°F, °C.
03K,0 )02 Fe,0, (3558i0
.09 0 e : l 1,718 970
07Ca0 J03 41,0, (0458,0, ]
03K,0 102 Fe,0, (3.608i0,
.08 1,814 990
10.7Ca0 J03 AlL,O, [040B,0,
03K,0 )02 Fe,0, (3.5 8i0,
.07 } 1,850 | 1,010
0.7Ca0 )03 AL,O, (0358B,0,
03K,0 )02 Fe,0, (3.70SiO,
.06 { } 1,886 1,030
0.7Ca0 )03 ALO, (030B,0,
03K,0 )02 Fe,0, (3.75Si0,
.05 { } 1,922 1,050
0.7Ca0 )03 AL,O, 1025 B,0,
03K,0 )02 Fe,0, (3.808i0,
.04 { } 1,958 1,070
07Ca0 )03 AL,O; (0.20B,0,
03K,0 )02 Fe,0, (385 Si0,
.03 { } 1,994 1,090
0.7Ca0 Y03 AlL,0, (015B,0,
03K,0 )02 Fe,0, (3.90SiO,
.02 { } 2,030 1,110
0.7Ca0 Y03 Al,0, l0.10B,0,
03K,0 )02 Fe,0, (3.95Si0,
.01 é { } 2,066 1,130
0.70a0 Y03 Al,O, (005B,0,
03K,0 )02 Fe,0,
1 }, Sio, ..... 2,102 1,150
0.70a0 )03 AlLO,
03K,0 )02 Fe,O,
2 4810, ..... 2,138 1,170
0.7Ca0 )04 AlLO,
03K,0 )005Fe,0, ,
3 48i0, ..... 2,174 1,190
0.7Ca0 Y045 ALO
03K,0
4 i : go.s Al,O, 480, ........ 2,210 | 1,210
0.7 CaO .
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Composition and fusing point of Seger cones—Continued.
Fusineg Pornr.
No. of e
cones. Composition. _
°F. °C.
03 K,0
5 { 0.5 A1,0,5 8iO, .......... 2,246 1,230
0.7 CaO
0.3K,0
6 0.6 AL, 0,6 SiO, .......... 2,282 1,250
0.7 CaO
0.3 K,0
7 0.7 ALO,7 810, .......... 2,818 1,270
0.7 CaO
03 K,O
8 0.8 Al,0,8 SiO, .......... 2,354 1,290
0.7 CaO
03K,0
9 { 0.9 Al,0,98i0,.......... 2,390 1,310
0.7 CaO
03 K,O
10 1.0 A1,0;10 SiO, 2,426 1,330
0.7 CaO
03 K,0
11 1.2 A],0,12 8i0, ......... 2,462 1,350
0.7 CaO
0.3 K,O
12 { %1 4 Al,0,14 8i0, ......... 2,498 1,370
0.7 CaO
0.3 K,0
13 { f 1.6 Al,0;16 8i0,......... 2,534 1,390
0.7 CaO
03 K,0
14 1.8 Al,0;18 SiO,......... 2,570 1,410
0.7 CaO
03 K,0
15 2.1 Al,0,21 8i0, ......... 2,606 1,430
0.7 CaO
03K,0
16 2.4 Al,0,24 8iO,......... 2,642 1,450
0.7 CaO
03 K,O
17 }2 T AL, 0,27 SiO, . ........ 2,678 1,470

0.7 CaO
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Composition and fusing point of Seger cones—Continued.

No. of

Fusine PoInT.

cone. Composition.
°F. °C.
03K,0
18 3.1 Al,0,31 8i0, ......... 2,714 1,490
0.7 CaO
03 K,0
19 }3.5 Al;0,358i0, ......une 2,750 1,510
0.7 CaO
03K,0
20 }3.9 Al,0,39 Si0, ......... 2,786 1,530
0.7 CaO
03K,0
21 }4.4 Al,0,44 SiO, ......... 2,822 1,550
0.7 CaO
03 K,0
22 { }4.9 Al,0,49 Si0; ........ 2,858 1,570
0.7 CaO
‘ 03K,0
23 g 54 Al,0,54 SiO, ......... 2,894 1,590
0.7 CaO
03K,0
24 { }6.0 Al,0,60 Si0, ......... 2,930 1,610
0.7 CaO
03K,0
25 { 6.6 Al,0.66 Si0, ........ 2,966 1,630
0.7 CaO
03 K,0
26 { } 7.2 A1,0,72 Si0, ........ 3,002 1,650
0.7 CaO
03 K,0
27 { Al,0,200 SiO, ....... 3,038 1,€70
0.7 CaO
28 AlO, 1 Si0, vrevnrsinenens]| 3,074 1,690
29 Al,O, 1) 1 2 3,110 1,710
30 Al,0, Si0; verernrnrennnnn 3,146 1,730
31 Al, O, (3310 J RN 3,182 1,750
32 Al, O, Si0y teeeevrvennnnns 3,218 1,770
33 Al, O, £3) 10 J R 3,254 1,790
34 Al,0, 13310 J R 3,290 1,810
35 Al,O, 13310 2 3,326 1,830
36 AlLO, 13510 2 3,362 1,850
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If the heat is raised too rapidly the cones which contain
much iron swell and blister and do not bend over, so that the
best results are obtained by the slow softening of the cone under
a gradually rising temperature. In actual use they are placed
in the kiln at a point where they can be watched through a peep
hole, but at the same time will not receive the direct touch of
the flame from the fuel. It is always well to put two or more
cones of different numbers in the kiln, so that warning can be
had, not only of the end point of firing, but also of the rapidity
with which the temperature is rising.

In determining the proper cone to use in burning any kind of
ware, several cones are put in the kiln, as for example, numbers
.08, 1 and 5. If .08 and 1 are bent jover and 5 is not affected,
the temperature of the kiln is between 1 and 5. The next time
numbers 2, 3 and 4 are put in, and 2 and 3 may be fused, but
4 remains unaffected, indicating that the temperature reached
the fusing point of 3.

The cone numbers used in the different branches of the clay
working industry in the United States are approximately as
follows:

Common BFICK +ouueeneeneeirsnreeeeeneneesossssacscccsnessanne 010—01
Hard-burned, common brick....." . 1- 2
Buff-front briek ........c00vieinenn.. 6— 8
Hollow blocks and fireproofing....... 03—-1
Torra cotta..ouvvverrneenevannananan 04— 17
Conduits....c.cvvevrirnneversonnnas 7— 8
White earthenware.........oovvuvs.. 8—9
Pire bricks.....covvvveneerannniennns 9—12
Poreelain ......ccovvevieeiinnenennn. 11-13
Red earthenware .. ceteeseeaans e eetasessieteaneniane 010—05
Sl ONEWAIe. vt vt teeieeecaieciaecascaaersatsvanacnssnnrsannn 6— 8

‘While the temperature of fusion of each come is given in the
preceding table, it must not be understood that these cones are
for measuring degrees of temperature, but rather for measuring
pyrochemieal effects. Thus if certain changes are produced in
a clay at the fusing point of cone 5, the same changes can be re-
produced at the fusion point of this eone, although the actual
temperature of fusion may vary somewhat, due to variations in
the condition of the kiln atmosphere. As a matter of fact, how-
ever, repeated tests with a thermoelectric pyrometer demon-
strates that the cones commonly fuse close to the ‘theoretic tem-
peratures.



ORIGIN AND PROPERTIES OF CLAY. 35

Manufacturers occasionally claim that the comes are unre-
liable and not satisfactory, forgetting that their misuse may
often be the true reason for irregularities in their behavior. It
is unnecessary, perhaps, to state that certain reasonable precau-
tions should be taken in using these test pieces. The cones are
commonly fastened to a brick with a piece of wet clay, and
should be set in a vertical position. After being placed in a
position where they can be easily seen through a peep hole, the
latter should not be opened widely during the burning lest a
cold draft strike the cone, and a skin form on its surface and in-
terfere with its bending. Moreover, one set of cones cannot
regulate an entire kiln, but several sets should be placed in dif-
ferent portions of the same. One advantage possessed by a cone
over trial pieces is that the cone can be watehed through a small
peep hole, while a larger opening must be made to draw out the
trial piece.

Thermoelectric pyrometer. This pyrometer, which is the
only one that will be described in this report, is one of the best
instruments for measuring temperatures. It is based on the
prineciple of generating an eleetric eurrent by the heating of a
thermopile of thermoelectric couple. This consists of two wires,
one of platinum fand the other of an alloy of 90 per cent plati-
num and 10 per cent rhodium. These two are fastened to-
gether at one end, while the two free ends are carried to a
galvanometer which measures the intensity of the ecurrent. That
portion of the wires which is inserted into the furnace or kiln
is placed within two fire-clay tubes, one of the latter being
smaller and sliding within the other in order to insulate the
wires from each other. The larger tube has a closed end to pro-
tect the wires from the action of the fire gases.

To measure the temperature of a furnace or kiln the tube con-
taining the wires is placed in it either before starting the fire,
or else during the burning. If the latter method is adopted,
the tube must be introduced very slowly to prevent its being
cracked by sudden heating. The degrees of temperature are
measured by the amount of deflection of the needle of the gal-
vanometer.

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

Comne tests in Wisconsin kilns. During the course of the work
on the Wisconsin clays a number of cones were distributed
among the brick and tile manufacturers who in most cases will-
ingly placed them in their kilns, and after burning returned
them to the office of the geological survey.

The cones were usually fastened to a strip of wet clay (PL
IIT) of the same mixture as that used for bricks, and these
placed in the kiln, surrounded by bricks so as to proteet them
as much as possible from flashing. ‘

The cone temperatures of a number of kilns are given below:

KB UL N ZEON s 4 ee eee eeenveeeoeateossaesaoncsacnsancsoanenncnonneanns
Clintonville (top of kiln) .........
Clintonville (bottom of kiln)...
Grand Rapids. .....ccovviiinaiiinnnnens Ceeeaeses tseessees
Green Bay (red burning) .....cooviiiininieiineciniiinenincansneeans
*Green Bay (cream Durning)......cevveeeeeeneeenrnsienrnecencesanas
KR ONOSHEA ... veereenesiovronnenssssetetsnrssanncncasessssencsssasans
*Manitowoc (top of KilN).oiuiiunuieiiiioiieninertesnnnnsacnoaneanes
*Manitowoc (bottom of kiln)
ﬁl}arshﬁeld ........................................................
enomonie P SNIPAINY: DU SN 09
Menomonie } Different yards. E ............................. Barely 010
Merrill. e e e 010

3
MONT0B ..t vtteeeieansneesaeeeensoosscasasanenosacssansnsnons Barely 010
*New London ....... e eeeeesciasveestent ttereeetatecentrrisannnn 010
Platteville .. viiveeeiiiriiieeiieieieieceasoneacnssnnssoeas Under 010
*Portage. . 3
*PortWashmgton(topof klln) Ceeeee tesscene cenecercaeansess 08
*Port Washington (bottom of klln) ....................... eeceeeaeas 05
*Racme, North Point ..... et eeeetee teeeteneresesavatonsoace snnans 2
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S D AWANO . .+ vt eveeneee soennennonenoassosessonssonssanenasessssaans 1
HOhebOYZAN . ...iiiii it ittt ittt i s e e 3
Siegel Station. .cueveiiiiiiiiiiieiiierirettrotireit ittt sertetesaias 010
Stevens Point ..ot vt iiiitiiiiieteierattnacacastostssicsraansans 010
¥Whitewater ...c.ocovviveiicananann: et ceraretncntaseesaaarsonnenas 1

Those marked with an * are cream burmng calcareous clays, and it is in-
'{’eresgg:g to note the higher cone, at which with few exceptions they are
urn

Texture. This term refers to the size of grain of the clay.
‘While many clays contain sand grains sufficiently large to be
easily seen with the naked eye the majority of the mineral par-
ticles in a clay are too small to be seen without the aid of the
microseope and are in fact so small that they cannot be separ-
ated by means of sieves. In testing the texture of a clay it is
perhaps of sufficient importance for practical work to determine
the percentage of any sample that will. pass through a sieve of
100 or 150 meshes to the inch, since in the preparation of clays
for the market by the washing process they are not required to
pass through a screen any finer than the one above mentioned.

Color. The color of unburned clay is commonly due either to
carbonaceous matter or some iron compounds and a clay free
from either of these is usually white. The carbonaceous matter
most often imparts a gray or black color to the clay, although
it has been claimed by some that it may even color the clay red
or brown. A very small percentage is commonly sufficient to
affect the color of the clay and 3 or 4 per cent will make it deep
black, sandy eclays being more intensely colored by a much
smaller quantity than those free from sand.

Iron oxide colors a clay yellow, brown or red depending on
the form of oxide present. The color of a green or raw clay is
not always an indication of the color it will be when burned.
Red clays usually burn red; deep yellow clays may burn buff;
chocolate clays commonly burn red or reddish brown; white
clays burn white; and gray or black clays may burn red, buff,
or white. Caleareous clays when raw are often either red, yel-
low, gray, brown, or grayish, and may burn red at first and turn
yellow or buff as fusion progresses, passing into a greenish yellow
at viscosity.

Slacking. This refers to the property which a clay shows of
falling to pieces when thrown into water and the rapidity with
which the clay disintegrates varies in different eclays. Most
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open, porous, sandy clays break down rapidly to a powdery
mass; others may spawl or chip off slowly when immersed, while
still others do not slack at all or only after long soaking. The
slacking property is one of some practical importance as easily
slacking clays temper more rapidly while if the material is to be
washed it disintegrates more rapidly in the log washer. Some
of the calcareous clays used in the state disintegrate very slowly
in water and unbroken lumps of them are sometimes seen in the
burned brick.

Kinps oF cLay. Clays are used for many different kinds of
product, and while one kind of clay is frequently adapted to
the manufacture of several kinds of ware, the several groups
into which clay products are divisible, commonly call for clays
of widely different character.

There are frequently serious misconceptions among laymen,
and even some clay workers regarding the requirements of a
clay to be used for one or another purpose, and it may be well
to give the essential characteristics of the more important types
of clay.

Common-brick clays. Common brick are made from almost
any kind of clay, and those available in Wisconsin range
from the caleareous lake and estuarine clays, to the ferruginous
residual clays found in the central part of the state. Too sandy
clays should be avoided, and the loessoid clays used at La Crosse,
Arcadia, Viola, and other localities in western Wisconsin are
about as siliceous as is desirable.

Drain-tile clays. Drain tile are commonly made from the
more plastic and- finer-grained brick clays.

Pressed-brick clays. While many pressed brick are now made
from semi-fire clays, in some regions much less refractory ma-
terials are employed. The prominent and essential characteris-
ties are uniformity of shade and freedom from discoloration
whén burned, absence of warping, low shrinkage, and the pro-
duction of a good hard body in firing.

Wisconsin contains an abundance of clays sultable for mak-
ing pressed brick. The cream-burning clays are ultilized for
dry-press brick at Milwaukee and Green Bay, but the same type
of material could be employed at other localities. Red-burning
clays are being worked for this purpose at Menomonee, but could
also be found in other parts of the state.
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Paving-brick clays. Paving brick are generally manufac-
tured from non-refractory clays or shales of fine grain, fer-
ruginous composition, good plaéticity, and good tensile strength.
They vitrify usually at a low temperature, cone 24, have a low
fire shrinkage and burn to a dense red body. At some localities
a mixture of low-grade fire clay and shale is sometimes pre-
ferred. The following analyses give the average composition of
a number of carefully selected clays used for paving brick:

Anatyses of clays used for making paving bricks.*

Minimum. Maximum. Average.

8ilica (Si0y)...vevivnrannnn 49. 75. 56.

Alumina (Al;03)........... 11. 25. 22.50
Ferric oxide (Fe,0,)........ 2. 9. 6.70
Lime (Ca0).....covvuennnn .20 3.50 1.20
Magnesia (MgO) ........... .10 3.00 1.40
Alkalies (Na,0O, K,O) ...... 1.00 5.50 3.70
Ignition.........ccvvveee.... 3.00 13.00 7.00

* Wheeler, Vitrifled Paving Brick.

The analyses show that the iron oxide, lime, magnesia, and
alkalies are usually rather high. It is not safe however to use
the chemical analysis as a means of judging the value of a clay
for paving brick manufacture.

Several of the clays from the residual area of Wisconsin fall
within the limits here given and there is hope that they may be
used for the manufacture of paving brick. I refer to those
near Merrillan, Haleyon, and Pittsville. (See chapter on Re-
sidual Clays.)

Hollow-ware clays. Hollow bricks and fire proofing are often
made from a red-burning clay, of low refractoriness and one
which burns hard at a low cone. Since they are commonly
molded by the stiff-mud process, they should be plastie, free
from grit and stones. A low air and fire shrinkage is also desir-
able.

The mellowed or weathered Maquoketa shale from Grant
and Lafayette counties, suggests itself as a material which is
perhaps excellently adapted to this line of work. Some of the
calcareous clays have also been tried for hollow-brick, but are
less desirable than the red omes.
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Earthenware clays. Common earthenware is made from im-
pure clays, of good plasticity, and fine grain, which burn moder-
ately hard at a low cone, about 010. They must turn readily on
a potter’s wheel, and burn to a porous body without excessive
shrinkage. Most smooth plastic clays, whether cream or red-
burning, can be employed for making common earthenware, and
can be found in many parts of the state, but are little utilized.

Terra-cotta clays. Most terra-cotta manufacturers employ
a mixture of low grade fire clays for making terra-cotta. Its
manufacture calls for a material, or mixture of materials which
will burn to a good hard body, sufficient density, have low to
moderate shrinkage, and not warp or crack in firing. With the
clay there is usually mixed a variable amount of grog. None of
the clays thus far discovered in Wisconsin are likely to be of
use for this purpose.

Stoneware clay. Stoneware is usually made of a semi-re-
fractory clay, which burns to a vitrified body at from cone 6
to 8, and holds its form well in burning. A No. 2 fire clay is
found to sometimes answer the requirements. Stoneware is
rarely made from one clay alone, but usually from a mixture of
clays. None of the Wiseonsin clays observed would serve for
this purpose and it seems doubtful if any stoneware clays will
be found in the state. '

Fire clays are clays of good refractoriness, that is to say, their
fusion point should be at least equal to that of cone 27 and
preferably higher. They econtain a low percentage of total
fluxes, commonly not more than 5 or 6 per cent, and burn to a
light buff, but in all other properties they show considerable
variation. None are mined in Wisconsin at the present time,
and the only region in which they are likely to be found is around
Hersey or Glenwood. The deposits formerly worked there have
been abandoned. The shrinkage and density in burning often
lead to their use for special purposes.

The commonest use is for fire brick, but they are also em-
ployed in the manufacture of glass pots, and as ingredients of
terra-cotta, stoneware, and encaustic-tile bodies. It should be
borne in mind that all limy elays which have not the remotest
claim to refractoriness also burn buff.

Ball clays are white-burning clays of higher plasticity than
china clays. They are used for much the same products as the
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latter, execepting paper, and are much more plastic than kaolins.
The Hersey clays can perhaps be considered as intermediate be-
tween a ball clay and kaolin.

China clays. Clays included under this head, must be of the
highest grade. In chemical composition they approach closely
to kaolinite as shown by the analysis on p. 13, and have but a
small percentage of fusible impurities. They should contain
under 1 per cent ferric oxide, burn to a white color at cone 9,
show high refractoriness and at least fair plasticity. They are
never used alone, but always with an admixture of flint, feld-
spar, and ball clay. No such clays are now being mined in
‘Wisconsin, nor did the writer see any deposits of this type.
Those formerly dug at Hersey, were of sufficiently high grade
to serve for white granite-ware manufacture. China clays are
washed for market. They are used in fthe manufacture of por-
celain, white earthenware, wall tile, floor tile, and paper.

Slkyp clays. This term is applied to those clays which are
easily fusible, and melt to a glass or enamel at temperatures
reached in burning terra cotta and stoneware. They show a
high percentage of fluxing impurities and often show a large
amount of alkalies. The occurrence of this type of clays is dis-
cussed in a separate chapter of the present report.

Paper clays. These form a type lof clay much used by paper
manufacturers and having special qualities. Since the clays are
not to be molded or burned, behavior under fire is of no import-
ance. The great essentials are whiteness of color and freedom
from grit. The latter is often eliminated by washing. The
clays formerly worked near Hersey were much used for paper
manufacture.
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CHAPTER 1L

METHODS OF BRICK MANUFACTURE EMPLOYED
IN WISCONSIN.

Although brick are now being manufactured at a number of
localities, the equipment of most of the plants is quite simple,
and the methods sometimes employed capable of improvement.
This latter point is one of considerable importance for the fut-
ure development of the Wisconsin brick industry, as in order
to compete successfully with bricks shipped in from other states,
the yards of this state must have large capacity, good shipping
facilities, and clay which is easy to mold, dry, and burn.

Mining the clay. At the majority of the yards the clay bank
or clay pit is comparatively small, and the mining is done with
pick and shovel, the clay being hauled to the yards in carts. At
some plants a light track is laid to the working face, and the
cars loaded there are hauled by horse power down to the yard
(PL V PFig. 2). This is an excellent plan to follow when the
output of the yard is small. Where the clay deposit underlies
a hill which slopes down to the yard, and there is little or no
stripping, a good plan, and one adopted at some yards is to
loosen the clay with plows and then colleet it with scrapers.
These latter bring it down to a platform through which or from
whieh it is discharged onto cars or earfs (Pl IV Fig. 4), and
hauled to the works. This method commends itself in those
cases where the deposit is worked from a flat or sloping surface.

Steam shovels are employed for digging clay at some of the
Milwaukee yards, (Pl TV Fig 1). This is one of the best meth-
ods of mining where the quantity of clay required is large, the









METHODS OF BRICK MANUFACTURE. 43

bank not too high, and the run of the deposit to be used. There
are at present however few localities outside of Milwaukee
" where the scale of operations warrants the use of shovels. More-
over steam shovels could not be economically used in many of
the deposits where both red and cream-burning clays occur in
the same section of no great thickness, unless it is desired to mix
the two together.

Their use in the residual area should also be considered with
caution, unless the homogeneity and depth of the deposit, as well
as freedom from rocky masses is assured.

It would therefore appear that at most localities the mining
of the clay with pick and shovels, or with plows and scrapers,
{according to the conditions) is the best method to employ.

The mizture. Very few yards made their bricks from one
layer alone, but instead mix it with sand, or take the run of
the bank, which includes the top layer of sand or loam commonly
present. The incorporation of sand is desirable partly because
it decreases the air shrinkage in drying, and because in burn-
ing its addition renders the calcareous clays more dense, and
in some cases lessens the fire shrinkage. - If the top ‘sand is
gravelly or stony the precaution should be taken to see that it
is thoroughly screened. Neglect of this often causes serious
injury to the brick, the more so if the pebbles are calcareous.

Tempering. For making soft-mud or stiff-mud bricks, the
raw material is prepared in soak pits, ring pits, or pug mills,
Of the three types the pug mill is most commonly employed, the
clay being sometimes passed first through a pair of rolls. Rolls
alone are of little advantage. Right here is where the utmost
care is necessary, for many of the lake and estuarine clays are
tough and slake slowly, and if not thoroughly tempered, there
will be lumps of uncrushed clay left in the brick which cause
cracking in drying and burning, and also lower the transverse-
strength of the brick. Soak pits and ring pits are of small
capacity as compared with pug mills, and to be avoided if a large
output from a few machines is desired.

Molding methods. All three methods of molding are em-
ployed in Wisconsin, viz., the soft-mud, stiff-mud, and dry-press.
The first named is used most, and the last named least. There
does not seem to have been any definite reason in many ecases for
the choice of machinery made at some yards, except cost. Con-




44 THE CLAYS OF WISCONSIN.

sidering the characters of the clays, it will be seen however that
certain types work best with certain kinds of machine. Thus
the sandy clays of the loess area in western Wisconsin, and many
of the sandy surface clays of glacial origin, are best adapted to
the soft-mud process, as owing to their grittiness and rather low
plasticity they would not be likely to work well in a stiff-mud
machine unless mixed with a more plastic clay.

The stiff-mud process on the other hand gives excellent re-
sults with the cream-burning estuarine and lake clays, although
the soft-mud process likewise works well.

In the residual area the soft-mud; process, and stlﬁ-mud
process of molding are both used. When both brick and drain
tile are made at the same yard, the stiff-mud machine has the
advantage in that both types of product can be molded in it.
So far as the writer is aware no repressing whatever is done on
any of the Wisconsin brick.

The dry-press process is used at but three or four localities
in the state but there is no apparent reason why its use should
not be extended. It is now used for the lake clays at Milwaukee,
Port Washington, and Green Bay, the surface loam at Menom-
onie, and residual clay at Haleyon. In using it on caleareous
clays caution should be taken to grind them sufficiently fine
before molding, and then burn them to a sufficiently high tem-
perature. It is found on looking over the tests of Wisconsin
dry-press bricks, that those made from red-burning clays, which
are more dense burning than the caleareous ones, give a brick of
greater strength.

Drying. The methods of drying commonly employed are
open-yard, pallet-racks, and tunnel dryers. Of these three only
the first one is usually selected because it involves comparatively
little expense; the use of tunnel dryers is however slowly in-
creasing, and has been adopted at nearly all of the larger yards.
It also permits operation in cold weather. In this connection,
it is necessary to consider the ability of the clay to stand rapid
drying without cracking. Most of the siliceous clays, can be
dried moderately fast without much danger, but in the case of
some of the lake clays or estuarine deposits, much care has to
be exercised even in open air drying on pallets, and at many of
the yards it is found necessary to have canvass sereens to pro-
tect the green bricks from the wind (Pl. V, Fig. 1). The
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amount of shrinkage that takes place in drying varies consid-
erably, and is greater on the average for soft-mud than stiff-
mud brick, as the following figures of measurements made on
freshly molded and dried bricks will show.

Per cent air shrinkage.

Linear. Cubical.
Stiff mud—
Edgerton ... 1.656 6.75
Merrimac ...ovoveiniinniinnevernoanenans 7.14 21.57
Racine ....cccovieveeiienvnencnancennans 5.74 - 12,99
Sheboygan ...iuvvvvienarerenenieinannen. 4.22 12.00
Wauwatosa .. ...covevverncvesnniaceoens 3.64 21.20
Soft mud—
Clintonville ...ccvvieiiviininineieennnn. 9.72 23.77
7.57 35.10
7.35 26.65
1.49 11.12
4.46 11.24
4.28 21.03
8.57 20.80

Burning. Probably five sixths of all the bricks made in
‘Wisconsin are burned in scove kilns, and the remainder in either
circular down draft or continuous kilns.

For common brick the scove kiln (Pl. VI, Fig 1.) serves the
purpose as well probably as any other, but does not give as uni-
form results as a closed kiln. They are commonly burned with
wood, although at some yards, wood is used for water smoking
and coal for the rest of the burning. The temperature reached,
is not, as a rule, high, being cone 010 or often less in the red-
burning clays, and 1-3 in the case of the cream-burning ones.
At some yards a forced draft is obtained, by pumping air into
the arches during burning, it being claimed that a saving of
fuel is thereby accomplished. While this may be, its use for
burning calecareous clays should be made with care, as the writer
saw some instances, where the bricks over the arch for a distance
of several courses were completely and invariably melted down.

Continuous kilns (PL VII) are in use at several Milwaukee
yvards but the results are not always as uniform as might be
desired, a fault which is chargeable perhaps to the construec-
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tion of the kiln rather than the method of burning. This fact
has unfortunately operated to some extent against the spread
of the continuous kiln in Wisconsin and before condemning this
method of burning, the manufacturer should examine the con-
tinuous kilns in use at more than one locality.

The use of permanent walled kilns of either rectangular or
circular form, up draft or down draft principle deserves more
consideration at the hands of the Wisconsin clay workers than
it has hitherto received. The initial expense has no doubt in-
terfered with its introduction but these kilns permit of better
control in firing, and give a more uniform produect, as well as
being more economical of fuel.

Very few of the bricks made in the state are burned to vitrifi-
cation, and there is consequently but little fire shrinkage in many
cases, and sometimes even a slight swelling. The low fire
shrinkage is shown by a few measurements made at different
yards.

. Linear Fire Cubical Fire
Locality. Shrinkage. Shrinkage.

Stiff-mud:

Edgerton.....oioceievieniiinnncnnans 0 4.23

Merrimac ....ovvviniivirncecsoscosnes —.76 15.24

Port Washington................ 0 11.38

Racine .....ovviviiieverecnnnserenans 1.49 7.49

Sheboygan ....oovaveveiieneencanrnns 2.94 3.37

Wauwatosa . .ocvoveriecennnrcnceians .15 7.12
Soft-mud:

Clintonville .....cviinevneanevennrnes 0 —19.00

Edgar...coviiiiiiiiiniecniinnencnss 0 6.75

D =33 211 .79 36.24

Racine ......covoviiiiiniininnnenennas 1.51 3.23

Racine .. ...ooovvnerivienieenennanens —.74 5.89

Wausal. ..o iiirevieinntennnnsannns 1.49 7.27
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CHAPTER IIL

THE GEOLOGY OF WISCONSIN CLAYS.

This subject has been somewhat fully treated in the report by
Dr. Buckley, but it will do no harm to refer to it again briefly
in this volume, in order to permit a clearer discussion of cer-
tain questions of practical importance.

The clay deposits of Wisconsin can be divided into two great
groups, viz., the residual and transported clays.

Respuan Crays. These are found at a number of localities
in Wisconsin, but are only exposed at those localities where there
is little or no covering of later material. The area in which
they occur most abundantly is in the central portion of the state,
in the counties of Marathon, Wood, Jackson, Clark, and Eau
Claire, while in addition to these outliers are known in Mar-
quette, Taylor, and Barron counties. In all of these counties
except the last three it is possible to roughly outline an area in
which the residual clays may be found, but the actual number
of recorded exposures is comparatively few. The reason for
this scarcity of outerops is twofold. In the first place the resi-
dual clays of Wisconsin are very old geologically, and are not
the result of surface decay of the rocks in very recent geological
times. They have in part been formed in times earlier than the
Potsdam, and the sandstone of the latter age has been laid down
over them thus forming a protective cap. The clays cannot
therefore be seen unless the roof of Potsdam sandstone is re-
moved. Thid has occurred at several localities, exposing the
clay. In the second place there is throughout the residual area
a more or less heavy covering of glacial drift which completely
hides the underlying formations. There are also residual clays
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derived from Potsdam schists, but even these are often heavily
covered by glacial deposits.

For these reasons, although the residual clays are very exten-
sive, they are accessible at but a small number of points.
Among the areas known in which they are exposed may be men-
tioned Ringle, Stevens Point, Grand Rapids, Pittsville, Junec-
tion City, Black River Falls, Halecyon, Merillan, and Eau Claire.
In outlying districts they are found south west of Medford, near
Rice Lake, and northeast of Portage City.

In searching for these clays, a careful examination should be
made along the streams, and other depressions, and when a de-
posit is found it should be carefully exploited by boring or test
pitting, for the reason that residual clays often show consider-
able variation in depth. Where the clay occurs under the sand-
stone it will probably not pay to work it unless the latter is very
thin.

Since the clays of this group have been derived from a num-
ber of different rock types, and the parent rock exerts more or
less influence on the clay, the residuals of Wisconsin can be
expected to show more or less variation from place to place.

Some residual clay is found in southwestern Wisconsin, in the
areas of Galena limestone, from which it has been formed but
the material is very stony, and not considered in thig report.

TrANSPORTED Cravs.* Those found in Wisconsin include
glacial clays, marine clays, lake or lacustrine clays, estuarine
clays, and loess clays of doubtful origin.

~Qlacial clays. These are scattered over a large portion of the
state, and present several types. The most common form is a
shallow deposit, which often occupies depressions, and is of
rather sandy character, or consists of laminae of clay and clayey
sand. These have usually been deposited in lakes that oceupied
basin-shaped depressions or were formed by the temporary dam-
ming of valleys, and hence are thicker in the center and thin out
around the borders. In a few instances, as around Menomonee,
they show considerable thickness. The section of the bed is sub-
ject to variation from point to point. Few of them are of great
extent, but in any one area there may be a group of deposits,

*For the origin of these see Chapter I.
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easily accessible from some one plant, and whose combined
contents are large.

A second sub-type is that known as boulder clay, which is
tough, dense, stony material, often containing large boulders,
that are thrown out in working the clay. Deposﬂ:s of this class
should be avoided as far as possible.
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Marine clays. These are represented by the Cincinnati shale
of eastern Wisconsin and the Maquoketa shale of southwestern
‘Wiseonsin. The former ocecurs as a belt extending from Sturgeon
Bay, southwestward through Stockbridge, Oakfield, and Eagle.
In general it is a calcareous shale, containing occasional layers
of limestone, and weathers to a very plastic clay. The shale ac-
cording to Buckley* is from 165 to 240 feet thick. Although it

*Bul. Wis. Geol. and Nat. Hist. Survey, VII, Pt. I, p. 35.
4
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underlies the belt mentioned above, still it is not exposed con-
tinuously. In order to produce the best results in brick manu-
facture it is necessary to mix the fresh shale with the weathered
part, or if the latter is not available the shale should be allowed
to weather somewhat first. In the southwestern part of Wis-
consin the Maquoketa shale is to be looked for in the area out-

1D

F16. 5—Sectlon showing Maquoketa shale and limestone mounds. A, Niagara
limestone; B, Loess; C, Maquoketa shale; D, Galena limestone.

lined onthe map Fig. 4. There it is a somewhat caleareous shale,
containing scattered bands of limestone which can be thrown out
in mining. The upper portion of the shale is mellowed to a
very plastic yellowish clay, which burns to an excellent, dense,
red body at a low cone. '

Another less desirable clay, is found below the surface loess,
in the region surrounding the Maquoketa shale areas, and has
been formed by the decay of the cherty Galena limestone.
Around the borders of the Maquoketa area the two are no doubt
slightly intermixed.

Lake or lacustrine clays. Although these cover but a com-
paratively small portion of the entire area of Wisconsin (Pl. IT),
they form nevertheless one of the most important clay resources
of the state, for the reason that the deposits are of great extent
and thickness. They underlie large areas in Door, Kewaunee,
QOconto, Outagamie, Waupaca, Calumet, Winnebago, Waushara,
Manitowoe, Sheboygan, Milwaukee, Racine, and Kenosha coun-
ties in eastern Wisconsin, and a large tract in Ashland, Bayfield,
and Douglas counties of northwestern Wisconsin.  Although
forming a continuous belt along the shore of Liake Michigan, the
width of it is somewhat variable. v

In Racine county according to Buckley* the lacustrine de-
posits extend eighteen miles west of the present shore line; in
Ozaukee county they narrow down to two or three miles, but

*Op. cit., p. 36.
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widen again to the northward, and maintain their width all the
way up into Door county. Their greatest width however is in
the region west of Green Bay and Lake Winnebago.

‘Wherever found they usually show a great thickness, and most
of the larger plants in the state are located on them.

The lake clays vary from laminated beds, to massive silty de-
posits; they are usually red or reddish brown in their upper
portion, and gray, blue or greenish below. Not infrequently
there is a capping of several feet of gravel and loam on them,
while the clay itself may contain masses of sand, boulder clay,
or streaks of limestone pebbles, and these impure spots are either
left standing in digging the clay, or else are thrown to one side
in mining.

On account of the thickness and extent of the lacustrine beds,
they can be worked with a steam shovel provided the size of the
plant warrants it, but this method of digging is only economical
where the machine can be kept in constant operation. It would
not be practical where a separation of the several beds or benches
in a bank is necessary. Where a steam shovel is employed, the
gravelly overburden is first removed with pick and shovels.

The lacustrine clays are mostly cream-burning and the cream
brick made from them at Milwaukee have long been well known.
At not a few localities the upper part of the bank is red-burn-
ing, this being due probably to the fact that the lime has been
leached out of the upper few feet of the clay. With such con-
ditions it is possible to make both red and cream bricks at some
yards.

Estuarine clays. At the time the lake clays were being de-
posited, many of the river valleys then existing were so deeply
flooded as to practically become estuaries of the great lakes,
which were then far more extensive than they are now. Much
clay was deposited in the quiet water of these estuaries, giving
rise to a type of deposits included under the head of estuarine
clays. Owing to the mode of their formation the deposits will
be found in belts along the lines of drainage, and although dis-
tributed over a considerable area, do not form a bed of more or
less unbroken extent as might perhaps be inferred from the map
in Plate II. At many points where they are worked, the beds
are found underlying a flat tract, bordered by sand hills, the
section being somewhat as indicated in Fig. 3.
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The estuarine deposits as mentioned by Buckley* are found
along the Fox, Wolf, Rock, Wisconsin, Eau Claire, Chippewa,
Black, Red Cedar, and other rivers in the eastern and south-
eastern parts of the state.

The estuarine clays are mostly thinly laminated, and have a
maximum thickness of from fifty to one hundred feet.*

They also vary more in their composition than do the lacus-
trine clays, the variation in their calecium contents being spe-
cially noticeable. Owing to their proximity to streams, trouble
is sometimes experienced with water seeping into the pit. Like
the lacustrine clays they may show both red and cream-burn-

ing layers in the same bank.

*0Op. cit., p. 37.
*Ibid, p. 37.
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CHAPTER 1IV.

THE WISCONSIN CLAYS, THEIR USES AND
PROPERTIES.

On the preceding pages brief reference has been made to the
geology of the Wisconsin clays, and the distribution of each type.
In the present chapter there will be given the detailed results
of the laboratory tests made on the samples collected in the field.
For practical purposes it seems more desirable to group the clays
in this chapter according to their physical properties. Under
each of the sub-groups, the different occurrences are taken up
as far as possible in geographical order.

The subdivisions thus made are:

I. Buff or cream-burning, caleareous clays.

II. Red or brown-burning clays.

III. White-burning clays of refractory character.

IV. Slip clays.

1. CreaM-BURNING CALCAREOUS CrLAYs. These occupy a
large area in the eastern and southeastern portion of the state,
and a small area in the northwestern part, as mentioned under
estuarine and lake clays. In addition there are a number of
scattered deposits of glacial origin, as well as some shaly beds
belonging to the Cincinnati shale,

The occurrences belonging to the several formations are not
separated, but the discussion of all eream burning deposits is
taken up in geographic order from west to east, and from south
to north. In some cases where a red-burning clay overlies the
cream-burning one, the tests on it are included in this group, but
a cross reference is made to it under its locality in the discussion
of the red-burning clays.

DETAILED DESCRIPTION OF OCCURRENCES.

Monroe, Green Co. There are two yards at this locality, one
of these is operated by Kuster, Bowman and Schober, and the
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other is worked by F. Freeze. The former is mentioned under
the red-burning clays. At Freeze’s yard the section involved is
loam 2 feet, yellowish red-burning clay 8 feet, blue clay (white-
"burning) 2 feet. The red clay in the middle of the section is
very similar to that at the other yard but less sharply laminated.
Near the bottom of the bank just above the blue clay there are
several layers of limonite which are thrown out in working the
pit. The blue clay (Lab. No. 1044) which is of silty character
works up with 22 per cent of water to a mass of good plasticity.
In burning it behaved as follows:

Wet-molded bricklets:

Cone........c...... 010 05 03 1
Fire shrinkage . .... 0 .3 .6 .6
Color .............. light buff cream cream buff
Absorption......... 32.58 35.70 36.29 34.67

It ean be seen from these tests that the material is very gritty,
of very low shrinkage, and high porosity so that it is probably
used for making a common brick. '

Uses. The clay is now being used for brick manufacture and
both cream and red brick are made from the different layers in
the bank. The material is tempered in a soak pit, molded in a
horse-power soft mud machine, dried on racks and burned either
in a scove kiln or a round down draft kiln,

Edgerton, Rock Co. The cream-burning estuarine clays have
been opened up on the southwest side of the railroad a few yards
west of Edgerton depot and adjoining the brick yard of Whittet
Bros. (Pl. VIII, Fig. 1). This section involves:

ReA CIAY oeevveer cer v eeeenens ianeeeeenneennnsrens 3 to 4 feet
Blue clay .. oot iiieiirniniinrniniescsotesenconsnns 9 feet
Gravelly bottom clay.....ooviiviiieniiiiiaineeinnee senensraas

The top clay (Lab. No. 1028) is said to stand less fire than
the bottom clay and shrinks more in burning, but the lower is
the one chiefly used. Its physical properties were as follows:
Soluble salts, .24; slaking moderately fast, plasticity excellent;
grit low. It worked up with 22 per cent of water, and had an
air shrinkage of 8.5 per cent. Its average tensile strength was
228 pounds per square inch with a maximum of 260 pounds per
square inch. In burning it behaved as follows.
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Wet-molded brick-
lets:
Cone.............. 010 05 03 1 2 3
Fire shrinkage .. .. .3 sl. sw. | sl sw. 0 2.3 3.3
Color ............. buff | cream | cream | light | light light
buff buff buff
Absorption........ 29.15 | 30.11 | 30.43 [ 25.77 | 24.51 | 23.86

It burns steel hard at cone 2 but gives a sufficiently hard
body for bricks at a lower temperature. In burning the clay
does not deepen perceptibly even up to cone 2. The large brick
crack badly when dried rapidly and on this account care has to
be taken in air drying the product.

The material is used at the present time for the manufacture
of common brick and in making brick a mixture of the run of
the bank is used together with one-half yard of sand per thou.
sand  brick. The bricks are molded on a stiff-mud machine,
dried under sheds, protected from the wind, and burned in Dutch
kilns. The blue clay alone works best for drain tile, for the
presence of the red clay tends to make it tear in molding.

The top clay is said to shrink more in burning but does not
burn to as light a cream in color and the difference in size and
hardness in bricks made from the two different kinds of eclay
is quite noticeable. The average burned bricks made from the
run of the bank are considerably softer. The bricks made from
the top elay on account of their greater density and hardness
are sold for pavements.

Whitewater, Walworth Co. Here again the estuarine clays
are employed for brick manufacture at the yard of the White-
water Brick and Tile Company. The clay bank, which is a
rather shallow excavation, lies on the north side of the yard and
is part of a large deposit underlying a large area which is sur-
rounded by small sand hills. Borings in the clay have shown
it to have a depth of 25 to 30 feet, and to be underlain by sand.
The clay contains occasional sand streaks as well as lime peb-
bles. The material as dug is not used for the manufacture of
brick but about 10 per cent sand is mixed in with it, this being
obtained from the hill to the east of the wvard. The general
physical properties of the clay and brick mixture are given in
parallel columns for purposes of comparison.
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Material Ceiresineesene veseeras Run of bank Brick mixture
Lab. No........... N 1,010 ,
70 1 brown yellow brown
Soluble salts ........ Cereneas feeee 22 .20
Water required......coocvvevecnnans 22 19.8
Slaking .....vvvvviniiriiniinioeanas moderately fast slowly
Plasticity .covvveerieininerinannns good high
Grit ...ocovriiiiriieiiiiereiiaanes some medium
Air shrinkage ....occviveninnnnanns 6.24 6.5
Average tensile strength............ 246 316
Maximum tensile strength ......... 310 355
Woet-molded bricklets—
Cone 010
Fire shrinkage ................ 4 4
Color ....... cereens sieesecsens cream pink buff
Absorption..........coviniainn 28.17 23.23
Cone 05:
Pire shrinkage .......ccovcvene. N§ 8. 8.
COlOT sieeevensenssonssnnanans cream cream
Absorption..........oivienannn 28.62 22.63
Cone 03:
Fire shrinkage .....vvvveeneues . 0
Color ilight buff cream
Absorption 925.81 20.63
Cone 1:
Fire shrinkage ..........coe.u.. 10.3 2.1
Colorvevveiiinnenananens ceenen buff light buff
Absorption .veevieivenciecnnens 8.18 16.35
Cone 2:
Fire shrinkge .....civvvvevannfsoccecesnnncnens .. 3.5
L1670 (> e P cream
AbSOrption...ccivviriiiiiiiii]erresiriorcnccnans 13.89
Cone 3:
Fire shrmkage .................................. 4
{0703 U5 2R cream
Cone 5:
Fire shrinkage .....ccovvuvvnnnfovirininianiannn, viscous
Dry-pressed bricklets—
lEone’ 05:
PFire shrinkage 0 0
Color «.ccvvveviennnn. light buff buff
Absorption........... 34.22
Cone 1;
Fire shrinkage ..........c...... 8.66
COlOT..viveennrinssracasncannes light buff
Absorption.......... vees eenene 16.57




THEIR USES AND PROPERTIES. 57

Chemical composition.

Silica (S10;) «ovviiit ittt i e 32.48 42.28
Alumina (Al;03) . cent viviiiiiiiiiie i caeevans 7.31 8.26
Ferric oxide (Fe,03)v0nveennn... v eseeereeaas 4.37 3.84
Lime (CaO) ....coviiiiiiiiiiiiiiiiiiiii i iiiineaas 18.44 13.05
Magnesia (MgO) ... .ooviiiiniiniiiinaiinien. 7.18 6.01
Potash K, 0) it iiiiiiiiiiiiiiiaiiiiiinanneeenss 2.01 2.51
Soda (NagO) coveviii it i it innnas .48 .49
Titanic acid (TiOg) v venriiervenennrnareecnennnns 12 .05
Losson ignition .....coiiiiiiiiiiiiiiiiiiininane 27.70 22.07

] Y e ©100.09 100.56

Total luXes...oeeeevecvirieiiiiiiienannnnanen 32.48 25.90

It is interesting to compare the tests of these two clays.
It will be noticed that owing to the much higher percentage of
lime carbonate in the eclay than there is in the brick mixture, that
the former burns to a more porous body, but it also has a lower
fusing point, lower tensile strength, and a higher shrinkage at
cone 1 because its point of viscosity is being approached. A
large brick made from the clay shows that it stood rapid drying
without cracking while the brick mixture did not seem to stand
as fast drying as the raw clay.

Uses. The material at the time of the writer’s visit was be-
ing employed for the manufacture of common cream-colored
brick. The clay is prepared by passing it through rolls, then
through a stiff-mud end-eut machine. The bricks are dried in
long sheds with steam pipes underneath, while the burning is
done in a eircular down-draft kiln, at cone 1. In this the bricks
are set about 25 courses high and show a settle of 4 to 6 inches.
Some tile are made, but for these the sand is left out, the clay
alone being employed.

Elkhorn, Walworth Co. The caleareous clays located at this
point have been worked by the Elkhorn Brick and Tile Com-
pany for the manufacture of brick and drain tile. For mak-
ing brick the run of the bank is used, while for the manufacture
of tile the more plastic or lower beds of the bank have been
employed. The tests of these two bring out quite well the dif-
" ferent physical qualities that can be obtained by using either
certain layers of the bank or a mixture of the section and for
purposes of ecomparison the two are given below.
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Material.......ccvvuiiinnnann... Drain tile mixture | Brick mixture,
run of bank,
Laboratory No v..vevvievenennn. 1061 1062
Water required........cc.0vuunn. 19.8 19.8
Slacking. . . glow moderately fast
Plastlclty ....................... good good
Grit . iiviiiiirieireeiiaraenennns very little much, silty
Air shrinkage................... 5.5 2.9
Average tensile strength.........[....ccevvvnnennn... 206.4
Maximum tensile strength ......[.........couunnn... 236
Wet-molded bricklets—
Cone 0
Fire shrlnkage .............. .3 T
Color ..... . pink red pink
Absorptlon .................. 22.08 29.92
Cone 05:
Fire shrinkage .............. sl. sw. sl. sw.
Color v..ivivevininnnnenennn. buff pale buff
Absorption.................. 21.03 33.86
Cone 03:
Fire shrinkage .............. sl. sw. sl, sw.
Color v..oovovevinnennannn, cream buff light buff
Absorption .......i00iuee 19.08 31.75
Cone 1:
Fire shrinkage.............. 5.7 sl. sw.
Color v.oveveiiieinieiennnn yellow buff buff
Absorption.............cu.e. 5.57 29.57
Cone 2:
Fire shrinkage.............. . 1
Color v..vvvvtiiinivnniinn. Greenish yellow buff
Absorption......c...c0veuen . 4.42 27.94
Cone 3:
Fire shrinkage.............. 7 1.6
Color voviini it viiiaiaa greenish buff deep buff
Abgorption .. ......ccveuann. 3.47 26.90
Steelbhard........c.c.eovuen.... cone 03 above cone 3
Viscousat......ocvvevnennn.... 5

The tile clay gives a good hard body while the brick mixture
which is a very sandy porous clay shows a curiously high tensile

strength considering its silty character.

causes it to burn to a very porous body.

Kenosha, Kenosha Co.

at this locality in the yard of W. J. Craney.

volves:

Soil
Deep red clay

..............

Blue or cream-burning clay......

This same property also

Cream-burning brick clays are worked
The section in-

.....................................................
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The properties of the two are as follows:

Material
Yaboratory No ....
Color, MOoiSte. . covivereneenvasenne.
Soluble salts
Water required......covovvennnanns
Slaking ... covvieiiiiiinaiie e
Plasticityee.cveveriirieecnvaneness
[ 41
Air shrinkage.......ccooceiiienenn.
Average tensile strength...........
Maximum tensile strength..........

Wet-molded bricklets—
Cone 01C:
Fire shrinkage........c.coevve..
[072) 153 PN
Absorption........o.ooiiiiain,

..........................

......................

Cone 05:
Fire shrinkage.................
(0731 13) S
Absorption......coveevnvinn..en

Cone 03:
Fire shrinkage
[070) 1s) O
Absorption......covevveeenann.

Cone 1:
Fire shrinkage
[673) 107 PN

Cone 2:
Fire shrinkage
(670 o) N
Absorption......cccovnvennn.n.

Cone 5:
Fire shrinkage

Dry-press bricklets—
Cone 05:

Fire shrinkage

(0701 1) A

Cone 1:
Fire shrinkage ................
(670 1c) SN

Lower blue clay
2
brown
45
17.6
slow
high
none
4.5
64
72

sl. sw.
light brown
36.75

sl. s v,
light brown
30,98

sl. sw.
light pink buff
26.28

..................

al. sw.
yellow buff
24 .96

viscous.
1.33
light buff
28.19

3.33
light buff
24.52

Upper red clay
1073

brown
27
25.3
fast
high
very little
8.2

299.6
332

3

red brown

2.6
yellow red
15.17

2.7
red brown
9.87

viscous
brownish gray
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Chemical composition.

Silica t810,) .. ittt it it et e e 38.62 55.41
Aluminag (Al,O5) cieeniiiniiie i ieienaracans o 8.75 18.10
Ferric oxide (Fe,0,5) ...oeviiiiiiiiiiiiiniiiina.n, 8.22 5.01
Lime (Ca0)u.. e iiiriiiitnetienerernsasansasaaes 14.04 6.28
Magnesia (MZO) ... .uiiiit tivnreerneenencnnnanas 6.27 .14
Potash (K,0) ioviriiiiniiiieiinisainrorecnensanes 2.65 154
Soda (NasO) ..iveeiiriviranereinrerneecronnarennns .89 .49
Titanic acid (T10g) veetiveeiieriiieiiirianenannanns .07 .25
Loss onignition ... ... coviiin i iiiiieniennnns 19.99 12.34

1 0] 7 99.50 100.46

Total fluxes ....0 eveiiirieeiiiiiiernienn e, 32.07 14.36

A large brick made of the blue clay stands rapid drying fairly
well but the clay does not burn steel hard until cone 2. The
upper red clay gives a good hard brick even at cone 010 but does
not burn to a very good color and the clay is not as homogen-
eous in its color burning qualities as the preceding sample.

The difference in tensile strength is most noticeable, as is also
the difference in shrinkage and fusibility. The upper red clay
on account of its easy fusibility makes a fair grade of slip, burn-
ing to a deep brown glaze at cone 6.

Uses. The clay which is finely stratified has been used in the
manufacture of common brick in the proportion of one half red
top clay and half lower blue clay. The material is run through
a crusher and molded in a soft-mud machine, and dried in hacks
on the yard. The brick are burned in secove Kilns.

Racine, Racine Co. This is one of the most important brick
making localities in the state there being a number of good
banks located along the lake shore north of Racine, and also at
North Doint 4 miles north of the town, as well as on the south-
eastern edge of the town. The section in nearly every bed shows
a cream-burning clay overlain by the gravelly sand or gravelly
loam and just north of town on Main street the section usually
shows about 2 feet of sand and gravel underlain by 6 to 8 feet
of buff-burning clay which in turn rests on a sticky clay that is
not used. At North Point the section of the clay bank at the
time of the writer’s visit showed

S T 1 e 6 in.
Coarse 1oamy 8a0d .. vvvuvriirnsreetonennrsoenenneenons 1 to 3 ft.
Purplish clay . ..o ii i i i i i i 6 to 8 ft.

The tests made on the several clays are given side by side
after which they are discussed comparatively.
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Locality .........ceevveeveeen. .../ North Point|Cedar BendLake Shore
Yard. Yard. Yard.
Lab. NO...ooviiirisreirnenaneoans 1103 1105 1115
Solublesalts........ccoveviiiiin, .33 .18 ) |
Water required ,....covvvviiennnn 19.8 19.8 17.6
Slaking.....coovieverevnneenennnes fast fast fast
Plasticity cooeeversiiienirnennnnnns good good good
Grit .ot i i i fine mixed | much. fine
Air shrinkage................o.... 7.6 6.3 4.8
Average tensile strength .......... 276.3  Jeeiirerinenn
Maximum tensile strength ........ 310 Jeeeieeiinen.
Wet-molded bricklets—
Cone 010:
Fire shrinkage...........co.... sl. sw. .6 sl. sw.
(87530 ) A pink buff light red pink buff
Absorption......ooevveviinnn. 20.98 21.41 19.25
Cone 05:
Fire shrinkage..........cccven. NG .8 0
(070 () R cream light red cream
Absorption .....iioiiiiiit e, 20.70 21.39 19.33
Cone 03:
Fire shrinkage.......c.cvc.... .3 0 .6
L070) [) J cream dark buff buff
Absorption.....cccovvvivinennen 20 20.21 17.85
Cone 1:
Fire shrinkage................ 4.6 7 3
(8741 [ cream buff light gray
buff
Absorption....eevviiniin ... 8.70 5.15 13.09
Cone 3:
Fire shrinkage................ [ J N P 5.6
Color.....ovvvuininiininnann buff ...l gray buff
Absorption.....cocvieiiiieiii it e iieiiienan 4.25
Dry-press bricklets—
Cone 1:
Fire shrinkage................ 4.33 Jeieiiinnn... .66
[670110) greenish ............ buff
buff
Absorption ....ccivviniinnnan. 20.30 |..ieenennen. 22.34
Cone 5:
Fire shrinkage................ viscous J..eieieiianns
Steel hard.....evvvueivaennens cone 3 cone 1 cone 1

The Cedar Bend clay is less calcareous than the others and
hence burns a different color. There is not much difference in
the porosity to cone 1, at which temperature the clay mentioned
shows a higher sshrinkage and lower absorption.
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Chemical composition. 1115

] £ 0 7 47.36
Alumina (A1,05) ceiriiniiiniiii it iiie et ri i erae s eaeaan s 6.98
Ferric oxide (Fe,05) . et vieiirneiiiiiiiiienerareneneresassecnnnnns 6.68
Lime (Ca0) . .ou it iiiietiennesinensesterinrossrensisenans sanans 13.10
Magensia (MgO)..oivveinniiniisieiiiiereetestesnenonsonesaonnans 4,36
Potash (KyO) t.veeiteerenireiretanaesoeesssonatossesansesncnsass 1.28
5008 (NBGO)- . ovrnssn s eeos eees e eI 0.68
Titanic acid (TiOz) .ovvviriiiniiiiiiiii it iiiiiecneinacnrevannes 14
D ITGI=T- I3 B g 31 5 o) N 19.05
o RN 99.63

Total HUXeS. e ceierereireeeereresenncsorennneeecasnaennses 26.10

Uses. 'These clays are used at the present time for the manu-
facture of common brick and the product produced is one of the
hardest made in the state, although it requires a higher tempera-
ture to burn it than that needed in many other localities where
similar types of clay are employed. The one interesting feature
connected with the manufacture in this region is that several
different processes of molding are employed. Thus at the North
Point yard the clays are molded in a stiff-mud machine, receiv-
ing their preliminary preparation in rolls and a pug mill, while
they are dried in the sun and burned in Dutch kilus. A mix-
ture of 1-3 sand and 2-3 clay is used.

At the yard just north of Racine the clay is tempered in ring
pits or pug mills operated by horse power and molded in soft-
mud machines, while at the Cedar Bend yard the clay is molded
soft-mud and then repressed.

The strength of the three are as follows:

St:::gitﬂg. Transverse.| Absorption.
11915 11T G P
Soft-mud....ceiiieiiiiiiinierecaiiliiireiiiecni]ieneceiieeefiiiiiiiiin
Soft-mud repressed ...coeeveervirefiecntvacecncr]|sessscianssce]ostcciesoens

The burning at the yard just north of the town is done in
scove kilns, while at Cedar Bend the bricks are burned in Dutch
kilns. At the North Point yard a temperature of Cone 1 is
reached.

Burlington, Racine Co. Here again cream-burning clays are
worked at the yard of the Burlington Brick and Tile Company
of which Mr, William Meadow is the manager. The clay pit
which is located near the yard shows the following section:




THEIR USES AND PROPERTIES.

63

(31791 07 )01 -2 Ceseretanaeas 214 feet
Red Clay .oviieiirerenriuonnnsioscnsessnses 2  feet
Sand (used with the clay for brick and tile) 1 foot
Blue Clay ..o it it ittt it raar s 3 feet

Red gravel (water bearing).

The various layers in the bank are quite distinet, although
not sharply marked and those on the upper part are quite
strongly laminated as well as being tinged with iron oxide. The
blue clay is quite tough and contains occasional pebbles.

In making the bricks they find that the blue clay has a greater
shrinkage than the red, as confirmed by the laboratory tests.

The physical properties of the two clays were as follows:

Laboratory NO ...viveenscnescncnes
Material .....iiiviiierieiiiinennnn
Color, moist ... ceveenveceancennns
Water required.....cconveevenennse
Slaking .....cveeeecnens veeesesnes
Plasticity .ooeeeceeeiare i cnanenns
€5 5 1 Y
Air ghrinkage ......ccvevevevnnssaes

Wet-molded bricklets—
Cone 010:
Fire shrinkage ................
(953 105
Absorption......covvenneennes

Cone 05:
Fire shrinkage .
Color ...........
Absorption.....ccoveneveinnns

Cone 03:
Fire ghrinkage ................
[973] 1 0N

Cone 1:
Pire shrinkage ........couvuvee
[07] [
Absorption......ccceeevus oue.

Cone 2:
Fire shrinkage .......vv0vevens
(070103 SR

Cone 3:
Fire shrinkage ....ccoveueeenens
(703 (<3
Absorption......cocviviiinen,

Cone 5:
Fire shrinkage ................
Steel hard .....ccovvevvvrvennns

1052
upper clay.
yellow brown
22
slow
high
variable
7.3

1.3
buff
21.97

1.3
buff
19.86

1.3
buff
19.43

2
yellow buff
14.33
2.7
yellow buff
13.37

2.7
greenish buff
13.15

viscous
0

1051
lower blue clay

..................

..................

1.6
pink buff
22.87

1.6
bink buff
23

viscous
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Chemical anaylsis.

Silica (S103) sieete tiieeretiecerateaetesrtsrssesstssossssssssnsssne 41.86
Alumina (Al,04) ... ..

Ferric oxide (Fe,0;) ... 6.69
Lime (Ca0) ceuer tiieiertnerteneroreeenenncessaannsasen ous ... 938
Magnesia (MgO)..uiueitieeieiineiienrnesnreesenenrenoneennensanens 4.75
Potash (K O) coiuiiiiiiiiinieiirenncasaeenenerocsasessasaarassons 3.73
Soda (Na,0)..... .92
Titanic acid (TiOy) vveveevunn. fe et cenateacascnsantsaensatnsansne 05
Loss on ignition ..uiueeriiniiiinniinneessicroniiciisscesessaeness 17.86

B0 U 99,55

Total luxes .i.vviriiiiiiieriieniieererracrnessossscscnsnns 2547

The lower blue clay is a very fine-grained clay and one of the
most easily fusible of the entire series tested, but it burns fo a
good hard body at 05 while the top clay is quite gritty, but also
gives a good buff body at 05 with a low shrinkage up to cone 1.
The color deepens considerably at cone 3.

Uses. 'The clay is used for the manufacture of both brick and
tile. For the former the clay is tempered in a soak pit and
then put through a stiff-mud machine. The brick and tile are
dried on pallets the former being burned in seove kilns and the
latter in down draft kilns at 04.

Madison, Dane Co. Clays are worked at D. Stevens’ yard 2
miles west of the city. The section of the bank shows:

0. o P
Coarse 8and.. ........vvivvnenrnieannn..

Red clay with limonite streaks
Blueclay «.vviiiiiiiiiiiiiaieiiiiits totiieinenasasenanns

The top clay is red-burning while the lower clay is cream-
burning as ean be seen from the following tests. The tests of
the top clay are nevertheless put in here for purposes of com-
parison.

Material..oooeiirneeiiireresreionsiennsns Top clay Lower clay
Lab. Now.oiiiiiierircienotenonennonanane 1064 1116
Soluble salts .....cioviviviniienivniiaans s .12 19
Water required........ccovvieeniennnnn. ) 22 19.8
Slaking ...oocviiiiiiiiii i it e moderately fast fast
Plasticity ... coovenincien i iiinvenannn good fair

L 5 o 3 variable mixed
Air shrinkage......cvvueeeeievveennnennen 1 . 5.6
Average tensile strength ................. 204.6

Maximum tensile strength................ 339
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Wet-molded bricklets—
Cone 010:
Pire shrinkage .......cocveiiiennane. 0 7
(7Y o) R light red deep pink
Absorption........coviiiiiiiiiiiies 16 21.72
Cone 05:
Fire shrinkage... .........ccceuvn et .3 0
[070) s yellow brown cream
Absgorption.......ooviiiiiaiiianaas 15.90 22.08
Cone 03:
Fire shrinkage .................. ... 1.7 1
{703 1+ light red cream
Absorption...........cociiiiii e 13.19 20.54
Cone 1:
Fire shrinkage.. .............ccco ... : 7
Color . red brown
Absorption 1.90
Cone 3:
Fire shrinkage " 3.4
Color............. .. cream
Absorption...... .. 14.72
Steel hard......covviiviveniinnnn e cone 3 vis. at b

The first of these clays is a rather porous material which
however burns to a good red body but should not be burned
much above cone 03. While the lower cream-burning clay gives
a hard body and even at cone 010 gave a good hard brick, al-
though its fusion point is higher than that of the red clay.

Uses. The clays are used for the manufacture of common
brick and the run of the bank of either the blue or the yellow
is selected, to this about 1-4 sand being added. There are occa-
sional lime pebbles in the clay but these tend to oceur in pock-
ets rather than uniformly scattered through the mass. The
clays are worked in a soft-mud machine and burned in scove
kilns. i

Jefferson, Jefferson Co. The estuarine clays have been de-
veloped around this locality and are being worked at two yards,
viz., that of the Jefferson Brick and Tile Co., and the other that
of Kemmeter Bros., but at the present time both are eontrolled
by the same firm. At the former works the character of the
clay is fairly well shown because an extensive although shallow
excavation has been made. One result of this has been to bring
out the horizontal variation in the character of the material.
The working face which is about 6 feet high shows a bluish lami-
nated clay at the western end of the bank, while at the north

5
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side the material dug is termed a yellow clay and although more
sandy than the blue is really nothing more than a weathered
phase of it. At both points the clay is overlain by about a foot
of black soil. At the south side of the bank there is another pit
which shows a blue clay overlain by from 1 to 2 feet of coarse
yellow sand which in turn is covered by a thin layer of soil.
The blue clay is harder and more brittle when dried, as well as
more strongly laminated than the yellow clay.

A still more plastic, finer-grained phase adapted to drain tile
is obtained from the northeast end of the yard, and at the same
level as the clay in the first part of the excavation mentioned.
The general characters of the blue and the yellow clay are as
follows:

Material .......coiviiiiiiin e, Yellow clay Blue clay
Laboratory number................ 1015 1016
Water required.................... 17.6 22
Slaking ....ciiiiiiiiiiiiiieins. fast moderately fast
Plasticity ...ocovovveievieniinenn., good good
Grit ..ottt iiiiiiiiiire e in mod. amount little, fine
Air shrinkage ........... ....... 1 62
Average tensile strength .......... 252
Maximum tensile strength.......... 292
Wet-molded bricklets—
Cone 010:
Fire shrinkage .........ocoovifivniniiiiin e, 0
L0707 T R buff
Absorption .....ccvvviiier viiiiininain e, 30
Cone 05:
Fire shrinkage ................ sl. sw. sl. sw.
Color wevvvivii e deep buff light buff"
Absorption ... ..eiiiiiieenn, 31.64 32.06
Cone 03:
Fire shrinkage .........e00uee sl. sw. sl. sw.
[075) T’ buff cream
Absorption ....oiiiiiiiiian... 31.71 31.20
Cone 1:
Fire shrinkage ................ 4 2
Color ...vviiiiiiiiiiiiii light buff Kgat buff
Absorption ............iolL. 32.47 26.88
Cone 2:
Fireshrinkage .........coviieifereececinnaeroaes 2.3
(001 ) P s cream
ADbBorption.....ccvieveininniaideniieiieiniiinnn 24.83
Cone 3:
Fire shrinkage ......coocvuvviefiiienaiinenenn. 5.7
COlOT viiiirenieneeieeenesncealoeiocecacnnnsssnss light brown buff
Absorption .......ioiiiiiiiii et 27.73
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No. 1015 when molded into a large brick and dried rapidly
shows a slight tendeney to crack and the same is true of the blue
clay which is very dense but burns to a good cream body, al-
though not as dark-burning as that from Whitewater. While
it gives a good hard brick the latter is not by any means dense
as can be seen from the absorption tests given above.

Uses. These clays are being exclusively used at the present
time for the manufacture of common brick and drain tile. At
the yard of the Jefferson Brick and Tile Works the material is
prepared in soak pits, molded in soft-mud machines, dried on
hacks on the yard and burned in a scove kiln. For brick-mak-
ing equal proportions of the blue and yellow were taken and
mixed with about 12 per cent of sand, while the blue clay alone
is used for tile. If the blue clays are used alone it is claimed
that they show a tendency to swell and will not burn to a good
hard brick, but the reason for the latter is probably due to their
being burned at too low a temperature. This is one of the few
yards in Wisconsin at which forced draft is used for burning
but here it is employed only during the water smoking. The
tile are burned in a circular down draft kiln.

At the second yard, namely that of Kemmeter Bros. the clay
in its general appearance and burning qualities as judged from
the general character of the ware is very similar to that of the
first yard and the process of manufacture is quite similar.

Watertown, Jefferson Co. The estuarine clays are worked
here and the bank shows the following seection.

Black 10am eivvuveiiin i it et i i aeee 1 ft,
Yollow elay c.cvieienr it i e et aaeeaaes 7 to 8 ft.
Blue clay .....oviiiiiiin it i ittt 25 ft.

The lower clay is not worked, however, to a depth of much
more than 8 feet.

As can be seen from the following tests better results are ob-
tained by using a mixture than by using the blue clay alone.
The properties of the two were:
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Material......ocovi vt iiiiiiien,s Blue clay Brick mixture
Lab. Nowee ciitviiviieiencaennencnns 1063
Solublesalts .....cciiiiiineninirennraliereeneenannnnn. 27
Water required......cocovviinnnnnnnns 20.9 17.6
Blaking ..o vveiiiniie i e slow slow
Plasticity coveeviniieiiene i excellent high
L€ little some, coarse
Air shrinkage ......ocvivvviien e enan 7.1 4.5
Average tensile strength ....... ........|veviernnanna.. 233
Maximum tensile strength .............0..cocii i, 252
Wet-molded bricklets —
Cone 010:
Fire shrinkage ............ovun.... 0 3
L0 0 gray light buff
Absorption .....oc. iiiniiiiaan.., 29 24 21.85
Cone 05:
Fire shrinkage ................... sl. sw .3
L0703 1o} cream cream
Absorption.........cooviiiiinnn., 31.12 24.16
Cone 03;
Fire shrinkage sl. sw 0
Color vo.ovviiin v, cream cream
Absorption.......oevviiin i, 31.64 22.15
Cone 1:
Fire shrinkage .................... sl. sw. 2.3
L7< U cream cream
Absorption ......civiviiiiiien s 29.51 17.31
Cone 3:
Fire shrinkage .......ccvuovuuvunnnn. 2 4.4
105 o) S light buff buff
AbSorption vuvevrerien viiineinanns 27.47 16.85
Dry-press bricklets—
Cone 1:
Fire shrinkage .......cccoviieiniiilinnrneniannnnnn sl. sw.
[0+ o’ R N cream
Absorption ....viviiiii i i e e 27.41

Comparison of the properties of the two sete of clays show
that the main points of difference are, lower air shrinkage, and
greater density in the brick mixture, while the clay alone swells

in burning.

The clay alone is a porous, finely silty material, which burns
to a good eream body. The mixture when dried is coarse grained

and shows scattered mica scales.
Uses.

The clay which underlies a comsiderable area in this

region is used at the works of L. H. Cordes & Co. for making

common brick.
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The material is put through rolls and then dumped into the
soak pit together with the requisite amount of sand. The quan-
tity being used is one load of sand to two loads of clay. The
molding is done in soft-mud machines. The bricks are dried
in hacks on the open yard. Scove kilns are used for the burn-
ing. The mixing of the clay is not very carefully done and the
product consequently shows some variation in size, even in the
air dried material. They claim that in burning there is no
swelling of the product but it probably oceurs, although so
slight that they have not noticed it.

Fort Atkinson, Jefferson Co. The estuarine clays have been
opened up to the east of town where they are found underlying
a flat area bordering the Rock River and surrounded by low
hills of sand on whose slopes the clay thins out. The clay has
been excavated to a depth of 10 feet but is claimed to be at
least 40 feet deep. It is a tough bluish elay (Lab. No. 1014)
with yellow mottlings having the following physical characters:
Color moist, light brown ; soluble salts, .44; water required, 28.6;
slaking, fast; plasticity, high; grit, little; air shrinkage, 7.6;
average tensile strength 166 pounds per square inch with a max-
imum of 231 pounds per square inch. The material will not
stand rapid drying and the large bricks tested in this manner
split badly. The behavior of the clay in burning was as follows:

Wet-molded bricklets:

Cone.........o..... 010 05 03 1
Fire ghrinkage.... 1.7 2.3 2.8 13.6
Color......oee.... light red cream light buff | yellow buff
Absorption....... 25.74 25.58 23.79 3.65

The clay burned steel hard at 03 and gave a good body even
at 010. Its shrinkage up to 03 was quite low but above that in-
creased rapidly as its fusion point was approached.

Dry-press bricklets:

L0747 05 1
Fire shrinkage .......ccooviiiiiininnn.an. 2 12
1 070) 1o} light buff buff
Absorption.......ciiiiiiiiiiiiii i, 32.43 12.48

It gives a fairly good dry-press body at 05.
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Uses. 1At the present time the clay is used by the Fort Atkin-
son Brick Mfg. Co. for the manufacture of common brick. For
making these 7 parts of the clay are mixed with one of sand the
latter being obtained from a neighboring hill. The molding is
done in soft-mud horse-power machine, drying on pallets and
burning in scove kilns.

Granville, Milwaukee Co. The estuarine clays have been
dug about one half mile northwest of Granville station, for
drain tile and brick purposes, and the deposit which has not
been worked to a depth of more than 6 feet consists of alternate
layers of a blue and red clay which it is said extends to a depth
of about 9 feet, under which there is a solid blue clay which a
well has penetrated to a depth of 200 feet. Both the surface
clay and the underlying clay burn buff, and there seems to have
been no leaching of the lime from the upper beds at this local-
ity. As it was claimed that the surface 2 feet had a different
character from the run of the bank including the lower bed a
physical test was made of each with the following results:

Material ......coiviiiiniintvecnessnees Surface clay Run of bank
Lab. NO ... ivieiiie i ieiiiainnnananas 1112 1125
11003 (o3 brown light brown
Solublesalts ...coovvvviiiiinennnae. 13 .19
Wafer required.........oovvvnevennnnn. 25.3 22
Slaking ... .covieisiiiriiiiiiiriniian.. fast slow
Plasticity ....covoviiniiiieenniinan high excellent
L 5 none some, fine
Air shrinkage.....ccoevviiiiareceances 9.5 7
Wet-molded bricklets—
Cone 010;
Pire shrinkage ...ocoeveevevnnnnen .3 sl. sw.
(9701 (o) brownish yellow buff
Absorption......c.covviviniiannnn. 17.86 27
Cone 05:
Fire shrinkage .......ccecvvenenn. sl. sw. 4
(070 s) U N brownish buff cream
Absorption.....coovuiiieiiiininen 17.99 26.78
Cone 03:
Fire shrinkage ,........ e rereeaas 1 1
Coloraiseeanass Cess et eseetaeanan brownish buff cream
Absorption.........ooiieivinnnan, 13.26 25.93
Cone 1:
Fire shrinkage ........cccovvvennn, vis. beg. 1.4
[0 ) O O eee light buff
Absorption ....vvviiiiiiiiiiiiiiii e i 24.58
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The difference in character is here quite noticeable on com-
paring the air shrinkage, fire shrinkage, density and fusion
points.

Of these two clays the surface one is a more easily fusible
clay and became viscous at eone 1 while the other did not be-
come viscous until two or three cones higher. The latter, how-
ever, burned to a fairly hard brick even at cone 010 and makes
a good drain-tile.

Uses. At the present time the material is used chiefly for the
manufacture of drain tile which are burned in up-draft kilns
giving a good product at a comparatively low temperature name-
1y 010.

A similar clay deposit has also been opened up by the Wis-
consin Brick and Tile Company in eastern Granville, whose
works are located on the east side of the Chicago and North-
western track one mile north of Granville. There again the
clay is cream burning although red in color and it is likewise
somewhat stony in its character in places.

Midwaukee, Milwaukee Co. This city is the most important
brick-making center in the state of Wisconsin, there being a
number of large yards in operation for the manufacture of com-
mon and pressed brick. The clays worked around Milwaukee
are to be classed geologically in part as lake clays, and in part
as glacial deposits. Physically, they are to be classed as silty
clays, but may show more or less variation in the same bank.
All are of good plasticity. In some banks the laminations are
quite distinet while in other banks the clay appears to be quite
massive and the bedding planes are not at all prominent. Here
and there through nearly all of the deposits are masses of
bouldery clay or lenses of sand which in the working of the
bank must either be thrown out or worked around. At most
of the banks there is also a variable overburden of glacial drift
which has to be stripped off before the clay can be dug. While
the run of the Milwaukee clays is cream-burning, there is here
and there a surface deposit of red-burning loamy clay which is
dug to some extent by the local potters for the manufacture of
common red earthenware. These deposits are always shallow
and rarely of great extent. At the present time most of the
clay used by the earthenware potters is obtained from the re-
gion around Bay View.
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The following tests will serve well as indicating the physical
character of the cream-burning Milwaukee clays.

Locallty ....cvvvvevivinnnnsecnenss Chase Brick Co. | Burnham Bros.
Wauwatosa yard.,
Laboratory number................ 1,080 1,009
Color, moist..coovveienrieerneannenn gray gray
Solublesalts .......covvevinenna.s 17 1
Water required..... eeebesncrennaa 15.4 15.4 .
Blaking wvoeneiririenriiiriniiiann fast moderately fast
Plasticity ......ccoveeviiiiiian.e.. good much, coarse
Air shrinkage ..............0.c00onnn 3.5 3.5
Average tensile strength............ 215 197
Maximum tensile strength.......... 251 236
Wet-molded bricklets—
Cone 010:
Fire shrinkage ................ 0 0
(9751 o) U gray buff light pink buff
Absorption ........cocviiinnn. 23.43 20.33
Cone 05:
Fire shrinkage ................ sl. sw. 0
Color oooivvvivininniininnnnnn, cream light buff
Absorption........cvivinainnn 22,27 20.43
Cone 03:
Fire shrinkage sl. 8w sl, sw.
Color voo.ovvvenee. cream buff
Absorption ....ooeiiiiiaii.... 24 18.85
Cone 1:
Fire shrinkage ................ sl. sw. 1.7
[073) 725 light buff buff
Abgorption ...eevvviiiiiiinane 20,70 10.37
Steel hardat cone 3......c.oiiiferevuieiaeennnnnn.
Dry-press bricklets—
Cone 3: 1.7
Fire shrinkage........c.ccviiifoiineinininnen.. buft
L010) 1o R 10.15
Absorption ...........ciiiiiii]iiiiiiii i
. Chemical composition.
Laboratory number.....o.ceeeeee it ietinnnerosesoseseeersencans 1,080
Silica (S10,5) cevrvriinrerrrrrrereaeiteteisansotasssesosssnansanas 37.76
Alumina (Al,Og) . cvivivninni ittt it iiiinen s eseea 9.07
Ferric oxide (Fe,05) ..o it ittt it ti et e 3.60
Lime (Ca0) cveeen iieeeeieeaesceerereorarasesssssacrassacsecnsens 22.48
Magnesia (MgO) ...ccviiiiiiiiii ittt iiietiiseiriinnneinns
Potash (KyO) .oiiiie it ittt iiatiiitiiaiiienannnes
Soda (N2,0) .ocvvvnnnnns .
Titanic acid (TiO,).
Loss on ignition ...oievit e irer ittt tei et
B o) 7 1
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Uses. The clays around Milwaukee are used chiefly for the
manufacture of ecommon building brick but in addition some
dry-press briek are also manufactured. The firms now in opera-
tion are the Chase Brick Co., The Standard Brick Co., Burnham
Bros., M. Davelaar & Sons, and the Chas. Kraatz Brick Co.
The methods of manufacture followed are summarized below.

Name. Tempering.| Molding. Drying. Burning.
Standard Brick Co ...| Pug mills..| Dry-press | Hot air Scove and
and stiff tunnels. continu-
mud. ous Kkiln,
Burnham Bros., How-|............ Boyd dry | Tunnels...; Continu-
ell Ave. Yd. press. ous Kkilns.
Davelaar & Sons ..... Potts Soft mud..| Pallets ....| Scove kilns
crusher,
Chase Brick Co ...... Pug mill | Stiff mud, | Steam Scove kilng
and corru-| soft mud, | heated
gated rolls| dry press.| tunnels.
Kraatz Brick Co...... Ring pits. .| Soft mud..| Open yard.; Scove kilns
Burnham Bros., Wau-| Pug mill ..; Stiff mud, [ Hot air and| Scove and
watosa. dry press.| steamtun-| continu-
nels. ous kilns,

Mervimack, Sauk Co. Bordering the Wiseonsin river at this
point there is a considerable deposit of clay and sand, which
Buckley has classed as estuarine but which may be of glacial
origin. It is of somewhat variable character consisting of large
masses or lenses of clay surrounded by coarse stratified sands
and sandy eclay and even the most plastic portions of the clay
are quite silty. Although there are two yards here, one on each
side of the river, the largest excavation is that of the Merrimack
Brick Co. on the southeast side of the river near the end of the
railroad bridge. The bank here shows a very irregular deposit
of elay surrounded by coarse to medium grained stratified sands
and gravels. The clay itself varies from a laminated sandy
clay to a tough silty clay, the latter being quite similar to some
of the deposits worked around Milwaukee.

The part of the deposit exposed does not represent the thick-
est part as Mr. J. W. Brownrig states that a well bored at the
engine house penetrated 90 feet of blue clay. For brick making
the tough silty clay is not used alone but mixed with about 15
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to 20 per cent of sand, the effect of this admixture being brought

out by the following tests:

Material
Lab. No .
Soiublesalts . ...... c.coiiiinaan
Color. .vnvitiiiiiiiriiincaneans
Water required.......c..covvvee e
Slaking . c.viveriiriiiiieneninnes
Plasticity
Grit
Air shrinkage .........coieniiinnn,
Average tensile strength ..........
Maximum tensile strength

Wet-molded bricklets—
Cone 010:
Fire shrinkage
Color.....ccoveevenenns
Absorption

Cone 05:
Fire shrinkage
(671 15
Absorption

Cone 03:
Fire shrinkage ................
Color.. ...ovvvnviiniiniiiannn..
Absorption

.........................

.......

................

....................

Cone 1:
Fire shrinkage ..oc.ovvveneann.
L074) (s}
Absorption

Cone 3:
Pire shrinkage ................
Color.. ..cvvvininiiineneennnns
Absorption

....................

Dry-press bricklets—
Cone 05:
Fire shrinkage

....................

Cone 1:
Fire shrinkage
Color
Ahbsorption

................

Clay alone.
1162

..................

..................

3
pink buff
27.50

sl. sw.
light buff
28.33

0
light buff
27.30

0
light buff
26.50

3
greenish buff
16.24

..................

..................

Brick mixture.
1171
34
brown
24.2
moderately fast.
good
sandy
4.5
181.4
219

3
light brown
20.16

..................

0
light buff
20.82

The brick mixture cracked very little in fast drying. The
clay alone became steel hard at cone 1 but the brick mixture did

not become steel hard until above this cone.

It shows a lower

air shrinkage and burns to a denser body, but shows little differ-

ence from the other in its fire

shrinkage.
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Uses. At the present time this clay is being used by the
Merrimack Brick Co. for the manufacture of common brick.
For this purpose it is put through a pair of rolls and then a
soft-mud machine. The bricks are dried on pallets and burned
in scove kilns. In order to get a hard brick it is necessary to
burn the clay up to cone 3.

Portage, Columbia. Co. The -calecareous westuarine eclays
are well developed along the line of the Wisconsin Central
railroad north of Portage and borings which have been
made in several localities show that these clays are frequently
from 40 to 50 feet deep. Only one test of this series of deposits
was made, however, and that was taken from the point about 5
miles north of Portage along the lineg of Wisconsin Cen-
tral railroad. This (Lab. No. 1121) is a porous clay of
light brown color containing .33 soluble salts. It slaked moder-
ately fast and worked up with 19.8 per cent of water to a
mass of high plasticity and considerable grit. The air shrink-
age was 4.6 per cent and the average tensile strength 189 pounds
‘per square inch with a maximum of 227 pounds per square inch.
In burning it behaved as follows:

‘Wet-molded bricklets—

Cone .......ooovvvnvnnen- 010 05 03 1 2
Fire shrinkage......... sl. sw. | sl, sw. 0 2.7 4.3
(073127 cream | cream | cream | cream |deep buff
Absorption ............ 2533 | 23.84 | 18.72 16.46 13.07

Dry-press bricklets—

L7 T 05 1
Fire shrinkage .......c.coivieiernnennrnnennns 0 2.
L010 U PO buff light buff
AbSOrPtion. . ..ottt i v e 31.13 ’ 24,41

The clay burns steel hard at cone 1, and its absorption is
rather low for a calcareous clay.

The clay burns to a very clear color and gives a good brick
body even at cone 010, while at 05 it gives a fairly good dry-
press body. It is not being worked at the present time.

Portage, Columbia Co. Cream-burning clays are worked at
several points around Portage City, one opening being at San-
born’s yard one mile south of the city and the other at II. C.
Affeldt’s about a mile west of the city. At Sanborn’s yard
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(Pl VIII, Fig. 2) the clay is at least 30 to 40 feet deep and
rather silty in its character with scattered pebbles of limestone
and the run of the bank can be used for making brick. The
section involves: i

T8 4T AR 31t
Ferruginous clay ...oo vt iereientiiiianene cnenennnanennn 1 ft.
Blue clay.... cooiiii i i i i e e e e 16 ft.
At Affeldt’s yard the section shows:
70 ¢ 1 ft.
Red clay..cooveeiiiniiii i ittt aeerenenas 6 to 12 in.,
Sand Clay co et iiiiii i i i i i e e e 3 ft.
Hardelay ..ot iiii i ittt ciieceee tieenes e 6 ft.

The sandy clay is said to be best, while the hard clay is dense
and broken here and there by joint planes. If taken at once
from the bank to the mixing machine it breaks up very slowly,
but a few days of exposure would cause it to slake quite rapidly.
The properties of the sandy clay and brick mixture at Affeldt’s
yard are as follows:

Materiale..ooeecinneinrcneiniinnnntannns Sandy clay Brick mixture
Lab. NOo ... v ieei i ieineeeeeneaes 1108
L1077 1o light brown brick
Solublesalts ........coviiiiiiiii et 24 18
Water required.........covviininiennn 19.8 15.4
Slaking.....coiiveiiiiicnniieioneienns slow fast
Plasticity .cooovveiiiaciieirienncnennans fair fair
(5 5 8 N much much, fine
Air shrinkage......cooevviiieverienaens 7.3 3.7
Wet-molded bricklets—
Cone 010:
Fire shrinkage 0 sl. sw.
{0701 (o) N buff light drab
Abgorption........coiiiiiiiin i, 25.10 20.89
Cone 05:
Fire shrinkage ........ veeveenen. sl. sw. sl. sw.
1070 15} S cream light gray
Absorption.....c.cooiveiiiiininn 27.45 23.34
Cone 03:
Fire shrinkage .......ccoo0vvvean.. et e sl. sw,
[070) 16 AP RPUIU R light buff
AbSOrption. oo vt iiieaen e e 23.33
Cone 1:
Fire shrinkage .........covvveeeennn sl. sw. 1
{0708 1o A cream buff
Absorption.........coviiiiieiniin, 25.29 19.55
Cone 3:
Fire shrinkage .......ovvvvoeniiniforernnneneannnss 13
(076 o) 200 U buff
Absorption.....coiviiiiiiiiiniiei i i i 18.10
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The first clay is very gritty and contains scattered mica
scales, but burns to a cream brick of rather high absorption
while the mixture, although somewhat sandy and of lower air
shrinkage burns to a much denser product. In making the
bricks it is necessary to fire the kiln up to cone 3.

Uses. The clays at both yards are used for the manufacture
of common brick. At Affeldt’s yard the clay is mixed in a pug
mill and bricks molded by hand. They are dried on the yard
and burned in scove kilns. The low shrinkage is well shown by
the fact that in a kiln of 36 courses burned to cone 3 there is
only 4 inches settle.

Horicon, Dodge Co. Both red and cream-burning estuarine
clays are worked at this locality in the clay pit of J. W. Pluck
about a half mile from Horicon. When fresh the red-burning
clay is yellow and the cream-burning clay is blue and although
the two are taken from separate pits the former proBably over-
lies the latter so that the section would involve:

Black loam.......oviiiiun it cii it i e 6 in.
Redclay .coooveennin i i it ee e 214 ft.
Blueeiay ....covvviie i exact thickness unknown,

The propetfties of the blue cream-burning and the red-burn-
ing brick mixture are given below.

Material ...covvvuiiineiniiiininnn.. Blue clay Red clay,
brick mixture
Tab. No...ooevnrriii i ceieenannnn. 1057 1058
Water requu'ed 15.4 22
Plasticity . fair excellent
Grit ......... much, silty some, coarse
Air shrinkage ......................... 1.6
Wet-molded bricklets—
Core 010:
Fire shrmkage ................... sl. sw. sl. sw.
Color . e teeteeiiaeeeane. e gray light red
Absorptlon ........................ 32.84 17.49
Cone 05:
Fire shrinkage .........cecveuve... sl. sw.
L 07+) 14> PN pink buff red brown
“Absorption......c.covveeiniennnnn. 36.53 16.40
Cone 03:
Fire shrinkage .................... sl. sw. .3
L 07) Lo cream red brown
Absorption.... ...coiiiiiiiiiiin, 37.13 14.21
Cone 1:
Hire shrinkage .................... sl. sw. 8.4
(974 o N buff dark red brown’
Absorption.......oooviviiiiia 38.51 1.36
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These two layers certainly show the strongest contrast. The
former (Lab. No. 1057), is porous and sandy when air dried,
while the mixture gives a good hard body when air dried. The
former has practically no shrinkage, burns to a porous body and
is not steel hard until eone 1, while the latter becomes steel
hard at 05, shows a much higher fire shrinkage and greater
density, fusing about cone 3, the sudden jump in the fire shrink-
age at cone 1 being an indication that the fusion point is ap-
proaching. ’

Uses. At the present time a mixture of the clays and the
sand in equal proportions is used for making a common brick.
The clay is treated in a soak pit, and molded by hand, while the
drying is done on the yard and the burning in secove kilns.

Kewaskum, Washington Co. The cream-burning clays have
been opened on the property of H. F. Buss 114 miles west of
Kewaskum. The clay is known to underlie at least 15 acres
and is claimed to have a depth of at least 5 feet. It has a yel-
lowish-red color and shows 'a varying amount of sand, but the
excavations which have been made at the brick works are quite
shallow.

A second deposit of clay located in the northern part of the
village is being worked by William F. Miller, where the prop-
erty has been tested over an area of three acres and the clay
showed a similar depth to that at the other yard. The strip-
ping at both places is very small and ranges from a foot to 18
inches. The properties of the two clays are given below.
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Locality ..vvvieiinienrerncaoncenns H. F. Buss W. F. Milles
Material ......covvieiiiinnnneneiennii i brick mixture.
Laboratory No ......ccvevvevnanen. 1,160 1,16
COlOT viivtiveeteneneneeenerenencns brown brown
Water required.........ccovenn.... 22 18.7
SlaKing cvrvveeerenreniirsnenecennnn slow moderately fast
Plasticity .........cooiiiiiilln high high
Grit cviviiiii i iiiiiieeennns fine very low
Air shrinkage ........c.covivnnnn. 5.5
Wet-molded bricklets—
Cone 010:
Fire shrinkage ................ 0 4
[070)1) PN cream pink
Absorption.......ccoevevanan. 34.49 25.71
Cone 05:
Fire shrinkage ........ ceernens sl. sw. sl. sw.
[070]15) N cream cream
Absorption.....eeiciiieinenans 37.20 24.41
Cone 03:
Fire shrinkage ................ sl. sw. sl. sw.
L 670) 15} O cream cream
Absorption .........ceiiiinn.. 36.90 24.61
Cone 1:
Fire shrinkage ................ sl. sw. 2
(81610 S cream buff
Absorption 35.92 22.11
Cone 3:
Fire shrinkage ................ 3.7 2.3
o3 N buff greenish buff
Absorption..............ooi il 22.74 17.02

Both of these clays are good buff-burning brick elays but that
from Miller’s yard burns to a denser body than that from Buss’

yard.

Schleisingerville, Washington Co.

A few hundred feet north-

west of the railroad station of the Wisconsin Central R. R. the

clay has been opened by P. W. Kortemeyer.

The section there

shows:
T R 4 ft.
YolloW Clay wveeerverenieninniiniiieneeironnsenannees 6 ft.
Blue clay wueeeeeiinrieeoiionienoierinenan. vannenen.., 141t

The yellow clay burns red, while the blue clay burns white,
but a mixture of the two in the proportion of one of the former
to two of the latter gives a eream-colored brick, the addition of
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sand being unnecessary. The properties of the top loam, blue
clay and the yellow clay are as follows:

Material........ooiiiiiiiin Top loam | Blue clay.|Yellow clay.
Laboratory No..........covvvnvunn 1,054 1,053 1,055
Waterrequired .......ocovvevennn. 22 19.8 29.2
Plasticity ....coovvviiiienininnnnns high good very good
Gritoooo v it i little little little
Air shrinkage ......cc.ccveenonns 5 4.6 5.4
Wet-molded bricklets—
Cone 010:
Fire shrinkage.......... ...... 0 N 4
Color ......coiiiiiiiiiiin.., pale red pink buff pink
Absorption .. ..ol Ll 19.11 23.53 25.99
Cone 05:
Fire shrinkage................ 0 .6 3
olor ... .., light red cream cream
Absorption ........oiiiiii.n.. 19,15 22.98 25.54
Cone 03:
Fire shrinkage................ 1 1 .3
Color ....oovvviviniinnnnn red brown cream buff
Absorption ........... .. ... 14.75 21.90 24.58
Cone 1:
Fire shrinkage................ 5.4 10.3 7
Color.....tvvveinriienens vens gray brown | yellow buff | yellow buff
Absorption .................. 1.69 - 1.40 7.10
Cone 2: .
PFire shrinkago......covvvvviic e i ieen i ant 7.6
[07c3 1<) R (N D brown’hbuff
Abgorption......coiiii it i ]ieie i e i e i eeas 2.04
Cone 4:
Fire shrinkage................ 8.6
Color......ooiviiiiiiiiiiiiiins greenish yel.
Absorption. .......iiviin.. 224
Cone 5:
Fireshrinkage............ccodieiiiiiiii]ieenanennn, viscous

A comparison of the physical properties of these three layers
is not without interest. Here we have three clays, quite differ-
ent in appearance and somewhat different in feel, and yet re-
sembling each ‘other somewhat closely up to a certain point.
Thus their air shrinkages are close, and the fire shrinkages simi-
lar up to cone 03, but above this they separate considerably, the
more easily fusible blue clay showing a sudden increase in
shrinkage at cone 1. There is also a marked increase in density
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of all three at this cone, but the top loam burns denser from the
start. i

Uses. These three clays are used for the manufacture of com-
mon brick but much trouble is experienced with water in dig-
ging the material. The brick are made on a soft-mud horse-
power machine, dried on the yard, and burned in a scove kiln.

" A second yard is operated at this locality by Mr. Rosenheim
and the clay here is in all respects similar to that at Kortemeyer’s
yard.

Port Washington, Ozaukee Co. The lake clays outerop in
the high banks along the lake front, and show a variable section
from point to point, but all the sections agree essentially in ex-
hibiting thick deposits of laminated siliceous clays which in
places are overlain by glacial drift. The clays are being worked
at two points, the most northerly one being at Gunther Bros.’
yard, while a short distance further south they are digging clay
for the yard of J. Schramke. At Gunther Bros.’ yard which is
located on the northeast edge of town along the lake shore the
section shows about 25 feet of laminated interbedded silty and
plastic clays covered by 6 to 15 feet of glacial drift. In mining
however it is possible to separate the more plastic beds from the
run of the bank so that the former can be used for drain tile,
while the latter is employed for common brick manufacture.
The characters of the run 'of the bank (Lab. No. 1143) are as
follows: Color, brown; soluble salts, .20; water required, 22;
slacking, slowly; plasticity, high; grit, much, silty; air shrink-
age, 7 per cent; average tensile strength 283.2 pounds per
square inch with a maximum of 334 pounds per square inch.

In burning the clay béhaved as follows:

Wet-molded brick-
lets:
Cone......ooevunns 010 05 03 1 3 4
Fire shrinkage 6 0 1 16 7.6 |viscous
Color .occooooea.... pink buff buff deep | green-j........
buff buif ish
Absorption........ 20 1978 | 17.65 | 1446 |.....ovileevnnenn

~ The clay does not burn steel hard until cone 3, and although
quite gritty yields a good buff body.

6




89 THE OLAYS OF WISCONRIN.

Uses. The run of the bank is used for making common brick,
the clay being molded in a stiff-mud machine, dried on pallets,
and burned in scove kilns. The tiles are also molded on a stiff-
mud machine and burned in Dutch kilns.

At Schramke’s yard the clay is similar to that of Gunther’s
but the bank is higher and the over burden of gravel is very
much thicker. The clay here is molded in a soft-mud machine
or in a dry-press machine. If that used for the latter was
ground finer before being pressed it would give a much better
product.

The clays at both banks are highly calcareous and the analysis
of Gunther’s clay is given below:

Silica (Si0p)..ee vierererirersraeaneacnss .. 42.50
Alumina (Al,0,) .. 9.58
Ferric 0x1de (Fe O,) 4,11
Lime (Ca0). 14.52
Magnesia (MgO) . 5.33

Potash (K,0)...
Soda (Na,O) vvvevniiiiniiniiniiinnranannns . 104

Titanie acid (TiOg) vevrvers iiininnineen tnurearsasneeaeas .07
Loss on ignition .....ioiiiiiiiiiiiiii i e 19.49
4 1o 7 ) O RO 99.25
Total uXes...eee ieeiiin e it ieneiaenvannacen.. 27.59

Endeavor, Marquette Co. The calcareous clays worked here
are like those occurring further south between Endeavor and
Portage, the tests of which have been described on an earlier
page. A sample of the run of the bank (Lab. No. 1019) showed
that the clay worked up with 27 per cent of water to a mass of
good plasticity and containing some coarse grit, and having an
air shrinkage of 6.04 per cent. In burning it behaved as fol-
lows:

Wet-molded bricklets:

CONO «ovvvenienrennneannn. 010 05 03 1 2

Fire shrinkage... 0 0 2.8 9 viscous
0703 0) N cream | cream | buff buff {........
ADSOTPHON - v vvnn s oen 25.44 | 95.22 | 19.93 l 30 f ........

The clay burns steel hard at cone 1 and for brick should not
be burned at a lower temperature than 010.

Uses. The clay has been used for bricks by the students of
the Academy at Endeavor. If properly burned it would make
a very good product.
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Oakfield, Fond du Lac Co. This is one of the two localities
at which the Cincinnati shale has been utilized, and even
there the yard is not in operation at the present time, although
the deposit has not given out. At this point the shale has been
more or less weathered in its upper portion and makes a fairly
plastic clay. Here and there in the beds there are harder layers
of somewhat concretionary character which have not weathered
and are left as stony lumps within the clay mass. Nevertheless
the clay (Lab. No. 1018) as a whole is quite fine grained and
free from grit. When tested physically it was found to con-
tain .09 of soluble salts, and slaked slowly to a mass of good
plasticity and no grit. It worked up with 18.7 per cent of
water to a mass whose air shrinkage was 4.4 per cent and whose
average tensile strength was 105 pounds per square inch with a
maximum of 132 pounds per square inch. In burning it be-
haved as follows: '

Wet-molded brick-
lets: .
Cone.....occevuue. 010 05 03 1 3 4
Fire shrinkage .... 0 |slsw |slsw.|slsw. ! slsw. 3.6
Color ............. deep deep buff pink | brown-{ buff
buff buff buff |ish buff
Absorption........ 30 29.73 25.92 | 22.156 28.79 | 25.65

The clay works very well for the manufacture of buff brick
or even drain tile, but it will not stand rapid drying without
cracking somewhat. On account of the proximity of this de-
posit to several large towns, there is no apparent reason why
the product made from this elay should not find a good market.

Sheboygan, Sheboygan Co. The lake clay outerops in con-
siderable abundance at this locality there being several exposures
along the banks of the Creek, which are all worked for the
manufacture of common brick, but the sections at the different
vards vary slightly. In general it consists of a variable but
usually thin layer of sandy stripping underlying which there is
usually from 6 to 15 feet of reddish clay representing the weath-
ered part of the deposit and this in turn rests on blue clay
which extends down to the limestone below. The clays which in
general are cream-burning, silty, and have to be burned at from
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cone 1 to 3 in order to produce a product of sufficient hardness.
They have the following properties:

Firm

Lab. No...coovviiniiiiiinacne vue
Color, moist. . ooveieiiiiiiinnnnn.
Solublesalts ......................
Water required.........coovnntl,
Slaking . ......ciiiiii i,
Plasticity ... cvviviienne cvnenns
Grit

Wet-molded bricklets—
Cone 010:
Fire shrinkage
Color
Absorption.........coviva.n.

Cone 05:
Fire shrinkage
Color
Absorption.......ccoevveve ...

Cone 03:
Fire shrinkage
Color

Cone 1:
Fire shrinkage
Color
Absorption................

Cone 3:
Fire shrinkage
Color

................

Cone 5:
Fire shrinkage ...............
Dry-press bricklets —
Cone 1:
Fire shrinkage
Color
Absorption..........coiiial,

.........................

0. Zimbal Br’k Co.
run of bank
1148
brown

..................

F. Zurheide
run of bank
1150
brown

17.6
slow
high

some, coarse
5.3

sl. sw.
pink buff
22.85

buff
22.563

buff
20.28

3.7
buff
14.81

viscous
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The chemical composition of Zimbal’s clay is:

Silica (S105) .. e vrerienieeeerearaenreanesessessasrsesssacanes
Alumina (AlOp) inviie i iiiiiiies ittt e e e e
Forric 0xide (Fe,0) e vt veeeiierinurcren et nenaeisieoensnonsanns

rroSwad
SERABIS

Lime (Ca0). ..o i it it it it ci e i aaas

Magnesia (Mg0) ...coiiiiiutonet i it siicesracensonenenaannns

Potash (KO}, .o ooit it i i it it ettt e e aaes

80da (Nay0) o oeouirint it iir e i cviiieirieaeceiainannans

Titanic acid (Ti0,) .. cevtiiit et et i ittt ianetaieinaeaan 12

Lossonignition .... ....cveniiiniriiiiiiiii ittt i e 21.22
b 03 Y 100.53
Total luxes .. .cvvveeneeen it iiiiniirriernaesoeasnanasnns 35.54

The elays do not burn steel hard until cone 1.

Uses. The clays at this locality are used almost exclusively
for the manufacture of common brick by three firms namely:
Frederick Zurheide, O. Zimbal Brick Co., and the Sheboygan
Brick & Tile Co. At all three yards the clay is molded by the
stiff-mud process, dried on hacks on the open yard and burned
in scove kilns. A variable quantity of sand is added to the
clay in order to prevent excessive shrinking and cracking in dry-
ing and burning.

In the top of Zimbal’s bank there is a thin layer of red clay,
of easily fusible character which is referred to under slip clays.

Plymouth, Sheboygan Co. One mile east of the Chicago &
Northwestern station a deposit of red and blue cream-burning
clay has been opened up for the manufacture of common brick.
The clay contains scattered pebbles as well as limonite spots.
It (Lab. No. 1159) works up with 22 per cent of water to a
mass of high plasticity containing little fine grit. Its air shrink-
age is 7.1 per eent. In burning it behaved as follows:

Wet-molded bricklets: l
Cone ........cocevnunnn 010 05

03 1 5
Fire shrinkage.......... 4 0 1 1.7 | thoroughly
viscous
Color......cooivnnevans cream | cream | cream { buff |[............
Abgorption............. } 28.80 | 28.63 | 27.58 | 2533 |............

This elay is similar in its general characters to the run of
cream-burning brick clays. It doés not become steel hard until
cone 1 and viscosity begins at cone 3.

Uses. At the present time it is employed chiefly for common
brick, being soaked in a pit, and molded on a stiff-mud side-cut
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machine. The clay is naturally quite tough and unless thor-
oughly mixed is apt to remain lumpy and thereby injure the
strength of the brick. Some tile have been made from it.

Elkhart, Sheboygan Co. The clays at this locality have been
worked off and on for the manufacture of ecommon brick and
the section involves an upper red-burning clay and a lower
cream-burning clay, both of which contain more or less pebbles
scattered through them. The two clays have never been used
separately but the run of the bank has been employed, the result
being the production of a streaked brick.

Neenoh-Menasha, Winnebago Co. The clay deposits in this
vicinity have been opened up at W. H. Carter’s Brick Yard in
whose clay bank the section is: :

Sandy yellow. stratlﬁed clay .................... 4 ft.
Chocolate red clay.. N 1
Blueeclay......o oot e depth unknown.

The physical properties of the run of the bank (Lab. No.
1045) were soluble salts, .18; water required, 28.6; slaking,
moderately fast; plasticity, high; grit, little; air shrinkage, 7.7
per cent; average tensile strength 202 pounds per square inch
with a maximum of 246 pounds per square inch. In burning it
behaved as follows:

|

Wet-molded bricklets:
Cone ....ooovveveenennnnens 010 05 03 1 2
Fire shrinkage ............. 4 1.7 1.7 9.7 | viscous
Color........o veeiviiennn cream | cream ; cream | buff [........
ADbSOrption «veovnnenrins 2277 | 2117 | 20.09 [ 06 [

The clay burns steel hard at 05.

Dry-press bricklets:
Cone ......couven e et teseteeseies i 05 1-2
Fire shrinkage . 1.33 viscous
L7 (o3 e light buff j........
Absorption.......cocoii ittt i i 28.19  [........

This clay burns steel hard at a lower temperature than most
of the cream-burning clays and gives a good brick even at cone
010. Up to the point of vitrification the shrinkage is very low
and then inecreases suddenly.
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Uses. The clay is employed for the manufacture of common
brick which are molded on a stiff-mud machine. For their man-
ufacture the section of the deposit is worked down to the top of
the blue clay, the top and the middle beds being used in the pro-
portion of 1 to 2.

Stockbridge, Calumet Co. Here again the Cincinnati shale
is worked. The clay outcrops as a bank some 60 feet high on
the east side of Lake Winnebago, showing a section of :

Yellow Clay . o viie i e e e e et e e 4 ft.
Yellow shale ... ..o i e

On exposure to the weather the shale slakes down quite rapid-
ly, but the properties of the upper yellow clay and the under-
lying shale are somewhat different, the former having a higher
air shrinkage, but burning to a denser body, and being some-

what more fusible.

Material.......covereiivn i, Upper clay Lower shale
Lab. No. covniiii it e 1167 1168
Water required...............ooen. 20.9 13.2
Slaking ......cooeees il slow slow
Plasticity «..cooovv i ot high good
Grit ... e very fine not much
Air shrinkage ............. ..ol 5.1
Wet-molded bricklets—
Cone 010;
Fire shrinkage 0 4
Color .......couvauen, .. pink buff gray buff
Absorption............. ...l 21.80 20.19
Cone 05:
Fire shrinkage ................ sl. sw. 0
Color «ovviiiiiiii i brownish buff gray buff
Absorption................a 21.74 22,11
Cone 03:
Fireshrinkage ........co00euen sl. sw. sl. sw.
{0741 > brownish buff gray buff
Absorption.............ooil 18.14 13.76
Cone 1:
Fire shrinkage sl. sw. sl. sw.
Color...ccvvivnviinnnnnn. ...| brownish buff gray buff
Absorption.........coovun.n 14.76 26.11
Cone 5:
Fire shrinkage ................ viscous  lLiiocieieiieinn.n.

The clay burns steel hard at 03.
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Of the two clays the shale is naturally the harder, and gives
a more granular brick than the top clay. '

Uses. The materials are at present used for the manufacture
of common brick and the mixture of 1-3 of the top clay and
2.3 of the shale are taken the latter being allowed to weather
somewhat before it is molded. The clay is prepared in a dry
pan and molded on a soft-mud machine. Burning is done in
scove kilns. Some tile are also manufactured and these are
burned in a down-draft kiln. The eclay would probably work
for dry-press brick but none have been made for some time. If
is noticed in burning that the clay becomes viscous before shrink-
ing to any extent in the fire. There is no limestone overlying
the shale at the bank, but a few hundred feet back from the bluff
it outerops prominently. A

Eastwin, Manitowoc Co. The lake clays are dug at a small
yard operated by P. Schaf about three miles from Two Rivers
and the clay is much like that at Bertle’s yard at Manitowoe
being red above and blue below. The section involves

ST 1+ 1o UGN 1to2ft
Clay e e i e e e, 8 ft
Sand . . 7 ft
L0 F: 50 ft

The run of the bank is used and no care is taken to exclude
the lime pebbles from it. The bricks burn to a cream color and
settle 3 inches in 40 courses in scove kilns.

Manitowoc, Manitowoc Co. The lake clays are extensively
worked -around the city of Manitowoe but the best exposure of
them is in the bank of the Manitowoe Clay Product Company,
the section of which shows:

Loam and soil with sandstone pebbles...........cooevvuieans 2 ft.
Red clay .. oot i i i i e e e 6 ft.
Blue clay with sandy gtreaks...ovveiiii i it e 8 ft.
Fatblue clay........coovvviiiiin i ine, ... depth unknown,

Scattered through the deposit there are a few limestone
boulders showing glacial scratches. This bank is worked over
by falling but at other banks the clay is worked by simply dig-
ging or excavating with a plow.

The following tests will serve to illustrate very well the char-
acter of the clay in this vicinity.
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Pirm....ccvvvievviniiiirieenennnn. Manitowoc Clay | Manitowoc Clay
rod. Co. Prod. Co.
Material ...........coiiiiiL .. top clay bottom clay
Lab. No...oovi i iiiisienronanens 1153 1155
Color, MoiSt. .o oivveneevenerennnns brown brown
Solublesalts ....covvviiiniiiiniiifiiinii i, .36
Water required..............covnen 27 23
Slaking .....coiiiiiiiiiii i e e i slow
Plasticity ..........covviiiiinan, high high
Grit ..o ciiiiiiiieeieiaeneneann. some, fine
Air shrinkage ......... ...ccvuvnan. 7.2 6.3
Average tensile strength ............................. 245
Maximum tensile strength .........].....o0lei s, 269
Wet-molded bricklets—
Cone 010:
Fire sbrmkage ................ A q
703 [ S pink buff pink buff
Absorption.................... 22.11 22.44
Cone 05:
Fire shrinkage ................ 1.3 1
(07 e St whitish cream
Absorption... ................ 22.41 22.55
Cone 03:
Fire shrmkage ................ 1.3 2
[870) o3 S PPN cream buft
Absorption.................... 22.27 20,36
Cone 1:
Fire shrinkage ........cociieiifevevonneciinnnnnns 5
(070 o) R RN dark buff
Absorption......ocvveiviininesfiiiiiiiiiiii i, 15.31
Cone 3:
Fire shrinkage ................ 5.3 8.3
{67 Lo green buff dark buff
Absorption.................... 12.56 9.70
1153 is steel hard at eone 3, and 1155 at cone 1.
Chemical analysis.
Lab. NO. .ottt et e it e et e eeaeaens 1153 1155
Silica (SI0,). . v vviriiii it e i e 41.70  41.53
Alumina (AlgOg)ee. oot 11.29 10.02
Ferric oxide (FesO ) .77 5.00
Lime (Ca0)......... et erenaeeas 15.40 14.33
Magnesia (MgO)........coiiviirininennnnnn.. 3.32 4.24
Potash (K,0) ..cvvvieneini e i e i e 3.05 4.39
Soda (Naao) 1.27 55
Titanic acid (TlOs) ............................. .38 .10
Lossonignition.............coviiiviii e, 19.84 19.52
Total vovi et i e 99.02 99.68
Total fluxes ......c.ooeiviiii i ienennns 25.81 28.51
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These tests show the bank to be of rather uniform character in
both its physieal and chemical properties, but neither layer
could be used for making paving brick. Although the clays do
not burn steel hard at a very low cone, still an excellent grade
of brick is made by burning at cone 08-05.

Uses. The clays around Manitowoe are employed chiefly for
the manufacture of common brick. At the smaller yards the
method of manufacture is quite simple, involving soft-mud
pressing, drying on pallets and burning in scove kilns.

At the larger plant the clays are passed through rolls and
pug mills, molded on a soft-mud machine, dried in tunnels and
burned in scove kilns. The temperature reached in burning is
eone 08.

The following analysis of the blue clay at the yard of the
Manitowoe Clay Prod. Co., was made by E. G. Smith of Beloit.

Silica (S10,) vovvniniiiiiiiii it i tii e e e s 39.04
Alumina (AljOg) . cvevir i iiiiieareaeieersasscaneoans 13.60
Ferric oxide (Fe,05) covvvinniiiiiniiieininrevoiiraranass 3.44
Lime (Ca0)ucueecieeian et ernreneneaneneencacsocensans 14.81
Magnesia (MGO) .. c.iiitiiieiiit et iae i etannannnns 7.33
Potash (Ko0) corivr e iiitieitcneeneneenensensoanenaneas 2.55
Boda (Nay0) ..iviiiiniiiieiiiiiiienioeienciessenssnenans 1.08
Carbonic acid (COg)..virivieiviriiir it iiiiverenrnenens 13.31
= = 1 5.56

B 1 ) O A 100.72

Total o i i e e e 29 .21

This in general is not unlike the analysis made of the blue clay
from a sample collected by the writer. _

Mdladore, Wood Co. A deposit of caleareous clay occurs at
Milladore on the north side of the Wisconsin Central Railroad
and on the property belonging to Mr. Wells. It is covered
by from 4 to 6 feet of surface clay under which comes the
ealcareous clay whose depth is in places at least 33 feet. The
occurrence of this is rather peculiar as it lies in the residual
area and there are no other caleareous clays near it, the land
having been examined from Milladore westward to Marshfield,
and also in the other directions for some distance. The physical
properties of this clay (Liab. No. 1119) determined from a sam-
ple collected by Mr. F.H. Merrell of Portage were: soluble
salts, .44; water required, 22; slaking, slow; plasticity, high;
grit, some, coarse; air shrinkage, 5.2 per cent; average tensile
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strength, 245 pounds per square inch with a maximum of 269
pounds per square inch.
In burning it behaved as follows:

“Wet-molded bricklets:

Cone ........ooevvene vnnn. 010 | 05 03 1 2

Fire shrinkage ............ .3 7 1 7.6 | viscous
Color....covivinenianannnn, cream | cream | Cream buff |........
Absorption ................ 18.94 18.31 14.76 2,44 |........

The clay burns steel hard at cone 1.

Dry-press bricklets:
L0707 1T 05
Fire shrinkage .........ccceiiviiniiiiiiieninnennns .66
L5 s light buff
Absorption ......ooiiiiiiiiiii i e e 23.60

The partial chemieal analysis as given by A. S. Mitchell of
Milwaukee was

Silica (S10,) cvee it i e i e e e 52.€0
Alumina (A1,03) i e e e 1260
Ferric oxide (FeyOg). o vv i it iiis i e 3.82
Lime (CaO)....o. ... ... i .. e e e 12.97
Magnesia (MgO).. ... ottt e 3.22
LoSs on ignitlon ..o vve e e e e e e 12.49

otal . o i e s 97.50

The clay gives a good hard brick even at cone 010. Some of
the lime is in lumps and unless ground up would cause trouble
by splitting, even at a low cone. The clay burns to a very fair
dry-press brick body even at cone 05.

New London, Waupaca Co. The estuarine clays underlie the
flats around this town and have been opened up at the yard of
Zerrener Bros. (Plate X, Fig. 1) where they show the follow-
ing section:

Red-burningelay .... ccccieiiiii it e 2 ft.
White-burning elay.....cooovii it e 6 ft.
L 2 ft.
Very plastic pink buffelay.............c oot iiiiiiinnnnn.. 2 ft.
Very plastic pinkelay ......ccovviiiniiiiiiiiiiiiennn... 4 ft.
Blacksand.........ooiui i e e

The clays are exposed in a pit about 10 feet deep and 75 feet
long, and show the usual laminated structure characteristic of
the estuarine deposits.
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The physical properties of the red and cream-burning clays

‘are given below.

Material...... ... ..................

Labratory No...ooovvevviinnvnn....
Color.....ooviviiiiiiiiii i,
Soluble salts ......................
Water required....................
Slaking ......cooivii i,
Plasticity.........ocvvvii ...
Grit....coovvrvinriinniieiiannns,
Air-ghrinkage.......................
Average tensile strength.............
Maximum tensile strength

Wet-molded bricklets—
Cone 010:
Fire shrinkage.....c.coveveenn.
Color

Cone 05:
Fire ghrinkage.................
Color....vver i,

Cone 03:
Fire shrinkage ................
Color.....ooi i

Cone 1:
Fire ghrinkage ................
(6] o)

Cone 3:
Fire shrinkage ................
[07e) o)

Cone 5:
Fireshrinkage..................

Steel hard........covviiiiniinnnnnn.

Red-burning clay

1,140
brown
21

19.8
fast
good -
much, fine

295
954

Ny
pink buff
17.90

0
brown buff
18 96

1
brown buff
16.38

..................

Cream-burning
clay
1,145
brown
.18
19.8
moderately fast
high
some
34
207
245

sl. sw.
pink buff
24.62

gl. sw.
buff
24.04

N
gray buff
20.80

5.3
gray buff
9.54

10.3
greenish

viscous

1

There is not much difference in the fire shrinkage of the two
clays, but the red-burning one on aceount of its lower percent-

age of lime, shows & lower absorption.

ible.
Uses.

It is however more fus-

The clays are used at the present time for the manu-

facture of common brick, both red and cream brick being made.
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The molding is done in a soft-mud machine, drying on pallets,
and burning in scove kilns. It is probable that this clay would
work dry-press although attempts in this direction have not been
made.

"* A’ similar clay is worked at August Prahl’s, 2 miles east of
New London.

Kaukauna, Outegamie Co. The clay outerops here in a bank
about 30 feet high and consists of strongly laminated layers of
red and brown clay but no underlying layer of sand is exposed
now as there was at the time Dr. Buckley visited it, although
under the bank at one place there was sandy blue clay. At the
north end of the bank the clay is underlain by a very heavy bed
of sand which in turn rests on a bed of light gravel. There is
said to be a difference in shrinkage between the tough light red
layer and the dark brown layer of the clay. The difference be-
tween the run of the bank and the green brick mixture is well
shown in the following tests.

Material .....oooiiviieninnernnnans Brick mixture Run of bank
Lab. Nooooviiiiininiiiiiiiennnn,s 1139
Water required..............oove.. 17.6 29.7
Slaking........cooiiiiiii e slowly slowly
Plasticity.......ccooeviiiieiinn, SOME, COBISE  luieiucenunnennnnss
Air shrinkage...................... 7.3 9.39
Wet-molded bricklets:
Cone 010:
Fire shrinkage................. 0 sl. sw
Color...cooovviiiiiiiiiinnnn.. pink pink buff
Absorption.................... *20.16 17.90
Cone 05:
Fire shrinkage ................ 3 K
COlOT ...t ieeeeeiiiiianenanns pink buff light pink buff
Absorption..........oiunl.., 20.95 19.87
Cone 03:
Fire shrinkage ................ i 4.6
Color.......cvivvneiininiiinan. light buff brownish buff
Absorption........coevuei o, 2.96 741
Cone 1:
Eire shrinkage ................ 13 e,
L0703 145 buff ...l
Absorption.........cocvnvn.n. 1257 e,
Cone 2:
Fire shrinkage ................ 3 P
(0753 (e N brownish buff |..................
Absorption.................... 5 i
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Cone 3: .
Fire shrinkage ................ . thoroughly viscous-
[ 076115 PN deep greenish buff|...................

Cone 5:
Fire shrinkage ................ VIBCOUS  iiiiriniiiiiennes -
Burn steel hard at cone........ 05 .03

The clay itself is fine-grained, and laminated but burns to &
fairly hard body even at cone 010 and would probably work for
the manufacture of drain tile. The brick mixture owing to the
addition of sand is very gritty and while it burns to a good
hard bricklet has a much higher porosity. The sudden in-
crease in fire shrinkage at cone 2 is quite noticeable.

Uses. Clay is worked at the yard of Lindauer & Rhodes
for the manufacture of common brick. It is molded in a soft-
mud machine, dried on pallet racks, covered by canvas, and
burned in scove kilns. Many of the brick show occasional lime
pebbles and limonite spots as well as cracks.

Green Bay, Brown Co. The condition of the industry around
this city may be summarized in the following list of manufact-
urers, their location and produect.

Christian Hansen, 214 miles north east of Green Bay. Prod-
uct, hand-molded common brick.

Roffers & Albers, south of Green Bay. Common soft-mud
brick and drain tile, the former both red and cream color.

Barkhausen Brick Co., just south of town. Produet both red
and cream-colored brick either common or dry-press.

John Hockers, south of Green Bay on the east side of the
river. = Soft-mud common brick, the top clay burning red and
the bottom clay white.

John van Laanen. Common soft-mud brick, red with white
spots, the latter due to cream-burning clay in the mixture.

Duckereek Brick Co., at Duck Creek near Green Bay, soft
mud common brick both red and eream color.

Green Bay Brick Co., at Duck Creek near Green Bay, common:
soft-mud brick both red and cream color.
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Chemical analyses.

7 TR o T e 1046 1084
Bilica {S10,) cuiiiirivierireriaiiii ittt et 43.58 44.92
Aluming (Al;O3)euieieeenrieiieineneninesesiossensenonns 1199 12.7M
Peorric oxide (Fe,04) -cvvvninvrnecicrieiiineenneinninnnns 4€3 540
Lime (Ca0)........coveiviiiiiiiiiiniinn.. e eeeeeaeaaas 13.04 12.06
Magnesia (MgO) .....coviniuiiiiiiiniiiiiiririenisncsnens 420 491
Potash (K;0) c.oivieiiininiiiceninensnnans ceaens Ceeeen 3.17 3.08
Soda (NagO) . .o.coiiiiieeeniieioaeseseeencesiansesecnns 313 123
Titanic aeid (TiO5) teeievereernrvneencsianestencsesnsnse aoases .09
Losson ignition .......ccoiiiiiiiiiiiiiiiiiiiiii e 16.74 1584

L5 = N 100.48 100.24

Total fluxes ..o vvivviiiiriiniaeininnenenneainnss 28.17 26.68

Prvsicar ProrerTIES OF 1046, 1084, 1175, 1089, 1106, 1066, 1067.
1046. A buff-burning clay which gives a good brick even at
cone 010, although it should preferably be burned at 05. It
becomes viscous slightly above cone 1. :
1084. This is a cream burning clay which becomes viscous
very little below cone 1 and will also work dry press.

1175. When wet-molded this burns all right up to cone 010
but above that tends to swell due probably to the presence of
organic matter.

1089. For good results this clay should not be burned under
05. It has a low fire shrinkage up to cone 1 at which cone it
becomes very much darker and the finer portions of the clay
show signs of viscosity.

1106 is a very porous gritty clay which gives a good ecommon
brick body. .

1066. This is a rather tough clay which has to be thoroughly
pugged, burns to a good red color, but shows signs of fusion at
a rather low cone, namely cone 1.

1067. This is a gritty greenish-buff clay which burns to
buff at lower cones and then burns to greenish buff, this change
taking place suddenly between 03 and 1.

The details of the physical tests are given below.



Locality
Firm

Lab. No

Water required . ...........

Slaking
Plasticity....
Grit
Air shrinkage

Average tensile strength ....
Maximum tensile strength..

Wet-molded bricklets—

Cone 010:

Fire shrinkage

Color

Absorption

Cone 05:

Pire shrinkage

Color

Cone 03:

Absorption

Fire shrinkage. ........

Color

-Cone 1:

Fire shrinkage

Color

.....

A bsorption

Cone 2:

Fire shrinkage
[070) 1o}

Absorption
‘Cone b:

Fire shrinkage..........
Steel hard at cone

.............

Green Bay | Green Bay | Green Bay | Green Bay. | Green Bay |Duck Creek,
Roffers & |BarkhausenBarkhausen| Hansen’s | Hansen’s [Duck Creek
Albers. Brick Co.| Brick Co.. Yard. Yard. Brick Co.
blue clay | white-burn-| red-burn- [run of bankjred top clay| lower half
ing clay ing clay of clay for
red-burning
brick
1046 1084 1175 1089 1106 1066
.30 27 B R T
27.5 26.4 319 17.6 22 22
................................................ fast moderately
fast
good high high good good good
none some, fine none much,coarse some some, coarse
7.4 8 10.9 5. 6.2 7.6
............ 267.2 386
........... 333 464
3 4 1.3 sl. sw. sl. sw 0
pink light red yellow red brown pink light red
brown brown
26.56 20.55 11.55 11.65 13.53 14.15
.6 1 0 4 3
cream pink buff light red |light brown red
25.81 20.22 10.80 13.96 10.40
6 14 O 6.7
dark cream| cream |............ red brown }............ brown red
22.22 1574 lo........l. 728 ... 7.27
114 87 Jieeiaviianns - J 6
buff greenish J........ ... darkred |....cce0ene red brown
buff brown .
10 [ 194 .ol .98
Tyt 1 (17 7 05

Duck Creek
Duck Creek
Brick Co.
Green brick
mixture.

............

moderately
fast
excellent
very little
6.1

............

............

7.9
greenish
buff

.69

10
greenish
yellow.
.05

viscous

96

‘NISNOOSIM 40 SAVIO HHL
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Algoma, Kewaunee Co. Brick clays have been dug at the
vard of F. Storm near this town. The section of the bank
shows:

Yellowred clay ... .o ittt ciireanneee e aaes 4 ft,
Tough red clay.....covviiiiin i i i vttt inaanere e, 2 ft.
Light yellow clay ... voie i ittt e eaasaenaens 18 in.
Blueclay. ..ot e s e 8 ft.

For making bricks a mixture of 1-2 of the red top clay with
1-2 of the white-burning or blue clay is taken. This clay is
not laminated in its character but very tough and contains oc-
casional pebbles. The bricks are made in a soft-mud machine
and burned in scove kilns. They burn to a cream color. No
tests were made of it.

Kewaunee, Kewaunee Co. There are several yards at this
locality, whose clay banks show similar characteristics. = The
clays are all rather thinly laminated and overlain usually by
very little glacial drift or sand. There is commonly a yellow
top clay with an average depth of five feet which is red-burning,
but quite full of pebbles, while underlying it is usually a bot-
tom blue clay that is used to a depth of 5 to 8 feet, but whose
observed maximum thickness as determined by a well boring is
said to be at least 40 feet thick. This blue clay is said to rest
on a bed of gravel. Two samples were tested from this locality,
one from Borgman’s yard (Lab. No. 1068) and the other from
the yard of Kierweg & Heck (Lab. No. 1078). Their physical
properties were as follows:

Borgman., Kierweg & Heck
) 771 T T 1068 1078
Soluble salts ............coviiiiiii it 18 19
Water required.........ccvoiinnann 17.6 24.2
Slaking cvevviniiiiiee s it iiei s eaes fast fast
Plasticity voooeeceiiiiitiiiiiireienenan. excellent good
160 5 1§ S some, coarse little, fine
Air shrinkage...........coiviiviennnn 5.7 ki
Average tensile strength....... ........ 299.6
Maximum tensile strength.............. 336
Wet-molded bricklets—
Cone 010:

Fire shrinkage .......ccvevvinneess 0 A

Color.......... : pink pink buff

Absorption 2173 42,58
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Cone 05:
Fire shrinkage ............ Ceesaeas 0 3
(6730} cream cream
Absorption............ocviiiininnn 22,58 23.42
Cone 03:
Fire shrinkage .................... 0 3
(6750 2N cream cream
Absorption........ ere e 19.45 23.47
Cone 1:
Fire shrinkage .............c.c... 2.4 55
L0701 s} buff buff
Absorption........cvevieenriaiane 17.61 15.29
Cone 2:
Fire shrinkage .........coc00uiuans 43
16740 S buff
Absorption.......c.vviiiieneeninns 10.44
Cone 3:
Fireshrinkage.......coovvevuennen. 5
£ 075 s} PP greenish buff
Absorption......co.vviiiiiieininns 8.30
Cone 5:
Pire shrinkage .................... nearly viscous
Steel hard at cone.................. 1

1068. This eclay burns to a good cream body of somewhat
lower absorption than most of the caleareous clays used.

1078. This absorbs more water, has a higher air shrinkage,
as well as fire shrinkage. It also shows a higher absorption when
burned.

Both of these clays are used for the manufacture of common
soft-mud briek.

Shawano, Shawano Co. The clays at this locality have been
worked by Charles Larsen for some time. The deposits underlie
about 20 acres and the total depth of the clay, which is thinly
laminated throughout is not exactly known.

The section of the pit ean be differentiated into an upper red
clay and a lower blue clay, and the bricks are made from a mix-
ture of the two, including top sandy elay. The properties of
the two clays and the brick mixture are given below.
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Material......cooiiiiiiiiiiiinnen, Brickmix- | Upperred | Lower blue
i ture clay clay
Laboratory No 1,164 1,165 1,166
Wator requ1red 18.7 253 22
Slaking.ceeneennan. fast slow slow
Plast1c1ty eeee e high high high
Grit.......oo0eee much, fine little none
Air shrinkage...........ccivvieneen 8.2 73
Average tensile strength .......... 200.2 lo.iiiiiieeiferii i
Maximum tensile strength.. 362 |o.eaeeiend]ieneia
Wet-molded bricklets—
Cone 010:

Fire shrinkage................ sl. sw. 3 sl. sw.

103 ) pink buff pink cream

Absorption........eeevvvvvnnn.. 19 24.44 25.28

Cone 05:

Fire shrinkage. .. . sl, sw. 0 0

Color......... .| pink cream | light buff cream

Absorption.....coovvviiinnnna 20.76 25.31 27.14

Cone 03:

Fire shrinkage..........c.u... 34 3 sl. sw.

Color.,.cviiiiniiieienncannonss buff buff cream

Absorption....civeeineniiaan. 10.88 23.50 25.87

Cone 1:

Fireshrinkage .........c....... -6 6.7 6.6

Color........ e e reea e green, buff | green.buff | green. buff

Absorption......ocvciivinn .. .60 6.65 8.18

Cone 3:

Fire shrinkage.........co..... vis. vis 12.7

Color ...ccovvinvnnns O green. buff

N oT:703 o ] 5 10 + S 0

Cone 4:

Pire shrinkage .......ccovveee]inenrereenisliiiiiiaienns viscous
Steel hard atcone ..........c.uun. (1 J R 1
Dry-press bricklets —

Cone 1:
Fire shrinkage.....cc...v..... 666 |.ieiniiireen]ieneasaacnns
103 [+’ R e graybuff [............0..ooaiiiiat,
AbSOrption...viveiecnnensess B 157 {0 J (R (P

These tests show in an interesting way, the manner in which
a mixture produces desirable results giving reduced water ab-
gorption and air shrinkage as well as greater density in the prod-

uet.
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The chemical composition of the brick mixture is:

Bilica (S103) civiiineiieeeeerneerieernsennenornsossnnens 59.56
Aluming (Aly03) cevevenrineanenranernreneresrenneennens 10.19
Ferric 0xide (Fe;04)uueeenreenenineeerenseneereeeanes ooe 468
LAme (CA0) .t viurtiareeenreeoreesassossenennonesnonnsnos
Magnesia (MgO)..ouocieiiivaenenenreenenenssonnennnes
Potash (KyO)ueoitieernneneneorernreeressoseeoneenaenns

Soda (NagO) e.vueveieiniseaneennns

Titanic acid (TiO,) venee
Loss on ignition......cviiveeeiniecinn s et eecseessnnne

03 7 ) P

Uses. The clay is used for the manufacture of soft-mud
common briek.

Surings, Oconto Co. There are two yards here, one operated
by S. Nelson, and the other by C. Heise. The elays which are
both red and cream-burning are known to have a thickness of
at least 20 feet.

At Heise’s yard there is a foot and a half of red-burn-
ing clay on the top of the bank while the rest is cream-burning,
and the beds are sometimes separated for use, while at Nelson’s
yard there is an upper red-burning and lower eream-burning
bed. The properties of the elays are given below.

Locality......coovveeinnn Heise’s yd.|Heise’s yd.|Nels'n’s yd.[Nels’n’s yd..
Material .o.oovvieiionennn, white- red- cream- so-called
burning | burning |burn’g clay| fire clay
Lab. No....coocviiiaiinnns 1069 1075 1076 1181
Water required ........... 21.6 24.2 25.8 24.2
Slaking.....coceveeennenns mod. fast j............ fast Ceeteemenna
Plasticity................. good high high very high
Grit cooovvviiinnniiinnrans some, none some, fine |...........
coarse
Air shrinkage ............ 6.2 6.4 8.2 5.5
Average tensile strength..|........... S 238
Maximum tensilestrength.|...........{ccccuee... eleseeeomanns 280
Wet-molded bric!-lets—
Cone 010:

Fire shrinkage........ .1 0 4 4

Color....cooveveennne. pink 1t. red br’njlight brown| pink buff

Absorption ........... 22.72 16.82 22.14 24.43

Cone 05:

Fire shrinkage ........ 1.3 .6 1.7 4

Color ........ooaun, cream pink| light red |pink cream buff

Absorption ........... 19.18 14.56 21.85 24.90
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Cone 03:
Fire shrinkage.... ... 2.2 2.6 24 .6
Color ..........vvenn. light brown|light brown| cream buff
Absorption ........... 14.36 10 20.61 25.12
Cone 1:
Fire shrinkage ........ 5.7 T Jeeeneronnens 6
Color.......c.ovve.... light brown|green bro’n|green’h yel.| deep buff
Absorption ........... 4.18 28 0- 13.74
Steel hard at cone ...... 03 03 | ..ie... 1

1069. This is a buff-burning brick clay which burns to a buft
brown rather than a light cream as most of the calcareous clays
do. It gives a fairly hard though porous body even at cone 010.

1075. This clay burns to a good color and will probably make
a good dry-press body. It gives a fairly good body when
molded soft-mud at 010 but should be burned preferably at 05.
At cone 1 it is past vitrification.

1076, a porous clay of irregular structure and very little grit
and probably would not stand more than cone 2.

Forestville, Door Co. One clay pit has been opened up by the
Door County Mfg. Co. The upper part of the bank consists of
laminated clay and sand showing a thickness of 8 feet and this
is underlain by blue clay which extends to a depth of 40 feet.
It is supposed that the blue clay is underlain by gravel. The
physical properties of the brick mixture (Liab. No. 1071), are
water required, 22 per cent; slaking, slowly; plasticity, high;
grit, some very fine; air shrinkage, 5.5.

In burning it behaved as follows:

‘Wet molded bricklets:

(043 T N . 05 1
Fire shrmkage sl sw. 8.6
Color .. cenes deev buff drab
Absorptlon ........... . 17.87 0

Steel hard at cone. ........

........................

Steel hard at cone 1.

Uses. 'The clay at the present time is employed for the manu-
facture of common brick, a mixture of 1-3 of the upper clay and
2.3 of the lower clay being used. The clay is prepared in a
pug mill and Potts crusher, and then put through a stiff-mud
side-cut machine. Drying is done under sheds and burning in
scove Kkilns,
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Antigo, Langlade Co. There are three yards here operated
by the Antigo Clay Co., Mr Myers, and Ed. Grabowskie, respec-
tively.

The clay deposit here is probably of glacial type, being rather
shallow in its character, and econtaining more or less pebbles
which have to be removed by screens. One sample was tested
from the yard of Mr. Grabowskie (Lab. No. 1101), and showed
the following characters: water required, 19.8 per cent; slaking,
moderately fast; plasticity, fair; grit, coarse; air shrinkage, 3.8
per cent.

In burning it behaved as follows:

Wet-molded bricklets:

Cone ......oevvnvnvnnnnn 010 05 03 1 3
Fire shrinkage............ sl. sw. | sl. sw. 6 4.3 6
187631} brownish | light | yellow ; brown ; deep
yellow | yellow | brown brown
Absorption .............. 16.15 15.72 13.91 4.8 12

Superior, Douglas Co. Buff-burning clays outcrop at a num-
ber of points west and southwest of Superior, and are well ex-
posed along thé Nemadje River. One of these deposits was
sampled from an outerop two miles north of Dedham the latter
town lying ten miles southwest of Superior. The properties of
this (Lab. No. 1097) were as follows: soluble salts, .68; water
required, 28.6; slaking, moderately fast; plasticity, good; grit,
some coarse; air shrinkage, 4 per cent; average tensile strength,
159.9 pounds per square inch with a maximum of 184 pounds
per square inch.

In burning it behaved as follows:

Wet-molided bricklets:

Cone ...ocvveeninnannnan. 010 05 03 1 2
Fire shrinkage . ............ sl. sw. 0 4 0 15
Color...... “ieevvee ...| cream | cream | cream | cream | drab
Absorption ................ 33.56 | 3368 | 32.78 23 .30

Steel hard at cone 1.

Dry-press bricklets: ‘

007 Y- 3 05 1
Fire shrinkage . sl. sw 0
(7] o) e light buff buff
Absorption........oo it i

34.80 | 3224
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This is a good common-brick clay and there seems to be no
reason why material of this type should not be utilized to sup-
ply the city of Superior and neighboring towns with building
brick of the kind of which is now being sent in from Minnesota.
The chemieal composition of this clay is as follows:

Silica (SIOg) vee v trretirinerrisrerossnsnssusisionsaceacecsssonsns
Aluming (AlO e et iiieeeiareetanennsieecenasnsocsocossssoens
Forric oxide (F'e,0;5) . .0 vviviie it iiisvarenecnsrssonsecssesnensase
Lime (0a0) vvvvetveieneneneseveesnsncsensaosesenssnrennsesassaiss
Magnesia (Mg0O)...........
Potash (K,0) .......
Soda (Na,O).........
Titanic acid (TiO,) cees
B 7= 030 T Vg 41 o 1o + AR GG

o3 7 P

Discussion. of chemical analyses. In the following table there
are given the complete analyses of 15 clays, and a partial analy-
sis of one other. These are interesting as showing the rather
wide range in eomposition to be found among them. As might
be expected they are nearly all rather low in silica and alumina
as compared with the red-burning eclays, and usually high in
lime, although here they show much variation as can be seen by
inspection of the percentages in the last three lines of the table.
It is evident that the magnesia exercises a similar effect to the
lime in its coloring action, for in some as 1051, and 1164 the
excess of lime over iron does not appear to be sufficient to coun-
teract its red color. The high percentage of alkalies in many
no doubt assists in lowering their fusion point. Some, as Nos.
1080, and 1164 show a rather low magnesia percentage and could
no doubt be used in portland ecement manufacture.



Analyses of cream-burning clays.

Lab

No.
1010
1011
1072
1115
1051
1080
1143

Titanic

Locatity. | S | liomion| ovias | iy | Magnsye | TS o) | ekl |fttion) Towd | il | Awelvat
Whitewater; 32.48 7.81 4.837 18.44 7.18 2,01 .48 12 27.70 100.09 32.48 | V. Lenher.
Whitewater] 42.28 8.26 3.84 13.05 6.01 2.51 .49 .05 22.07 100.56 25.90 } V. Lenher.
Kenosha ...| 38.62 8.75 8,22 14.04 6.27 2.65 .89 .07 19.99 99.50 32.07

Racine..... 47.36 6.98 6.68 13.10 4.36 1.28 0.68 14 ©19.05 99.63 26.10

Burlington.| 41.86 14.31 6.69 9.38 4.75 3.73 .92 .05 17.868 99.55 25.47

Milwaukee. 37.76 9.07 3.60 22,48 2.84 2.07, .54 .38 21.52 100.26 81.53

Port Wash-

ington.... 42.52 9.58 4.11 14.52 5.33 2,59 1.04 .07 19.49 99.25 27.59

Sheboygan.| 36.95 6.70 3.60 20.55 8.95 1.31 1.13 12 21.22 100.53 35.54

Manitowoe.| 41.70 11.29 2.7 15.40 3.32 3.05 127 .38 19.84 99.02 25.81

Manitowoe.] 41.53 10.02 5.00 14 .33 4.24 4.39 .55 .10 ,19.52 99.68 28.51

Manitowoc.| 39.04 13.60 3.44 14.81 7.83 2.55 1.08 j.ceiennnn- 18.87 100.72 29.21 | E. G. Smith.
Milladore.,.; 52.60 12,60 3.82° 12,77 B.22 Jivvereiaaa]ovoncacens]ioseroes o 12,49 Jorerienniderenneaan. A. 8. Mitohell.
Green Bay.., 43.58 ) 11.99 4.63 13.04 4.20 3.17 313 [-eeieienne 16.74 Jeeeoveeann 28.14

Green Bay..| 44.92 12.71 5.40 12.08 4.91 3.08 1,23 .09 15.84 100.24 26.68

Shawano...| 59.58 10.19 4.68 8.28 2.64 2.58 .80 07 11,14 99.94 18.98

Superior....; 44,38 9.76 3.34 14.48 6.40 1.13 1.34 .04 18.69 99.5¢4 26.69

Minimum...] 32.48 6.70 2.7 8.28 2.64 1.23 .48 .04 )4 5 7 S PO 18.98

Maximum .} 59.56 14.31 8.22 22.48 8.95 4.39 3.13 .38 21.70 35.54

Average ... 42.94‘ 10.19 4.63 14.42 5.12 2.53 1.03 12 18.50 27.98

‘SALLEALONd ANV SESN 4IAHL

GOT
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Discussion of physical properties. A sufficient number of
physical tests were made to give an excellent idea of the char-
acter of the cream-burning non-refractory clays occurring in
Wisconsin. The results of these tests have been tabulated in
the table at the end of the report and an inspection of them
shows the following.

The majority of those whose slaking qualities were tested
slake fast.

Nearly all of the clays examined show at least good plasticity
and some show a high plasticity.

The percentage of water required for mixing ranged from
15.4 per cent to 31.9 per cent, with an average of 21.5 per cent
figured on 66 samples. Twenty-six of these took under 20 per
cent, and twenty-three others required under 25 per cent, so that
the amount of water required for mixing is not excessive.

The air-shrinkage showed great variation, ranging from 1.6
per cent to 10.9 per cent with an average of 5.8 per cent. In
the majority of samples it ranged from 5 to 7 per cent. The
use of a mixture of clays, sometimes lowered the air shrinkage.
(See Watertown, 1063, and 1111, Merrimae, 1162, 1171.) In
other cases the air shrinkage was no lower in the brick mixture
than in the individual clays, but in such instances advantages
were gained in the density of the brick in burning.

The average tensile strength of 27 samples tested ranged from
64 Ibs. per square inch to 230.2 Ibs. per square inch. Twenty-
one of the clays examined showed a tensile strength of over 200
Ibs. per square inch, while five others exceeded 150 lbs. per
square inch. The tensile strength does not appear to prevent
cracking due to rapid drying as some of the clays with a high
strength had to be dried slowly. However it should be remem-
bered that the clay is still comparatively soft when some of this
air eracking occurs, and its tensile strength at that time is not
as high as when thoroughly air-dried.

It is in the fire tests however that the greatest variation is to
be seen.

All samples were burned at Cones 010, 05, 03, 1, and at 2, 3,
and 5 if they were not too fusible.

‘At cone 010, the shrinkage was uniformly low, and in some
cases there was even a slight swelling; the color was commonly
cream or pink, and the absorption usually high.
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At cone 05, the shrinkage was still low, and sometimes even
a minus quantity. The color was usually buff or cream, and
the absorption in most cases still high. Five clays burned steel
hard at this cone.

At cone 03 a few of the clays still showed slight swelling, but
the fire shrinkage of the majority had increased somewhat, and
10 additional ones had reached steel hardness.

At cone 1, some of the elays showed a great increase in shrink-
age because it was approaching its point of viscosity, and the
absorption of the others burned at this cone was in many in-
stances quite low. Several even became viscous at cone 1.

All of the samples were not burned above this cone, only the
more important ones being fired higher, and it is seen from
these that not a few do not reach a condition of viscosity until
heated up to cone 5.

Some of the burning tests are tabulated below.

Cone ..ooviee it 010 05 03 1

Min. fire shr................... 0 0 0 0
Max. fire shr................. 1.7 2.6 4.6 13.6
Min. absorption.............. 16.15 15.72 7.41 0
Max. absorption...... ....... 42,58 31.20 36.90 35.92
Number burning steel hard....| none 3 9 i5

Summary of properties of cream-burning clays.. The cream-
burning clays agree more or less closely in their color-burning
qualities, some burning to a lighter eream and others to a darker
cream. They all show a low shrinkage until burned nearly to
their point of vitrification, when the shrinkage suddenly in-
ereases from 1 per cent or less up to 7 or even 12 per cent, and
from this point they change rapidly to a viscous condition. This
rapid softening of the clay is one thing which would interfere
with the use of these clays for the manufacture of vitrified brick.
All the clays of this group burn to a rather porous body, due
partly to the fact that they contain a high percentage of lime
carbonate which in burning loses its carbon dioxide leaving the
brick quite porous up to the vitrifying point. Most of them
burn to a very good brick.

Here, however, the similarity between the clays of this class
ends. They show considerable variation in the temperature at
which they become steel hard, some reaching this condition at
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as low a eone as 05, while others do not attain this degree of
hardness until cone 1 or even 3. A similar variation is shown in
their melting points. Among the most easily fusible were some
from Green Bay, Burlington and Granville, which showed
signs of viscosity at cone 1, while others like those from Milwau-
kee, Whitewater, Kewaunee, Madison, etc., became viscous at
cone 5 or higher. The reason for this difference in their fusion
points is to be found on comparing their eomposition, the more
easily fusible ones containing a higher percentage of fluxing im-
purities. In the case of those clays having the higher fusion
point, it is neecessary to burn the bricks to a correspondingly
higher temperature in order to obtain a sufficiently hard prod-
uct. The effect of this difference is seen in the amount of fuel
required for burning the bricks.

Cones distributed among the manufacturers show that the
temperature at which the cream bricks were burned ranged from
cone 05 to cone 3, the melting point of the latter cone being
reached in the Milwaukee kilns, and the former at Burlington.

An interesting feature in this connection is that even in the
same bank the elay in different layers may show a difference in
fusibility. At Burlington the yellow top eclay becomes viscous
at cone 5, while the lower blue clay reaches the same condition
at cone 1. This is because the top clay contains less lime and
other fluxes.

Uses of the calcareous cream-burning clays. The main use of
these clays is, and probably will continue to be for the manu-
facture of common brick, but many of them lend themselves to
the manufacture of dry-pressed brick, and the tests made on
them show that they are of very fair strength. In addition the
smoother ones work also for the manufacture of drain tile.
There is no hope of their being used for paving brick manufac-
ture. On account of their high plasticity it is possible to utilize
them in common earthenware manufacture. They could also
be utilized to some extent for making art pottery. Experi-
ments made on the more plastic ones show that they can be
either turned on a wheel or cast, and covered with a majolica
glaze.

A few as mentioned under slip clays melt to a fair glaze, and
there are strong possibilities that careful search may demon-
strate the occurence of slips at other localities within the state.
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II. REp AND BROWN-BURNING ¢LAYS., These, while not as
widely distributed, represent probably fully as important a
group of Wisconsin clays as the eream-burning ones. Roughly
speaking, we may say that their distribution covers the western,
central and much of the northern portion of the state, but the
deposits are not always as thick or as extensive as those of the
cream-burning clays. To the east and northeast they overlap
the area of cream-burning clays, and even occur at times within
the area of the latter. In such cases they commonly represent
the upper or leached beds of the cream-burning deposits.

1. TaE ResipualL Crays. These represent a clay resource
not yet thoroughly investigated or developed, although the de-
posits underlie a large area as shown in Plate II, but are
worked only at Stevens Point, Grand Rapids, Ringle, and Hal-
cyon. At all of these localities except the last mentioned it is
the more gritty phases that are used, but not the most gritty
ones found in this area, for we find that the clays range from
very sandy ones having many coarse angular sand grains to
others which are quite fine and free from grit. Now while the
gritty phases may burn to a good red color, and they often do,
it is impossible to make them burn to a good dense vitrified
body, no matter how hard they are fired, because there are not
enough fine clayey particles in the material to thoroughly fill
up the spaces between the sand grains. This statement. is not
to be taken as meaning that these gritty clays are fire clays, for
they are by no means such, since many of them fuse at cone 1.
There are, however, clays in the residual area which do burn to
a pretty dense body and which appear to be worth experiment-
ing with for the manufacture of paving brick.

As an example of the extremes in variation that are found
we may take three clays, two of them from Stevens Point, and
the third from near Pittsville. Their fire shrinkage and absorp-
tion at different cones are as follows:
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STEVENS PO;NT. Sg;‘;g;s 1}; cgg:r PIirrsviLLE,
Cone.
Fire | Absorp- Fire Absorp- Fire Absorp-
shr. tion. shr. tion, shr. tion.
010...... .4 17.60 .6 14.30 2.3 l 11.32
05...... 4 15.64 20 12 60 4.7 6.22
1o..... 3.3 | 8.02 ‘ 5.7 4.29 | 7. l 2.27

The clay from Pittsville is one of the most dense-burning
found in the residual area. It also burns to a good color.

Detailed description of occurrences. Samples of the residual
clays were collected from about 26 localities, and the detailed
notes on these occurrences are given below, this being followed
by a summary of the results obtained.

Lake Enms, Marquette Co. The diorite which outcrops on
the Taylor farm, 12 miles northeast of Portage, is covered in
places by a deep red residual clay, a sample of which was taken
from the hillside near Liake Ennis in Marquette Co. It is a
very plastic, dense-burning clay, but in most places appears to
contain too many angular fragments of undecomposed rocks. A
physical test made of the material (Lab. No. 1178) showed that
it slaked slowly, and worked up with 22 per cent of water to a
somewhat gritty mass of good plasticity. - The soluble salts in it
amounted to .42 per cent. The air shrinkage was 4.9 per cent
and the average tensile strength 118 pounds per square inch
with a maximum of 134 pounds per square inch.

In burning it behaved as follows:

Wet-molded bricklets:

Cone ..ottt 010 05 03 1 2

Fire shrinkage, per cent.... 1 1.7 2.3 5 viscous

Color...oovvvviiiieninnse. red |darkredidarkred; dark {........
brown

Burns steel hard at cone 03.
Absorption, per cent....... 13.63 | 12 22 8.53 2.31 .....he.

Dry-press bricklets:
Fire shrinkage, percent . ............couenenn 1.33 4 .66
(703 1o light brown| brown
Absorption, per cent .......c..citiiiniiennnn 13.80 2.60 i
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Halcyon, Jackson Co. The partly decomposed schists which
are used at this locality, outerop along the banks of the Black.
river. While the material has not weathered completely to a
clay and still retains its schistose structure, yet on storage un-
der sheds, it mellows-down considerably, owing to the fact that
most of the feldspathic element in it has decayed. That it is
sufficiently decayed to yield a mass of ‘good plasticity is shown
by the physical tests.

As the pit was filled with water, the stock of clay under the
drying shed was sampled for testing with the following results.
The clay (Lab. No. 1035) slakes slowly and worked up with 19.8
per cent water to a mass of excellent plasticity, but containing
both coarse and fine grit particles. Its air shrinkage was 4.36
per cent, and the average tensile strength 203 pounds per square
inch, with a maximum of 230 pounds per square inch. While
it stands hot air drying, still this cannot be done too rapidly as
the clay shows a tendency to develop some small eracks. In
burning it gave the following results:

Wet molded bricklets: |

19.74

Cone........covvvniiian. 010 03 03 1 3
Fire shrinkage, per cent....| sl. sw. 1 3 4.5 5.7
Color....oiiiiii i brown red red red dark
buff | brown | brown
Absorption, per cent.......| 15.15 | 11.11 } 8.77 5.25 3.84
Silica (Si0s) .ouiieit i i e e e e 60.44

Alumina (A1,0,).

Iron oxide (Fe,O, .. ... 623
Lime (CaO)........ . .40
Magnesia (MgO)......... eee e ..o 2,22
Potash (K, 0) ..iiriiiitiin it i et i i ceie e iaee eas 4.03
8008 (N 0) cui it iiintetiiet vetsstetrerenencresonesnnonones 1.89
Titanic acid (TiOg) ot vvrrviieieirciie i vereeeneiarraeneenennens .06
Ignition, 108S..ci vttt ettt ittt e e e, 5.60

Total ot e e e s 100.61

Total luxes ... oo iii it i e e e 14.77

Uses. The clay is being used at the present time for the
manufacture of dry-pressed and stiff-mud brick. Some hollow
brick are also being made. It is necessary to grind the clay
in dry pans, and temper it in pug mills, while the drying is done
in tunnels, and the burning in either rectangular or circular
down-draft kilns. The product from the yard of the Haleyon
Pressed Brick Works yielded good results on testing.
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Merrillan, Jackson Co. Residual clays derived from the Pots-
, dam formation, have been found below the surface at many
points around Merrillan, but as pointed out by Dr. Buckley in
an earlier bulletin, they had not been utilized up to that time,
nor have they been even up to the present. The clay is usually
quite plastic, but eontains some scattered layers of shaly sand-
stone, which, however, will erush up rather easily. Test pits
dug at a number of points in this region have shown the pres-
ence of the clay. One sample (Lab. No. 1041) was taken from
the Davidson place, on the N. W. 1/ of the N. W. 1, section 25,
township 23 N., R: 4 W. The clay is quite plastic. Another
sample was collected from a test pit on the Richmond place,
located on its middle forty and along the line of Richmond’s
fence. This clay (Lab. No. 1042) contained streaks of green-
ish micaceous clay but was also quite plastic. The physical
properties of the two are given below:

Location .......ocovviiiiniiiiiinn, Davidson prop- | Richmond prop-
erty erty

Laboratory No......cocvvvvivneann 1041 1042

Water required.................... 216 27.5

Plasticity ..oveeeeeeieeneieninaan, good fair

€0 5 gome, fine mixed

Air shrinkage.......cc.veivineninnn 6.6 5.5

They behaved as follows in burning:

Laboratory No...ooovviviaeerennn., 1041 1042
Wet-molded bricklets—
Cone 010:
Fire shrinkage .........ccco.s. 1 0
L0733 1o} light red light red
Absorption.......c.c.oevunn e 13.82 13.49
Cone 05:
Fire shrinkage ................ 2.7 .6
Color....cvvvvvvenivniinnannn, light red light red
Absorption.... ....cocienn... 9.38 10.14
Cone 03:
Fire shrinkage 4.6 2.3
Color ........... red red brown

Absorption.....ccoceiiniinaan. 6.33 6.59
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Cone 1:
Fire shrinkage ................ 8 T4
[07¢) s S dark brown brown
Absorption..........coevuu.a.. 1.35 1.94

Cone 2:
Fire shrinkage ................ 7 .
[070] 13} R N chocolate dark brown
Absorption ........eieiil.ll 131

(014 T- 15 S viscous

1041. This clay burns steel hard at cone 03, and gives an
excellent hard brick, with low absorption. At cone 1 it is near-
ly vitrified, and appears to be one of the most promising clays
tested.

1042, This clay burns steel hard and nearly vitrified at cone
1, and -appears to be slightly more fusible.

The chemical composition of the clay 1041 from the David-
son place is:

Silica (Si0,) covvviiiniiieninnnnnn P 63.21
Alumnia (ALOg) . cci ittt it ittt eter et eaensrnanans 18.00
Ferric oxide (Fe,05) covi it iiiiiiniiiitiiiiiiieiiencaeecnenanen 4.62
Lime (Ca0) ...ttt it it ettt teseaatitnsennnsssassassssos .18
Magnesia (MgO) .oviviin it it it eiiieies e snsnnoas 12
Potash (K, 0) voiiniireiiiieitiiiiiatie i neesssnesssnanasassnns 9.11
Soda (NagO) ... coviiiii ittt ittt e caasnnteranrnaansnns .57
Titanic acid (TiO,) voueviri it ittt ciei st taeianencnenes .05
Lossonigpition ......ccvveiiininiiiiiiiiiiiiiiiiiiiiii e 3.61

£ 107 Y P 100.47

Total fluxes ............ ettt eaeeraeienieceeeaeiaaae e 15.60

This analysis shows a curiously high percentage of potash,
and would indicate a lower fusibility than the clay actually
shows.

Milladore, Wood Co., (Lab. No. 1085). Much clay is found
underlying the surface around this loecality, the properties of
which are shown in part at least by tests made on samples taken
by Mr. F. H. Merrell. One of these was taken from the western
end of the Hooper property, this land lying on the south side of
the Wisconsin Central railroad and immediately west of the vil-
lage. The sample was taken with an 8 inch auger to a depth of
12 feet, and represents the average of the entire boriag. There
is b feet of surface clay over-burden, similar to that over sam-

8
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ple 1088 described further on. The bhoring made did not reach
the bottom of the clay deposit. The clay is of brown color when
moist, and slakes moderately fast. With 28.6 per cent of water
it works up to a gritty mass of high plasticity. The soluble
salts in the clay amounted to .39 per cent and the air shrinkage
was 8.4 per cent which is rather high, but a large brick made of
the clay stood rapid drying without cracking. The average
tensile strength was 186 pounds per square inch with a maxi-
mum of 251 pounds per square inch. In burning the clay be-
haved as follows:

Wet molded bricklets:

(0] 4T R 010 05 03 2
Fire shrinkage .............oc.0o.. 3.4 5.6 6.4 6
[870) 1o A red |darkred|dark red| brown
Absorption..........oo oL, 8.33 4.61 £.73 .50

Dry-press bricklets—
Cone 05:
Fire shrinkage ......ccoviriiniii it iii i
10 o
BN 0 Te) 035 1o o QO

The clay gives an excellent hard body and is one of the best
red-burning brick clays seen in the residual area. The wet-
molded bricklets burned steel hard at cone 05 and the dry-press
bricklets gave a very fair body at this cone. The clay fused
above cone 2.

The chemical composition of this material as analyzed by A. S.
Mitchell of Milwaukee was:

S UL T 5 L0 7 T
Alumina (AlgOyg) cvvt it iir tiii ittt staetstttte et naonins
Ferric oxide (Fe,03) ...... .

Lime (CaO) ..........
Magnesia (MgO)...... .
LoSS 00 IgnItIoN ..ot iiet it ittt it enciaen cieiontanaeransanas

Uses. The clay has not been used up to the present time but
is no doubt excellently adapted to the manufacture of red brick.
It is not sufficiently fine grained, however, to be used for drain
tile or common earthenware.

The second sample (Lab. No. 1088) tested from the Hooper
property was made up from a number of samples taken from
the borings ranging from the surface to the residual clay under-
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neath the latter being found at a depth varying from 4 to 7
feet. This sample which was light brown in color when moist,
and slaked slowly, working up with 18.7 per cent of water to &
mass of good plasticity but containing much coarse grit. Its
air shrinkage was 7.4 per cent, but the tensil strength was not
determined. The wet-molded bricklets in burning behaved as
follows:

[67+) +1- TSR 010 05 1
Fire shrinkage......c.ccocvieinininnnnn. 0 1 36
COlOr tivviieeieniiiieneassncnssnassecas red brown{red brownired brown
Absorption.....ccviiieiiiiaeareaanaae..) 10,80 8.62 1.24

This material although a coarse grained clay containing a
number of partially decomposed mineral grains would serve for
the manufacture of common brick. If mixed in equal propor-
tions with sample number 1131 from Pittsville it yields an ex-
cellent hard body at cone 1.

A third sample (Liab. No. 1087) taken from the eastern end
of the Hooper property, and representing the average of several
8 inch borings 10 feet deep developed the presence of an ad-
ditional quantity of good brick clay. This was a dark-brown
clay with .33 per cent of soluble salts, and slaked moderately
fast. It worked up with 26.7 per cent of water to & mass of low
plasticity and much grit, whose air shrinkage was 5.1 per cent:
and the average temsile strength 121 pounds per square inch:
with a maximum of 166 pounds per square inch. A large brick:
made from the sample stood fast drying without cracking.

In burning it behaved as follows:

Wet-molded bricklets:

(010 1 - U 010 05 03 1 2
Fire shrinkage ............. 2 2.7 6.7 7.3 8
{870 ) o red red 'darkreddarkred; brown
Absorption ..........0e l 17.77 | 13.54 I 7.79 4.48 4.14
Dry-press bricklets—
Cone 05:
Fire shrinkage..................oiie, 0 3.33
[00) (o N light brown; brownish red
ADSOrPHON. . vvvvesieeteees ceie it arens I 15,17 8.72
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Uses. The material is not now worked, but is evidently a
good red-burning common-brick clay, and at cone 1 burned to
a very hard bricklet of rather deep color. Common brick could
be burned from it at as low a temperature as cone 010 and dry-
press bricklets probably at cone 05.

The chemical analysis of this sample made by S. B. New-

berry was as follows:
Silica (8i0;) «ivviiiiisiieiiii ittt ittt e e i,
Alumlna(Al Op)veenns Ceaens
Ferric oxide (Fe O )
Lime (CaO) .

Magnesm. (MgO). Ceeee .
0SS 0N JgNItION. . ciet it nirreiitonatiirentatirierensnrncanneanns

This would indicate it to be a siliceous red-burning clay.

Qrand Rapids, Wood Co. An outerop of residual clay occurs
at South Centralia just near the bridge of the Wisconsin Cen-
tral Railroad spur running out to the pulp mill. Its exact lo-
cation is S. W. corner section 18, township 22 N., R. 6 E. The
clay which has been formed by the weathering of diorite of pre-
Cambrian age shows an average depth of about 8 feet, but the
lower part contains numerous fragments of partially decom-
posed rock, the bed rock outeropping along the river about 8 to
10 feet above the river level. A sample of this clay (Lab. No.
1001) was collected and put through the physical and chemical
tests with the following results: Color when moist, deep red;
soluble salts, .12; slaking slowly. It mixes up with 27.5 per
cent of water to a mass of fair plasticity and containing some
coarse grit, whose air shrinkage is 5.3 per eent, and whose aver-
age tensile strength is 96 pounds per square inch with a maxi-
mum of 121 pounds per square inch.

In burning it behaved as follows:

Wet-molded bricklets:

(073 11- J O 010 05 03 1

Fire shrinkage.............. 3 2.7 4.3 6.6

[070) 15 S ll%ht red red brown|red brown|red brown
rown

Absorption....c..oveeniane. - 19.62 1540 11.38 ‘ 7.08
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Dry-press bricklets: .
Fire shrinkage 5.5
Color ......cvuivviunns red brown
=N o749 ¢ 75 () « KA 17.22

This clay burns to a good brick body even at cone 010 but
above cone 05 the color of the clay deepens. It shows no
signs of fusing at cone 1, and did not yield a vitrified body.

The chemical analysis made by Professor Lenher gave:

Silica (S10;) ciiitivir ittt it tiea e ittt tittcttacnteasnsaes 52.33
Aluming (AlyO ) ciueii ittt ieiiiiie i ieecstectetcasnsoancsnconns 17.61
Ferric oxide (Fe',Og) it i iinriireierenionsorssceioscncsnsnnns 15.94
Lime (Ca0) .. iei it iiiiciaeereieiiisseossesosoacsoasnasnsnens 2.25
Magnesia (MgO). . cov. ittt ittt iene et teenonssensconsssacsenns 25
Potash (KoO ) .eutvitonesnaeeereoaaetosesacassonsacessnsonnsnans .93
S0da (NagO) e v et iiiiiitiiretenesecasse socsossasecassnsnnansans .23 -
Titanic acid (TiOg) et cern iiiciietieeienetarensnnnscensascanennes .04
Loss on ignition. . ..ouvuiiiire e iiiiiini ittt ciiiiacn e 10.38
B0 7 1 99.96
Total luxes ...ovviiiiiiiiiiierinieennsennssosssvocssnncoses 19.60

This analysis shows a high percentage of ferric oxide which
is responsible for the deep red color to which the clay burns.
The percentage of alkalies for such an impure clay is, how-
ever, rather low.

Uses. This clay is not being worked and it is doubtful
whether it would be valuable for anything better than common
brick. Its irregular depth is unfortunate, but there is probably
sufficient material to supply a small brick yard.

Sigel Station, Wood Co. (Lab. No. 1002.) A deposit of
residual clay is being worked at the plant of the Grand Rapids
Brick Company located 3 miles northwest of Grand Rapids in
the S. W. 1} of the S. W. 1 of section 36, township 23 W,
range 35 E. The clay bank is a shallow bed lying about 400
feet northwest of the works, and showing a depth of 6 feet. The
lower clay in the pit is blue and has resulted from the decom-
position of diorite while the upper clay which is said to be gray
burning and of low shrinkage is in part at least of glacial origin.
Between the two clays is a thin layer of tough red clay which
is also residual in its character.

The physical properties of the lower clay are as follows:
Soluble salts, .38; water required, 28.6. It slakes fast and
mixes up to a mass of high plasticity with some coarse grit.
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The air shrinkage is somewhat high being 7.5 per cent, and the
average tensile strength is 227 pounds per square inch with a
maximum of 254 pounds per square inch.

In burning it behaved as follows:

Wet-molded bricklets—

Cone ..........ccevinnn 010 0:) 03 1

Fire shrinkage.......... R 4 7
Color.....ovevinennnnnn. light red dark red light brown|dark brown
Absorption ............. 12.62 10.27 605 1.02

Dry-press bricklets— -

Fire shrinkage .................. 1.33 6.33
L0703 (e} reddish brown red brown
Absorption .. .....o.iiiiieiin. 14.26 1

The chemical composition of this clay is:

Silica (S10,) ittt ittt it it s e e s 54.74
ATIMINg (AL;OgN. e e terrmes i veansens rnnenrensernennnns 16 62
Ferric oxide (Fe,05) ..ot vvni it nininiarineinneanan, 10.27
Lime (Ca0) ... cii ittt it i e e .35
Magnesia (MgO) ....cviriiitiintieinenerete et nannns 1.73
Potash (KgO).iuiivvr it ireninienirerniroenncssnneenns 6.26
Soda (NagO) vevviiiiinireenereianaencsantenseencenns 1.72
Titanic acid (Ti0;) cvvvvvrnierntarrrererontoneecansonns .03
Loss on ignition .. ...ivieiiieiiiiiiiiiiiiiiieiiienann. 7.87

e 7 Y 99 62

Total AUXes. oo e itireceraieraescsencesnsesnsoesnnss 20.34

This is to be regarded as a good red-burning common brick
clay which even at cone 010 is capable of making a brick with a
good ring to it. At 05 the color deepens to an undesirable de-
gree. It is too coarse to develop a vitrified body, and is by no
means refractory as at cone 1 it begins to show signs of vis-
cosity. ‘

Uses. The clay is now being mixed with the top clay and
used for the manufacture of common brick. It is molded in a
soft-mud machine, dried on pallets and burned in Dutech kilns.
In burning it settles 2 to 4 inches in 42 courses. The product.
showed up well on testing.

Another locality near Grand Rapids at which the residual
clays are being worked is at the yard of J. N. Lessig & Son,
(Lab. No. 1003) located in the S. W. 14 of the N. W. 1/, section
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29. township 23 N., range 6 E. This point is about three miles
north of Grand Rapids. The material, as already stated, is a
residual clay which is somewhat similar to that used at the other
brick yard but at the time of the writer’s visit the excavation
was so full of water that no definite data could be obtained re-
garding it. Its properties however as obtained by testing a
sample of the green brick were as follows: Color when moist,
dark red; water required, 25.3; slaking slowly.

Although the clay contains much coarse grit it has a high
plasticity. The air shrinkage of the bricklets tested was 6.65
per cent and the average tensile strength was 165 pounds per
square inch with a maximum of 190 pounds per square inch.

- In burning it behaved as follows:

Wet-molded bricklets:
010 05 03 1

Cone.....ooveeennns Ceeeaaes

Fire shrinkage ............. 0 1.7 2 5.4
Color ..... vivivvvniniennns red red deep red | deep red
AbsOrption. ................ l 10.93 ‘ 10.53 8.16 ] 2.39

The clay burns steel hard at cone 03, and yields a good hard
brick but has too much coarse grit to produce a vitrified body.
At cone 1 it is not far from viscosity.

Uses. The clay is worked for common bricks, being molded
either stiff or soft mud, dried in tunnels and burned in up-draft
kilns.

Pittsville, Wood Co. This locality also lies within the residual
belt, and the residual clay deposits underlie a considerable area
surrounding the town of Pittsville. Some testing has been done
on the property of Mr. Nash Mitchell located just southeast of
Pittsville on the main road to Dexterville. Three holes have
been dug to the south, one in the middle and one on the western
side of the track. The first hole at the south edge was dug to a
depth of 6 feet, the one in the middle to about 5 feet and the one
to the west for 8 feet. The clay in the three holes varied some-
what. In the first hole there was an overburden of 18 inches
sand and loam, under this 214 feet of micaceous sandy clay with
angular quartz fragments and below this dark red very plastic
clay practically free from stones. In the second hole the clay
encountered is more or less micaceous while in the third hole



120 THE CLAYS OF WISOONRIN.

the clay was of a yellowish color. The yellow and red clays are
thought to run to at least 6 feet in depth and underlie 35 acres.

Their physical properties were as follows: The bottom clay
from hole No. 1 (Lab., No. 1131) was a very plastic material
which slaked slowly and worked up with 25.3 per cent of water
to a mass of high plasticity, containing some coarse grit. Its
air shrinkage was 7.9 per cent.

In burning it behaved as follows:

Wet-molded bricklets:

Cone......coovvvivnnnnnnnn, 010 05 03 1

Fire shrinkage ............. 2.3 4.7 6.6

Color ..ooviviviininnnnan, light red | dark red { dark red dark red
brown brown brown

Absorption........ccvunenn 11.32 6.22 3.23 2.27

The clay burned steel hard at cone 05 and becomes viscous
at about 3. It burns to an excellent color and hard body and
would possibly work for the manufacture of vitrified brick.

Its chemical composition is:

* Siliea (S10;) v cveecvrsrrecieroitnetsrietentorasencctsanne
Alumina (Al3O5). civrieievniecinevantosrevasssansnsnssons
Perric oxide (Fe,0;5) teveeriiririeiiiieenrennocenacnsanas
LAme (Ca0) .. cirirt ittt rieersreneseceasvensesenonnnsnne
Magnesia (MgO) .............................. .
Potash (K,0) .
Soda (Na, O;
Titanic acxd (T102) .........
Loss on ignition.......... vens

Total ....coviiiiiiiiiinnannnnn. i seiebesseenecaseanas

A sample of the yellow clay from hole No. 3 (Lab. No. 1128)
was next tested and this was found to be a coarse-grained resid-
ual clay with many small quartz fragments but not much mica.
It is very porous and even at cone 1 did not give a good hard
brick notwithstanding its comparatively low absorption. Its
physical properties were as follows: Water required, 15.4 per
cent; slaking, fast; plasticity, fair; air shrinkage, 3.7 per cent;
average tensile strength, 150 pounds per square inch with a
maximum of 175 pounds per square inch. In burning it be-
haved as follows:
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Wet-molded bricklets:
Cone ......ooovivnveinnnne. 010 05 03 1 3
Fire shrinkage............. sl. sw. | sl. sw. | sl. sw. 1 3
Color......ccoc.u.. Cheeeees yellow | yellow | yellow !reddish’' red

brown | brown | brown brown

Absorption .........0...... 12.11 12.17 10.94 9.68 9.42
It did not burn steel hard until cone 3.

Dry-press bricklets:
Fire shrinkage. .co.coiveeiiieoeuneieneneenrnoennenns Ceeanees 0
L7070 A yellow
F2N +7:103 g 01 4 Uo7 1 12.68

Uses. The material is not being employed at the present time
and it is doubtful whether it would work for anything else
than the manufacture of common brick.

The third sample, (Lab. No. 1129) represents the clay from
the lower portion of hole No. 2. This is a reddish-brown clay
which is rather coarse grained and micaceous but burns to an
excellent color. On account of its grittiness it took about 16.5
per cent of water to work it up and slaked slowly to a mass of
good plasticity. Its air shrinkage was 4.4 per cent and its
average tensile strength 180 pounds per square inch with a
maximum of 202 pounds per square inch.

In burning it behaved as follows:

Wet-molded bncklets
Cone.. teeenvee....| 010 05 03 1 3
Fire shnnkage ............. sl. sw 3 0 2 7
Color.....cooevvvivennnnn.. yel low; yellow |reddish; gray | brown
brown | brown | brown | brown
Absorption................ 1254 [ 1L77 10 9.50 9.26
Steel hard at core 1........ I R P P

Dry-press bricklets:

Fire shrinkage ... .ot iver i i i i i e eiei e e 0
L0757 L P brown
N5 TT7 5 ¢ 7 1o o 13.38

The red clay from the upper part of the same section likewise
burned to a fine red color but is too gritty to vitrify. This clay
(Liab. No. 1130) required 22 per cent of water, and slaked to a
mass of high plasticity and containing considerable grit. Its
air shrinkage was 5.1 per cent. In burning it behaved as fol-
lows:
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Wet-molded bricklets:

(0701 1T T 010 05 03 1
Fireshrinkage ...................... 0 13 2.7 4.3
Color. vttt pink pink red red
brown | brown
Absorption. ...........ocei L, l 16.24 1552 12,44 8.82

The clay burns steel hard at 03.

Uses. The material is not being used but while it would un-
doubtedly make an excellent clay brick it is too gritty to vitrify.

Springvale, Portage Co. (Lab. No. 1096.) The residual
clayl is found underlying the Potsdam sandstone at this lo-
cality and is also found exposed along the creeks. A sample
taken from such position was secured by Mr. F. H. Merrell from
the bank of a small creek on the Wisconsin Central Railroad
4 miles south of Stevens Point. The deposit is immediately
above the railroad bridge and below a grist mill, on the Stevens
Point and Plover highway and represents a number of shallow
borings taken with an 8 inch auger. The material which is a
brown residual clay of sandy character is lighter burning than
most of the others in this region. It contains .31 per cent
soluble salts, and works up with 28.6 per cent of water to a mass
which slakes rather fast and develops fair plasticity. Its air
shrinkage was 6.1 per cent, and its average tensile strength 93
pounds per square inch with a maximum of 105 pounds per
square inch,

In burning it behaved as follows:

Wet-molded bricklets

Cone.........c...u. 010 05 03 1 2 5
Fire shrinkage ....| 1.4 2.6 5 6.9 7 not vit-
rified
Color........o..... pink pink | lt. red (br’'wni’h| pink
Absorption........ 18.08 | 1594 | 1091 6.40 6.40

This indieates it to be more refractory than the majority of
the residual clays tested, which become viscous at cone 1 or not
far above it. It is certainly more refractory than some of the
clays which are now used for Wisconsin brick and which are
placed on the market under the name of fire brick. A large
brick made from this clay stood rapid drying without eracking.
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A chemical analysis made by Mr. A. S. Mitchell of Milwaukee
gave:

£37 1Mz 2 10 J A 63.04
Alumina (A1;04) .. vttt iie e i e ea e 21.60
Ferric oxide (Fe,04) «vvevvriii e iiiiiiieanns 3.5
Lime (Ca0) ... viii it o it i teteeie e e .85
Magnesia (MgO . ... .civvir it it et e 1.00
Alkalies . it tieeeereanrieetaasencnnsnaes .. undetermined
Loss on 1gn1t10n ........................................ 5.95

B o] 7 Y 95.94

Stevens Point, Portage Co. This locality is surrounded by
deposits of residual clay which have been opened up at two
points for the manufacture of brick. The works of both com-
panies, which are known respectively as the Langenberg Brick
Company and the Stevens Point Brick and Construction Com-
pany are located on the road north of Stevens Point. At the
works of the former whose exact location is in the N. E. 1/, see-
tion 19, township 24, range 8 E., the material worked is a bank
of residual clay derived from the decay of a granitic schist
which is cut by veins of quartz and intrusions of granite. Of
these three rocks the granitic schist is the most easily decom-
posed and the clay formed from it shows a thickness ranging
all the way from two feet to an observed maximum of 12 feet.
The quartz and the granite decompose less rapidly and the for-
mer specially is apt to form stony streaks in the clay which
have to be avoided or thrown out in digging. In the upper
part of the section the clay is much tougher than in other parts
of the bank and is due to the material having been worked over
by natural processes. A certain amount of this is mixed in with
the lower lying clay and improves the working qualities of the
material. The varying depth which residual clays often show
is well seen in this pit of which a section is given in Fig. 1.

The lower clay which contains more or less decomposed rock
stands a little more heat than the top clay and consequently this
is sometimes worked into brick which are incorrectly termed
fire brick although they have no claim whatever to refractoriness
but are sold more or less for boiler settings, and to brick makers
for use in construction of the door arches of scove and Dutch
kilns.
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Uses. At the present time the clay is used chiefly for the
manufacture of common brick and for this purpose it is put
through a pair of rolls, wlose main purpose seems to be to reject
the stones, and then tempered in a pug mill. The clay is molded
in a Sword machine and the bricks are hacked out in the open
for drying. TUnless the clay is properly prepared it is apt to
show cracks in the air drying. The material is burned in Dutch
kilns and there is a settle of about 6 inches in 38 courses. The
temperature reached in burning is no higher than the fusing
point of cone 010.

The plant of the Stevens Point Brick and Construction Com-
pany was opened in the summer of 1904 and is located about
11/ miles north of town. The clay used here is also a residual
clay derived from granitic schist but at the time of the writer’s
visit the pit was still small and not over 8 feet deep, and the
solid rock had not been reached. The clay was lighter in color
and not as micaceous as that at Langenberg’s yard. It (Lab.
No. 1177) had the following physical properties: Color when
moist light brown, soluble salts .32, water 20.9, slaking fast,
plasticity fair, much grit. The air shrinkage was 3.9 per cent
and the average tensile strength 128 pounds per square inch
with a2 maximum of 146 pounds per square inch. In burning
it behaved as follows:

Wet-molded bricklets ...... I
Cone .....c.ocvvvvinnnnn. 010 05 03 1 2
Fire shrinkage........... .6 2 4.7 5.7 6.7
28] (3] browr(]lish dark red dark red! brown | brown
re
Absorption .............. 14.30 12.60 8.65 l 429 1.56
Dry-press bricklets:
Fire shrinkage ....c.covviviniiiiicnnnnesnans 0 333
{70 1o’ light brown red
AbSOrption.. ...c.oitiiii e it iiei e 16.48 10.82

‘The clay when wet-molded burns steel hard at a little above
cone 03. Tt gives a good brick, however, at a temperature of
cone 010 which is also the cone at which the bricks are being
hurned at the yard. -
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The chemical eomposition of a sample collected by Mr. F. H.
Merreil and analyzed by A. S. Mitchell of Milwaukee gave:

Silica (8i0y) «..cvvvne
Alumina (Al;O,) . ...
Ferric oxide (Fe,0,).
Lime (Ca0) .........
Magnesia (MgO).........
Loss on ignition.........

Uses. The cldy is now employed for the manufacture of com-
mon brick which are molded on a Sword machine, dried on an
open yard and burned in Duteh kilns. If not properly tem-
pered the clay shows a tendency to crack in drying.

Residual clay (Lab. No. 1118) is also found on the property
of G. A. Sherman about one mile south of Stevens Point and
the sample tested represents the average of a number of borings
made through a bed 4 to 5 feet thick without reaching the bot-
tom of the deposit. The clay is overlain by about 2 feet of sand
which holds more or less water. ,Its physical properties were
as follows: Yellow when moist, 22 per cent water required;
plasticity good; much grit; air shrinkage 6.29 per cent. In
" burning it behaved as follows:

Wet-molded bricklets:

Cone .......covvviiininnnn. 010 05 03 1
Fire shrinkage ............. sl. sw. 1.7 2.3 3
Color ...ovvviiiininnnnnnan. deep pink]; pink yellow | light red
~brown brown
Absorption............c...... 14.68 13.77 11.34 7.51

. The clay gives a body of good color but on account of its
coarseness does not burn to a very dense body. It probably
could not be used for anything better than the manufacture of
common brick.

Another sample of residual clay was taken from a field just
northeast of the water works, where there is a deposit at least
12 feet deep. This material (Lab. No. 1120) is dark brown in
color, contains .33 soluble salts, and mixes up with 24.2 per
cent of water to a mass of rather low plasticity. It slakes fairly
fast and contains much coarse grit. The air shrinkage was 6.1
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per cent while the average tensile strength was 176.3 pounds
per square inch with a maximum of 197.3 pounds per square
inch. In burning it behaved as follows:

Wet-molded bricklets:

(97:) - PR 010 05 03 1 2
Fire shrinkage ............ 1 1.3 3 49 5.6
Color ..ovviiiiiiaiinnnnas light imediumjmedium| dark red
red red red red |brown
Absorpton .....ceiviuin.n. 13.69 11.84 9.95 6 6.11

The clay burng steel hard at cone 1.

Dry-press bricklets:

Fire shrinkage .....ccvoiiviiinincnnnncnsn 0 4
(0703 (o3 light red | speckled red
Absorption ....... ceiiiiiiiiiiiiiiiei .. 17.18 9.53

Uses. The material is not being worked at present, but al-
though the clay contains much mieca it gives a very hard brick
at cone 1. It is too gritty to be used for making vitrified wares
and is also rather sandy for the manufacture of dry-press briek,
but would no doubt work wet-mud.

Still another sample of residual clay was tested from the
property of J. Czaplewiski, and represents an 8 inch boring 10
feet deep. The clay (Lab. No. 1176) which is of light brown
color contains .31 soluble salts and slakes rather fast. With
20.9 per cent water it worked up to a mass of low plasticity and
gritty character whose air shrinkage was 3.7 per cent and whose
average tensile strength was 77.3 pounds per square inch with
a maximum of 90 pounds per square inch. In burning it be-
haved as follows:

Wet-molded bricklets:

Cone . ...iiiiiiiiieieann 010 05 03 1
Fire shrinkage .... 4 sl. sw. 2.3 3.3
Color .... .......... ..| light red i light red {red brown|red brown
Absorption ......... ces 17.60 1564 18 67 8.02

The clay is too sandy to be of any use except for the manu-
facture of common brick and is also too sandy to work dry-
press.
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Eau Claire, Eau Claire Co. In Dr, Buckley’s report on the
clays of Wisconsin* a mention was made of the occurrence of
extensive deposits of residual clay along the Eau Claire river
east of Eau Claire and a number of outerops were visited for
the purpose of collecting samples to be tested for the present
report. The samples came mostly from the S. E. 14 of the N. E.
14 of section 27, range 8 W., but the clays outerop at a number
of points in the river bank, and on the abutting slopes, on both
sides of the Eau Claire river. While these clays appear to have
been derived from a variety of rocks, the parent formation is
mostly a schist. The depth of the deposits is variable and with
the exception of a belt underlying the lower terraece bordering
the river they are usually covered by a thick deposit of sand
between which and the clay there is often a bed of hard sand-
stone. The latter, however, would make a very bad roof for
underground mining operations since it is cracked by joint
planes, and as soon as the underlying clay is removed the blocks
of sandstone being deprived of their support will cave in.

‘While the majority of residual elays in this locality are rather
sandy in character, some of them are quite highly plastic, and
although the highly plastic ones were not found in very large
quantities some of them were tested for the purpose of serving
as standards for comparison in case larger deposits of the same
character were found.

About 6 miles east of Bau Claire an artificial cut has been
made into the hillside exposing the contact of the Potsdam sand-
stone and the underlying residual clays (Pl. XI, Fig. 2.)

This eut is located on the N. E. 1/ of section 21, township 27,
range 8 W. Immediately underlying the sandstone at this point
there is a deposit of very plastic rather demse-burning -eclay
(Lab. No. 1033) which, however, is not present in sufficient quan-
tities to be of commercial value, but as already stated a sample
was tested for purposes of ecomparison if necessary.

This had the following physical properties, color when moist
brown, water required for tempering 39.6 per cent, slaking
moderately fast, plasticity excellent, grit low. Its air shrink-
age is 10.4 per cent and the average tensile strength 339 pounds

*E. R. Buckley, Clays and Clay-Industries of Wisconsin. Wis. Geol.
& Nat. Hist. Survey, VII, pt. 1, p. 37, 237.
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P

per square inch with a maximum of 454 pounds per square
inch. In burning it behaved as follows:

Wet-molded bricklets:
Cone .....c.uiene. 010 05 03 1
Fire shrinkage ...... 2 6.7 7 viscosity
beginning
Color....covvuvuanan light red deep red deep red
brown
Absorption ........ 12.19 1.89 .50

‘While the klay burns to a vitrified body still it fuses at a
rather low temperature and has too high an air shrinkage to
permit its being used alone, neither did it give as good a vitri-
fied body as some of the samples tested from Pittsville and Mer-
rillan.

In the same cut in which this clay was obtained there is a
small vein of whitish clay which from inspection appears to be
refractory but on which the physical tests gave results that were
rather disappointing. This vein is not over 6 feet wide and con-
sidering its character is not of sufficient value or extent to make
it worth while working. The physical properties of the material
(Lab. No. 1032) were as follows: water required 31.9 per cent,
plasticity high with little grit, slaking slow. Its air shrinkage
was 8.3 per cent and the average tensile strength 156 pounds per
square inch with a maximum of 160 pounds per square inch.

In burning it behaved as follows: ’

Wet molded bricklets:
Cone .......iceiiiinan. 010 ;| 05 03 1 2 4 5
Fire shrinkage ........ 1 471 63 | 8 8.6 | 83 | well
vit.
Color ......cocvvviuann. pink | pink ; gray | gray ; dark | gray
gray | gray | buff | buff | gray
Absorption............. 15.37| 9.82) 7.28 l 3411 3.10| 2,82

It burns steel hard at as low a cone as 010, and while it yields
a good dense body it is not refractory.
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Its chemical composition is

Silica (Si0) .cvvvviinenen.n.
Alumina (Al,O03) ..oovuvntnnn
Ferric oxide (Fe,Oy) ....
Lime (Ca0)......oocvvninnnen
Magnesia (MgO) ... covet ciivir i iinrsacssessoacnnans
Potash (K ,0).cii ittt iiiiiiiiiiiiiiiiiiiies cenens
Soda (Na,0) ..oiviiiiiieiiienirtiaeneecntensarsasassns
Titanic acid (Ti0,) c.cvvii it ittt e
Losson ignition ......c.c.iiiiiiiiiriniiiiiinnnncnnonnes

Total.......... P

This would be a refractory clay were it not for the high per-
centage of potash and iron which it contains, the former indica-
ting the presence of considerable uridecomposed feldspar.

The third sample of residual clay from the Eau Claire river
valley was taken from an outcrop of decomposed schist underly-
" ing the Potsdam sandstone near a small water fall about one
half mile west of the preceding loeality. This clay (Lab. No.
1031) when moist was brown and worked up with 32 per cent
of water to a mass of high plasticity but rather gritty character.
It slakes moderately fast and its air shrinkage was 7.4 per cent
with an average tensile strength 112 pounds and a maximum
of 127 pounds per square inch.

In burning it behaved as follows:

Wet-molded bricklets:

1021 T, 010 05 03 1 2 4
Pire shrinkage..... sl. sw. 5 6 6.6 6.3 7
Color wecvvievnnanns pink red |deepred| red red |darkred

brown | brown | brown | brown
Absorption........ 18.82 9.36 8 5 4.74 4.47

The clay burns steel hard at a little above cone 010. This
material is a good common-brick clay cépable of making a hard
brick but not a paving brick. In burning to a hard product the
color becomes too dull and deep to permit the material to be
used for pressed brick. It is fairly dense-burning at a low cone.

Another sample (Liab. No. 1030) was taken from a pit in the
woods a few feet southeast of the locality just described. This
sample which was partially tested, mixed up with 26.4 per cent
of water to a mass of good plasticity and scattered grit. Its

9
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air shrinkage was 5.1 per cent. In burning it behaved as fol-
lows:

Wet-molded bricklets:

(763 Y- N 010 05 1
Fire shrinkage .......o.cvvvvieinnn .. sl. sw. sl. sw. 4
L07e3 1<) PP red brownired brown|red brown
Absorption......cocvviiiiiiiiiiien e 22.37 18.15 9

The clay burns steel hard at cone 05.

It is too coarsely sandy to be used for anything except com-
mon brick but for this purpose would work all right, and might
even be utilized for pressed brick.

Still another sample (Lab. No. 1034) from this region was
taken from a pit along the road, leading down the front of a
terrace escarpment at a point about midway between localities
1031 and 1033. This clay worked up with 25.3 per cent water
to a rather gritty mass of good plasticity and 6.4 per cent air
shrinkage. In burning it gives the following results:

Wet-molded bricklets:

Cone .......evvviivnnannn 010 05 03 1 2
Fire shrinkage............. 0 11 1.6 27 3.6
Ze3 <) lightred| red red red |greenish
brown | brown
Absorption .. ...oiiveinen .. 13.66 ] 1177 10 7.21 6.19

The clay did not become steel hard until cone 1, at which tems
perature it gives a hard brick, and while it would no doubt
make a good grade of common brick the material is altogether
too sandy to make a vitrified body.

Ringle, Marathon Co. (Lab. No. 1007.) This is the most
eastern locality at which ‘the residual clays are being worked.
The brick yard at which they are used lies a few hundred feet
east of Ringle Station, and the clay is derived from a diorite
schist. That which was being dug in 1904 is only partially de-
composed material so that the structure of the rock is still quite
apparent in the face of the bank. There are occasional felds-
pathic veins running through it and this makes sandy streaks
in the clay. On the south side of the bank, at the top of the pit
a much tougher clay is found but this as a rule is not sent to the
brick machine,. '

The clay when moist is deep red gray in color, and slakes
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slowly. It contains .16 per cent of soluble salts and mixes up
with 30.8 per cent of water to a mass of low plasticity and con-
siderable grit. The air shrinkage is 5.9 per cent and the aver-
age tensile strength 97 pounds per square inch with a maximum
of 110 pounds per square inch.

In burning it behaved as follows:

‘Wet-molded bricklets:

(074 Y- J 010 05 03 1
Fire shrinkage ............. T 4.4 8.3 vis. beg.
[070) 10 S yellow | deep red dark

brown brown brown }..........
Absorption.......oiveenn... 12.97 7 250 ...

The material makes a good common-brick clay but is too coarse
and micaceous to permit its being used for paving brick.

Uses. At present the clay is molded into common brick
being treated first in a pair of conical rolls for eliminating
stones, and then in a Williams pulverizer, after which it is
molded in a soft-mud machine, dried in tunnels, and burned in
Dutch kilns. If the clay were more thoroughly mixed and
burned slightly harder a much better product would result.

Medford, Taylor Co. (Lab. No.1047.) About four miles due
southwest of Medford along the Wisconsin river there is an
outerop of greenstone which was prospected at one time din
search for iron ore. This rock has decomposed to a depth of
not less than 16 feet and forms a tough reddish clay which how-
ever is not being used for any purpose. The clay outerops for
a distance of about 50 feet along the river and can also be found
at several points back from the river and at most places is cov-
ered by a rather heavy mantle of glacial drift. The clay which
is of a deep red color slakes rather fast and contains .10 soluble
salts. It works up with 22 per cent of water to a mass of low
plasticity and some fine grit. Its air shrinkage is 4.6 per cent,
with a maximum of 134 pounds. In burning it behaved as fol-
lows:

Wet-molded bricklets:

Cone.............. 010 05 03 1 4 5
Fire shrinkage .... N 1 2.7 7.6 5.6 vis.
Color ..... eeeees dark red|darkredidarkred{ red (darkred

brown | brown | brown | brown | brown |........
Absorption........| 1549 | 12.01 | 11.24 4.26 1.14 |........
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The chemical composition of the clay was as follows:

Bilica (Si0) sovv ittt iiiiiinecianeriiiiaiii i 45.65
Alumina (AlgO3)ecinniiiiieiiiiieiiniiiiiiiiineinneens s 18.90
Ferric oxide (Fe304) cvvvvriiinnii i e aa 18.00
Lime (Ca0) .. vt iiiiereiiaetinintnaneneateeneneneas .86
Magnesia (MEO) ..veveievneeriesvaneones veroreenaneonns .29
Potash (K,0)........... 7.66
Soda (Na,0) ....... cens . 1.70
Titanic acid (TiO,) ... .03
Loss on ignition....... £.5656

Total.. oot i i i i e e 99.64

Total fluxes .....coovveiiiiininiiiiiiiiiienniaenaas 28.51

This clay is not as fusible as one might expeet from the high
tota] fluxes but this is due to the fact that the active fluxes, such
as lime, magnesia, and the alkalies, are present in small quan-
tities. The material would not be of much value for brick
manufacture but its use probably lies among the slip clays. At
cone 1 it gives a dull reddish-brown slip.

Discussion of tests on residual clays. All of the tests which
have been made on the residual clays are tabulated in the table
at the end of this bulletin. Taking their different properties up
in order we find that most of them slake or mix up rather rap-
idly when softened up with water. Different ones however,
show a variable plasticity, this property ranging from high in
some to low in others. The majority of them are gritty and
some are even quite sandy.

The percentage of water required to mix them up varied from
15.4 per cent in case of the clay from Pittsville to 39.6 per cent
in the case of a clay from east of Eau Claire. The average per-
centage of water required was 25 per cent and in the majority
of the clays it was between 20 and 27 per cent. They also show
a variable air shrinkage this ranging from 3.7 per cent up to
10.4 per cent with an average of 6 per cent. In most of them
the air shrinkage is not excessive and the higher air shrinkages
were usually found in those clays which required the greatest -
amount of water for tempering. It ig not to be understood
from this, however, that this rule applies to clays as a class.

The tensile strength was determined on 18 of the 26 samples
tested and found to range from an average of 96 pounds per
square inch up to 339 pounds per square inch with a maximum
of 153.2 pounds per square inch. Considering the residual
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clays as a whole we can say that their tensile strength is very
fair. In examining the results of the burning tests it is found
that in almost every instance the residual clays worked or in-
vestigated are red-burning, some of them burning a bright red,
others more of a brownish red. The fire shrinkage when burned
to cone 010 is usually quite low but very few of them burned
steel hard at this cone. Absorption in most cases at this cone is
also moderate. At cone 05 three additional ones had become
steel hard, and the fire shrinkage of the majority when burned
at this cone was under 214 per cent. Six of the twenty-six
samples burned at cone 05 had a fire shrinkage in excess of 4
per cent and these in nearly every case were clays requiring
more than the average amount of water for mixing, but not in
every case representing a high tensile strength. The percentage
of absorption at cone 05 was also fairly low. At cone 03 there
was in most cases an increase in fire shrinkage as was to be ex-
pected and four additional ones had burned steel hard. The
absorption percentages of the clays burned at this cone how-
ever, showed more variation than was the case at the two cones
below. At cone 1 several of the clays burned to a very dense
body, seven of them showing an absorption of under 3 per cent
while two of them showed evidence of becoming viscous at this
temperature. ' ‘

In general it can be said of these residual clays that they burn
to a body of good red color, moderate density, and that none of
those examined could be classed as refractory materials. Their
main use at present is for the manufacture of common brick and
it is probable that most of them will continue to be used only
for this purpose, although several occurences such as those
around Merrillan and Haleyon, Jackson county, as well as from
Pittsville, Wood county, burn to such a dense and hard body at
cone 1 that it seems possible that they could be used for making
hard brick for paving streets on which there is a moderate traf-
fic. One clay, namely that from southwest of Medford is ex-
ceedingly ferruginous, burns to a deep reddish-brown body, and
it is suggested that this could possibly be used as a dull glaze
for coating terra cotta wares. The analyses of those which
were examined chemically are tabulated below.



Analyses of restdual clays.

-8
a1s . Ferric o . . Titanic
Lab. . Silica | Alumina s Lime | Magnesia | Potash Soda : Loss on Total
No.| Locality. | (35i0s) | (AlgOs)| 0%ide | (Ga0) | (MgO) | (K50) | (Nay0)| A%d |ignition| Total | fyyes | Analyst.
(Fop03) (TiO3z)
1035 | Haleyon ... 60.44 19.74 8.23 .40 2.22 4.03 1.89 .06 5.68 100.61 14.77 | V. Lenher.
1041 | Merrillan .. 63.21 18.00 4.62 .18 1.12 9.11 .57 .05 3.61 100.47 15.60 ] V. Lenher.
1085 | Milladore..! 53.18 14,92 14.64 1.09 2.53 .. P ET T 8.0T Joveviiiii]eneenennns A, 8. Mitchell
1087 | Milladore.. 64.88 17.90 5.40 .60 115 |..oaaee.. PP PO 564 | oeeiiiiii]oe it . 8S.B.Newberry
1001 | 8,’Centralia 52.33 17.61 15.94 2.25 .25 .93 .23 04 10.38 99.96 19.60 | V. Lenher.
(@r. Rapids)
1002 | Sigel Stat’'n| 54.74 16.62 10.27 .36 1.73 6.26 1,72 .05 7.81 99.62 20.34 | V, Lenher.
1131 | Pittsville .. 46,34 16.20 17.75 2.62 .80 4.83 .58 .05 10.51 99.68 26.58 | R. C. Benner.
1096 | Springvale.| 63.04 21.60 3.50 .85 S U R TR F [: 35 T U N A, 8, Mitchell
1005 | Stevens Pt. 59.94 16.74 7.64 .43 1.69 O O 3.9 |eieiiiindiiiiiean, A. 8. Mitchell
1032 | 6 mi. o. Ean
Claire.... 46.08 34.25 3.8 A5 .20 3.25 .55 14 11.77 100.03 7.79 | V. Lenher.
1047 | Medford ... 45.65 18.90 18.00 .86 .29 7.66 1.70 .03 6.55 99.64 28.51 | V. Lenher.

Per

‘NISNOOSIM 40 SAVTIO HHL
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2. RED BURNING SHALES OF LAFAYETTE AND GrRANT COUNTIES.
In the southwestern part of the state in the region known as
the Mound area, the weathered Maquoketa shale, already re-
ferred to (p. 50) yields a bed of tough plastic yellow clay. Al-
though this material does not outerop at any point, still in the
region underlain by it, it ecan be reached but a few feet below
the surface, as the overburden is a thin bed of sandy surface
clay. The general section in this area, and the relation of the
shale to other beds is indicated in Fig. 5.

One sample of this was taken from a cistern excavation on the
farm of W. H. Knebel just east of the Little Mound, near Platte-
ville and tests were made, not only of this weathered Maquoketa
shale alone but also of mixtures of the Maquoketa clay with the
loess of that region in order to develop if possible any advan-
tages that might be gained by a mixture of them. The tests
on these are given below.

Material .. .coovinininiiilorinionnnans Equal parts Ma-| 34/ Maquoketa
quoketa clay |clay and 14 loess
and loess
Lab. No...covivenvnnnvnnn 1093 1093-20 1020-93
Soluble salfs.............. .36 .25 .28
Water required............ 26.4 25.3 29
Slaking....cocovevininnnn. moderately good good
fast
Plasticity ..........ooeenn excellent excellent excellent
4 1 almost none none little
Air ghrinkage. . . 8.6 7.3
Average tensile strength 156 237 158
Maximum tensile strength 130 298 177
In burning the clay behaved as follows:
Wet-molded bricklets—
Cone 010:
Fire shrinkage........ K 0
[ 6701 () light pink jlight pink brown| pink brown
brown
Absorption ,.......... 14.78 14.50 14.37
Cone 05:
Fire shrinkage........ 1.7 2 3
1031 red red red
Absorption ........... 5.11 8.69 8.13
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Cone 03:
Fire shrinkage........ 4 4.3 6
Color eovvvivnnnnnnenn red brown red brown red
Absorption ............ 50 2.93 4,03
Cons 1:
Fire shrinkage........ vis, vis, vis.
Steel hard at cone ...... 08 08 08
Dry-press bricklets—
Cone 05:
Fire shrinkage........{coeciiieneei]ieenenerneencnaaloreroenncnessnss
Color.e..ovrvninnnnnns T O P
B2 75 7 10) « S s

-1093. This is one of the best-burning brick clays to be found
in the state. It gives an excellent red color and a steel hard
body even at cone 08 but is not adapted to a very good vitrified
body. There is no apparent reason why it should not be used
for making drain tile and hollow brick. No prediction can be
made regarding its extent and thickness as there are no out-
crops of it, but the material is to be searched for in the region
around the base of the mounds. The general section that might

be expected is as shown in figure 5.

3. RED or BrowN-BURNING SURFACE CLAYS OF VARIED ORIGIN.
Scattered over the central and western parts of the state are many
deposits of red or brown-burning surface clays which are used
chiefly for the manufacture of common building brick. Those
found in western Wisconsin are of the loess type and are all
gritty in character. They are worked at LaCrosse, Platteville,
Arcadia, Independence, ete. Those found in the eastern and ex-
treme northwestern part of Wisconsin are chiefly lacustrine clays,
while the remainder which are especially abundant in the central
part are mostly basin-shaped deposits of glacial origin. Among
the latter, excellent red-burning ones were noted at Ellsworth,
Reedsburg, Milton, Horicon, and Beaver Dam. A most exten-
sive series of beds occurs in northwestern Wisconsin at Menom-
onie and Tramway.

DETAILED DESCRIPTION OF OCCURRENCES.

Cuba City, Grant Co. Common brick are made from the loess
at W, J. Kinlahan’s yard. The physical properties of the
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material (Lab. No. 1022), were, water required, 14; plasticity,
moderate; grit, flne; air shrinkage, 8.5.

In burning it behaved as follows:

Wet-molded bricklets:

Come ......ovviiiiiniinanns 010 05 03 1 2
Fire shrinkage ...l O 4. 13 7 75
Color. ..o ivirvnenneenannns light light |medium| dark dark
red red red red brown
Absorption ................ 21.01 19.06 17.59 3.50 2.83

The clay burns steel hard at eone 2.

This elay is capable of giving a good red common brick and is
sufficiently hard for brick purposes at 010. It is doubtful if at
the time the yard was running this temperature was reached.

Platteville, Grant Co. Two types of clay occur in this local-
ity. One of these is a surface clay or loess which is a finely silty
clay, the other the Maquoketa shale which has been deseribed on
. 50. The loess clay is not uniform in character through this
section but usually shows a surface clay 18 inches to 2 feet thick
(Pl. XIII, Fig. 1) which is loamy or sandy in its character,
while below this is a denser somewhat plastic clay which is
known locally as ‘‘joint clay’ and is not used for making brick.
This latter in places passes into a cherty clay derived from the
Galena limestone. A sample of the surface clay (Lab. No. 1020)
was tested from the Grindell Brick Co.’s yard at Platteville with
the following results: Soluble salts, .33; water required, 30.8;
slaking, very fast; plasticity, good; grit, fine; air shrinkage,
8.52; average tensile strength 264 pounds per square inch with
a maximum of 334 pounds per square inch. In burning it be-
haved as follows:

‘Wet-molded bricklets:

CODB tvveveetnvenrntecnsnsnrcannns 010 05 03 1

Fire shrinkage .................... sl. sw. 4 3 7.6

1073) 125 3 ,..| light red red dark
red brown | brown

14.73 8.19 2.70

Absorption l 16.13

It burned steel hard at come 03.
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Dry-press bricklets: '
Fire shrinkage .................. 0 8.06

[07+71s) eeeaes buff brown red brown

Absorption..........covveninnnn. ’ 20.52 1.48

The dry-press bricks were steel hard at cone 2.

This is a very gritty, porous clay with a granular structure,
and burns to a good red color but hard enough for common brick
at 010 although it is not; steel hard at this point. It is alto-
gether too siliceous for making vitrified brick but could prob-
ably be worked on a dry-press machine.

Uses. The material is now being used for common brick which
are molded in a soft-mud machine, dried on pallets, and burned
in scove kilns, but the temperature reached is not as high as
cone 010. The large bricks if dried rapidly show a tendency
to crack.

Lancaster, Grant Co. The loess has also been worked at Will-
iam Barrow’s yard on the west edge of this town but only the
surface clay has been extracted the clay bank being a shallow
excavation not more than 2 or 3 feet in depth. The clay is a
reddish-brown plastic material with small mica scales somewhat
resembling that at Platteville. At the present yard the fore-
man stated that they run into a flint rock at a depth of 10 feet.
This is probably residual clay containing scattered chert no-
dules from the Galena limestone.

Fennimore, Grant Co. Red-burning surface loess was form-
erly used at this town.for making common brick. The deposit
was shallow and the yard has not been in operation for several
years.

Blanchardville, Lafayette Co. A local depésit of alluvial clay
{Lab. No. 1024) is worked at this locality for making common
brick. The run of the bank which is used had the following
properties: Water required, 24.5; plasticity, good; grit, some,
eoarse; air shrinkage, 6.3.

In burning it behaved as follows:
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Wet-molded bricklets:

Cone .....oviiiiiiiiiiiians 010 05 03 1 2
Fire shrinkage . 1 1.7 2.7 5.7 6.7
[676) (¢ light red |darkred|darkred| dark
re brown
Absorption ......cc.euen... 13.97 ] 10.04 7 1.48| 1.79

Steel hard at cone 03.

This makes an excellent hard brick at cone 01 but could be
burned for common brick at a lower temperature. It is too
gritty for the manufacture of vitrified brick.

Monroe, Green Co. Red-burning clays are worked three-
fourths of a mile from Monroe at the yard of Kuster, Bowman
& Schober. The clay is dug to a depth of 4 to 5 feet and is
covered by a black loamy eclay about 18 inches in thickness.
They claim that if more than 5 feet of clay are used that the
brick are of inferior quality. The clay is erumbly in its char-
acter and carries scattered pebbles of flint. Underlying this is
blue white-burning clay which is not dug on account of the
water in it. The properties of the top or red-burning clay (Lab.
No. 1017) are: Water, required, 30.5; slaking, fast; plasticity,
good ; grit, none; air shrinkage, 7.6.

In burning it behaved as follows:

Wet-molded bricklets:

Cone......cvvvnni. ... 010 05 03 1 2
Fire shrinkage ............. .2 2.6 3.4 7.3 8.3
(676 [+ P light | light | light red red
red red red brown
Absorption ................ 23 87 18.18 17.03 5.05 5

The clay burns steel hard at cone 1. It gives a fairly hard
body at 010 and a very hard brick at cone 1, but it is too gritty
for making vitrified ware.

Milton, Rock Co. One mile east of town on the road to Lima
on the property of L. B. Borden on the south side of the road,
there is a deposit of clay not more than 500 feet from the railroad
which according to Mr. Borden’s statement is 12 feet in thick-
ness and is overlain by 2 to 3 feet of gravel. The material is a
tough plastic clay which is not being worked but has been suc-
cessfully experimented with at a small pottery near Edgerton.
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It burns to a fairly bright red color and a vitrified body but if
large pieces are burned to vitrification they show a slight temn-
dency to crack. On the north side of the railroad there is an-
other clay deposit which lies in a similar position to that of
Borden’s, but is on the property of Mr. Goodrich. Although
the two deposits are not more than 1,000 feet apart they are
greatly different in their character as can be seen from the fol-
lowing tests.

Material .....cciviiiiniininieennns Borden clay Goodrich clay
Laboratory No..........oooaeniaae. 1012 1013
Solublesalts .....0veviie et iannn. .32 41
Water required.................... 20.9 34.1
Slaking .....coiiiiiiiiiiriieia.. moderately fast fast
Plasticity «..covvvivernnnrcennnns fair high

[€ 5 5 1 PP some, fine much, fine
Airshrinkage ..........oovvveinin . .
Average tensile strength .......... 312 158
Maximum tensile strength ........ 370 184
Wet-molded bricklets—

Cone 010: .
Fire shrinkage sl. sw, sl. sw.
Color ......... light brown cream
Absorption................ ... 13.59 54.34

Cone 05:

Fire shrinkage .........ccv.... 3
Color ..ocovvvvviiiieinnnnn. e light red -
Absorption..........coi il 10.02

Cone 03:

Fire shrinkage ................ 1.8 sl. sw.
Color ....iiiiiiiiiiiiiieiiaa, light brown gray buff
Absorption.......cvviivenn.n. 541 48.40

Cone 1:
Fire shrinkage ................ .5 sl, sw,
Color .o iiaiisieniii e eane dark brown gray buff
Absorption........ .....onen. 1.39 vit. 36.47 .

Dry-press bricklets—

Cone 05:
Fire shrinkage ................ 0
[070) 3 buff brown
Absorption..........ooeeilt 17.83

Cone 2:
Fire shrinkage 8
Color ......... red brown
Absorption..... .70

The clay burned steel hard at 05 when wet-molded.
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The chemical composition of the Borden clay is:

Silica (Si0,) ............
Alumina (Al,O) .......
Ferric oxide (Fe,0;) . e
Lime (CaQ) .oc.vvvviiniiiiiniinniinan, ..
Magnesia (Mg0) ... cviiiiiiniiiiiiirerrieeeceeenennanes
Potash (KyO).ovnviii it i i it ceii it e eees
Soda (Na,0) .......... et e eeeereeenes

Losson ignition ........cciiiiiiiiiiiiiii i

B 17 1 R

It is hardly necessary to point out the differences between
these two clays as they are so evident. The Borden clay burns
to a good color and good body, while the other is so open burn-
ing and gritty that it is of little value.

Janesville, Rock Co. There is one brick yard at this locality
namely that of the Janesville Red-Brick Co. which for unknown
reasons has not been in operation for several years. The bank
is a long shallow excavation showing a fine-grained cross-bedded
sand and clay of which at least 6 feet are exposed and which is
very lean. The overburden consists of 3 to 6 feet of gravelly
clay and sand. On top of this in places there are pockets of
red clay, which seems to be the only material on the property
that could be satisfactorily used for making bricks. This burns
to an excellent red color and would even make a good dry-press
briek or tile but the deposit is rather shallow and a large area
would have to be worked over in order to get sufficient material
for a brick plant.

Richland Center, Rock Co. William Bliesner is working a
deposit of sandy surface clay of possibly modified residual ma-
terial at the base of the hill west of town. (Pl XIV.) The
material is a gritty red-burning plastic clay which tends to
crack badly in air drying and to prevent this salt is mixed with
the clay in the proportion of one gallon salt to 700 brick. The
material is tempered in a pug mill, molded by hand, dried on
an open yard and burned in scove kilns.

Viola, Richland Co. Another deposit of red-burning surface
clay (Lab. No. 1025) is worked at Viola at the yard of Pahl
and Sherry. Its physical properties were as follows: Water
required, 17.6; plasticity, good; grit, some, coarse; air shrink-
age, 5.94. In burning it behaved as follows:
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‘Wet-molded bricklets: ‘
05 03 1 2

2 4 7.6 8
red red [|darkred| red
brown

13.76‘ 7.74 { 1.58 183

The clay burns steel hard at 03 but gives a good brick body
even at cone 010.

Mazomantie, Dane Co. A deposit of clay 12 feet deep (Lab.
No. 1182) occurs on the property of Mr. H. H. Willard. It
works up with 17.6 per cent of water to a mass of fair plasticity
but considerable fine grit whose air shinkage is 7.4. In burning -
it behaved as follows:

Wet-molded bricklets:
Cono ..o viri i e, 010 05 03 1
Fire shrinkage ............. sl. sw sl. sw. 2.7 4.6
Color vuvviviiennniinennnn. yellow | dark buff [red brown|red brown
rown
Absorption...........c..... 14.03 14.10 l 7.2 3.15

Burns steel hard at cone 03.

This is a good red-burning common-brick clay which eould
probably be burned at as low a cone as 05. At cone 03 the clay
deepens too much. It could probably be molded dry press.

Madison, Dane Co. Red-burning clay is found at Stephens’
yard, but since it occurs in the same bank with the cream-burn-
ing clay, it has, to facilitate comparison, been described on an
earlier page.

Reedsburg, Sauk Co. This town lies within the driftless
area. Only one yard is in operation here, viz., that of Hal-
bersleben one mile west of the city. The deposit of red surface
clay (Lab. No. 1123) is worked to a depth of 3 feet, after first
stripping off the black surface loam. It works up with 22 per
cent of water to a mass of good plasticity and containing some
coarse grit. TIts air shrinkage is 7 per cent, and in burning it
behaved as follows:
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Cone......vvevvivnnnnnnnn.., 010 05 03 1
Fire shrinkage ............... 3 4 1 6.3
0 1) light red buff light red { dark red
Absorption.................. 14.20 13.19 12.92 1.98

It burned steel hard at cone 1.

Uses. This is one of the best red-burning clays that was tested
from the state and for pressed brick it would probably work just
as well as the clay dug at Menomonie. Up to the present time
no attempts have been made to use it for this purpose.

A more sandy clay is used at a similar yard at Plain, Sauk Co.
This clay (Lab. No. 1102) works up with 22 per cent of water
to a mass of good plasticity and some grit, whose air shrinkage
is 4.3 per cent. In burning it behaved as follows:

Wet-molded bricklets: \

Cone ......ovvvvninnnnn 010 05 03 1 2
Pire shrinkage.......... 0 0 N 5 7.7
Color.....covevvenn.a.. light red | red red | dark red ; brown
ADSOLPLIOn «ovnvrrnrnes 16.65 l 16.27 ’ 15.80[ 5 1.68

The clay burns steel hard at cone 2. It is a very sandy brick
clay which burns to a good red color and gives a fairly hard
brick even at cone 010. The clay is employed for the manu-
facture of common brick and in burning it is doubtful whether
a temperature of 010 is reached.

Beaver Dam, Dodge Co. A red-burning estuarine clay is
being worked one mile north of this town and is among the
best red-burning clays that were seen in the state. The deposit
has been worked to a depth of 3 feet and is overlain by a thin
layer of soil. The sample (Lab. No. 1059) worked up with 26.4
water to a mass of fair plasticity, and with considerable fine grit
whose air shrinkage was 8.5 per cent.

In burning it behaved as follows:

Wet-molded bricklets:

ConB....oovvniireirnsinnnss 010 05 03 1

Fire shrinkage .............. 0 1.3 4.7 8.4

Color ........... Cersuee e light red red dark red !red brown
brown

Absorption................ 14.49 12.31 4.87 1.29
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‘When air dried the clay formed a good hard body. It burned
steel hard at cone 010. It is doubtful whether it would stand
much more than cone 1 as it shows signs of becoming viscous at
that point.

Uses. The clay has been used by the Beaver Dam Brick Co.
for the manufacture of common brick, but the plant was not in
operation at the time it was visited.

Horicon, Dodge Co. The red-burning clays at the locality
are so intimately associated with the cream burning ones, that
the tests on them are given under that head.

Schleisingerville, Washington, Co. The red-burning -clays
from here are discussed with the cream-burning ones, for the
same reasons mentioned under Horicon.

Iron Ridge, Dodge Co. TUnderlying the Clinton ore at this
locality is a bed of clay at least 18 feet thick. It is divisible into
an upper clay 6 feet in thickness (Liab. No. 1027) which immedi-
ately underlies the iron ore and the lower clay 12 feet thick
below the upper clay. Neither of these are worked nor have
they ever been used for the manufacture of brick so that it is of
interest to determine their physical properties which were as
follows:

Material ............coiiiiiiiiinn, Upper clay Lower clay
Laboratory number..........ccoevscianens. 1027 1172
Water required............covvniviiinnan 18.7 17.6
Blakes ...oviii et iiie ittt iienaiaaaes moderately fast[............
Plasticity vooveverii i iiiiiiiiiininn e excellent high
L85 o 8 low
Airshrinkage v...ooeieviiineinenenacnnnns 4.6 4.7
Average tensile strength........ ........... 75.3 62.
Maximum tensile strength.................. 87.0 80.
Wet-molded bricklets—
Cone 010:
Fire shrinkage ......ooocvvuveennnrnnns shLsw. ...
ColoT weveeiieniinnnnns e enseneeeaae. light brown |............
Absorption.......oovevrieiiiiiiiiinaen, 23.51
Cone 05:
Fire shrinkage ..........cccievvvnsnees sl.ew. ...,
[070) ) O AR light brown |............
Absorption.........coeiiiiiii it 22,34 |.iiiiieiiens
Cone 03: :
Fire shrinkage ........ocviveevnennenns sl. aw. sl. sw.
COlOT tvie e teetceetiieittetiancaanonns brown red brown
Absorption.........oiiiiiiiiii i e, 20 25,74
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Cone 1:
Fire shrinkage .....ccovevivvveeeanass sl.esw.  |......oo....
L0723 1o pink buff brown
Absorption.....covviiiiiiiiiiiiiiinne 18.54 25.60
Chemical compogition.
Silica (S10,)u .ot iinscrrtnenensssnensnsonconess e reesaaes 30.90
J T - s S 7.96
Ferric oxide (Fe,0 )it iirensiineiiseininencnnennn 9.13
Lime (Ca0) ....ecvnvennenn. e eeedcrcsesssceteanreciencans 17.30
Magnesia (MgO) c.eie e e ieeinneeeennnne cnnevanncnsenans 4.80
Potash (K,0) ..o imiiiinn e it iiiiiiieiieivaieieaaens 3.75
S0da (N0 .. ot i it iine et cieeaeiicearnssasncassncaaan 37
Titanic acid (TiOp) v veirniiiiiiiiiiicieinsninisncaesnss .09
1088 0D IgIItION v veesvreinaneereneeronns sneenenennaennns 25.30
Total. ittt iieiiiiisneserocsaeneess 99.60
CTotal luXeS .oeevvne e iiie i e aecaicaaitrncnsaas 35.35

Of these two clays the upper clay is by far the better
‘While it burns to a good hard brick still it is not a very
dense one. It stands fast drying fairly well without cracking.
The lower clay gives a brick with a good ring but lacks density.
The upper clay could probably be worked in connection with the
iron ore.

The analysis given above would suggest a buff-burning clay,
but the high iron pereentage probably prevents this.

Viroqua, Vernon Co. This locality lies in the region covered
by the loess and the clays employed are quite silty in their
character but nevertheless burn to a denser body at a low cone
than many of the cream-burning calcareous clays found in the
eastern part of the state. Two samples were tested from here.
One of these (Lab. No. 1026), represenfs the brick mixture used
at Pahl’s yard which is the combination of the clay and overlying
sand, while the other is a brick mixture from S. Foster’s yard
(Lab. No. 1079). Their properties are given below.

Lab. Nowoivoviiviiiiiiiininnaenn, 1026 1079
Water required.........oooieveennnnn.. 23.1 20.9

3] 147 Y- AP fast fast

(5 1 much, fine much, fine
Air gshrinkage...................oi ol 5.6 3.4
Average tensile strength................ 228 i,
Maximum tensile strength.............. P57 S N U

10
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Wet-molded bricklets—

Cone 010:
Fire shrinkage..................... 0 sl. sw.
Color .. cvviiiiianeniinniinnnnn. yellow brown (light yellow brown
Absorption .ovivviiiniiiiiiinenans 16.09 20.98

Cone 05:
Fire shrinkage sl. sw.
£07¢) 12 O .. brownish yellow
Absorption...........oeeiiiinnnn 20.08

Cone 03:
Fire shrinkage..........cc.vucvvens 4.7 0
Color.......... ciarsessanssensseesst red brown light brown
Absorption............ ... oLl 8.01 18.32

Cone 1:
Fire shrinkage .................... 6.6 9
Color ..o viiiiiriiiiiiii i red brown brown
Absorption.....cciviiiiiiniiinnens 2.78 171

Cone 3:
Fire shrinkage..........cccvuvvte.. vis. begun |......e0.00na.. .

The first of these burns steel hard at cone 03 and makes a good
reddish brick even at come 010 but the eolor deepens at 03 and .
considerably at cone 1. There is no apparent reason why this
clay should not work well for dry-press bricks. :

The second clay, 1079, does not burn steel hard until cone 1,
and shows the effect of the admixture of sand to clay. It gives
a hard but by no means a dense brick and shows a high inecrease
in shrinkage at cone 1. In order to get the best color it should
not be burned above cone 03. Both samples are too gritty to
yield a vitrified body.

The siliceous character of the clays is also indicated by the
two following analyses given by Buckley.*

I I
Silica (Bi0g) cvviveirieiearsreranrssaeronsnnss 74.71 78.26
Alumina (Al,Og) c.ovveenennn. et eetereetaenaens 12.60 1141
Ferric ozide (Fe,05)..cviviiivinnviiniiincnana, 2.80 1.80
Lime (Ca0) cvieiiieiiiiiinirininninnenionenes .70 1.00
Magnesia (MgO)......ooviviiiiiierinieiiinnas .65 .68
Potash (K,0) covvniiniiiiiiiiiiiiiiiiineineas 2.18 1.88
Soda (Na;O)eiciiiivieniieuinivosanasnenenns 114 1.28
Titanic acid (TiOg)ieevee v veiivieeieienennenns .55 45
Ignition..veeeeeenne e ceriiiiii i 5.30 312

Total covevveruvennisereiinssnsacsonnnso.. 10053 99.88

*0Op. cit, p. 274. .
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Berlin, Green Lake Co. The lacustrine clays at this locality
were formerly worked by C. S. Morris but the plant has been
temporarily abandoned owing to the difficulty of draining the
deposit. While in operation the clay was used for making a
stiff-mud side-cut brick, and these when properly burned had
an excellent ring and showed a high crushing strength.

Fond du Lac, Fond du Lac Co. The estuarine clays have been
opened up at this locality for the manufacture of common brick
and are worked at the yard of H. G. Hass and Bro. The clay
ig worked only to a depth of three to four feet, although it runs
much deeper, but the lower layers contain too many limestone
pebbles.

The properties of the run of the bank (Lab. No. 1043) were:
soluble salts, .50; water required, 25.3; slaking, fast; plasticity
high; grit, some, fine; air shrinkage 7.4. Average tensile
strength 286.6; maximum tensile strength 356.5 pounds per
square inch. In burning it behaved as follows:

‘Wet-molded bricklets:
Cone ...ovviiiriiainnneenns 01 05 03 1 2
Fire shrinkage............. 3 3 14 3.6 4.4
Color ..oovvviiiiiiiinna. buff [lightred| brown | brown | dark
red gray
Absorption .........co.... 20 18.15 | 13.71 5.66 2.56
Dry-pressed bricklets:-
Pire shrinkage ..........cciiiieiinenenncenennn, 0 1.33
L) light speckled
brown gray
1

ADBOTPHON . ¢t et et et eneaenen e e eeaneevannn l 27.81 l 11.

The clay gives a good hard body even at 010 and if burned to
03 the iron shows a speckled appearance which continued up to
cone 2, at which cone the dark specks of the clay showed signs
of fusing. In order to make dry-press brick the clay should be
burned at least at cone 03.

La Crosse, La Crosse Co. There are three yards in the vicin-
ity of La Crosse engaged in the manufacture of common brick
and in all of them the material used is a very sandy stratified
clay of the loess type, which is found underlying the low hills
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 around La Crosse and extending back to the base of the lime-
stone bluffs. In all of the banks examined there seems to be
more or less lack of uniformity in the character of the material,
sandy streaks sometimes predominating to the exclusion of the
clay and all grades being found from fine silty clay to coarse
clay sand. As a rule the run of the bank is used.

In order to point out the properties of this material one sam-
ple was taken from the bank of Schnell Bros. representing the
run of the bank or the brick mixture. (Lab. No. 1109.) Its
properties were as follows: Soluble salts, .15; water re-
quired, 22; slaking, fast; plasticity, lean; grit, much, coarse; air
shrinkage, 3.6 ; average tensile strength 226.8 pounds per square
inch with a maximum of 252 pounds per square inch. In burn-
jng it behaved as follows:

Wet-molded bricklets: ‘
(670 1 I 010 05 03

1
Pire shrinkage............. sl. sw. l sl. sw. 1 1
Color vvvvvviiiiiii e nn brownish | light red 'red brown; dark
yellow I brown
Absorption ......c.0ecuuenn. 18.59 18.71 16.05 ‘ 8.38

The clay burns steel hard at cone 1 and gives a common brick
of good color even at a low cone, but the absorption as can be
seen from the test is rather high, although not excessive unless
the clay 1is burned to cone 1 and at that cone the color is too
deep to suit most people.

Uses. The clays around LaCrosse are worked by Schnell
Bros., D. Mader, and M. J. Myers. The product at all the yards
is common brick and the clay is molded in horse-power ma-
chines, dried on open yards, and burned in scove kilns.

Tomah, Monroe Co. In the clay pit at this locality the sec-
tion observed was:

Red top Clay ... ivsvinieteriontneeitnnsenreacnsnoaesonns 5 ft.
Blue clay .....cooviiiiiiiiniiiiiiiiiitiiiiiri e eein e 14 ft.

Of the latter only 5 feet were exposed. The clay contains
some scattered angular stones and also streaks of limonite and
the general run of it is quite silty. This clay (I.ab. No. 1122)
has the following properties: water required, 13.2; slaking, mod-
erately fast; plasticity, low; grit, some, fine; air shrinkage, 3.8.
Tn burning it behaved as follows:
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Wet-molded bricklets: ’
010 05 - 03 1-2

Cone veen

Fire shrinkage .. veeof 8L sw, 0 1 4.3

Color brownish 'red brownired brown; brown
yellow

Abgorption................. ‘ 1675 | 1552 | 13.91 5.58

The clay does not burn steel har8 until cone 1 and gives a
porous though even-grained body. It burns to a fair color but
lacks a good ring and in order to get good results should be
mixed with a more plastic clay.

Independence, Trempeleau Co. The loess clays are worked
here at the yard of J. Hertzfeldt in whose bank the section shows:

Silty l08M +.vivvevreenrecasoassacsscoscssaseasesncsonns 1 ft,
Fine yellow sandy clay .....covieiriiiirininenennsnnenns 34 1.

No sample was tested from this locality but the clay burns to
a red although somewhat porous brick.

Arcadia, Trempeleaw Co. Here again the loess clays are used
and a physical test made on the sample from the yard of E. and
A. Pahl shows that they resemble those dug at La Crosse. The
tests on the sample representing the run of the bank (Lab. No.
1077) were as follows: water required, 24; slaking, fast; plas-
ticity, good; grit much, fine; air shrinkage, 5.7. In burning it
behaved as follows:

Wet-molded bricklets:

[070) 1T 1NN 010 05 03 1 2
Fire shrinkage............. A 3 1.7 5.7 5.7
Color vvovvivniinnninenenns very red red |darkredi dark
light red‘ . brown
Absorption ................ 16.26 i 15.30 12.15 2.95 3.09

The clay burng steel hard at cone 1. It is a very sandy brick
clay showing scattered mica scales and does not give a good hard
brick below 03, although the color of it is good. Above cone 03,
the color deepens rapidly and the clay burns to a very hard but

" not vitrified body at cone 1-2. The siliceous character of this
clay is well brought out by the following analysis:
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Silica (SiOg) tieererr it iiieiiii et eessoanscaceraeisans 73.08
Alumina (Al;0;) vovvviieiiiiiiiiiiiiiiii it 11.56
Feorric oxide (F'ee05)ceeeiesiiriviaicersincecnisonanoans 4,11
Lime (Ca0) c.uuviieiiie it ieneenernnnrsassasscancenans .84
Magnesia (MgO0) ..ot viiiiieriiinienieissereesossransnns .52
Potash (K,0) ........ 2.31
Soda (Na,0)....... 2.75
Titanic acid (TiO,) . .09
Loss on ignition.........c. coveiiiiiiii i, 5.36

Total coviiiiiniererniiiiiiiiiiet e iiienaeaens 100.62

Total luRes cvvevivvieiiirienersansaseveranannss 10.53

Uses. The clay is employed for the manufacture of common
brick at Pahl’s yard. It is prepared in a soak pit, molded in a
horse-power machine, dried on hacks on the yard, and burned in
scove kilns.

Marshfield, Wood Co. At the works of the Central Wiscon-
sin Pressed-Brick Co. 3 miles north of town there is an exten-
sive deposit of surface clay probably of glacial origin, under-
lying a swamp tract. At the time of our visit the section showed

T 15 1 6 inches
2. Grayclay .ooecviiieiiriiiiiiiriiniiaicaresioriesons 1 to 2 ft.
3. Yellowsandy clay .....cocvveiiinniininiinnnnennn 4 ft.

4, Black siliceous clay..........coovveviiiiiiiiiinat, 1 ft.

5., Sandy gravel .......cccoiiiiiiiiiirirniaiencinenans 8 in,

6. Whitegrittyclay...........ooiiiii i 4 to 5ft.
7.

Blue clay. ..o oveiiiiiiieieneiiieniiiiieriaocaness 30 ft.

Numbers 2, 3, 4 and 5, are mixed together for brick manu-
facture. The section evidently varies from point to point and
the clay noted in the face of the bank six months later might
differ entirely from the clay given above. The pit is not more
than 6 feet deep and consequently the blue bottom clay is not
exposed. The statement was made that the latter alone burned
to a very dense body and consequently was well adapted for the
manufacture of pottery, and in order to test this point a sample
was taken of the run of the bank used for making brick execlusive
of the blue clay and the second sample representing the blue
clay alone. The properties were as follows:
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Material ........cooiviiiiiiiae.. Brick mixture | Lower blne clay
Laboratory No......cevveveveennnn. 1170 1169
Soluble salts ....coeevevinnnennannn .19 .18
Water required.............cooeune 17.6 22
Slaking .....oooiviiiiinnnnenenn. fast slow
Plasticity ..ocovvviienininiiiniias low good
¢ 1 AN much, coarse gsome, fine
Air shrinkage ..................... 5 4.8
Average tensile strength........... 327
Maximun: tensile strength......... 393
‘Wet-molded bricklets—
Cone 010:
Fire shrinkage sl. sw. gl. sw.
o) PN yellow brown llow b
Absorption.........coenein.... 11.23 -
Cone 05:
ghie shrinkage ................ 0 .
18] 1o yollow brown llow b
Absorption.........oooiiil Ll 11.13 ve ‘{g,;,f own
Cone 03:
Fire shrinkage .. ............. 1
(87016} SN red brown
Absorption.....ocovivniennnn.. 8.55
Cone 1:
Pire shrinkage ................ 4.3 5.3
[67¢) 10 SN brown red brown
Absorption,...ccovevrinieinnens 3.16 3.86
Steel hard at cone................. 1 1
Dry-press bricklets—
Cone 1:
Fire shrinkage ........cou0vuee 2 4.33
(07410} red brown brown
Absorption.......ocoiuinana.. 11.11 3.20

The brick mixture gives a very fair color in burning but the
bricks unless burned hard lack a good ring. The lower blue clay
burns to a good color up to 05 but deepens considerably above
this and although very plastic it does not burn to a sufficiently
dense body and is not sufficiently fine-grained to make a good
pottery clay. It would probably fuse at cone 3. The chemical
composition of the blue clay is:
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Silica (Bi0g) +evi vt tertiietiersvetnneisreeseeaecnneaoas 72.60
Aluming (AlgOg) . e ieet it ittt caee et sieeeacanas 12.16
Ferric oxide (Fe,0,) ... iviiiiiiininiiniinrinranainnees 5,66
Lime (Ca0)..c.vuieiienriiernaeensoesnersensnsenannes 1.34
Magnesia (Mg0) ... iiiriviiiiiieiir i ierenrenrneann. .08
Potash (KyO0) tiiuiineiiiniiiiine iiiineneeiernennananens 2.47
Soda (Naz0) et reitiiieiiaeiieenie e cnrerneecnsianes 1.44
Loss on dgnition. ... oot ieiiiiie i iniin i iieeiarnaeann 4.07

B0 P PP 99,86

Total luXes. ..o oot viieiii it iiiiiiiiieenennens 10.99

Uses. The clay at the present time is employed entirely for
making common brick. It is prepared in a pug mill and molded
in a soft-mud machine. Drying is done on pallets and burning
in Dutch kilns. The color of the brick is considerably improved
by the use of hematite in the molding sand.

Heowitt, Wood Co. A deposit of red-burning alluvial clay is
known to oceur along Mill Creek one mile south of the Wiscon-
sin Central Railroad station of Hewitt, and from the samples
taken in an eight inch boring by Mr. F. H. Merrell of Portage
City it (Lab. No. 1085) was found to have the following quali-
ties: Soluble salts .40; water required, 22; slaking, fast; plas-
ticity, medium; grit, fine; air shrinkage, 4.46; average tensile
strength, 249 pounds per square inch with a maximum of 274
pounds per square inch. In burning it behaved as follows:

‘Wet-molded bricklets:
Cone ...covveeiniincennnnes 010 05 03 1 2
Fire shrinkage. .. .......... 0 .3 2 6 5
Color.....ocovvviininnnnn. red |medium(dark redidarkred’ dark
red brown
Absorption ...........0.an. 14.10 13.10 5.94 1.57 1.60
Steei hard at cone ......... (02 J A RO (PN [,
Dry-press bricklets:
Pireshrinkage ........coiiviiiiiiiin i, 0 7.33
L0701 buff bro’nlred brown
ADSOTPHON vt eeieiiee eeveieeirineenreenns 16.64 } 4.92
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Its chemical composition as analyzed by A, S. Mitchell of
Milwaukee was: :

Silica (SiO,)
Alumina Al 03)
Ferric oxlde (Fe, o )

Lime (Ca0) ..........

Magnesia (MgO)...ooviiiiiiiniiniiinnnionsncsnsoesansns .

Alkalies by Qifference .........covvirreeereerneeenneeanan 2.56

Loss on ignition.....cvvevviiinieiiiiiiaiiieceinirserannns 3.35
03 7 Y 100.00

This is a good red-burning clay of low fire shrinkage, as might
be expected from the high silica contents shown in the analysis
and yet in spite of its siliceous character it burns to a fairly
dense brick of good red eolor. In burning, however, the bright-
est colors are obtained at cone 05, or lower, and above this cone
the color deepens considerably. It would no doubt work well by
either dry-press and wet-molded methods.

Clintonville, Waupaca Co. The country around this town is
underlain by shallow deposits of lacustrine clay but the only
one that is opened up is about a.half mile due southwest of the
town, on the property of Alf and Son. The material here is
laminated, plastic clay of reddish-brown color and underlain in
places by sandy clay or gravel. Its exact depth is not known
but it averages about 6 feet. The eream-burning under clay is
absent at this locality. No one deposit of clay here is probably
extensive enough for a large plant but there is sufficient to start

" a brick yard of medium size. The clay is very gritty and hence
shows a small shrinkage in burning and drying and even in a
distance of 50 feet exhibits considerable variation in its charae-
ter with a corresponding difference in air and fire shrinkage.
As an example of this we may take two samples taken from dif-
ferent parts of the bank but at the same level. Their properties
were as follows:

Material ....ooviiiiiiiiiiiiinaian, S.W.end of bank{N.E.end of bank
Lab. No.......vvviiviiniiirernnaienne, 1126 1144
Water required...........cocevivnan L, 23.1 19.8
Plasticity high good
Grit ..o iiineen considerable much
Air shrmkage 6.2 3.4
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Wet«molded bricklets—
Cone 010: .
Fire shrinkage ..............cc..... 0 0
070 1+) brownish yellow| yellow brown
Absorption.......coeeviiirnennn... 15.66 16.02
Cone 05:
Fire shrinkage ..........cccveuvnnn. 2.3 0
L0753 1 red brown brown buff
Absorption.......oceenviiiiannnn, 11.37 16.49
Cone 03:
Fire shrinkage .......cccevvvenn.nn. 3 0
L0743 1) dark red brown| brown buff
ADbSOrption...cvivs e iinevennennn 3.23 14.88
Cone 1:
Fire shrinkage ..........coviieiiiiieiraiennnnnnns 4.6
{003 1<) S D green brown
AbSOrption. ... .cooiviuniiiiiiin el erierereaneeanas 4.76
Steel hard at cone................. 03 1

Uses. The clay is now being used for the manufacture of com-
mon brick by the soft-mud process. The bricks are dried on an
open yard and burned in scove kilns at a temperature some-
what lower than cone 010.

Waupaca, Waupaca Co. C. Gminer is working a small de-
posit of alluvial clay about three miles southeast of town. The
elay lies in a hollow along the south branch of the Little Wolf
river and burns to a reddish-brown color.

Green Bay, Brown Co. In addition to the cream-burning
elays occurring at this locality there are a number of red-burn-
ing clays which are usually found immediately underlying the
surface and sometimes overlying the caleareous cream-burning
deposits. Among the yards at which clays of this type are
worked at are those of A. H. Eiserman located three miles east
of Hagermeister’s Brewery at the forks of the Manitowoe road;
Douchateau Bros. on Dutchman’s Creek, two miles south of
Green Bay; and the Reformatory Brick Yard on the east side
of the river three miles south of Green Bay. At Douchateau’s
yard both red and white-burning clay are found, the section in-

volving :
70 1 4 R Ceereatsiianeansonss 1ft.
Red-burning clay....ovvvrivriveninonsciannss .. 3ft.

White-burning elay .......ccoiiiiiiiiiiaat Thlckness unknown
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The red and white-burning clays are mixed together for mak-
ing a red brick while the white clay alone is used for tile. At
Eiserman’s yard the section shows 1 foot of mixed layers of clay
and sand, underlain by iron-streaked red-burning clay whose
thickness is unknown.

The deposit is excavated to a depth of 3 feet and the run of
the bank is used. The properties of this (Lab. No. 1082) are as
follows: Water required, 19.8; plasticity, good; grit, some,
coarse; air shrinkage, 7.1. In burning it behaved as follows:

Wet-molded bricklets:

Cone....oooovvvvnnnnennnnn. 010 05 03 1
Fire shrinkage ............. 1 .4 3 vis.
Color ..oovvvviiivinnnianan red brownjlight pinkilight red ! greenish
brown brown
Absgorption................. 14.55 14.60 6.81 1.11

This clay gives a fairly hard body but the bricklets lacked a
good ring. Its fusion point is quite low.
At the Reformatory yard the section shows:

£ 70 A 6 in.
Sandy loam .. .. ... it e e e 6 in.
Brownish elay. ... ... ... ..., to a depth of six in.
Cream-burning clay.

The red-burning clay overlies the eream-burning material and
forms the greater part of the brick mixture. The cream-burn-
ing clay is, however, much tougher and does not break up as
easily in the pug mill as the red, consequently lumps are to be
seen scattered through the brick. At Smith Bros.” yard the
physical properties of the red-burning elay (Lab. No. 1091) are:
‘Water required, 20.9; slaking, fast; plasticity, fine; grit, much,
coarse; air shrinkage, 7.1.

In burning it behaved as follows:

Wet-molded bricklets:

Come....covviviinnirnenenns 010 05 03 1
Fire shrinkage ............. 0 .3 1.4 vis.
Color .....ovviiininiinnns. light red | pivkish light greenish
brown brown gray.
Absorption .......ee.een.... | 5 ' 15.46 ‘ 6.94 ‘ ..........

Steel hard at cone 03.
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This is a gritty porous clay but makes a very good common
brick.

Uses. The material is now used for making common brick
which are molded either on a soft-mud or a stiff-mud machine,
dried on pallets, and burned in seove kilns. About 20 per cent.
of sand taken from a neighboring bank is mixed with the clay.

Spring Valley, Pierce Co. A small deposit of very sandy
clay is used for brick at this town the plant being operated by
F. Lowater. The brick are soft-mud and burned in scove kilns.

River Falls, Piterce Co. The loess clays have been opened up
here at the yard of the River Falls Brick Co. They are used
for making soft-mud brick.

At Ellsworth in the same county a deposit of flood-plain clay
has been opened up which shows black loam underlain by 5 feet
sandy clay. This material (Lab. No. 1100) is used in the pro-
portion of 14 surface loam and 34 eclay. The mixture which
slakes moderately fast works up with 19.8 water to a mass of
low plasticity and containing mueh grit whose air shrinkage is
3.1. In burning it behaved as follows:

Wet-molded bricklets:
Come. .ot e e 010 05
Fire shrinkage ..........ccc.ouv.n.... sl. sw 1.3 3.41
Color v e yellow Ired brown|red brown
brown
AbSOIPHIOn. v viit it i 15.10 11.07 5.93

It became steel hard at cone 03.

The clay burns to a good red color but even at 05 does not give
a hard brick.

Uses. It is employed for making soft-mud brick which are
dried on pallets and burned in scove kilns.

Durand, Pepin Co. A clay bank is located on a bluff one-
half mile west of J. T. Dorchester’s yard and consists of an
average of 3 feet of sandy yellow clay underlain by a more
shaly clay which is called fire clay. The brick clay (Lab. No.
1040) has the following properties; soluble salts, .34; water re-
quired, 18.7; plasticity, low; grit, much; air shrinkage, 4.8;
average tensile strength, 242.8 pounds per square inch; maxi-
mum tensile strength 263 pounds per square inch. In burning
it behaved as follows:
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‘Wet-molded bricklets:
Cone ...oovvenriiinrenenan. 010 05 03 1 2
Fire shrinkage............. sl. sw. .6 4.4 5 6.3
{6010} light light darkredidarkred| dark

red red brown

Absorption .........cc..... 14.16 | 10.53 7.36 3.43 1.54
Steel hard at cone 05.

Dry-press bricklets:
l'Cgoge ........................................ 05 12
Fire shrinkage ........ccociiniiinnennininnn, 0 6
(000 1 N buff brown brown

ADBOTPtIOD .. v e eeneenaannanns e ] 16.50 ‘ 7.71

The clay although very gritty will not stand rapid drying.
It contains small angular fragments of apparently decomposed
sandstone and while it gives a good hard brick it is too gritty to
make a vitrified one. It is also rather sandy for dry-press brick
and if used for this purpose should be burned at not less than
cone 03.

The fire clay (Liab. No. 1141) so-called, gave the following
physical properties: Water required, 15; slaking, fast; plas-
ticity, low; grit, much; air shrinkage, 9. In burning it be-
haved as follows:

Wet-molded brick-
lets:

Cone..............| 010 05 03 1 3 5

Fire shrinkage ....| sl. sw. | sl. sw. | sl, sw. | sl, sw. | sl. sw. | not yet
vit.

Color..evvineinnnn. gray gray gray f{........ gray l........

buff buff buff buff

Absorption ........ 27.44 | 2078 | 29.90 28.67 | 27.51 quitga

har

This is a very open-burning clay and probably of not much
value for structural work, but is more refractory than many of
the other clays tested ; still it is not to be regarded by any means
as a fire clay for it contains a high percentage of fusible im-
purities as seen by the following analysis:
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Silica (81035) vivinrtiiiriiiitiiir et iie it raeieaeaaa, 46.42
Alumina (AlgOs) v iiitiiii it te it ie ittt eneneans 7.79
Ferric oxide F'eg0,) cvvre i inniieiiieiiiiieieciennens 3.09
Lime (Ca0) . .ciiiiiiiiiiiiiiiiiiiiiiieeiieiieneaeanenn 12.16
Magnesia (MgO). .coniinivnriiiitiienieieenioiernsnnans 7.58
Potash (KyO) iiuiiiiieiiirinninrnenorecnrnencernenenses 4.94
Soda (NayO) ..o ittt ittt cie et cnennennenennnns .45
" Titanic acid (TiOp) v vvvniieniiiiiiae it caecannnnnanes .13
Loss on ignition......coooieiiii i 7.96
] - 100.52

Total fluxes ... veiiiriiineiiinierennnrreroennones 28 22

Neillsvidle, Clark Co. A clay deposit has been developed here
at the yard of A. A. Schoengarth and the clay is known to over-
lie an area of 60 acres to a depth of 6 feet. The siliceous char-
acter of the clay (Liab. No. 1173) shows up well in the following
test of its physical properties. Water required, 22; plasticity,
fair; grit, much, fine; air shrinkage, 4.2. In burning it be-
haved as follows:

Wet-molded bricklets:

Cone...oovivnrvnerensenaes 010 05 03 1
Fire shrinkage ............. sl. sw. 0 7 2
Color v.vvviviiinenninienans yellow yellow [ light red | light red
- brown brown brown brown
Absorption........oviiiannn 17.08 16.78 14.54 11.78

Dry-press bricklets:

Fire shrinkage......coceveiiiiiiiiiiiiiiiiiiiiiiiineinans 3
1070 o red brown
78 0703 o o T ) « 10.60

Although this clay is pretty gritty it would no doubt work in
a dry-press machine, and burns to a fair color.

Uses. At the present time the material is used simply for the
manufacture of soft-mud brick which are dried on pallets and
burned in scove kilns. There seems to be little cracking in the
burning. The brick could be improved if more plastic clay
could be found to mix with that now used.

Athens, Marathon Co. There are scattered deposits of glacial
clays around this town and one of these was opened up in the
summer of 1904 by the Athens Brick and Tile Company, at a
point one and a half miles east of town on the road to Edgar.
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At the time of the writer’s visit the pit wheh had been made was
quite small and showed a tough red, stony, glacial clay which
rested on bed rock, the latter being encountered at a depth of
from 7 to 8 feet. The location is a rather undesirable one and
it is possible that by intelligent prospecting a deposit could have
been found which contained fewer stones. The clay itself is very
tough and large bricks tested showed that it had a tendency to
crack in air drying, especially if the latter was carried on very
rapidly. This can be prevented to some extent by adding some
of the top soil to the clay. The properties of the clay (Lab. No.
1049) were as follows: Water required, 19.8; plasticity, good;
grit, much, coarse; air shrinkage, 5.7. In burning it behaved as
follows:

‘Wet-molded bricklets:

Cone...ooveviniinnennnnn. 010 06 03 1
Fire shrinkage ........... sl. sw. 1.4 1.4 5
Color .ooovvviennnnnnnn.. light red | dark red |medium red| dark red
Absorption........c.c.... l 12.27 7.01 8.94 1.80

The clay burns steel hard at cone 05 at which point it is not
far from visecous. When freed from the stones and mixed with
the soil it makes a very fair red-burning brick mixture and is
being used for the manufacture of soft-mud brick.

Edgar, Marathon Co. There are two yards here, one of which
has suspended operation for several years, while the other, T.
Hill’s yard, located on the southern edge of town with a bed of
clay about 75 feet further south is in active operation. The
clay deposit which underlies a swamp shows the following see-
tion:

Redclay..c.oooieeienniiiiieninineeeeanannnns 3 ft.
Coarse-grained sand ....coevveievivnennennnnnnn. 6 to 12 ft.
Dark blue clay...coeeeiieniineeeenensoaananes depth unknown

For making bricks the run of the bank exclusive of the blue
clay is used. The blue clay is exceedingly plastic, rather dense
and on sight would appear to be adapted to the manufaeture of
drain tile or perhaps even common red earthenware, but the
physical test and chemical analysis made on it indicate how
deceptive it is in appearance. Its physical properties (Lab. No.
1050) are as follows: Water required, 26.4; slaking, slow; plas-
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“ticity, high; grit, considerable; air shrinkage, 9.2; average ten-
sile strength aobut 200 pounds per square inch. In burning it
behaved as follows:

Wet-molded bncklets

Cone. . Ceeeeienaeare 010 05 03 1

Fire shrmkage . 0 sl. sw. 23 2.9
Color ........... . .} light red red red red brown
Absorption............... .

11.83 9.20 T.44 2.565
Steel hard at cone 03. .

Chemical compogition.

Silica (SI0,) vcveiririiiniiieiertietetettcanniacecnenenns 64.46
Alamina (Al,Og) . cie it iirt it ittt iereie it tavecaeaaes 8.73
Ferric oxide (Fe305). ccvtiiieviniiirenaneieinoneecannnnns 5.40
=T 6= R 7.32
Magnesia (MgO) . .oo ittt ittt teee ieee ceteeennvnen .16
Potash (KyO) . cveiiiniiae it iiiniarirocneererareraneonss 1.45
S0da (NagO) cuneriir ittt ieitiiiniiiiieneenenreannsenans 1.44
Titanic acid (TiO;g) c . vietiertiernneernerrvarasraseaennnnns .07
Loss on ignition. ..oiviiiieeiiiireernieneereneeneaenns 11.10
B0 7Y Gerraees 100.07

Total luxes ......covvvivniviienniennnas ettt seseanns 15.97

The clay authough red-burning, contains considerable organic
matter and has to be fired very slowly in order to prevent swell-
ing. It is also too gritty to be used for drain tile or common
earthenware.

Wausau, Marathon Co. Surrounding this town there are a
number of shallow surface deposits of rather silty clay which
are worked by several small yards for the manufacture of hand-
molded common brick. The material is quite silty and is burned
at a very low temperature. The character of this surface clay
can be seen from the following test (Lab. No. 1110) made on a
sample from Garske’s yard north of Wausau. Water required,
17.6; slaking, slow; plasticity, fair; grit, mueh, coarse; air
shrinkage, 3.9. In burning it behaved as follows:

Wet-molded bricklets: -

Cone . uvvvineronerensnens 010 05

Fire shrinkage............ sl. sw, 0 3.3

Color, .vveievinenncennnnns yellow brown | yellow brown | red brown
13. 80 5.58

Steel hard at cone 1.

Absorption ............... \
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The material makes a very fair common brick, although it is
not very dense-burning, but still it is much more so than the
loess clays around La Crosse. A thicker deposit occurs on the
property of H. Gerbsch located in the N. E. 1 of the S. W. ¥
section 29, range 7, and the section of the deposit shows:

£ T2 ¥ 4T g 8 ft.
Sy Clay .o i i ittt e e rena s 18 ft.

The properties of this material (Lab. No. 1006) are: Water
required, 26.4 soluble salts, .31; slaking, slowly; plasticity,
high; grit, some, coarse; air shrinkage, 7.7; average tensile
strength 299 pounds per square inch; maximum 386 pounds
per square inch. The material will not stand rapid air drying.
In burning it behaved as follows:

Wet-molded bricklets: ’
Cone. ... covviinannnnn. 010 05 03 2
Fire shrinkage ... .. 0 1 5 7.4
Color............. .....| light red | medium redflight brown] brown
Absorption ............. i4.54 12.40 4.23 i
Dry-press bricklets:
Fire shrinkage.........coiiieiiiaeerannnn... .66 .66
L0703 1o’ buff brown | red brown
Absorption. . .....cci it i iiii e 16.74 2.03

This clay burns to a good color and should make a gcod com-
mon brick, but it would probably work dry-press, although if
molded by the latter method it should be burned to at least
cone 03. While its absorption at 2 is very low still it does not
make a good vitrified body.

Tramway, Dunn Co. Laminated glacial clays have been
worked at this locality to supply a large brick works. The bank
here is about 16 feet high consisting of thinly-bedded clay un-
derlain by sand, the former closely resembling the clay at Me-
nomonie. The section of the bank involves:

1S 22T N 4 ft.
Reddish-yellow Clay vovvveinin it iiiereneceeesesnonns 3 ft.
Bluish clay.... 3 to4ft.
Red clay .. ...

Sand.........
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A test of it (Lab. No. 1099) gave the following results:
Water required, 33; slaking, fast; plasticity, high; grit, little;
air shrinkage, 9.3. Average tensile strength 267.2 pounds per
square inch; maximum 296 pounds per square inch. In burn-
ing it behaved as follows:

Wet-molded bricklets:
Cone.....cocvvi it 010 05 03 1
Fire shrinkage.................. 1 5.7 8.7 vis.
107) s 1t. brown | It. brown |dark bro’ni......
Absorption..................... 17.49 10.17 05 ...
Steel hard at cone .. ............ (1 S A e N

Steel hard at cone 03.

Chemical composition.

Silica (SI102) . ivur et it it i e e e 59.26
Aluming (AL Og) . oo ettt i ittt tene e 15.12
PFerric oxide (FegQy) . .ovvoevvinn.nts. e ereeeee aeeaas 10.80
Lime (Ca0). . ...t it e et e 3.04
Magnesia (MgO). . ...c.ovvniii ittt i ceeeeeaanns .12
Potash (K O) ootiiniiiii i i i it ie i e aens 1.97
Boda (NazO) . oot i i et 1.63
Titanic acid (THO;) ... ..viiri it it ie i siie et cannsaes .08
Lossonignition........... ... ... it it 8.23

Total ... i e et aaes 100.26

Total fluxes .............coi it iei e 17.69

Uses. The clay is extensively used to make an excellent
grade of common brick which are molded in a soft-mud ma-
chine and burned in scove kilns.

Menomonie, Dunn Co. Laminated glacial clays are worked
by three different companies at this town. They are the Wis-
consin Red Pressed Brick Co., the Excelsior Brick Co., and the
Menomonie Hydraulic Pressed Brick Co. The first two are
soft-mud plants, while the latter operates both soft-mud and
dry-press machines. The general section of this region in-
volves a surface loam whose thickness is usually from 5 to 3
feet, overlying a laminated clay whose thickness is not less than
50 feet. Their usual character can be obtained from the fol-
lowing section shown in the bank of the Wisconsin Red
Pressed-Brick Co.

Gravelly stripping.........cooviiiiie i annen .. 5to 7 1t.
Oy . . i e e e e i iee eneraee 3to 61t
Band. . ..ot e e i e e 4 ft,
Bandy Clay. ... it i i i e e e e aaas 6 ft.
T T N 8 tt.



THEIR USES AND PROPERTIES. 163

Or, another section from the bank of the Execelsior Brick Com-
pany involved:

Gravelly and sa.ndy 51091 ) 114 N 6to 8ft.
Laminated clay tsecearsatrcssasessncansansneaasess 20 t0 30 ft.
Yellow clay . Cetseiseseeacesntatesearcnasrettans . 8to12ft.

These clays are all red-burning, of somewhat silty char-
acter and adapted chiefly to the manufacture pof soft-mud
common brick. The material used for dry-press brick is the
sandy loam immediately underlying the surface on the hills near
the works of the Menomonie Hydraulic Pressed-Brick Co.
While the clays burn rapidly to a hard body and vitrify at a
comparatively low temperature still the brittle character of the
vitrified clay together with the fact that the points of vitrifi-
cation and viscosity of the two clays are so close together
prevents their being employed for the manufacture of paving
brick. Some few vitrified brick are obtained from the arches
of the kiln, but it would be impossible to burn a whole kiln full
like these. The following tests will give a good idea of the
physieal characters of the deposits in this area.

Firm ....ooievinvenneccscnns Wisconsin Excelsior Menomonie
Pressed Brick; Brick Co. |Hyd. Pressed
Co. Brick Co.
Material covevrcecasnvecnonss Run of bank | Lower blue | Surface loam
being soft
mud brick
Lab.No ...covvveiinnnnnnnns 1037 1038 1107
Soluble salts......ccveeenaen .46 .23
Water required . .. 26. 4 24.2 22
Slaking.....cci0vavecenscsns moderately moderately f..............
fast fast
Plasticity ....coovevvivenennns high good moderate
Grit coeeiveiiiiiiniinnnennn. some, COarse little much, fine
Air shrinkage............... 7.24 6.7 3.9
Average tensile strength..... 261.9 249 270
Maximum tensile strength... 27 314 281
Wet-molded bricklets—
Cone 010:
Pire shrinkage .......... A 1.6 0
B 0] U AN red red yellow brown
Absorption ...... PO 15.70 16.26 12,98
Cone 05:
Fire shrinkage.......... 2 3 0
Color....cccuss ceransens red red red brown
Absorption ....c.cucannn 11.66 9.30 15.70
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Cone 03:
Fire shrinkage.......... 7.8 8 1
Color v.vveveninnnensnnan dark red red brown
Absorption .........000 3.40 1.90 12.50
Cone 1:
Fire shrinkage.......... vis. B
Color dark red brown
Absorption.. . .70 2.83
Steel hard at cone 05 1
Dry-press bricklets—
Cone 05:
Fire shrinkage.......... B
(971 1s) S light brown {.............. red
Absgorption ............. 16.69 [ ...,

1037. 'The large brick cracked some when subjected to rapid
drying. The clay gives a good hard body even at 010 but the
color deepens too much if burned to cone 03 or above.

"1038. This brick cracks badly if dried rapidly but the clay
makes a good red brick whose color is less pronounced if burned
above 05. It is not adapted for the manufacture of vitrified
brick. :

1107. 'This clay gives a good common soft-mud brick or even
dry-press body but if burned about cone 03 the color becomes
rather deep.

The chemical analysis of two of the above clays was as fol-
lows:

Liaboratory No....covvviiviniiiiieissnencoass 1037 1038
Silica (Si05).eciieiiierererssitacarssosasonss 65.46 60.20
Alumina (AlgO3) civeieriniirioiiniencancnees 11.38 14,48
Ferrie oxide (Fe,05) cvvvvviiiiiiiiiiiinnnnnns 6 40 8.70
Lime (Ca0)....coiiiiiiiniiriiininncnnnnns 2.06 2.84
Magnesia (MgO) ....ccoviiiiniininininneenns 1.63 2.40
Potash (K,O0)..iiviieiiiiiieiiisnsarennenssns 3.54 4.50
5038 (NBZ0)-r.ronvnnsnsarneassniiaenssnes .98 53
Titanic acid@ (Ti0;)..cocvivieitiiieiisnanenens .07 .03
Loss on ignition........ccoiviiiiiieiiennninn. 8.25 6.73

Total . . vievevererersersnreneraneensses 9977 100.46

Total fluxes.....covvvveneiinnsiennnnn. 14.61 18.97

St. Croiz Falls, Polk Co. A sandy surface clay has been
opened up at the brick yard of August Dombruck three miles
east of St. Croix Falls. . It is a laminated red glacial clay 8 feet
thick and the more plastic swamp clay has to be mixed with it to
make a good brick. The clay burns to a good cherry-red color
and is molded by the soft-mud process.
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Chippewa Falls, Chippewa Co. While the surface material
throughout this region is mostly sand, still here and there,
especially in the hollows, there are surface deposits of siliceous
clay which are adapted to the manufacture of common brick,
but are not sufficiently fine grained to make drain tile or com-
mon red earthenware. These are at present being worked at
two yards namely those of the Chippewa Falls Brick Co. and
Thierault’s yard. The properties of these two were as follows:

Firm. ..o ieiinieneniniaiaocecns Chippewa Brick Thierault’s
Mfg. Co.
Material ........coviiiiiiiiinnnnnn Brick clay Brick mizture
Laboratory No...... . 1029 1179
Water required... 26.4 23.1
Plasticity ............ good fair
L o R much, fine
Air shrinkage.......coovevieinnenne 5.4 4.7
Wet-molded bricklets—
Cone 010:
Fire shrinkage ...........c..... .6 sl. sw.
(0753 163 R light red yellow brown
Absorption......covivenninnn. 15.76 17.40
Cone 05:
Fire shrinkage ........cc0vuees .5 sl. sw.
Color ..oviviiiiiiiiriinnnennns medium red yellow brown
Absorption......coevvenuen n 13.84 16.66
Cone 03:
Fire shrinkage ........... Ceaes 1.7
) 163 medium red light red brown
Absorption. ......ooviiiiia., 11.27 14.14
Cone 1:
Fire shrinkage .....covouvuen.n. 7 2.4
Color ...c.iiiiiiiiiiiiiiin e dark red red brown
Absorption......coevveuiinnnnn 1.95 10.46
Cone 2:
Fire shrinkage 6.7
Color ............ .. dark brown
Absorption.........eoeiviiinn 1.17
Steelhard atcone ................. 1

Steel hard at cone 1.

1029. This clay gives a fairly good body even at cone 010
and burned very hard at cone 1, but its fire shrinkage at this
point is rather high. The color of the clay is also bright up to
05 but deepens considerably above this.
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No. 1179 is similar to 1029, but has a lower fire shrinkage.

At both yards the clay is used for makmg soft-mud brick and
is burned in scove kilns.

Whittlesey, Taylor Co. The Langenberg Brick Co. has a yard
at this locality which is 5 miles north of Medford. The material
(Lab. No. 1048) is a silty surface clay found on both sides of a
small stream, and is probably not more than 8 feet in thickness,
but only the upper 5 feet are used.

Its physical properties are as follows: Water required, 27.5;
plasticity, good; grit, some, coarse; air shrinkage, 6.9. In burn-
ing it behaved as follows:

Wet-molded bricklets:
CODO -.eeerennnnnennene 010 05 03 1

Fire shrinkage ............. .3 2.3 5.7 5.7
{0703 (¢ SR light red | dark red | dark red | dark red
Absorption......cceveennnse 14.22 8.68 5.70 .80

Steel hard at cone 03.

Steel hard at cone 03.

This is an excellent common-brlck clay and gives a good red
brick even at econe 010, but the color deepens considerably at 03.
At cone 1 the body is nearly vitrified but the material is too
silty to make a paving brick.

Uses. It is employed at the present time for making com-
mon brick which are molded in a soft-mud machine or a Swords
machine the former giving much better results. The brick are
dried on pallets and burned in scove kilns.

Merrill, Lincoln Co. There are two small yards in operation
about two miles south of town one of these being run by
P. Myers and the other by A. Boetcher. The clays are both
silty surface clays which are dug to a depth of about two feet.
That at Myers’ yard (Lab. No. 1135) slakes moderately fast
and works up with 20.9 per cent water to a mass of fair plas-
ticity containing much silt, and whose air shrinkage is 3.7 In
burning it behaved as follows:

Cone.....oovvvvevienincnnnn 010 05 03
Pire shrinkage.............. sl. sw. 0 1.6
(0731 1o PN brownish yellow| yellow brown | red brown

Absorption ............. Ceee 15.04 14.98 11.29
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The clay burns to a good red color even at cone 010 but it
does not yield a very dense brick.

Schulz’s Spur. This point is located along the St. Paul Rail-
road north of Merrill and the clay bank is east of the track.
The deposit is known to run about 17 feet deep and is underlain
by sand. For molding the run of the bank is used. The clay
(Lab. No. 1146) which is rather silty and of low plasticity
works up with 17.6 per cent of water to a mass whose air shrink-
age is 7.1. The average tensile strength is 272 pounds per
square inch with a maximum of 305 pounds per square inch.
In burning it behaved as follows:

Wet-molded bricklets:
Cone............ ves 010 0 03 1
Fire shrinkage sl. sw. 0 .6 6
Color c.oviveiinnnnn. brownish | red brown ! light buff | brown
yellow
Absorption........... 14 12.33 10.30 2.19

It burns steel hard at cone 1.

Uses. This is an excellent common-brick eclay but should be
burned to at least 010 in order to give a strong product. It
is employed for making common brick.

Superior, Douglas Co. Surrounding this town is an extensive
deposit of red clay containing many scattered lime pebbles.
Attempts have been made to work it, but these have been mostly
without success, it being claimed that the lime pebbles in the
material rendered it impossible to produce a good grade of
brick. The clay is very dense and plastic and occurs at no great
depth below the surface, being thrown out from almost every
cellar or other excavation. One sample of this (Lab. No. 1180)
was tested from the city of Superior with the following results:
It worked up with 32.5 per cent of water which is much higher
than that required by most other clays in the state and de-
veloped a highly plastic mass with some coarse grit. Its air
shrinkage was 10.5 per cent. The average tensile strength was
about 200 pounds per square inch but it was very difficult to get
briquettes free from flaws on account of the tendency of the ma-
terial to crack in air drying. The wet-molded bricklets in burn-
ing behaved as follows:
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(610 1- 1R 010 05 03 1
Fire shrinkage .....covuvuens .3 3 8.6 vis
(703 (o) pinkish | pinkish red brown|..........
Absorption.........ccceen ..., 19.53 12.18 80 el

The clay shows a tendency to crack badly in air drying and
even in burning and on this aceount it was worked with difficulty
if used alone and molded either by the stiff or soft-mud process.
It burns steel hard at cone 05 and is of low fusibility. If it is
used for brick making it should be worked preferably on a stiff-
mud machine, and even then it should be burned to a tempera-
ture of not less than cone 05.

Judging from the bricks that are to be seen in some of the
old buildings in Superior the clay when formerly used was prob-
ably not burned at as high a temperature even as cone 010.

The chemical analysis of the material gave:

Silica (SiOg) tvvrverriiir et iiiissernenacassennsnie ans 54 .36
Alumina (AlyOg). e vt ittt iiiireen e aaes 13.40
Ferric oxide (FeaOg) cvvr it iiii it iiiinanicnetaanarons 7.97
Lime (Ca0) v ive it inis ittt nnne titeneansasssossnnssanns 3.50
Magnesia (MgO). ..o vt ittt it ieencaeacrenaas 1.23
Potash (KoO) iiiiininiinieieiinesnneiesacensnscecanaens 2.16
Soda (Na,0) coie ittt iie ittt en e aeee i aans 1.53
Titanic acid (TiOg) «vovviun ettt cie i ceees .07
Losson ignition. ........ oot iiiiiiiinii it 16.17

b o3 7 ) 100.39

Total UuXeS. cevuvivrvirrrnenriersarnssaennsneenss 16.30

Discusston of physical tests of red-burning surface clays. The
clays of this group are usually surface deposits, ranging from
average to high grittiness. Owing to their gritty character they
usually slake fast. Their plasticity is variable, but the majority
are from good to highly plastic. The water required for mixing
ranged from 13.2 per cent to 34.1 per cent in 51 samples,
with an average of 23.2 per cent, but in the majority it was
under 25 per cent.

There was a corresponding variation in air shrinkage from 3.1
per cent to 10.5 per cent, with an average of 6.04 per cent. The
variation in air shrinkage was greater in this class than any
others. ,

The tensile strength of 20 representative samples was tested,
and ranged from 75.3 pounds per square inch to 327 pounds
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per square inch with an average of 249.2 pounds per square inch.
This seems to be a large variation and it should be stated that
18 of the 20 tested had a strength of 200 pounds or over.

Nearly all the clays of this group burned to a red or red-
brown color, of varying degrees of intensity. At cone 010
most of them showed little or no fire shrinkage and some even
swelled slightly. Only one was steel hard. The absorption
ranged from 11.23 to 54.34 per cent, the majority however
falling below 18 per cent.

At cone 05 there was a slight increase in the shrinkages, those
from Menomonie and Tramway showing the highest. The
colors.in most cases were slightly deeper than at cone 010. The
absorption range was less running from 3 to 29.78 per cent.
The decrease in absorption from cone 010 to cone 05 was slight
in most of the samples tested, the greatest change being noted in
the fine grained more easily fusible ones. At cone 03 the ab-
sorption ranged from .05 to 28.40 per cent, but one-half of the
clays absorbed less than 1 per cent. The fire shrinkage of most
of the samples was still small.

At cone 1 the absorption in most cases was quite low, and the
fire shrinkage low or moderate. A number of the clays had
become steel hard, but a few such as those from Menomonie
were nearly viscous. The majority, however, did not become
viscous until at least cone 3.

Most of the clays of this group burn to a good brick at cone
010. As compared with the residual clays, they are usually
more refractory. but do not give a much denser body at the
lower cones. Comparing them with the cream-burning calcare-
ous clays, we find that thev do not show as much tendency to
swell above cone 010, are denser burning, harder in firing at a
lower cone, and show about the same range of viscosity.

The chemical analyses show that the clays of this subgroup
are with few exceptions rather siliceous, and sometimes rather
high in alkalies. That from Iron Ridge is low in silica and
high in lime and magnesia but still there is also a high iron per-
centage and consequently the clay burns more of a brown than
a buff.



Red-burning clays.

Lab.

No

1012
1073
1027

1077
1169
1085
1050
1099
1037
1038
1180

ocatty, | S8 | Atmins exias | ims | Magmesia | Foragh | Seda | Tartd” | Lo | morat | ol | watses
Milton ..... 71.56 11.15 3.78 1.70 .96 241 1.28 |.. 6.33 99.12 10.08 | V. Lenher.
Kenosha ... 55.41 18.10 5.91 6.28 14 1.54 .49 .25 12.34 100.46 14.36 | V. Lenher.
ll!(')]lf ,(il;])ge 30.90 7.96 9.138 17.30 4,80 3.75 .3 .09 25.30 99.60 35.35 | V. Lenher.
v‘ilrlcfcfgg'.)... .71 | 12.60 2.80 .70 .55 2.18 1.14 .55 5.30 | 100.53 7.37 | S. Peppel.
Viroqua....| 78.26 11.41 1.80 1.00 .68 1.88 1.28 45 3.12 99.88 6.64 | S. Peppel.
Arcadia....| 73.08 11.56 4.11 .84 .52 2.31 2.75 .09 5.36 100.62 10.53 | V. Lenher.
Marshfield..| 172.60 12,16 566 1.34 .08 2.47 1.4 4.07 99.86 10.99 | V. Lenher.
Hewitt..... 75.24 12.21 3.89 1.74 1.01 256 | 3.35 100.00 9.20 | A. 5. Mitchell
Edgar...... 64.46 8.713 5.40 7.32 .16 1.45 1.4 .01 11.10 100.67 15.77 | V. Lenher.
Tramway ..| 59.28 15.12 10.80 3.04 12 1.97 1.63 .08 8.23 100.23 17.59 | V. Lenher.
Menomonie | 65.46 11.38 6.40 2.06 1.63 3.54 .98 .07 8.25 .77 14.61 | V. Lenher.
Menomeonie 60.20 14.48 8.70 2.84 2.40 4.50 .03 .03 6.73 100.46 18.97 | V. Lenber.
Superior ...| 54.36 13.40 7.97 3.50 1.23 2.16 1.53 07 16.17 100.39 16.39 | V. Lenher.

* By difference.

0LT

‘NISNOOSIM 40 SAVIO HHL
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ITI. WHITE-BURNING CLAYS OF REFRACTORY CHARACTER. De-
posits of a white-burning clay have in the past been worked
in the region north of Hersey. The clay found there is strati-
fied, and contains more on less sand which has to be removed
from it by washing. The washed product has been sold chiefly
for use in paper manufacture. The washing plants which were
at one time built near Hersey and also Glenwood have been dis- -
mantled and the pits have washed in so that no information was
obtainable concerning the character of the clay. The beds, how-
ever, have been described in some detail in Dr. Buckley’s
bulletin.*

In the event of new deposits being discovered in this region,
it will be of interest and value to know that the tests which have
been made on the washed clay from this locality show that it
can be used for white earthenware manufacture with simply the
addition of flint and feldspar, ball clay being unnecessary. The
Hersey washed clay is also quite refractory its fusing point be-
ing the same as that of cone 32.

The erude clay contains much fine silt which it is difficult to
eliminate even by washing.

Kaolins in the central residuel area. Rumors have been eir-
culated from time to time regarding the existence of kaolin
deposits in the residual clay belt, and during the course of the
field work every reasonable effort was made to find such de-
posits if they existed. Only two were heard of. One of these
was a pit near South Centralia which was worked a number of
years ago for fire clay to supply foundries, and is now exhausted.

The other lies about 6 miles east of Eau Claire where in an
artificial cut a vein of whitish clay about 6 feet wide was seen.
Samples taken from this showed that it is not white-burning even
at low temperatures, but fires to a grayish brown body. The
deposit, aside from this, is of too small size to be of any economie
value.

IV. SLIP CLAYS.

IV. Srrp Cravs. Under this heading are included easily fus-
ible clays, which are used for glazing, and applied by mixing the
clay with sufficient water to give the mixture a creamy consist-

*Bull. VII, Wis. Geol. & Nat. Hist. Surv., p. 234.
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ency and either dipping the ware in this, or spraying the slip on
its surface. A slip clay* should be fine grained, with a low
shrinkage and must mature as little above 2250° F. as possible.
The proportion of lime and magnesia must be high, ranging
from 6-12 per cent. The iron oxide content should be suffi-
cient to produce a brown color, viz. 5-7 per cent. A high
alkali content is also essential to promote fusion. The follow-
ing are analyses of several slip clays mined in the United
States.

Albany, | Rowley, Brim-
N. Y. Mich. {field, O.
Silica (310,4). 00t vviinineiririiiiiiennns 55.60 43.94 63.63
Alumina (ALOy)..covvvvinnnn .t . 14.80 11.17 13.57
Perric oxide (F'e,0,) . 5.80 3.81 7.77
Lime (Ca0). ..o vviivniennnerannnenrnens 5.70 11.64 2.55
Magnesia (MgO) .eovvvvrveiiirnevennnnn. 2.48 4.70 1.47
Potash (K,0) .ovvii i iieiiiiieennns 3.23 3.61 2.63
Soda (Nay0).oeevereerneenrieiereeennn. B T .
Manganese (MnO) ....ovvvvevrverinnnnns I T S R N .
Water (H,0) ..ot ivvecviriniranionnenen 5.18 3.90 4.75
Moist and carbonic acid.......vvvven.nn. 4.9¢ 15.66 2.90
Phosphoric acid (P,05) vovvrvvrnvennnnn. B 15 O
99.14 98.43 99.27

The molecular formula of each of these is as follows:
1. .18 K,0O 3

079 Na,0 |
469 Cad) 1 508 ALOs 14 97 500,
286 MgO | 20,
.009 MnO

. 1 K,0

2. .066 } 2
Na,O | .314 Al,O X

.596 CaO " } 586 120" § 2.109 S0,
.337 MgO

K,0 )

3. .169 2

Na,O [ 1.343 Al,O -

459 (§Ja02 } (489 Fe,0, }10.78i0,
.370 MgO

Wisconsin slip clays. Among the Wisconsin clays tested there

were found several of sufficiently low fusibility to use as a slip,

which are mentioned below.

*Williams, Iowa Geol. Survey, Vol. XIV, p. 225, 1904.
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1. Burlington. (Lab. No. 1051.) This represents the
lower blue clay from the Burlington Brick and Tile Works. It
is a fine-grained calcareous clay whose composition is.

Silica (S103) cevverrrieerencnevensnnns feeecetesastarrsoans 41.66
Alumina (Al,Og) v iiisineessionsesosievscssescacsannss 14.31
Ferric oxide (F'e,05) ovvveriiieiniiriiiniennieinennnnas 6.69
L0 (CBO0) « v ensvenemansnensrannsannenensasnsannnnnnnns 9.38
Magnesia (Mg0). cevevererenivertvneecaansescosssnsnssnes 4.75
Potash (KyO)ivotiiiiveiereeeens vovesnssnsvsnnsensannnses  3.73
Soda (NasO) cuvevieriniirneninreeneeiienenenevsnen ~ans .92
Titanic 0xide (TiO,) s . e ettt rtteneeirossnssnosssaneesnss .05
Ignition......oovveviviiiennennns setesereiact et attaoans 17.86
99.55
This corresponds to a formula of

116 K,0

.043 Na,0

.491 CaO | .411 ALO, } 2.048 8i0,

1348 MgO r 1122 Fe.0, § .001TiO.,

.998 j

At cone 5 it gives a brownish-yellow slip.
2. Kenosha. The upper clay at W. J. Craney’s yard was
also tried. This has a composition of

Silica (S105). v iiiiiiniiiiiiiiiiiiiiiiaan, ... 38.62
Alumina (Al Og).ceevneevnnin.. ceee 8.75
Ferric oxide (Fe,0,) .. 8.22
Lime (Ca0)....... 14.04
Magnesia (MgO). 6.27
Potash (K,0)... 2.65
Soda (Na,0)...... .89
Titanic acid (TiOg).eeeevannn.. .. .. .07
=0 01105 « N 19.99
B <3 ) 99.50
Its formula would be

.063 K, O )

.031 Na,O .190 Al,O, 1.428 SiO,

.556 CaO .113 Fe,0, .001 TiO,

.347 MgO

This gives an olive-colored glaze but not a very smooth one,
ag the clay appears to be too silty.

8. Green Bay. A sample of clay from Eiserman’s yard
burned at cone 6 gave a deep brown glaze when applied thick
and a yellowish-brown one in thin coats.

4. At Sheboygan, there is a thin bed of red clay, overlying
the cream-burning clay at the O. Zimbal Brick Co.’s yard,
whose chemical composition is
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Siliea (8i0, ) ............................................ 59.22
Alumnia (Al O ) cereneensetsensacsssnseassasoasssssnosas 16.65
Ferric oxide (Fe,Oa) .................................... 7.72
Lime (CBO). . ier teie it neesteesnsnensoseonsonnsasessoane .96
Magnesia (MgO) ................................ ceevenee .52
Potash (KgO)..ivveennriieneenrevenenoenceeesonaoacnonns 2.78
Soda (Na,0) Lo ol 1.94
Titanic acid 10 (0 2 e .03
Ignition ...ovui i i i it e 10.23

Total overeereniinnsrenierersonsnsesssnssssanenans 100.05

The formula for this is

3 K,0
'343 Na,0 | 1.795 Al,0, ) 10.87 SiO,
1188 Cad .530 Fo,0} 1003 TiO,
© .143 MgO

5. Medford. The residual clay derived from the diorite at
this locality (See p. 131) analyzed.

Silica (Bi0;) cvreteetvriereeriotestenrannssossvassnannnnns 45.65
Alumina (Al Og)itieiiiriontrereceresesssasssocasansnans 18.90
Ferric oxide (F‘e2 8) secreccteutcncieatiancteatsnananan 18.00
Lime (Cab ............................................. .86
Magnesia (MgO) ..o cvviiiieiriiiiiirosneonervensaaes .29
Potash (K;0) ti.iveiiiieienioieiiaciesserosiosorarcaaacs 7.66
Soda (NagO) eovenerrierranienssrstecessosasesssnssanans 1.70
Titanic amd (’1‘102) ...................................... .03
Ignition. ..... O - 14

b 0 7 99.64

This analysis would give the following formula:

GO KO
208 Na,O0 | 1.410 Al,O, }5.794 Si0,
1116 Ca0 56 Fe,0, § .002 TiO,
-054 MgO

At cone 1 it gives a deep red, dull matte-like glaze, but does
not yield a good glaze at higher cones.

6. Platteville. Underlying the oil rock at the Capitola
Mine locality there is a three-foot layer of soft grayish-gray
shale of low fusibility. Its composition as determined by R. C.
Benner on two separate samples was as follows:
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Silica (SI0g) ..ot iiiieii it e

Alumina (Al;Og) covvvvnn....

Ferric oxide (F'e,0;)

Lime (CaO) . ... e

Magnesia (MgO) ....... ... it iiiiiini e ot . .

Potash (K,0). ....oviiniiii i e 10 27 9.84

Soda (Naz0) . oo vttt in e ieeenes .1 1.38

Titanic acid (TiOp) v veriiriir e .12 .06

Ignition.......oooiniini s i 6.56 5.97
Totale . oot e e e et e 100.62 100.42
Total luxes.........cooiiiiieiiinennnnn. 16.01 15.82

The molecular formule are:

645 K,0 ) '
067 Na,0 | 1.05 AlO, }5.89 SiO,
1189 Cad '949 Fe,0, § .008 TiO,
.097 MgO

166 K,0 ) .
‘162 Na,0 | 1.308 AL,O, E7'375 Si0,
1046 Cad 1187 Fe,05 § .005 TiO,

023 MgO |
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CHAPTER V.

TESTS OF WISCONSIN BRICKS.

In order to test the qualities of the bricks made in Wisconsin,
& number of samples were collected from different localities,
rinety-one in all. Ten bricks were collected from each locality,
normally burned ones being selected as far as possible, either
from the kiln or the stock pile. In a few instances underburned
or hard-burned bricks were taken in addition to the normally
burned ones. '

The samples thus selected were shipped to the University of
‘Wisconsin at Madison, and tested in the Engineering Laboratory
by Messrs. C. V. Hopper and L. F. Van Hagen.

Each set of bricks was tested for (1) its crushing strength:
(2) its transverse strength, and (3) its absorption. In every
case 5 bricks were crushed in order to give a reliable average,
and the results are given in detail in the table on p. 193. Each
manufacturer has been furnished with a copy of the test made
on his own brick, although in this report no names are published
in connection with these tests.

EXPLANATION OF TESTS.

CrusHING TEST. This test was made for the purpose of deter-
mining the number of pounds pressure per square inch that the
brick will stand without erushing. The strength will naturally
vary with the density of the briek, degree of hardness to which
it has been burned, character of the raw material, and amount of
care taken in the manufacture.

Few bricks show a chushing strength of less than 2,000 Ibs.
per square inch, while some even exceed 15,000 lbs. per square
inch, but none of the Wisconsin bricks reached the higher limit
and few fell below the lower one. As a matter of fact, how-
ever, bricks when set in a wall are seldom compelled to stand the
weight they are capable of resisting.
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The test to determine a brick’s crushing strength is commonly
made in a specially constructed machine. Half bricks are usu-
ally tested, because a whole brick has so large a surface area
that it sometimes resists a greater load than the machine is
capable of supplying. Before crushing, the two opposite sur-
faces of the brick (in this case the top and bottom) must either
be ground perfectly smooth and parallel, or else they must be
built up to this eondition by the application of a layer of plaster
of paris. The reason for this is that in the testing machine the
brick is set between two steel surfaces, and unless its surface
fits perfectly against these, the pressure will not be evenly dis-
tributed.

Before crushing, the area of the brick’s surface is measured,
and, the total load necessary to crush the brick, divided by this
area, gives the crushing strength in pounds per square inch.

TRANSVERSE STRENGTH. This is more important even than the
crushing strength, for while a brick is rarely loaded to its crush-
ing limit, it is sometimes exposed to its limit of elasticity and
cracked.

In the cross-breaking test a whole brick was placed on two
rounded knife-edge bearings 6 inches apart. Pressure was then
applied from above, until the brick broke in two and the num-
ber of pounds pressure at which this ocecurred noted. It is
evident that in two bricks of exactly the same degree of strength
the amount of pressure necessary to break them will depend upon
the distance between the supports and the cross section of the
brick. The farther apart the supports the less pressure neces-
sary. Since this is so, it is necessary that for purposes of com-
parison all results of the breaking strength shall be reduced to
some uniform expression which shall take account of the differ-
ences of length, width and thickness of the brick. The most
accurate expression is that termed the modulus of rupture, which
is calculated from the following formula.

8 Wi
R=2bh,
in which R=Modulus of Rupture
‘W=Pressure necessary to break the brick
1 =Distance between the supporting knife edges
b =Breadth of the brick
“h =Thickness of the brick
12
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This means, that three times the pressure in pounds multiplied
by the distance between, the supports, is divided by twice the
breadth of the brick multiplied by the square of the thickness.
If the pressure necessary to break a brick was 1,500 pounds, dis-
tance between supports 6 inches, width of brick 4 inches and
thickness 2 inches, the modulus of rupture Would be calculated
as follows:

3x1500x6

Sxaxg, s—=843.7 pounds

AnsorpTION TEST. An absorption test is made.for determining
how much water a brick is capable of absorbing. This indicates
approximately -the degree of porosity which it possesses, Vitri-
fied brick are impervious or nearly so, and absorb little or no
water, while many common brick may absorb 15 or 20 per cent
and some of the Wisconsin ones absorbed over 30 per cent. It
is easily understood that if a brick of high porosity.is exposed
to a freezing temperature when its pores are filled with water,
the expansion of the latter, when changing to ice, may be suffi-
cient to disrupt the brick, either after one freezing, or after re-
peated freezings following periods of thawing. A moderate or
low absorption is therefore desirable.

The absorption test was made on half brick which were care-
fully dried, weighed, soaked for 48 hours in water, and weighed
again, the increase in weight showing the amount of water ab-
sorbed. The percentage of absorption was calculated in terms
of the original or dry weight.

Objections have been urged by some.to this method of de-
termining the absorptive power of a brick, it being claimed
that the pores of the brick do not become completely filled
with water, and that a better way is to place the brick in a
vacuum while it is immersed. In making absorption tests we
should not forget that we are trying to duplicate as nearly as
possible the conditions to whiech the brick will be exposed
when in actual use. Under such conditions a brick is not ex-
posed to a vacuum, but absorbs moisture while exposed to or-
dinary atmospheric pressure, and consequently by the vacuum
method we are forcing the brick to absorb much more water
than it would when in use, and are obtaining results of com-
paratively little practical value.



The writer does not feel either that the total immersion of
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the brick is the best way of testing its absorption, but that
partial immersion will yield the most satisfactory results.
‘With this last mentioned method the brick is immersed to per-
haps two thirds its depth in water, which allows the liquid to
be drawn into the pores by capillarity while the air in the
interspaces of the brick can readily escape.
In testing the Wisconsin bricks the absorption by all three
methods was tried, and the results of this are given below:

Stiff Mud Bricks
T E | ¢ |3 | %3 B
a = - e g8 [Fge8
S8 aa da B S xPaH
SE S8 8.8 e BE  |Zegd
S e =8 S m .o m =2e . Y= 2,
2 g 2 = &3 o3 S~ g R
. 88 gy g8 CER: S5 |9g2¢8
o 2= @ @ B SZ2 |gg0<
g | g £8 | RE | o E £3 |88°%
g | =3 PSSR we_g | 225 |s8at
=) o B a.-5 .8 L3ey o B 8~=’§5’:
= 884 3y 2% 4 2ehg ©ug (SEEER
: ° o & O @ ogg 08 g2 Za 5®08
< 50O.d ol 5P .d 5@ k5 5as5 |gosaa
_ [ Y] Y] Y] =Y A iRy
I II. II1. IV. V. VL Vi1
28 24.15 24.0 24.95 96.15 30.4 25.8
28 A 14.5 14.45 15.i5 95.35 18.8 29.6
35 14.4 12.1 12.7 95.2 18.35 27 .4
45 23.2 20.35 21.45 94.85 25.35 9.2
80 20.55 17.35 18.3 94.8 26.65 29.6
83 21.75 19.5 20.45 95.3 24 .85 14.2
98 13.05 12.05 14.3 84.25 18.5 41.7
99 34.3 30.65 32.0 95.75 39.9 16.3
128 27.6 24.65 25.56 96.25 28.65 3.5
143 20.55 19.15 20.75 92.25 22.6 9.9
7 23.2 22.55 23.6 95.5 27.65 19.1
158 20.85 19.45 20.3 9.9 27.75 33.0
163 18.05 16.9 18.0 93.8 21.1 16.8
164 16.7 20.7 21.0 98.5 24.6 47.3
202 16.6 18.35 18.85 97.3 24.6 48.1
205 19.55 20.95 22.25 9.1 25.4 29.9
207 24.15 20.1 24 .85 80.8 30. 24.2
210 21.1 19.85 21.7 91.4 26.0 23.4
215 25.35 25.15 25.95 96.85 30.4 19.9
216 19.6 20.3 20.95 96.85 26.75 36.4
217 19.95 16.8 17.9 92.7 33.85 69.6
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Soft Mud Bricks.
£ @ R N %8 g g.g
g é N SAE n-é E’g 0.3
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I. II. I1I. Iv. V. VI. VII.
19B 18.85 18.85 19.0 99.15 19.5 3.4
22 18.7 19.25 19.9 96.7 27.15 45.1
24 16.2 16.45 17.1 96.1 21.85 34.8
26 16.3 15.25 16.05 95.00 20.20 23.9
29 ©17.15 15.45 16.2 95.3, 21.25 23.9
40 15.2 12.75 13.5 94.4 18.85 19.7
43 18.05 17.25 18.2 94.75 26.1 44.5
41 ..., 18.6 19.25 96.55 25.05 J..........
81 17.5 12.1 13.05 92.14 18.65 6.5
82 17.15 14.7 15.55 94.5 20.4 18.9
89 13.9 12.75 13.45 94.8 17.1 23.0
91 17.75 17.6 18.2 96.65 20.5 10.9
94 12.25 12.75 13.55 93.3 19.45 58.7
102 17.76 17.15 18.00 95.2 23.3 31.2
104 16.4 15.3 15.8 96.85 20.45 24.7
107 13.8 12.9 13.4 96.25 19.2 39.1
110 17.2 16.75 17.5 95.65 23.65 37.5
111 20.25 15.05 15.35 98.05 21.7 7.1
112 22,25 18.05 19.4 93.0 25.35 13.9
113 20.6 17.4 18 ¢ 92.05 26.00 26.2 -
114 14 .4 12.65 13. 97.3 17.3 20.1
116 23.65 24.05 25.15 95.55 27.7 17.1
117 13.6 13.05 13.5 96.6 14.95 9.9
122 18.15 i7.0 17.95 99.65 22.9 26.1
124 18.55 17.5 13.65 96.9 22.8 22.9
127 25.55 23.75 25.05 94 8 31.85 24.6
129 25.0 23.65 25.7 92.00 30.00 20.00
130 19.45 22.8 23.5 97.00 26.25 34.9
131 16.1 15.65 16.2 96.55 10.15 18.1
132 20.35 19.5 20.45 95.3 24.9 22.3
133 23.2 21.0 21.95 95.6 24.9 7.3
134 22 .4 20.9 21.7 96.35 24.55 9.5
135 19.6 14.5 15.256 95.1 19.65 2.5
136 17.95 . 16,95 18.00 9.1 23.2 29.2
137 22.25 21.6 22.4 96.6 26.2 17.7
138 24.65 21.4 22.55 90.8 26.9 9.1
140 16.75 16.7 17.55 95.1 21.1 25.9
141 18.9 16.35 18.35 91.65 26.9 42.8
142 12.3 9.85 11.00 90.4 16.1 30.8
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Soft Mud Bricks—Continued.
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1. II. III. Iv V. VI VII.
144 19.25 16.3 16.75 97.25 18.7 2.3

*145A 19.5 25.0 26.15 95.55 30.45 61.2
11450 21.3 16.2 16.35 99.0 18.45 lost
146 14.95 14.0 14.75 94 .85 17.5 17.0
154 19.45 21.55 23.2 92.85 26.15 34.4
156 21.15 19.65 21.00 93.6 27.75 31.2

157 21.75 23.00 2¢.1 95.35 30.25 39.0
162 28.2 24.2 25.25 95.8 30.6 8.5
172 21.15 20.25 22 .75 89.0 31.5 48.9
175 19.6 16.75 17.55 95.4 21.85 11.4
201 20.85 16.45 17.35 04 8 - 24.0 151
203 16.3 12.3 13.2 93.1 23.05 41.4
208 141 13.6 14.35 94.7 19.15 35.8
209 17.2 16.6 16 95 97.9 21.9 27.3
211 18.15 18.8 19.35 97.1 23 0 26.7
212 17.0 19.35 20.4 96.3 26.85 57.9
219 27.95 27.6 28 7 96,1 33.4 19.4
220 20.35 17.55 18.3 95.85 21.05 34
221 16.9 17.8 18.0 93.8 21.45 26.9
222 11.55 11.75 12.0 97.9 16.1 39.3
223 14 .55 15.55 16.25 95.6 21.0 4.3
224 16.45 15.8 16.95 93.2 21.5 30.7
225 25.1 24.65 26.2 92.0 32.35 28.8

Dry Press Brick.

90 18.75 12 25 18 7 92.2 24.15 28.8
206H 33.35 27.5 28.75 95.8 34.6 3.70
2063 27.95 31.7 33.2 95.4 38.3 37.0
213 12.9 12.95 13.1 98.8 15.7 21.7
214 14.35 14.6 14.75 98 95 17.05 18.8
218 21.5 22.6 23.0 97.95 27.2 26 5
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In this table column II represents the average percentage of
absorption obtained by immersing two half brick in water for
48 hours. '

Two other half brick from the same lot were immersed to
half their depth in water. At the end of 4 hours these were
taken out and the gain in weight noted, the percentage of ab-
sorption determined from this being given in the column IIL.
These two samples were put back into the water and allowed
to remain 44 hours longer, their absorption being again de-
termined, and the results given in column IV. It was found .
that in nearly every case, the bricks, at the end of 4 hours had
absorbed over 90 per cent, of the total quantity they were
capable of absorbing after 48 hours of partial immersion, and
these percentages are given in column V. The method of
manufacture and degree of density of the brick, did not ap-
pear to affect the result in any way whatever. The percent-
ages given in columns IT and IV agree quite closely in most
cases, although in a few instances they are slightly different,
which might be due in part at least to lack of uniformity in the
product.

A third pair of half brick were completely immersed in
water under a vacuum, so that all the air could be extracted
from the pores and the brick become completely saturated.
By this means a greatly increased absorption was obtained, the
average percentage of which is given in column VI. The per
cent gain over the absorption obtained in column II is given
in column VII, and it will be seen that it ranges from 2.3 to
69.6 per cent.

In the aceompanying table the details of the erushing, trans-
verse, and absorption tests are given, and for greater clearness
they are given in condensed form in the diagrams, Plates
XVI, XVIa, XVII, and XVIII.

In these diagrams the results are expressed in somewhat
different form from that usually adopted, and I take pleasure
in here acknowledging that this has been done in accordance
with a suggestion from Dr. E. A. Birge. In these diagrams
the laboratory number of the brick is given at the bottom and
the number of pounds at the side. For each brick a black
vertical line is drawn, whose upper end is opposite the number
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of pounds representing its crushing strength, while the lower
end is opposite the number of pounds representing its modulus
of rupture. This method of plotting the results brings out more
clearly the results obtained, and at the same time shows that the
individual sets tested are not related to each other, as might
be supposed if all the erushing points and rupture points were
connected by a line.

The absorption percentages are given on @& separate diagram
accompanying the erushing and transverse tests.

DISCUSSION OF TESTS ON BRICK.

Crushing strength. The crushing strength of the Wisconsin
brick tested ranged from 993 lbs. per square inch up to 7060
Ibs. per square inch.

The range of strength in the several classes is as follows:

Kind. Minimum. | Maximum. | Average.
Softmud..........oiiiii i, 1,074 5,838 2,829
Stif mud ............ ... ...l 1,304 7,060 4,244
Drypress ..ccoovvvneiiiiinnnnan, 993 5,658 3,408

This indicates that the average crushing strength of all the
stiff-mud and the dry-press bricks made in Wisconsin is higher
than the average of the soft-mud bricks. Anyone not ac-
quainted with the character of the clays used might perhaps
ascribe this to the process rather than the material.

The true explanation seems to the writer to be this. Most
of the stiff-mud brick manufactured in Wisconsin are made
from- cream-burning clays. These in most cases have to be
fired much harder to get a good brick than do the red-burning
ones. Consequently the manufacturers of eream brick fire
their product as hard as possible, while the red-brick manu-
facturers knowing that their clays fire easily, do not take the
trouble to fire them hard.

Tramsverse strength. The transverse strength of all kinds
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of Wisconsin clay brick tested ranged from 157 lbs. to 1027
Ibs Classified by kinds the range was as follows.

Kind. Minimum. | Maximuuw. l Average.
— |
Softmud ................... L 157 - 1,438 575
Stiff mud ... 422 1,861 1,027
Drypress .........oooiiienaa. 256 702 512

Here the order is found to be a little different than in the
case of crushing strength, the stiff-mud brick showing the
highest average, followed by the soft-mud and these by the
dry-press brick.

Absorption. The percentage of absorption in the different
bricks when tested by complete immersion for 48 hours ranged
from 5.8 per cent to 34.30 per cent. Classified by kinds it was
as follows:

Kind. Minimum, | Maximum. Average.
Softmud ...........coiiiann ... 5.80 l 28 20 18.60
Stif mad .........coiii i, 13.05 24 30 20,26
Dry Press .....oeuoeeeveensinsens. 12.90 ] 33.35 21.47

Here the order is again different. The soft-mud brick show-
ing the minimum absorption as well as the lowest average ab-
sorption, while the stiff-mud showed the maximum absorption ,:
and nearly the highest average absorption. That of the stiff-
mud and dry-press bricks is so high because they are made
from calcareous clays.

CONCLUSIONS DEDUCIBLE FROM THE DIFFERENT TESTS.

1. The stiff-mud brick show the highest crushing strength
because of the dense-burning character of the material used at
most of the Wisconsin yards.

" The minimum strength shown by the stiff-mud series falls
considerably below the maximum erushing strength of either
the soft-mud or dry-press bricks tested, so that the ranges of
strengths shown by these classes overlap,

2. There is no direct relation between the erushing and
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transverse strength, a brick with a high crushing strength
showing sometimes either a low or high transverse strength
or vice versa. The following figures illustrate this:

Average Average
Lab. No. Kind. crushing modulus of

strength. rupture.
1,192 526
4,572 569
3,036 1,063
5,796 1,062
1,540 588
2,708 550
2,234 1,007
4,996 1,080
1,540 5¢8
5,110 2,190
1,192 526
4,572 569

There are instances to be sure in which two bricks of nearly
equal crushing strength will show closely similar transverse
~ strengths. Thus

Average Average
Lab. No. Kind. crushing modulus of
strength. rupture.
216. . .eerinnineiaans Stiff mud........... 6,230 964
202, iiiiiiiieneaens Stiff mud........... 6,250 946

3. The percentage of absorption is not necessarily an index
of either the crushing or transverse strength of the brick. This
is well brought out by the following examples selected from
the tables of tests.

. Crushing Modulus Percentage
Lab. No. Kind. strength. of rupture. | absorption.
216.....uu.ee Stiff mud.... 6,230 964 19.6
205A ......... Stiff mud...: 5,110 2,190 7.6
M.iiinen Stif mud.... 1,540 588 34.30
“obi. o 0. | Drypress ... 2,704 431 -18.75
114.........%.; Soft mud.... 4,572 569 14.40
137........... Soft mud.... 5,796 1,002 22.25
138........... Soft mud.... 2,398 589 24.65
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4. Harder burning will inerease both the crushing and
transverse strength thus:

. . Crushing Modulus:
Lab. No. Kmd‘ strength. of rupturo.
2068 Dry press .......... 993.3 256
206H................ Dry press .......... 1,996.6 469.6
28 Stif mud .......... 1,500 464.2
28A ... i Stiff mud .......... 4,852.5 1,311.6

5. An interesting compa.risoﬁ is afforded by Nos. 143 and

90.
: Crushing Modulus of Per cent
Lab. No Kind. strength, rupture. absorption.
143.... ...... Stiff mud ... 4596 749 20.55
90....eun... | Dry press ... 2704 431.8 18.75

Here we have two bricks, made from practically the same
clay, and burned at the same cone but molded by different meth-

ods.

doubt show up better.

If the dry-press brick were harder burned it would no
Additional examples are given below

the first two being from Milwaukee, the other two from Ra-

cine.
: Crushing Modulus of Per cent
Lab. No Kind. strength, rupture. absorption.
206H ........ Dry press.. .. 1,996.6 469.6 33.35
80...cet..e Stiff mud.... 3,380 1,034 20,56
202........... Stiff mud.. . 6,250 946.4 16.6
203........... Soft mud.... 3,452 893.4 16.3

6. The transverse strength is often, and in fact almost in-

variably affected by the presence of pebbles, lumps of clay, or
cavities, and whenever one of a series tested shows a low trans-
verse break it can in nearly every instance be traced to this
cause (Pl XIX, Fig. 1 & 2).

7. The crushing strength is less easily affected by the flaws
mentioned above.
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REPORT OF PRACTICAL TESTS ON WISCONSIN CLAYS.

After the completion of the laboratory work on the Wiscon-
sin clays, some large samples were collected from several local-
ities and shipped to a brick works for a practical test.

The samples collected were:

1. Yellow, partially weathered Maquoketa shale from Leslie,
Lafayette county.

2. Loess clay from Platteville, Grant county.

3. Brownish surface clay from Leslie, Liafayette county.

4. Shaly clay from the Richardson farm near Merrillan, Jack-
son county.

5. Shaly clay from the Davidson farm near Merrillan, Jack-
son county. .

6. Red residual clay from Pittsville, Brown county.

7. Residual clay from Black River Falls Brick Works, north-
east of Black River Falls, Jackson county.

These samples were collected by Dr. Weidman, of the Wiscon-
sin Geological Survey, in the spring of 1905, and shipped to the
Onondaga Vitrified Brick Co., at Warners, N. Y., where the
tests were made under the supervision of J. H. Mead, Supt. The
facts and opinions reported are largely his.

As a preliminary explanation it should be stated that the clays
with one exception (No. 7) were prepared in a pugmill, and No.
1lin a dry pan. The molding was done in a side cut auger ma-
chine, and drying in tunnels constructed with flues underneath,
and heated by fires built at the discharge end. The bricks were
all burned in round downdraft kilns, the temperature unless
otherwise stated being equivalent to the melting point of cone 1.

Details of tests—Yellowish, slightly-weathered Maquoketa
shale. This material after being ground up in a dry pan, pugged
up nicely with water, and flowed easily through the die, requir-
ing very little lubrication. It went through the drier in 24 hours,
without showing any signs of cracking, and with the loss of 24
per cent of moisture. It had a linear air shrinkage of 3.2 per
cent. 'When burned to cone 1, the brick were hard but the color
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poor. This is considered the least promising of the entire lot
tested. ‘

The same material was tempered thoroughly in the same man-
ner and then put through a hollow brick die. It molded with-
out any tendency to tear, and dried in 24 hours without crack-
ing. On burning it yielded a good hard product, but not a very
nice colored one. Color, however, is not a matter of great im-
portance in fire-proofing. '

Shale-Loess mixzture. A mixture of the Leslie yellow Maquo-

keta shale, and the Platteville loess was next tried, 50 per cent
of each being taken. This also worked well on the auger ma-
chine, dried in 24 hours without eracking, and lost 26 per cent
of water.
At cone 1 the product was hard, and would probably vitrify
under cone 2. The air shrinkage was 4.8 per cent and the fire-
shrinkage 3.2 per cent making a total of 8 per cent. Mr. Mead
believes that this sample will make a fair paving brick. Care
should be taken however not to use any stony material.

A sample of Platteville Loess alone was next tried, and found
to temper easily and flow readily through the die. It dried in
24 hours with a loss of 30 per cent moisture and without any in-
jury to the brick., This burned to a good hard brick of excellent
color, and mixed with some of the thoroughly weathered Maquo-
keta shale, might perhaps be employed for making a paving brick
for light traffie. Its air shrinkage was 4.8 per cent and its fire
shrinkage 4.7.

Sample from Richardson farm, Merrillan. The sample col-
lected was much more sandy than that collected for the labora-
tory work, and was not altogether satisfactory. It contained
many small lumps of soft sandstone which would have to be
crushed. On account of its sandy character the material is lean,
and very wearing on the die, but it dries easily, and burns to a
hard product of excellent color. '

Sample from Davidson farm, near Merridlan. This material
was very similar to the preceding one but behaved better, flowing
more smoothly through the die, and having greater plasticity.
At the same time it is more stony than is desirable. It went
through the driers in 24 hours without cracking and lost 28 per
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cent moisture. It burned to a hard red body, but needs thorough
preparation before tempering.

Clay from Pittsville. This clay with proper pugging is well
adapted to working in a stiff-mud machine, for it had good plas-
ticity. It dries in 24 hours without trouble, losing 22 per cent
moisture, and at cone 1 is nearly vitrified. Its air shrinkage was
4 per cent and its fire shrinkage 5 per cent. This clay burns a fine
color and makes a good hard body.

Merrillan shaly clay. This is the material which has been
used for common brick manufacture, and which Mr. Mead re-
gards as the best perhaps of the entire series tested. It worked
up well in the auger machine and dried without eracking, losing
22 per cent of moisture. It burned to an excellent bard product
and at cone 2 has but 4.7 per eent absorption. Its air shrinkage
was 3 per cent and fire shrinkage 4 per cent at eone 2.

The results obtained as given above may be summarized as
follows:

All of the samples tested gave an excellent hard product at
cone 1. For paving purposes it would be necessary to repress
them. The majority should have thorough preparation to re-
duce or remove any stony matter that may be present. All show
a low air and fire shrinkage. The Maquoketa shales are adapted
to the manufacture of fire proofing.
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CHAPTER VL

FUTURE TENDENCY OF THE WISCONSIN CLAY-
WORKING INDUSTRY.

‘A most pertinent question is ‘“What can be expected of the
Wisconsin elays in the future?”’ '

Common brick will no doubt continue to be the most important
product as they are now, but their production should grow
steadily, and the suceessful growth of this branch of the indus-
try, will depend largely on the establishment of large plants
which ean be operated economically and supplied by clays sus-
ceptible of rapid and easy treatment. It is probable that the es-
tuarine clays will give better results than the lake clays.

Pressed brick are now made in limited quantities in Wiscon-
sin, but sinee it has been pointed out that many of the red-burn-
ing and ecalecareous clays are adapted to this class of produects,
it is reasonable, to suppose that their manufacture will expand.-

Drain tile and common red earthenware can easily be made
from many of the smoother estuarine or lake clays, and even frora
the mellowed Maquoketa shale, but most of the other clays in the
state are too gritty for this line of work.

Paving brick are not made at all in Wisconsin.

Some manufacturers of cream brick point to a few vitrified
bricks obtained in the arches of their kilns as evidence that the
clay is utilizable for paving products, but this is a mistake, as
it would be impossible to bring a kiln full of such clay to vitri-
fication. There are however, hard, dense-burning clays in the
residual area which give great promise of producing a hard
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dense brick sufficiently durable for paving purposes in small
cities, and the use of these clays from Merrillan, Haleyon, and
Pittsville is suggested for this purpose.

Although the possibility of using certain clays for pavers
seems good, the writer does not feel warranted in recommending
any of the Wisconsin clays for sewer-pipe or stoneware manu-
facture.

Fire proofing and hollow brick eould without doubt be made
from the mellowed Maquoketa shales, and their location is such
that they could be easily shipped to markets in both Wisconsin
and Minnesota. To the south they would come into serious and
probably unsuceessful competition with wares from other states.
Nor should we lose sight of the fact that even in Wisconsin they
must compete with material from Ohio and Illinois.

It is probable that the finer grained Wisconsin clays, as well
as the slip clays will be in some demand in the future, the for-
mer by makers of art pottery, the latter by manufaeturers of
terra cotta, stoneware and perhaps even electrical porcelain.

‘We can therefore safely venture the statement that the out-
look for the future is bright, and that there will be a steady in-
crease in the annual production of clay products and raw clays
in this state.
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REPORT ON THE MOLDING SANDS OF
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PREFACE.

The following report on molding sands of Wisconsin has
been prepared with the two fold purpose of giving informa-
tion regarding the character of the molding sands obtained in
the state of Wisconsin, and their points of resemblance or dif-
ference with those brought in from other states and of mak-
ing some suggestions regarding the laboratory methods of in- .
vestigation on this class of materials.

The field work on the report was done by the writer and his
assistant, F. L. Gallup, during the summer of 1904, while the
laboratory work was done mostly in the following winter.
Mr. H. Leighton, has also rendered valuable assistance, in mak-

ing the porosity and specific gravity determinations.






REPORT ON THE MOLDING SANDS OF
WISCONSIN.

INTRODUCTORY.

Under the term molding sand are included siliceous sandy
materials employed for making either molds or cores, for use
in casting iron, steel, bronze, brass, ‘ete.

The materials employed vary in character from a loamy clay
to a sand or even gravel, often but not always of highly sili-
ceous character, the grade of the material employed depending
on the gize or character of the casting, the kind of metal, or the
portion of the mold in which the sand is to be used.

For small eastings, and for those on which it is desired to
produce a smooth surface a fine sand is used, while for larger
castings a coarser material is often employed.

Molding and core sands are not always used alone, and one or
more grades are not infrequently mixed together, indeed the
blending of molding sands is quite extensively practiced now both
at the pit and at the foundry. Even this however does not
always give a mixture of exactly correct physieal properties,
and so certain foreign substances such as cinders, ground coal,
graphite, molasses, flour, stale beer, linseed oil or straw are
sometimes added either to inerease the bonding power or per-
meability of the material. It is therefore seen that a sand in
its natural condition may not be deficient in certain qualities
and yet by ‘“doctoring’’ be greatly improved in quality.

The question may be reasonably asked whether it is possible
to develop a set of standards to which molding sands used for
different grades of work must conform. The problem is un-
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doubtedly a difficult one, but still it may nol prove as much
so as one might expeet.

If from a laboratory examination of a molding sand we can
obtain at least some clues towards its possible applications,
without having to go to the expense of time, labor, and ma-
terial required for putting the sand through a practical test,
much will be gained.

Previous work. A search through the literature reveals the
fact that but little has been attempted in the physical and
chemical investigation of molding sands, indeed the literature
on the examination of molding sands is very meagre. Many
books on foundry practice give but little attention to the value
of a chemical analysis, although a few suggest that further
chemical investigations would be desirable. A physical exami-
nation of the material is rarely referred to.

Perhaps the most important piece of work that has been
done in the past, is that of Karmash and Sauerwein* made
as long ago as 1862. They advocated strongly the value of a
combined physical and chemieal analysis as a result of their
work on a series of some 16 sands from different part of Europe.
These were analyzed chemically and the grains separated into
three sizes, viz., coarse, medium and fine. As their papers are
in more or less inaccessible pubhcatmns it may be of interest
to quote their results.

The sands examined by them were d1v1ded into two groups; .
viz., Lean and Fat sands.

A. Lean sands.

1. An Egyptian sand used for molding silver; a pure, coarse-
grained sand, of low binding qualities.

2. Sand from Sebenstein bei Wiener Neu Stadt which for use is
mixed with fat sand for the green-moldipg of iron. Accord-
ing to Sanerwein, its chemical composition was: Silica, 3.5
per cent.; CaCO,, 54.6 per cent.; MgCO,, 41.1 per cent.;
FeCOg, L.1 per cent. The grains were of irregular shape
and from 4;—} m.m. in diameter, the finer grains predomi-
nating. ’

* Ueber Formsand. Hannov. Mitth. (1862), p. 210; Berg u. Hiittm.
Zeit. 1863, p. 137; Dingler Poly Jour. Vol. 168, p 278; Deutsche-
Technische Zeltung, Vol. 25, p. 229.

Sauerwein, Untersuchung von Formsand. Mitth. des Hannover-
ischen Gewerbevereins, 1862, p. 222.

L)
)
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3. A very lean sand from Neudorfel bei Wiener Neustadt which si

mixed with Nos. 11 and 12. It contained 88,78 per cent.

. silica, 6.66 per cent. Fe, 04, 2.0 per cent. Ca0, 2.6 per cent.
MgO, and consisted of irregular sharp edged grains from
1=} and even } m.m. diameter.

4. A sand from Shieffel used for iron molding. It contained 88.68
per cent, silica, 9.23 per cent. alumina, 3.42 per cent. iron
oxide, .69 per cent. CaO. It is similar to the preceding in
irregularity and size of grains; yet a part of them are more
rounded and both contain but few fine grains.

5. Sand from Kernan for iron ecasting. Grains vary from g4}
mm., the largest being present only in small amounts.

6. Sand from Birmingham for iron work, very large visibly sharp-
edged grains, from } m.m.-g%; m.m. in diameter. 1t contains
87.6 per cent. silica, 3.6 per cent. ferric oxide, 7.7 per cent.
alumina, and 0.96 per cent. lime.

7. Sand from the Luneberger Iron Foundry, composed of very
large grains, mostly $ m.m. also a moderately large number
under 5 m.m.. Tt contains 90.25 per cent. silica, 5.51 per
cent. ferric oxide, 4.1 per cent. aluminum and 0.23 per cent.
lime.

B. Fat Sands.
8. Screened sa.d from Benter Berg bei Hanover for brass and
-bronze molds; composed of irregularly rounded grains from
#5 t0 55 m.m., oceasionally as large as 55 m.m. It contains
92.21 per cent. silica, 3.26 per cent. ferric oxide, 4.0 per cent.
alumina, 0.53 per cent. lime and a trace of MgO.
8. Sand from Verden for gold molding, has grains like the for-
mer, the largest part of them being under §; m.m. a few
3¢ m.m. and occasionally  m.m. It contains 97.46
per cent. silica, 8.00 per cent. ferric oxide, 3.7 per cent. sili-
cate alumina, .84 per cent. lime and a trace of MgO.

10. Sand from Vienna used for the finest art work; grains mostly
from ¢ to ¢5 m.m. with a great many fine ones.

11, Sand from Vienna for fine iron molding containing very many
grains being under ¢; m.m. the greatest in size being from
26 0 %5 m.m. This is mizxed with No, 2 for dry molding
and with No. 3 for wet molding.

12. Very fat sand from Neudorfel near Wiener-Neustadt; mdeed
so fat that it is necessary to mix with No. 3 for dry molding,
and for wet molding with large quantities of No. 3. It con-
tains 55.85 per cent. silica, 15.74 per eent. alumina, 6.6 per
cent. ferric oxide, 12.18 per cent. lime, 0.99 per cent. mag-
nesium carbonate and 2.90 water. A few little graing
& m.m. and many at 35 m.m,
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13. Sand from Fontenay-aux roses at Paris for fine bronze mold-
ing: grains from ¢; to ¢5 m.m., the large grains being pre-
dominant. It cor “‘ins 82 per cent silica, 7 per cent clay, 11
per cent ferric oxid : and a trace of lime.

14. Coarse sand for iro1 Zoundries containing however a consider-
able amount of close fine ;rains. .

15. Fine sand for foundries, much like the preceding, with fewer
large grains.

On mixing these sands with water, drying and making compar-
ison as to their behaviour sands No. 1-7 were designated as
lean sands, No, 8-15 ag fat sands, this arrangement being
according to their plasticity and binding qualities. No. 1,
2, 3, cannot be used alone for molding on account of their
very slight cohesive qualities.

Table.
Chemiecal Composition. Mechanical Analysis.
Fine and
No Pel: cent. Per cent. Ps; :;:;t' Eleer d‘;a’;;c' Per cent, | medium
gilica. | alumira, gand. |fine sand. fine sand. ggt%gg:
P I N SO FOT 1) S DU P ISPTou
=} b R 58 ...l 42 42
g F: 25 N D 93 4.2 2.8 7
: 4 86.68 9.23 926 |.......... 7.4 7.4
- > 2 P (O 82 2 16 18
= 6 87.6 7.7 91 1.5 7.5 9
7 90.25 4.1 85 2.5 12.5 15
8| 92.21 4 46.6 38 15.4 53.4
@ [ 9 87.46 3.7 34.6 34.6 30.8 65.4
Bl 42 49 9 58
- I A N RO 24.5 32.4 43.1 75.5
] 12 55.85 15.74 55 27 18 45
= {13 82 7 82 0.8 17.2 18
L S O 79 16 | 5 21
1 L5 T R A 59.4 26.8 13.8 40.6

According to Sauerwein the chemical anl mechanical analysis of mold
ing sands hasgiven the above results. From theabove table it is deduced
that the *‘fatness’’ of a molding sand is not always in proportion to its
clay content (No. 4 is leaner than 6 and 7, and contains more clay than 8,
9 and 13). Still the amount of fine parts contained exert a marked influ-
ence on the binding qualities, and the workability of the sands. (The
lean lsa.t:tds contain 7-18 per cent., and the fat 18-75.5 per cent of fine ma-
terial.) :
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This is practically the only examination of the combined
physical and chemical properties which the aunthors have found
a reference to. Even published chemical analyses are scarce
as mentioned later.

This lack of previous laboratory investigations might lead
some to suppose, that such methods were of little value, and
even the foundryman in most cases looks on them with dis-
couragement. Such action should however but serve as a
stimulus to probe the matter more deeply, and not give up
until it is definitely proven to be valueless.

In practical work the foundryman is accustomed to give a
moist sand a preliminary examination by pressing it in his
hand to see if the particles cohere, or to hold it between his
hands and blow through it in order to test its permeability, and
the acceptance or rejection of the sand sometimes hangs on
this simple but insufficient test.

Even assuming however that laboratory standards for de-
termining the uses of a sand are of little value, they might
still have another application, viz. that of keeping check on
the material being received from any one pit.

It is well known that the sand in any one deposit does not al-
ways run perfectly uniform in its character, or there may be
carelessness in the sorting of the material from different beds in
the bank. This may show up in the behavior of the material
at the foundry. Now, if each shipment is examined, either
physically or chemically, or both, variations can in most cases
be detected, before any castings are spoiled. - Of course, a cer-
tain amount of variation is permissible, and even unavoidable,
but it should not be increased by careless mining or mixing of the
raw materials at the pit.

The sands used for molding, can be separated into two groups,
viz., those used for making the mold, into which the metal is
poured, and those used for the core, which fills up hollow spaces
of the pattern. They differ chiefly in their coarseness.

" Requasiie qualities of molding sands. Sands used for mold-
ing should possess the following requisites:
Proper texture.
Permeability.
As long a life as possible.
Moderate refractoriness.
Sufficient bonding power.

S @
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Tezture. The texture of the sand or the percentage of grains
of different sizes is determined by a sieve test, this being done by
passing the sand through a series of sieves of decreasing mesh
and noting the percentage which remains on each sieve.

The sands may be sieved either dry or wet. If the sizing is
done on dry sand, it is found that some clay particles adhere to
the sand grains, and therefore the percentage of the several sizes
is greater than it should be.

A method used by Mr. W. G. Scott, of the J. I. Case Thresh-
ing Machine Co., of Racine, Wis., consists in placing ten grams
of sand on the 100 mesh sieve, along with ten 7-16 in. steel ball-
bearing balls, and shaking with a circular motion for one min-
ute. The sand passing through is weighed and credited to the
100 mesh sieve. The sand remaining on the meshes of the sieve,
together with the balls is emptied onto the 80 mesh sieve, the
operation repeated, and so on up to the 20 mesh. With this
method he claims less work is required and the results are more
accurate.

The method adopted in analyzing the sands for this report was
as follows:

Fifty grams of the sand were put in an eight ounce bottle,
and the latter half filled with water. This mixture wag then
put in a shaker for four hours, after which it was washed through
a set of 20, 40, 60, 80 and 100 mesh sieves. The sand retained
on each was dried and weighed. That which passed through the
100 mesh was caught in a jar. When all the water and sus-
pended matter had been run through the sieves the contents of
the jar were stirred up, and after standing 45 seconds, the water
with suspended clay and fine silt was decanted off. More water
was added, the contents of the jar stirred and the decantation
repeated. In this way two sizes were obtained. That which re-
mained in suspension has been termed the clay and that which
settled is indicated as 1004, and most of it is retainable on a 150
mesh sieve,

Some objection may be raised to shaking the material before
sizing, because of its tendency to destroy some of the loosely
cemented compound grains. It is probable, however, that in
tamping the sand into the flask for casting, that many of these .
would be broken up. Those that are too hard to be thus erushed
are likely also to resist disintegration in the shaker. It was
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found, however, that several of the sands analyzed contained
compound grains on the 20, 40, and even 60 mesh sieves.

Plates XXIII to XXX represent photo-micrographs of the dif-
ferent sizes of several sands. In Plates XXIII-XXYV, there are
shown the 20,40, 60, 80, 100 and 100+ sizes of a sand from Dead
Lake Ridge, near Madison. All of these, except the first wers
photographed by transmitted light, and the first by reflected
light. It will be noticed that the grains of these vary from
round to angular and are mostly quartz. The opaque grains
in Plates XXIV and XXV are quartz coated with limonite.

Plates XX VI to XXVIII represent the fractions of a fine
core sand from Berlin all photographed by transmitted light,
except Fig. 2, Plate XXIX, which was taken by reflected light,
and is the same as Fig. 1, Plate XXVII. The enlargement in
the former, however, is 7 diameters, and in the latter, 18 diam-
eters.

Plate XXX, Figs. 1 and 2, represent the 20 and 40 mesh sizes
respectively of a No. 4 Waterford sand from Valparaiso, Ind.
The illustrations show that the grains are compound ones, being
made up of small grains cemented together into compound ones
of tubular or cylindrical shape. These tubes are found even in
the 60 mesh sizes.

In the work for this report about fifty molding sands, mostly
from Wisconsin were analyzed mechanically, and the limits of
variation of the different sizes were as follows.

Size mesh. L. II. IIL.

20 . e 0. -6 0. - .04 0. -12.76
L .16- 9.08 02- .90 .72-35.06
60, . viiiiiiii .34-42.00 .04- 2.3 19.96-56.24
80, .o it .12-11.64 02- 2.2 4.92-11.76
100.. . .18-39.16 J12- 1.84 3.24-30.06
1004-...... .. 12.76-76.86 46.98-87.02 1.54-37.32
Clay ........ .. .36-35.52 11.92-52 64 . 4-18.26
Fineness .... .

60.89-99.36 100.00-94.07 31.76-74.41

I. Sands for general work.
II. Brass sands.
ITI. Core sands.
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An examination of the above figures shows that the fineness of
each group varies in two cases at least, between rather wide lim-
its, and as we might expect there is some overlap. That is to say,
some of the sands used for general work are coarser than some
of the sands used for cores. This is however to. be expected.
No one grade of sands ean be used for all kinds and sizes of cast-
ings. Considering the average fineness of each group however,
we see that the brass sands are the finest, the sands for general
work the next, while the core sands average the coarsest.

In the accompanying table there are given the mechanical
analyses of all the sands examined, together with their fineness.



Mechanical Analyses of Wisconsin Molding Sands.

Tab. Locality. 0n20. | On 40. | On 60. | On 80. [On 100.| 100+ | Clay. ! Totar. |AVe-
1 | Berlin, Green Lake Co. fine core sand 1 3.26 | 23.82 8.32 | 26.04 | 37.32 1.02 | 99.88 83
3 | DOver ...ttt e 1.52 8.96 | 28.12 7.48 1 14.66 7 22,76 | 16.566 | 99.96 66
4 | Pardeeville, Columbia Co...........|.v.v.n .36 | 23.76 9.50 | 35.76 { 30.22 .36 1 99.96 82
5 Pardeeville, Columbia Co........... 1.80 9.08 35.68 7.94 13.90 19.78 11.04 99.22 62
7 | Berlin, Green Lake Co. forsm. c¢'st’g|........ .36 6.56 3.62 | 21.22 | 64.84 2.66 | 99.08 105

10 | Pardeeville, Columbia Co........ S DU 5.92{ 42.00 | 1l.64 | 22.58 | 12.76 5.06 | 99.06 62
11 | Fairwater, Fond du Lac Co......... . 34.46 8.06 ; 29.38 | 22.68 .16 | 99.50 66
12 | Fairwater, Fond du Lac Co......... . 32.82 7.24 | 30.06 | 21.96 .82 { 100.16 66
13 | Port Washington................... . 66.04 7.00 | 15 84 6.46 4.22 | 100.5 62
14 | Milwaukee, Milwaukes Co.......... ceed . 41.28 2.92 7.46 5.82 1.48 | 99.24 40
17 Berlin, Green Liske Co. ............ . 3.74 1.78 1 10.44 | 62.96 | 20.06 | 09.74 125
19 | Berlin, Green Lake Co. No. 3 ...... . 10.44 4.50 1 1452 | 45.42 | 22.64 | 99.28 106
20 | Wheatland.............covvinenenn. . 2.26 1 23.70 | 29.86 8.06 | 15.00 { 99.98 76
21 Altoona, Eau Claire Co.... ........ . 5,76 1.44 2.86 61.96 34.46 99.74 119
23 | LaCrosse, LaCrosse Co............. . 13.00 1.94 8.834 1 49,76 | 18.10 [ 99.40 86
24 | Berlin, Green Lake Co... ........ . 9.78 3.52 | 14.86 | 47.48 | 22.86 | 99.96 103
25 | Janesville, Rock Co, core sand. ....|........ 4.00 | 28.72 8.48 22.54 | 21.22 14.84 99.82 78
26 Neenah, WinnebagoCo ............]........ 2.02 20,78 7.32 15.96 38.70 14.54 99.32 90
28 | Berlin, Green Lake Co. No. 2......}1........ .54 8.50 5.34 | 19.14 | 60.64 4.80 | 98.96 103
29 Racine, Racine Co........covvveniidenns ot 1.04 11,74 5.80 28 48 46.08 6.60 99.74 86
30 | Janesville, R. Co. for cores, heavy cast 4 16.54 | 56.2¢ 5.60 5.20 2.60 | 13.34 | 99.92 40
32 | Racine, Racine Co........._... .... .70 3.54 1.38 7.22 | 49.46 | 39.44 | 99.74 136
33 | Racine, Racine Co.. ... ........... 72| 24,68 11.78| 26.60 | 19.20 | 16.30 | 99.28 86
34 | Neenah, Winnebago Co. brass sand .|.... .56 1.8 2.12 1.00 | 61.74 | 30.66 | 99.88 121
35 | Neenah Winn. Co. sand for m. w. c.* . 1.26 4.26 1.40 5.64 | 52,041 35,14 | 99.74 131
36 | Menomonie, Dunn Co........... . . 2.74 5.44 .82 374 | 76.86 9.16 | 99.30 106
37 | Marinette, Marinette Co............ . 3.68 | 12.06 4.26 9.22 | 39.14 | 29.10| 99.54 92
39 | Madison, Dane Co..........ovu..... 10.66 | 21.98 | 43.86 6.50 9.02 4.12 3.66 | 99.76 39
41 | Janesville, R. Co. for heavy work. .. 1.66 7.70 {1 25.920 8.12 | 17.68 | 21.42 | 18,28 | 100.04 70
42 | Superior, Douglas Co............... 12.76 | 385.06 | 40.56 5.72 324 1.54 4 99.28 63
46 | South Milwaukee, Milwaukee Co ...| 6.90 | 11.44 | 27.76 8.76 1 14.10 | 12.47 | 18.52 | 99.96 b4
50 | Silverton sand, Kenosha Co.... .... 1.32 | 14.02 ! 28.68 5.62 ] 10.24 , 14.12! 25.021 99.02 63
58 | Near Milwaukee.................... .1 7.10 | 62.02 ] 10.05 | 10.54 6.92 l 2.32 | 100.06 53
65 | Milwaukee, Milwaukee Co..... .... 3.56 5471 28.41) 10.61}! 27.76 1 22.75 tr. 98.66 62

*Medium weight casting.
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Mechanical analyses of sands from other states.

Lab, : : ] Average

No. Locality. On20. | On40. | On 60. | On 80. | On100.| 100+ | Clay. | Total. |fVorage
2 | Wheaton, Ill................veeeun | 5,99 9.18 | 21.80 5.86 8.81| 13,72 | 27.36 | 99.71 58
6 | Magsillon, Ohio .....ovvvveneinnnns 3.40 1.36 ] 1i52 | 11.98 1 39.16 | 24.66 7.50 | 99.58 74
8 | Zanesville, Ohio......c.oeovuiin.an. .10 .28 .56 14 .36 1 46.64 | 51.70 | 99.82 163
9 |Albany, N. Y ...oviiiiniiiiiiieniifonennns .10 .20 .10 L2001 T1.22 | 28.16 | 99.98 143
156 | Rlondike, MO ...ovvvveruinninn covaforannens 454 | 41,98 13.78 1 21.12 | 15.76 2.66 | 95.84 73
16 Zaneswlle, OBhi0..eeveneiiesveeneanilinnennns .16 .34 12 18 | 74.82 | 24, 16| 99.78 140
922 | A Mich.sand used at Grand Rapids, -

locality unknown..............oodeeennn. 1.98 | 21.76 6.56 | 14.06 | 30.16 | 24.96 | 99.48 93
27 | Rockton, Ill., upper bed............]........ 1.12 | 10.68 1.86 6.82 | 46.38 | 32.86 | 99.72 134
31 | Rockton, Ill., lower bed ............0cceevn.s .90 2.30 .70 1.84; 74.02 | 19.50 | 99.26 129
40 | Kerrick, MDD e enivnerniniinins 6.00 8.20 | 19.96 6.92 1 16.04 | 31.72 | 10.30 | 99.14 49
43 | Newport, Ky, No. 5. .. coviviiiiiiieennanns .02 .04 L0207 140 7754 22,12 99.88 140
44 | Newport, Ky, No. 6....covevieniidoneneand]innnna, .06 .06 62| 87.021{ 11.92 | 99.68 132
45 | Newport, Ky, No.3 ....coovvvviiiiifoennan .06 .84 1,00 18.32 | 43.56 | 35.52 | 99.30 137
47 | Indiana, No:3.. .i.ovvvninnvnennn.. .06 .62 | 18.76 9.02 | 23.48| 33.26| 13.82| 99.02 92
48 | Indiana, No.2....iitviininiinnnvenfonnnnnns .94 | 18.18 8.564 1 2996 34.22 7.94 1 99.78 88
49 | Indiana, No.1.......cccouvvneenann, .04 .66 1 11.42 8.12 | 20.64 | 35.40| 23.42 | 99.70 105
51 | 8t. James sand, St. Joe Co., Mich...|........ .54 1 11.68 2.78 1 16.58 | 43.42 | 24.52 | 99.52 110
52 | New Albany, Ind.........cccvivviifoenenns. .10 .20 .10 .24 1 76.60 | 22.80 | 100.04 139
53 | Dyes Special, Ind ............c.cooifoenennn .06 10 .04 12 46,98 | 52.64 | 99.94 174
54 | Waterford, Ill.,, No. 3............... .04 .42 3.90 1.92 6.12 ' 56.72 ! 31.02 | 100.14 131
556 | Waterford, Ill.,, No. 4.......:....... .04 .06 12 .06 A2 80,128 19221 99.74 137
656 | Wanatah sand Valparmso, Ind ..... .26 3.56} 26.¢8 | 10.06 | 17.70| 15.10 | 27.12| 99.98 83
57 | B. Y., No. ], Hamilton Co., Obio ...[........ .10 .18 .06 12 77.50 | 22.40 | 100.36 139

90¢
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While it is possible to use these analyses for purposes of com-
parison it is sometimes rather slow work where a Iarge series of
analyses are being considered. If therefore we can devise some
graphical method of showing the texture such comparisons can
be more rapidly and satisfactorily made.

a .
GLAY,

100 ) 00=

20-80

d
Fig. 6.

Fig. 6 represents the method adopted. On the four lines,
a, b, ¢, d, there are laid off equal distances, corresponding to 100
per cent. On @ the percentage of clay is laid off, on b the
amount of 100, on ¢ the percentage of 100-}-, and on d the com-
bined percentage of 20, 40, 60, and 80 mesh grains. These last
four are combined as they represent the coarse particles of the
sand. Having laid off the proportionate distances on the four
lines, the points are connected by straight lines, and the result-
ing figure shows at a glance the structure of the sand.

Plates XX, XXI, and XXIT represent the texture of all the
sands examined for this report. In the very fine ones it will be
noticed that most of the figure lies above the horizontal line bc,
while in the very coarse ones it lies below the horizontal.

For example, in Plate XX one can tell at a glance that Nos. 9
and 16 are practically identical, and that Nos. 32 and 27 are
very closely alike.

Since the mechanical analysis is a rather detailed and lengthy
mode of stating the texture of the sand, it is evident that if the



v
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fineness can be expressed by means of a single number it would
also be much more convenient. Such a number must however
represent the average fineness of the sand.
This average may be defined as the sum of ali the quantities
considered divided by the number of separate items.*
Now if in a sand we have
N, grains of size S,
N, graiuns of size S,
gsac grains of size S;

Then

. N8, +N:8,+N; Ss+ ------ : ‘
Avgrage size of S—N1 N, <N, +

If the total number of grains is N then

And
g NS, +NZS§+N383 + ....

or

N 8, N8,

ngL
R

But II% = the fractional part of the whole quantity which
has a size 8. So if the total number is taken as 100 (or pro-

portional to 100)

= Per cent of size 8,

2| 7

and
N, .
¥ = Per cent of size Sy
In order to apply this formula to the mechanical analysis of
a sand it is necessary to assume an average size for each mesh.
In the case of the grains retained on the 20 mesh, it was assumed
that they averaged 1/15 in., as few of them were much larger.
This s1ze would then be expressed decimally as .066.

*The method of calculating the average fineness of a sand has been
suggested to the writer by Professor J. 8. Shearer of Cornell Univer-

sity.
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Those which rested on the 40 mesh, might range from 1/20 to
1/40 inch, and their average was taken as approximately
1 1
2%t _
5 =

037,

and so on. The average size grain of the 100+size was taken as
1/150 in. or .008, while that of the silt and clay was assumed
as .004.

Asg an example:

The mechanical analysis of one sand was:

Mesh. Per cent.,
20 .44
40 2.82
60 5.76
80 1.44
100 2.86
100 4- 51.96
Clay 34.46
99.94

.0044 X .066 = .00029
.0282 X< .037 = .00104
.0576 X .019 = .00109
.0144 X< .013 = .00019
.0286 X .011 = .0003L
.5196 XX .008 = .00415
.3446 X .004 = .00137

.00844 average grain size.

————— = 118 mesh.
.00844

In other words, if all the grains in a given volume of the sand
whose mechanical analysis is given above were reduced to a uni-
form size, they would pass through a 118 mesh. The average
fineness of the sand is therefore given as 118.

It will be seen from an inspection of Plates XX to XXIT that
the average fineness of the sands examined ranged from 174 to
39.

PERMEABILITY AND POROSITY;

By the permeability of the sand is meant the property which
it possesses of allowing liquids or gases to filter through it, and
it depends therefore on the size of the pores,

14



210 THE MOLDING SANDS OF WISCONSIN.

By porosity is meant the volume of pore space between the
grains. :

These two properties are therefore not the same. A sand may
contain a few large openings through which liquids or gases
might easily escape, and yet have a small total pore space. On
the other hand its total pore space might be large, but owing to
the small size of the pores permeabﬂlty by either gases or liquids
becomes difficult.

The permeability of a sand mlght be influenced by three
things, named in the order of their probable importance.

1. By the tightness of the packing.

2. By the size of the grains.

3. By the fluxing elements of the sand.

In discussing the effect of 2, two cases must be considered,
(a) that of a sand whose grains are all of the same size, and (b)
that of a sand whose grains are of unequal size.

If a given amount of sand is placed in a cylinder it will oc-
_ cupy a varying volume of space depending whether it is tightly
or loosely pressed in, and the closeness of the packing may be
increased by tapping the containing vessel. This gets the grains
into their closest arrangement, producing the minimum pore
space. ‘

The amount of pore space produced in this manner however
is dependent somewhat on the shape and size of the grains.

In order to make this clearer it is necessary to assume some-
what ideal conditions. An ideal sand would be one composed of
spherical, uniformly sized grains, and the amount of porosity
will be governed by the arrangement of the grains. Thus com-
paring Iligs. 7a and b the most compact arrangement is that
ghown in Fig. Th, in which each grain touches 12 other grains
(King, U, S. Geol. Surv., 19th Ann. II, p. 306, et. seq)., and in
this case the pore space would equal 25.95 per cent. If however
‘each sphere touches only 6 others, as shown in Fig. 7a the maxi-
mum pore space is developed, and equals 47.64 per cent.

It makes no difference, what the diameter of the spheres is,
provided they arve all of the same size, the pore space will re-
main the same, with the same arrangement. With smaller
spheres however, the pores will be smaller, and hence the per-
meability less.






219 THE MOLDING SANDS OF WISCONSIN.

are separate, they will pack much closer, and tighter, than if

cemented or bunched together in the form of compound grains.
" If in the latter condition the porosity of the mass would be
Jarger, and the permeability also, than if the grains were separ-
ate, because the compound grains are themselves porous, (See
Plate XXX, Fig. 1)- In the mechanical analysis of the sand,
the grains undergo much rubbing, and these compound grains
may therefore be destroyed.’

The above brief discussion of the porosity of sands is not of
purely theoretic value, but has several important practical bear-
ings, for from it we see the means of increasing or decreasing
the porosity of the sand. Thus tamping, because of forcing the
grains together decreases the pore space, but even so theoretic
conditions can rarely be reached.

Other things being equal, sands of vari-sized grains pack closer
than those of equi-sized grains.

The decrease in permeability under increased tamping ex-
plains why some good sands behave badly, when packed too
tightly, in the mold, refusing to allow the gases to escape, and
causing blowholes.

The permeability of a sand is also influenced probably by the
amount of water used in packing the sand. Foundrymen usu-
ally add a minimum quantity of water to the sand, in fact just
enough to make it cohere sufficiently, it being claimed by some
that an excess fills up the pores of the sand, and thereby de-
creases its permeability. While the addition of too much water
may do this, the effect is probably an indireet one, and is due to
the fact that wet sand will pack denser than dry sand. This
closer packing will eonsequently decrease the pore space.

The relation between fluxing impurities and permeability is
one which may show itself during the casting. If the clayey
particles filling the interstices of the sand are sufficiently impure
to fuse when heated by the molten metal, the coalescence of these
in melting will have a tendency to close up the pores to some ex-
tent at least. For this reason partly a high percentage of flux-
ing impurities is found undesirable.

The proper permeability of a molding sand is a matter of vital
importance, since it permits the gases to escape while the metal
is being cast. These gases may be given off by the metal, or may
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be steam produced by the heat action on the moisture in the
sand. A pathway must therefore be open for their esecape, and
if none is at hand blow holes are formed.

. Sinece the degree of porosity of the sand is therefore an import-
ant matter, it becomes desirable to have some aceurate means of
measuring this if possible, and while several investigators have
turned their attention to this problem, the results obtained have
not been wholly satisfactory.

King (loc. cit.) for example showed from his experiments that
the permeability as indicated by ‘¢ the time necessary for 5000
cu. em. of air to pass through a given sample holds no very ap-
parent relation to the pore space which was found, except, in-
deed, that generally the larger the per cent. of pore space the
slower the air was in passing through.”” In other words the
finer the sand, the lower its permeability.

From this one might assume a general but not very close re-
lation between pore space and permeability.

Since the measurement of the permeability of sands is more or
less difficult, it is more desirable to determine the porosity, es-
pecially since this gives us an approximate gauge of the permea-
bility of the material.

The pore space of a given volume of sand can be determined
by the following formula.

in which: 100 VA,

V is volume of vessel in cubic centimeters.

d is specific gravity-

W is weight of the sand in grains.

The method employed consists in filling a cylindrical vessel
of known capacity with the medium whose pore space is to be
determined and then computing the pore space from the
weight of the material and its specific gravity.

The best results according to King are obtained by allowing
the sand to run into the receptacle in a fine steady stream. The
closest packing and most uniform results being obtained by add-
ing the material in small lots at a time, and gently tamping it
with a broad flat faced pestle until the vessel was filled. After
filling in this manner, the sides of the tube are gently jarred with
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light blows, until all reduction in volume ceases. In doing this
it is necessary to hold the tube rigidly.

In the following table there is given the average fineness,
specific gravity, and pore space in per cent. of the different
sands tested, beginning with the brass sands and ending with the
core sands.

Table showing the average fineness, specific gravity, and porosity of
molding sands examined.

Lab. Average: Specific .
No. ﬁnenes;gs. gravity.. Porosity.
53 | Dye’s special, Newport, Ky, 174 250 ° 42 .45

8 | Zanesville, O.............. 163 2.72 44 .70
9 | Albany, N.Y.............. 143 2,62 44 .41
16 Zanesville, O.............. 140 feeerieie e diiiiiiiiiens
43 No. 5, Newport, Ky........ 140 2.60 40.11
52 | No. 4, New Albany, Ind.... 139 2.66 41.31
57 { No. 1 molding sand, Hamil-
ton Co., O, 139 2.59 12.66
55 | No. 4, Waterford Ind ..... 137 2.66 43.43
45 | No. 3, Newport, Ky ........ - 137 2.61 43.09
32 Racine, Wig,.......oovn.e. 136 2.65 44.14
27 | Rockton, Ill............... 134 2.56 42,09
44 | No. 6, Newport, Ky........ 132 2.64 43.26
54 | No. 3, Waterford, Ili...... 131 2.62 40.43
35 Pendleton property,Neenah 131 2.59 44 .62
31 | Rockton, Ill. .. 129 2.67 43.58
17 | Pairwater (selected) ....... B 0 R
34 | Neenah, brass sand ...... 121 2.67 44 .07
21 Altoona, near Eau Claire.. 119 2.67 46.83
51 .| St. Joe River, St. Joe Co.,
ich........c.ooi ol 110 2.59 - 46.45
19 | No.3,Berlin.............. 106 2.57 42.38
36 | Menomonie ............... 106 2.63 44.95
7 | Berlin.............. ... 105 | ceeciiniiii e
49 No. 1, Indiana............. 105 2.59 | 45.18
28 { No. 1 Berlin .............. 103 2.60 39.4
24 Berlint. .o 103 2.57 43.20
92 | Garden City Sand Co...... 93 2.59 40.60
47 | Indiana No. 3 ............. 92 2.60 42.63
37 | Marinette ................. 92 2.50 39.18
26 | Neenah . 90 2.61 44 .76
48 | Indiana No. 9 v, 88 2.62 38.00
20 ! Racine.................... 86 2.60 37.66

23 [ LaCrosse..cvceeieuennness 86 2.65 40.37
33. | Racine................ ... 86 2.58 41.16
56 | Wanatah sand, Valparalso,

Ind.......oico il 83 2.51 43.70
1 [ Berlin..........ccovvvnnen. -7 J P AN
4 | Pardeeville................ 252 2 IO O
95 ! Janesville ................. £ J SRS B
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Table showing average fineness, specific gravity, and porosity of
-molding sands examined—Continued.

Lab. Average Specific .

No. fineness. gravity. Porosity.
20 | Wheatland, near Berlin.... 76 2.51 47.26

6 | Massillon, Ohio ........... 74 2.58 42.76
15 | Kiondike, St. Charles Co.,

., s 73 2.59 34.98

3 | Dover, WiS......cc.cenn... 72
41 | Janegville................. 70 2.73 32.91
11 | Fairwater (selected)........ 68 2.61 . 32.00
12 | Fairwater (run of bank)... 66 2.63 33.90
50 | Silverton, KenoshaCo.,Wis. 63 2.55 39.52
42 | Superior .......cceiven.nnn 63 2.61 32.50
65 | Milwaukee, Wis........... 62 2.64 37.47 .

5 | Pardeeville................ [ R
10 | Pardeeville................ i [ R P
13 | Core sand, Pt. Washington 62 2.62 36.23
46 | South Mllwaukee .......... 54 2.61 38.83
58 | Near Milwaukee, Wis...... 55 2 PR P
40 | Kerrick, Minn............. 49 2.65 33.91

2 | Wheaton, Ill .............. T A e
14 Ottawa, Ill................} 40 2.67 34.77
30 | Janesville................. ! 40 2.58 ! 40.41

39 | Madison.........covv ... 3 U

LIFE OF A SAND.

Most molding sands after being used once lose some of their
desirable qualities, and after one or more heats become ‘‘dead’’
as the foundryman calls it. The length of a sand’s life is there-
fore a matter of some importance. Some sands can be used but
once, while others can be used over several times, with or without
the admixture of some fresh sand. The deadness of the sand is
no doubt due to its dehydration by the heat of the molten metal,
its plasticity or bonding power being at the same time destroyed.
The water of hydration thus lost comes largely from the clay
and we may perhaps inquire with reason, whether clayey sands

become dead sooner than those containing low clay contents.
The amount of sands thus destroyed in casting will be a layer

of variable thickness next to the metal. With small castings
this will be but a fraction of an inch, and will be correspond-
ingly greater with large ones.
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REFRACTORINESS.

A molding sand should be sufficiently refractory to prevent its
fusing completely when in contact with the molten metal. For
this reason highly siliceous sands are the most desirable, at the
same time a very high percentage of silica is only to be gained
at the expense of alumina or clayey matter and a consequent
loss in cohesiveness or bonding power. The effect of the chem-
ical composition on the refractoriness of the sand is discussed
under the chemical analyses of molding sands.

There is no standard laboratory test for determining the re-
fractoriness of a molding sand. Perhaps the best would be to
make a flask of the sand to be tested and pour into this an iron
of known composition so that its effect on the sand could be de-
termined. Means not being at hand to carry out this test, the
next best plan seems to be to mold the sand into cubes and heat
these rapidly in a furnace.

The following table contains the results of a number of tests
of this sort made by C. W. Hord and kindly placed at the
writer’s disposal. The cubes were made by mixing the sand up
with sufficient water to make the grains cohere, and then forcing
the sand into a wooden mold by blows from a 934 1b. lead ram-
mer, with a drop of four inches. These cubes were then heated
in a gas furnace to a temperature of Cone 6 (fusion point ap-
proximately 2282° F., or 1250° C., the time required for burn-
ing being from 45 minutes to 1 hour. After burning the cubes
were weighed, soaked in water for 48 hours and weighed again
the increase in weight indicating the amount of water absorbed
and being therefore an approximate index of the porosity after
burning. Of course it will be easily seen that any shrinkage of
the mass, or fusion of the particles will serve to close up the pores
and decrease the absorption. Since it was recognized that the
amount of tamping the sand received, and the quantity of water
used might affect the density, four mixtures were made up as
follows: ’

1. Water taken 6.6 per cent., number of blows, 3.

2. Water taken 6.6 per cent., number of blows, 9.

3. Water taken 13.2 per cent., number of blows,3.

4. 'Water taken 13.2 per cent., number of blows, 9.

The results obtained are given on pp. 218-219.
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The figures given in the table are not without interest.
If we examine the 1st, 2nd, and 3d. columns of figures, we find
that in every case, more pounding or a greater amount -of
water for mixing, tended to decrease the porosity as evidenced by
the absorption figures, but that the use of a higher percentage
of water, seemed to reduce the porosity more than an increased
number of blows, even though the former was only doubled while
the latter was tripled.

One is somewhat puzzled to find the causes which govern the
degree of porosity of the sand after burning. Taking the first
absorption number of each set, we find that it ranges from 30
per cent. down to 2.8 per cent. This figure does not seem to
stand in any direct relation to the average fineness or porosity
of the green sand, neither does it appear to be directly related
to the clay percentage.

It would seem that the porosity after burning is due to three
causes, viz., amount of clay particles, an evenly proportioned
number of the different sized grains, and the amount of fluxing
impurities in the fine particles. That is to say, with a number of
different sized particles there will be less porosity in the mass,
than if most of the particles were of one size, because this enables
them to flux together more readily because of closer packing.

BONDING POWER OR TENSILE STRENGTH.

Sands wused for molding should possess sufficient tensile
strength or bonding power to make the grains cohere after the
flask in which they are tamped is removed, and also for the pur-
. pose of resisting the pressure of the molten metal in the mold,
or its corrasive action while being poured into the mold. Pure
sand, has little or no tensile strength, unless very finegrained
when it may cohere slightly if moistened and packed, clay alone
has a ecomparatively high strength, and the amount of bond will
depend partly on the fineness of the sand, and partly on the
amount of clayey matter in it. The tensile strength of the mold-
ing sand will be likewise somewhat affected by the amount of
moisture in it ,moist sande ohering more strongly than dry sand.
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The moisture content should not be in excess however, otherwise
the sand will pack too densely- With clay, the amount of co-
herence will not be seriously influenced by the amount of moist-
ure, since the particles in drying shrink together, but with sand
or even loamy sand when the shrinkage is exceedingly slight or
even zero, there is no drawing together of the grains in drying,
and therefore the presence of moisture aids the bonding power;
pressure may likewise increase it.

‘Where the mold is of complex design it is obvious that a
stronger bond is necessary than for simple patterns. In such
cases it may become necessary to increase the bond by the addi-
tion of some binding material.

THE CHEMICAL ANALYSIS OF MOLDING SANDS.

A difference of opinion appears to exist regarding the value
of a chemical analysis of molding sands, and but few such analy-
ses are on record. Those which have been published usually
show a high percentage of silica and consequently it has some-
times been assumed that all molding sands are highly siliceous.
That this is not so in all cases is shown by the few analyses which
were made for this bulletin.

‘While the physical properties of molding sands are of preemi-
nent importance, the chemical properties of the sand should not
be neglected, especially since the chemical analysis may show the
presence of objectionable elements, such as fluxing impurities,
which are at times present in surprisingly large quantities.

Much the same interpretations can be made from a molding
sand analysig as from that of a clay.

A high silica percentage indicates a large amount of quartz,
while from the alumina and chemically combined water, we can
make some estimate of the amount of elay present. The analy-
sis will furthermore indicate the amount of fluxing impurities,
such as iron, lime, magnesia, and alkalies which the sand
contains.

In most published analyses the percentage of the last four is
very low, but in some of the Wisconsin sands the lime and even
magnesia oceur in appreciable quantities.

The allowable limits of the different ingredients, are not asa
rule given. :
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Bolland * states regarding the chemical composition of mold-
ing sand that ‘3% of metallic oxides in sand seriously dimin-
ishes its refractory qualities and 1% of lime measurably lessens
its value as a good molding sand, as the carbonate is acted upon
by the intense heat and gives off CO, which disturbs the face
of the mold during its escape, causing honey-combed and rough
surfaces on the casting. Caustic lime will cause a slag on the
surface of the casting.

Sands which contain the largest percentage of silica, from 1-
3 per cent magnesia, with as much alumina as will impart co-
hesiveness and plasticity are under almost all circumstances the
best for facing sand. Lime should not be present in even the
smallest proportions.’’

In specifications for molding sand, prepared by Mr. Scott of
the Case Threshing Machine Co., Racine, Wis.,, the following
statements are made, regarding the chemical composition of
sands for molds and cores.

Molding sand. ‘‘Molding sand for iron work generally com-
tains from 75.00 to 85.00 per cent. of silica, 5.00 to 13.00 per
cent. of alumina, usually less than 2.50 per cent. of lime and
magnesia, not over .75 per cent. of fixed alkali (soda and potash),
generally less than 5.00 per cent of iron oxide, and seldom more
than 4.00 per cent. of combined water.””.
~ ““Sand for brass molding may contain a much higher percent-
age of iron and lime without doing any particular harm.’’

‘“All molding sands wusually contain some organic matter,
generally present in the form of small roots or as decomposed
vegetable matter.t

‘“‘Carbonate of lime must not exceed 1.50 per cent in an iron-
molding sand, and should not exceed 2.25 per cent in a brass
sand.

““Iron oxide must not exeeed 5.50 per cent. in the iron-molding
sand, or 7.00 per cent. in a brass sand.

‘“Organic matter must not exceed 1.00 per cent. Clay and
silt are objectionable, consequently any sand showing on analy-
sis more than 13.00 per cent alumina is rejected.’’

*KEncyclopedia of Foundry.
tThe amount present is generally so small that it can be neglected.
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‘“‘The effects of each of the elements commonly found in sands
are as follows:

Silica as a refractory element, does not shrink when heated,
and has little or no binding power, therefore in a highly siliceous
sand the bond must be supplied either by the addition of clay,
.or some artificial compounds.

‘‘ Alumina is present in variable amounts in clayey or loamy
sands, and aids indirectly therefore in bonding the sand. It is
a refractory clement of the ‘clay, but has a high shrinkage, and
therefore too much alumina makes the mold bake dense.

““Lime is a fluxing element, and if present as carbonate, loses
its earbonic acid and makes the mold more porous. The conver-
gion of lime salts into oxide, causes the mold to drop or erumble
if they are in excess.

““Iron might be present in the form of férrous oxide, ferric
oxide, hydroxide, or ferrous carbonate, which may be converted
into ferrie oxide by heat, although it is probable that those por-
tions nearest the mold are changed into ferrous oxide. It acts as
a flux,

‘‘Magnesia is probably like lime in its fluxing behavior.

‘“Organic matter may exert some bonding action on the sand,
but in most sands there is but little present.. It would burn out
readily, and add to the porosity of the mold.

‘‘Combined water will be present in any sand containing clay,
limonite, or gypsum. It is driven off at a low red heat and thus
inereases the porosity of the sand.

The following analyses of molding sands have been collected
from various soureces.

I. IL. (XL | IV. | V. | VL. | VIL |VIIL

Silica (Si0,) ....... 92.083(91.907(92.913:90.625/ 81.50| 84.86! 8

2.90{ 79.81
Alumina (Al, O,) ..] 5.415] 5.683| 5.850{ 6.667| 9.88| 7.03] 8.21} 10.00
Ferric oxide (Fe,0;) 2.498] 2.177 1.249] 2.708] 3.14f 2.18] 2.90| 4.44
Lime (Ca0) ........ tr.] .415 tr. tr.] 1.04 .62 .62 .70
Magnesia (MgO)....l......0...oloeeoifean, .65, .98} 0.00, .88
Potash (K,0) ......feeeeedeeeedaenndoan oo o o,
Soda(Na,0)...eveiefeeenadeeannidocieni]enievennadoecadoai i dn i’
Water (Hy0).oooviefeerniievenaelonena]ennnns 3.00] 2.20! 2.85 2.89

Org. mat...oeeeeneefeoneeifoernaideaneiidanna.. tr.; fr. tr.] tr.
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I. Sand from foundry of Freund at Charlottenberg .. 1 Iiit;xp;;:nﬁ, s

II. Bronze sand, used at Paris. ... .....ccoveevunnnn.. S 4 L
IITI. Sand from Manchester............cooveeveennnnnn. VeIrI' I V°8'9
IV. Sand from Lagua foundry at Stromberg ........... Jl 1895, p. 689,

V. Finegand .... ccoviiriiiiiirinineernstaerenenans 1 W. Ferguson,
VI. Sand for medium weight castings. ........ ....... LIron Age,

VII. Coarsesand for heavy castings .........c.o.0iutnin Vol.LX, p.16
VIII. Sand for heavy machinery in dry sand molds.... .. J 1897.

These analyses, it will be observed all show a high I;ercentage
of silica, since most of the sands used are of siliceous character.
They do not however show the variations in composition existing
in molding sands.

These are well brought out by a few analyses made for this
report.

I II. | IIL. | IV. | V. | VI. | VIIL. | VIIIL.
Lab. No....veevnnn. 25 | €M | @8 | 3L | (39 | 368) | 42 | 9
Silica (Si05) . ccevnnn 88.52) 79.41) 90.68| 57.63| 44.24| 80.35{ 87.47| 79.61
Alumina (Al,O) .. 5.63] 12.47| 5.95| 10.03 11.89| 11.57] 6.59| 11.21
Ferric oxide(Fe 03) .88 .80] .48 .88 1.44| 1.04; .80 2.48
Lime (CaO)......... 1.20 .99 .69 11.16! 13.71} 1.331 1.18 .74
Magnesia (MgO).... .83 .81 .44| 5.63] 5.90] 66| 1.10, 1.07
Ignition............ 2.65) 3.96{ 1.05| 14.66| 18.49| 2.45 .60] 2.65
Alkalies(Na,0,K,0)...... Not!| deter|mined
Total ........ 99.71| 98.44; 99.29' 99.99| 95.67| 97.40] 97.74| 97.76

I. Core sand, Miltmore quarry, Janesville, Wis.
II. Upper bed Rockton, Iil.
111, No. 2 sand. White and Traugott Pit, Berlin, Wis.
IV. Lower bed, Rockton, Ill.
V. DBrass band Pendleton Pit, Neenah, Wis.
VI. Sand from plt of Menomonie Hydrauhc Pressed Brick Co., Me-
nomonie, Wis.
VII. Lake sand, Superior, Wis.
VIIL. Fine sand, Albany, N. Y.
Analyses I-IT by F. L. Gallup.
Nos. III-VILI by H. Leighton.

Two of these analyses, Nos. 4 and 5, show a very low silica
content, and therefore show a correspondingly higher percent-
age of fluxing impurities, especially lime., Nos. 2 and 4, are of
interest as showing the great difference in composition which
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may exist in different beds of the same bank. The others are
mostly of siliceous character.

If the main use of a chemical analysis of a sand is to indicate
the amount of fluxes and silica which the material contains,
there is some doubt in the writer’s mind, whether an analysis of
the sand in bulk is what is needed. Such an expression of the
composition does not show us in what condition the fluxes exist,
that is to say, whether they occur in the coarsest or finest par-
ticles. If in the former their fluxing effect will be less active
than if in the latter.

In most sands the fluxes are probably contained largely in the
fine particles, especially if the deposits are of sedimentary char-
acter, for in these the coarse grains would represent the more
indestructible mineral grains, such as quartz.

If however the material is a residual sand, and some molding
sands are, then the fluxes might exist wholly or in part in larger
grains of partially decomposed silicate minerals.

In order to illustrate the uneven distribution of fluxing ma-
terials, a partial analysis was made of the several sizes of grains
in a No. 2 sand from Berlin, Wis., with the following results.

Size.... cooiiiiiiiii i 60 80 100 [ 100} | Clay.
Sillca (8i0g). ... evvien et 95.92 | 94.35 | 94.656 | 91.06 61.54
Aluwmina (Al Q) ........ vees 1.29 1.47 1.47 4.57 23.16
Ferric oxide {Fe,04)......... .56 .56 .40 .80 1.60
Lime (Ca0)..... . ......... 10 04 34 72 1.37
MgO & Alk. By. diff......... 2.13 3.58 3.13 2.85 4.43
Loss, ignition. .............. Undej*er min e(d. 7.90
Total ............v... 100.00 | 100.00 | 100.09 | 100.00 | 100.00

Here we see that the finer particles are much less siliceous,
more highly aluminous and carry a higher percentage of fluxes
than the other sizes.

MINERALOGICAL COMPOSITION.

The mineralogical composition of the Wisconsin molding
sands as well as that from a number of other localities is re-
markably monotonous. A microscopic examination was made
of all different sizes obtained in the sieve tests, and in nearly all
‘with the exeeption of the clay the predominating mineral was

15
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quartz. This sometimes formed 90 per eent of all the graing in
the sample. The grains are mostly rounded, and while those on
the 20 and 40 mesh were often quite free from iron the smaller
sizes often exhibited an abundant stain of limonite. Compound
graing of quartz sand cemented by limonite were by no means
unecmmon. In addition to quartz, feldspar mica and even
garnet were sometimes noted. Several sands as No. 55, contained
little sand tubes in the 20, 40, and even 60 mesh sizes. These
were apparently cemented by caleium ecarbonate.

In a few, the grains retained on the 20 mesh were not simple
minerals but small fragments of rock, such as sandstone, quart-
zite, gneiss, schist, and limestone. All of these were invariably
angular. None of the sizes under 20 mesh, could be said to be
markedly angular although a few were subangular.

After examining this large number of samples under the mi-
croscope, one is foreed to the conclusion that very little is to be
gained from such an examination.

MODE OF OCCURRENCE OF MOLDING SANDS.

Molding sands may be either of residual or sedimentary char-
acter. To the first class belong those sands formed by the dis-
integration of the rock in situ, while the second includes those
formed by the deposition of sandy or loamy material in water.

Residual sands may be derived from either erystalline or sedi-
mentary rocks. If from the former their particles are likely to
be angular; if from the latter the grains would tend to show a
rounded form. No deposits of the first type of residuals are
known in Wisconsin, although they might possibly exist, but
examples of the second type are not uncommon. The Potsdam
sandstone in many localities is so soft that it weathers easily to
a mass of highly siliceous sand, which is composed almost en-
tirely of rounded quartz grains. At many localities where the
stone is exposed it is so soft that very little power would be re-
quired to disintegrate it completely if it is not already in that
condition. , :

Sedimentary sands and loams are muech more abundant and
form the main type of material obtained in the state. These
sands represent sediments laid down by water in lakes, along
the flood plains of rivers, or have been deposited by streams
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flowing from the margin of the ice sheet during the glacial
period. Some of those found in the belt bordering the Great
Lakes have been formed in the waters of these during a period
when they covered a greater territory than they do now.

The coarseness of the material laid down will increase with the
veloeity of the current which deposited it, and variations in the
velocity over any one area, will result in the accumulation of
layers of different texture. Sand deposits not infrequently
show both horizontal and vertical variation, and in the exami-
nation of a sand bank, eare should be taken to ascertain whether
there is a sufficient quantity of the desired grade present. Some
deposits though otherwise good, are spoiled by the presence of
clay lumps scattered through them.

In many areas, especially along the lakes, dune sands cover
tracts .of considerable extent. The materials forming these
dunes are usually of little value for molds, because they com-
monly lack even the small amount of clayey material neces-
sary to bond the sand when moist. They are however used
for cores, but then require an artificial binder.

In many districts three or four different grades of sand are
obtained from separate pits all lying within a few rods of each
other. Or again one bed may persist over a large area, with a
thickness of not more than two feet, and underlain by an equally
persistent bed of totally different grade or texture.

Owing to the complexity of the glacial deposits in which most
of the Wisconsin molding sands oceur, it is difficult to lay down
any rules that will guide the layman in his search for them. If.
however laboratory methods prove to be of practieal value it
becomes a comparatively easy matter to collect samples from all
available localities and put them through a rapid preliminary
examination.

DETAILED ACCOUNT OF THE SANDS EXAMINED.

Introductory. There are about 150 foundries in operation in
Wisconsin, some of which are of large size, and consequently
consume large quantities of nmolding sand annually.

Nearly all of these use Wisconsin molding sands wholly or in
part, but a few obtain their supply entirely from other states.
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In order to ascertain to what extent Wisconsin sands were
used, and what advantages lay in the use, in part at least, of
sands from other states, a letter requesting information was ad-
dressed to the different foundries in the state. Replies were re-
ceived from 110 firms, out of a total of about 150, and a summar-
1zed statement of the replies received is not without interest.

The value of the molding sand purchased by 110 firms during
the year 1904, amounted to $89,882.00. Of this amount $44,-
113.00 was reported as Wiseconsin molding sand and $45,769.00
as sand obtained from other states.

The firms that pronounced the Wisconsin sands to be satis-
factory included manufacturers of malleable iron castings, agri-
cultural machinery, steam shovels, dredges, wrecking machinery,
dairy machinery, horse shoes, saw mill machinery, gas engines,
letter presses, coarse hardware, ete.

Those objecting to Wisconsin sand, included producers of
cooking ranges, light dairy machinery, fine agricultural imple-
ments, office and school fixtures, farm machinery, grey iron and
crucible steel castings, and fine hardware.

As the details of the replies received from the various firms
are to be regarded as confidential, only general statements ean
be made here.

A careful study of the replies received seems to indicate that
the sands obtained from other states belong chiefly to the finer
grades, and inspection of the table on p. 206, will show that
nearly all of the sands obtained from other states have a finer
average grain than the Wisconsin sands now in use, and are
therefore better adapted for finer grades of work. In some in-
stances though, the Wisconsin sands are as fine grained as some
of those obtained from other states.

Instances were found of two factories at different localities
making the same line of wares, but one using Wisconsin sands
with good results, and the other pronouncing them worthless. In
such cases it was found that both had not tried the same Wis-
consin sand, but purchased their supplies from different loca-
tions.

Many foundrymen seemed to be unfamiliar with all the Wis-
consin sources of supply, and it is hoped that this bulletin may
prove of use in bringing the various deposits to their attention.
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Practically all the core sand used by Wisconsin foundrymen is
obtained within the state.

‘While other states, some as far distant as New York are sup-
plying the Wisconsin foundries with most of their fine sand,
_ there seems to be no good reason why, with the variety of glacial
sands and lake sands which occur within the state, the higher
grades of sand should not be found.

The Loess area of western Wisconsin, underlain by an exten-
sive sheet of silt and elay silt, seems one of the most favorable
fields for finding fine grained molding sand, and the sample
tested from Menomonie is the nearest to this type seen in the.
state.

SANDS OBTAINED FROM THE CENTRAL STATES.

These represent types of molding sands, mostly of fine-grained
character, many of which are used in Wisconsin. The following
descriptions are based partly on the laboratory examination and
partly on replies received to inquiries.

Illinois.

Waterford—Two samples of this were obtained from the
Newport Sand Company of Newport, Ky. The first of these,
known as No. 3 grade (Lab. No. 54) is used for malleable iron
castings, agricultural implements, etc.

Its mechanical composition is

Per cent.
Mesh. retained.

.04
42
3.90
1.92
6.12
56.72
31.02

100.14

Fineness, 131; Specific gravity, 2.62; Porosity, 40.43.
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The other sample known as No. 4 grade (Lab. No. 55), is finer
grained and claimed to be execellently adapted for castings of

malleable and gray iron and brass.
Its mechanical analysis gave:

Mesh.

Per cent
retained.

Fineness, 137; Specific gravity, 2.66; Porosity, 43.43.

Rockton.—A small pit has been opened on the top of a knoll
at the south edge of town, and shows two beds, which are sharply
separated from each other, and each averaging about five feet
in thickness. The lower bed is the finer of the two as well as
the more calecareous, which leads to the inference that the upper
one may have had much of the lime leached out of it, and also
have lost some of its eclayey matter by percolating surface water.
The top bed is used for medium and heavy casting and the bottom
for light gray molding. The mechanical analysis of the two

yielded.
Top bed. Bottom bed.
(Lab. No. 27.) | (Lab. No. 31.)
Mesh.
Per cent. Per cent.
retained. retained.
. 0.00 0.00
A O 1.12 .90
(51 10.68 2.30
<1 A P P 1.86 .70
00 (ot vt e e e 6.82 184
B L 46.38 74 02
[ 61T D 32,86 19.50
Total.. .. i e e e 99.72 99.26
Fineness ........cooeeueeeeieniannnn, 134 129
13 ) .= - A 2.56 2.67
Porosity .......... et teee et aerereas 42 .09 43.58




THE MOLDING SANDS OF WISCONRIN. 231

Partial chemieal analysis.

Silica (Si0g) ..vcvvviviiiii i 79.41 57.63
Alumina (AL,Og)........ 12 47 10.03
Ferric oxide (Fe,O ) cee .80 .88
Lime (CaO) . . .99 11.16
- Magnesia (MgO) ......... .81 5.63
Ignition..........co.ciiiiiiii el .. 3.96 14.66

These sands are shipped to a number of Wisconsin foundries.
Indiana.

A number of the finer grades sand are dug in this state and
shipped to various points including Wisconsin. Their properties
are therefore of interest. Those examined were the following: ,

1. Dye’s special (Lab. No. 53). A high grade, fine, strong
and rich-colored sand, used especially for fine malleable brass or
gray iron. The mechanieal analysis yielded:

Mesh of sieve. f:;;ﬁf:;'

20 .. iiie e g P
O .06
N .10
180 ...................................................... .04
0 .12
1004 . 46.98
L 52.64
B Y S 99.94

Fineness, 174; Specific gravity, 2.50; Porosity, 42.45.

2. New Albany, No. 4. This (Lab. No. 52) is claimed to be a
more open fine sand than the the preceding, and used for malle-
able brass, gray iron and high grade stove plate. Its mechanical
composition was:

Mesh of sieve. rf:;ﬁf:‘f

-1 O
P 10
B0. ... et bt it ieeacia et ettt et seteesanns .20
BO. ..t e e teeeeieeeriatae i eets ettt eatenasanas .10
100, . e it e ettt cere et et raas 24
004, iii it cieeirie e ariastet st s b araaceeeaaan 76.60
L83 S 22.80

b 4T 7 99.94

Fineness, 139; Specific gravity, 2.66; Porosity, 41.31.
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3. Indiana No. 1. This is a strong red loam sand (Lab. No.
49) of medium texture and the following mechaniecal composi-

tion:
Size of mesh. rl:gics:g

20 .t i it it tereeeenieeeeaeerearienaas e e e aaan .04
L R .66
B0 it it it eaetete et e r e et ire et anae e 11.42
B0 ... it it i i etee iieineeecten et eaba et aaee 8.12
200 .ot it it it e i e i eeer ettt aaaeaan 20.64
g P 35.40
ClaY . oii s ittt et nettteeeveescens teneonaennne sunnnnnanans 23.42

B o) ) P 99.70

Fineness, 105; Specifiic gravity, 2.59; Porosity, 45.18.

4, Indiana No. 2. A red machinery sand (Lab

. No. 48) of

slightly coarser texture than 3, of the following mechanical com-

position :
. Per cent.
Size of mesh. retained.
1 R T
B0 .ttt e e e et ettt at s e e .04
51 S AP 18.18
B0 it it ittt bt it aeaseae b ara e ans 8.54
L 29.96
T R 34.22
L8] 1 7.94
Total ..cvvrveiinnineancenenas teveceaeretinaeessaas 99.78

Fineness, 88 ; Specific gravity, 2.62; Porosity, 38.00.
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4. Indiana No. 3 (Lab. No. 47). This is a sand of medium
texture for light machinery and malleable iron. Its mechanical
analysis gave:

Size of mesh. feet;f:;;'

- 1 PR .06
AP .62
B0 i ter e it e e ettt aer e 18.76
1 9.02
B Ceeeaees 23.48
1004 ..coieeennn... S PO 33.26
L] 13.82
Total .......... et eaetteneeatetataeenenen eenaeas 99.02

Fineness, 92; Specific gravity, 2.60; Porosity, 42.63.

5. Valparaiso, a sand mined by the Garden City Sand Co. of
Chicago, is known in the trade as Wanatah sand (Lab. No. 56).
This is nsed for various classes of medium and heavy work, where
large cores are used, such as large pipe, fittings and structural
iron castings, ete. If is claimed to have high permeability. A
mechanical analysis gave:

Per cent

Mesh. retained.
ey
20 i eiieeisereerceta ettt et aaas . .2
L 3.56
L6 26.08
B0 1ttt ittt ettt i it seta sttt rete s asnsasas 10.06
00 . it i et ittt cc et iraasaceoactanaenn 17.70
B 15.10
(] 27.12
B 03 7Y AN 99.98

Fineness, 83; Specific gravity, 2.51; Porosity, 43.70.
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Kentucky.

Several important grades are obtained from the neighborhood
of Newport, Ky. Among these the following may be mentioned. .
. Newport No. 3 (Lab. No. 45). A light yellow open sand, for
light machinery and malleable castings.

Mechanical analysis:

Size of mesh. E;;icxf :dt :

28 ....................................................................
...................................................... .06
B0 .\ ettt i ettt et ie bt et eaas .84
L N 1.00
A 18.32
B 43.56
L8 P 35.52
b o 7 RN 99.30

Fineness, 137 ; Specific gravity, 2.61; Porosity, 43.09.

Newport No. 6 (Lab. No. 44). This is a very fine sand, used
for light stove plate and brass. Its mechanical analysis gave:

Size of mesh, 11_:01;1;;3;;1;:

L )
g P T
B0 .ttt i it ittt tetecinaeaase e seaa e aaa .06
1 g A N .06
J00 L it it ee i i it atet et taa e e eer e ey .62
O R 87.02
L] N 11.92

b o1 7 ) 99.68

Fineness, 132; Specific gravity, 2.64; Porosity, 43.26.

Newport No. 5 (Lab. No. 43). This is also classed as a fine
stove plate, and brass sand, but one which is claimed to be
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stronger than the preceding. This is evidently due to its higher
clay content, as shown by the following mechanical analysis:

Size of mesh. 1;3- af::(;"

- 1 U
1 P 83

1 2 R P
< P 02
112 e 14
B (01 e 77 54
OB ot iiet it e i e e s 22.12
Total.. 99.88

Fineness, 140; Specific gravity, 2.60; Porosity, 40.11.

Michigan.

Only one sand was tested from this state. This is known as
the St. James molding sand, and is obtained from the banks of
the St- Joe River, St. Joe Co., Michigan (Lab.. No. 51). Itisa
medium grade sand, used in the manufacture of small gears,
medium weight malleable iron and heavy brass, car journals,
ete. The mechanical analysis yielded: : '

Size of mesh. f :{afggg

.1 QAU S
R 54
B0 4ttt it it ieae e e e et e aae s 11.68
B0 4 iee tiit tienentiiaer et e tacneeaen e et aal 2.78
100 ... 16.58
1004 .oee veve vanenn € eeeacacssatovosaosnssnos sanssnce suas 43.42
L] 24.52

B 77 G 99.52

Fineness, 110; Specific gravity, 2.59; Porosity, 46.45.
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Eo 0 ot
Minnesota.

The only sand shipped into Wisconsin from this state, so far
as known is a red sand (Lab. No. 40) from Kerrick, 20 miles
west of Superior. This is used for molding in green-sand casting.
It is also used as a binder in conjunction with the sharp lake sand
of Superior, in loam molding and in dry sand cores. It is re-
garded as a very good sand for geuneral heavy work. The mech-
anical analysis yielded:

. Per cent

Size of mesh. retained.
- 1 P 6.00
B0 it it eee et e ettt e aeas 8.20
B0 i i i i it ti et cac e era e acre e aaas 19.96
=L 6.92
J00 .t i i it it ittt reie s 16.04
B 31.72
L 10.30
Total oo iinrniniiiiiiiieeeanas Creteeeeiann Ceea- 99.14

Fineness, 49 ; Specific gravity, 2.65; Porosity, 33.91,
. w e
Ohio.

Several grades of Ohio molding sand are shipped into Wis-
consin from Ohio, most of them coming from the region of Zanes-
ville. One of the finest grades (Lab. No- 16) obtained from the
Zanesville region and used for stove plate, has the following me-
chanical composition :

Size of mesh. rfi:e;i(:rne:(it.

Fineness, 140.
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In addition to this coarser sands for both light and heavy
sands are obtained from the same area.
A type obtained from Massillon, O. (Lab. No. 6), is used by
some of the Milwaukee foundries for heavy castings: It has the
following composition :

Per cent.

Size of mesh. retained.

3.40
1.36
11.52
11.98
39.16
24.66
7.50

B ] 7Y 99.58

Fineness, 74; Specific gravity, 2.58; Porosity, 42.79.

Still a third type is known as B. Y. No. 1 molding sand (Lab.
No. 57) and is obtained from Hamilton Co., Ohio. This is a very
fine grained sand. It is used by stove and agricultural
machinery manufacturers and casters of ornamental brass. The
following mechanical analysis shows it to be the finest grained
of the series examined. Tt was:

Size of mesh. f;iggf :(;'
AR PR
N .10
B0 L. v i e e et iae et eai ettt ananaaae .18

138 .. .06
...................................................... .12
00 ot ittt i i eea it re i crerseteaaasoaan 77.50
Clay. .. 22.40
Total c.ei i it i i it e e ntacarsnannanans 100.36

Fineness, 139 ; Specific gravity, 2.59 ; Porosity, 42.66.
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DETAILED ACCOUNT OF WISCONSIN MOLDING SANDS EXAMINED,

Altoona, Eau Cldire Co.—A loamy sand (Lab. No, 21) is found
. ou the farm of C. E. Hazen, two miles from Eau Claire. The
material underlies the soil, and ranges from 8 in. to 4 feet in
thickness. Beneath it there is usually a deposit of coarse sand
which is said to be valueless. The sand is moderately fine grained
and is used for heavy saw mill eastings, sleigh shoes, repair cast-
ings, and sash weights. For all except the last, seacoal facing is
used. The mechanical analysis yielded :

Size of mesh. . I,I;:’;i(;%%t
N . 44
Q0 L it it tree e tee bt eaee e 2.82
B0 . i e i et e i et e ey 5.76 .
- 1N . 1.44

100 ...... O A PP 2.86
e P 51.96
ClaY enn o RN 34.46

b0 ¥ ) R 99,74

Fineness, 119 ; Specific gravity, 2.67; Porosity, 46.83.

In addition to this occurrence, sand is also dug by William
Crandall for use in the loecal foundries. Dr. Kendall also pro-
duces sand for making gray iron castings, and heavy sand for
large work. It has to be faced with sea coal. '

Beloit, Rock Co.

Molding sand is obtained from the pits of W. V. Whitefield,
and used with sea coal for medium to coarse machinery casting;
also from the pit of S. Mackie, for similar uses. No analyses
were made of this. '

Berlin, Green Lake County.—This is probably the most im-
portant molding sand producing locality in the state. The out-
put comes from a number of pits, most of which are located about
4 miles southeast of Berlin. In digging the sands it is customary
to remove about 6 inches of silty soil, under which the molding

. sand is found. Two grades are sometimes found in the same pit,
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or again each pit may yield only one kind- Some idea of the
variation may be obtained from: the following mechanical an-
alyses:

Size of mesh. 1 ’ 7 19 24 28
b2 N S D PPN DIt
0. ..., 3.26 .36 1.76 1.46 54
60....000 ceeunnnn 23.82 6.56 10.44 9.78 8.50
- 1 8.32 3.52 4.50 3.52 5.34

100...000eivnennnn. 26.04 21.22 14.52 14.86 19.14
1004...0cieennn... 37.32 64.84 45.42 47.48 60.64
Clay -...coonna... 1.02 2.56 22.64 22.86 4.80
Total. ........ 99.88 99.08 99,28 99.96 98.96
Fineness ... ...... 83. 105. 106. 103. 103.
Specific gravity ...[...ocociifiin e cee e 2.57 2.60
Porosity....ccovveiideeinvrenneferearaannn 42.38 43.20 39.4

1. A fine core sand used at Milwaukee.

7. A fine moulding sand used at Milwaukee.
19, No. 3 from White and Traugott’s pit.
24. Berlin,
28. No. 2 from White and Traugott’s pit.

An attempt was made to aseertain the exact uses to which each
kind was put, but in this some difficulty was experienced. Some
idea of this may be gained, however, from the following:

The No. 1 grades are used for floor castings ranging from 10 to
1,000 pounds; No. 2, for light work, railway and heavy imple-
ments, sea coal facing being required; No. 3, for medium weight
castings, thimble skins, bolster plates, reach plates, etc. A few
of the coarser grades are also used for cores. The shippers of
sand at Berlin are: Berlin Sand Co., James Ferguson, White &
Traugott, T. W. Wendt, S. Wilecox & Co., W. Michaels, T. Mich-
aels, and H. S. Spencer.

Burlington, Racine County.

Much sand is dug here by J. Walsh & Son and shipped to Mil-
waukee and other localities. The sand is mostly of coarse texture,
and used for both molds and cores. No analysis was made of it.
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Evanswille, Rock Co.

Core sand is dug for local use on the property of W. Blakely.
It is used in windmill castings, while a medium texture sand for
molds for the same class of work is obtained on the property of

W. H. Hatfield.

Fairwater, Fond du Lac Co.

Molding sand is dug on the property of John Riemer, in sec-
tion, 31, N. W. 14 of S. W. 1/, or about 214 mi. from Fairwa-
ter.

The bank is about 20 feet high and underlain by hardpan.
The sand is yellow at the top and lower down varies from white
to a light buff. Scattered throughout it there are limonite con-
cretions. The deposit is fairly uniform in character, as shown
by the following analyses of which No. 12 represents the run of
the bank, and No. 11 selected material.

Size of megh. 11 12

......................................................

...................................... . 100.16
Fineness ...coveeseeivanicasennsecnennennas 68
Specific gravity , . 2.61
PoroSity . o vveiies i it et e, .90 32.00

Both these are to be classed as rather coarse texture sands,
falling in fact within the limits of core sands, and are not un-
like No. 15 from Klondike, Mo. They appear to be equally
siliceous.

Fort Atkinson, Jefferson Co.—A coarse sand for local use is
obtained on the property of H. H. Curtis. This cannot be used
without sea coal.

Green Bay, Brown Co—A medium texture sand for general
work is dug on the property of H. W. Woodruff.

Janesville, Rock (Co.—The sands obtained around Janesville
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e H
. ! .
i 3

are mostly adapted to heavy work and cores. The three follow-
ing samples illustrate well their general characters:

Size of mesh. 30 41 25
16.54 7.70 4.00
56.24 25.20 28.72
5.60 8.12 8.48
5.20 17.68 22.54
2.60 21.42 21.22
13.34 18.20 14.84
Total......ccvvevnvnan. 99.92 100.04 99.82
Fineness ............... 40 70 - 78
Specific gravity ..... s 2.68 2.73 e eie e
Porogity..........c..... 40.41 3291 liiicieiaiees

30. Sand for cores and heavy work.
41. Sand for heavy work.
25. Core sand. Miltmore quarry.

Kenosha, Kenosha Co.—Molding sand for local use is dug on
the property of Chris. Bruns. It is mixed with Illinois and In-
diana sands, and in addition requires facing with sea eoal. This
mixture is then used for castings weighing from 2 up to 60
pounds.

A sand known as the Silverton sand, and obtained in Kenosha
county, is used in the manufacture of heavy machinery castings
up to the heaviest shapes that are cast in green sand; also large
wheels, pulleys, and engine beds. The mechanical analysis of
this sand (Lab. No. 50) gave:

Size of mesh. fe?;l;.ic::r;'

20 ... e e 1.32
R 14.02
60..........0 e te e seseatateaetacearestots et ttnsascsoans 28.68
B0 L it ittt it et et s et atereesaenaas 5.62
B 10.24
L1, 14.12
L N 24,02

B ) 99.02

Fineness, 63; Specific gravity, 2.55; Porosity, 39.52.
16 :
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" La Crosse, La Crosse Co.—Much sand, usually of coarse char-
acter is found underlying the rounded hills, which lie between
the Mississippi Bluffs and the river. At some points this is
sufficiently clayey for brick making, at others it forms a loamy
sand of the proper guality for molding. Such a sand (Lab. No.
23) is much used locally and has the following composition :

Size of mesh. f;%;ﬁ?:g'

20 it et e e v vesessetsanaaaetnennnnn ) .04
O o T7.72
[ PN 13.00
B0 ittt ettt ittt ene ettt et 1.94
00 .ttt iin it st e ie et it sttt eeee et 8.34
0 49.76
L8] - 18.10
b 10 - ) AU N PO 99.40

Fineness, 86; Specific gravity, 2.65; Porosity, 40.37.

The sand varies somewhat even in the same pit. For core
work a disintegrated sandstone is obtained in this vicinity.

Madison, Dane Co—Molding sand (Lab. No. 39) of somewhat
coarse character is found on Dead Lake Ridge, on the Keyes
property, and shipped into town for local use. Its coarse char-
acter is well shown by the high percentage reta.med on the 40
and 60 mesh as shown below: .

. Per cent,

Size of mesh. retained.
20 ittt ettt eaee et et e beae e aeaeana, 10.66
L PN 21.98
B0 .ot i i i ettt eae te it eeearaa e aaanas 43.82
=L N 6.50
B 0§ Rt 9.02
00 oot ieet it it t e cr i et i et e e e, 4,12
L0 5 3.66
B 7 A 99.7¢

PINOmeSS ... ver ittt it tii i e b e aesaen 39

The finer sands used by Madison foundries are obtained mostly
from Berlin.
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Marineite, Marinette Co.—A molding sand deposit is located
2 miles north of Marinette, on the west side of the river. Most
of the sand beds in this region are of dune character, but as such
sand has no binder, it cannot be used for molding purposes. The
local foundry does not use the Marinette sand, but gets its sup-
ply from Michigan. The sample (Lab. No. 37) represents run
of bank of the Marinette sand.

Size of mesh. iet;f::;:

20 e et et ee et et et 2.08
0 3.68
B0 it ittt et reetceee as tesesecnrane e 12.06
L0 S 4.26
00 .. e i e e i eeae s 9.22
L8 T R 29.10
B o Y P 99 .54

Fineness, 92; Specific gravity, 2.50; Porosity, 39.18.

Menomonie, Dunn Co.—Underlying the surface in this region,
as well as at many points to the west and southwest, there is a
fine sandy loam, which is well worthy of investigation for mold-
ing purposes. This material, which is known as loess is at times
somewhat clayey, at others more sandy, but always fine grained.
At Menomonie it is well exposed in the pit of the Menomonie
Hydraulic Pressed Brick Co., No. 3 yard, where it is used as part
of the brick mixture. The material (Lab. No 36) has the fol-
lowing mechanical composition :

Size of mesh. Per conf.

0 e e e e 54
A0 L e e e 2.74
B0 .t e e e e 5.44
B0 .t st e e e e e e e .82
100 .ottt e e e 3.74
TO04 ot e e e e e 76.86
L - 3N 9.16
Total 99.30

Fineness, 106 ; Specific gravity, 2.63 ; Porosity, 44.95.
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Midwaeukee, Milwaukee Co.—This is the great foundry center
of Wisconsin, for the number of these establishments located
here is not only very great, but some of the individual works like
those of the Allis-Chalmers Co., are very large. While these
foundries in the aggregate consume a vast amount of molding
sand, most of it is obtained from other parts of Wisconsin, and
and even other states. Indeed it is but natural that a number
of different grades should be called for, when we consider the
variety of wares cast at the Milwaukee foundries.

Much sand, however, is obtained from pits near the lake shore,
which supply a coarse grade of material suitable for cores or
large castings. The producers include C. Beck & Co., W. Grob-
schmidt, W. Gutknecht, Whitnall & Rademaker, H. Wilhelm, G.
Lund, Milwaukee Sand & Gravel Co., L. Natzen, H. Obert, W.
Pekel, and A. J. Reiske. Mechanical analyses were made of
two of these:

I. A core sand from South Milwaukee, which indicates
their coarseness. ,

II. Core sand from the pit of the Milwaukee Sand & Gravel
Co.:

Size of mesh. I II.
1 6.90 3.66
. 1 11.44 5.47
B0 . . i it et ciee et aea, 27.76 28.41
80 . ittt et trte i e e saea e, 8.76 10.61

200 . it it i e it ie ettt aaaaaaas 14.10 27.76
B, 0 12.47 22.75
L0 18.52 tr.
Total. e eerevisiieeenieeens e 99.95 98.55
FIDneness «.ovuvenreineeeianinnsconennasanns 54 62
SP: BIAY Lttt ittt aun s 2.61 2.64
Porosity .ot vien it i it e 38.83 37.47

 Neenah, Winnebago Co.—There are several producers of mold-
ing sand in this vicinity, whose names, together with the known
uses of the sands produced are as follows:

. Covert—Sand for general grade of machine casting, faced
with sea coal. )

Gilbert Jones—Fine sand for light casting.
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Neenah Sand Bank Co.—Sand for general work.

R. Pendleton—Sands ranging from coarse to fine, and used for
corresponding grades of work. The finest is classed as brass
sand.

These Neenah sands while used locally are also shipped to many
parts of the state.

The following analyses will give some idea of the character of
the sands obtained in this vicinity.

. Lab. No. Lab. No. Lab. No.
Size of mesh, 26 34 35
S O AR
40, .. ittt e e 2.02 .56 1.26
B0, . ittt 20.78 1.8 4.96
BO. .ottt it erie e 7.32 2.12 1.40
100, oo et iiieeeeees 15.96 1.00 5.64
100. e et eieeeiennens 38.7038.70 61,74 52.04
ClaY cvvtiieierenenniennnn 14.5¢4 30.66 35.14
Total ..o verienerenennnnn. 99.32 99.88 99.74
Fineness ............ 90 121 131
Specific gravity ..... eee 2.61 2.67 2.59
Porosity ......ccevvviiiann. 44 .76 44 .07 44,62

No. 26, Collins pit, Neenah.
No. 84, Brass sand. Pendleton pit.
No. 35, Medium sand, same pit.

No. 26, Collin’s pit, Neenah.

No. 34, Brass sand, Pendleton pit.

No. 35, Medium sand, same pit.

Pardeeville, Columbia County—Molding sand is dug on the
Charmely property 14 mile north of the station and along the
railroad track. This sand is a medium to a coarse sand, used for
general work, and the three following analyses are interesting as
showing the variation that may oceur in the same bank. Nos. 4
and 5 are average samples taken at different times, and repre-
senting the run of the bank, while No. 10 is a selected sample.
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Size of megh. 4 5 10
) 180 |.ioeiiiiiinnn.
40, .. it .36 9.08 5.92
60, it ir e 23.76 35.68 42.00
80 .. ittt 9.50 7.94 11.64

100.......0ut.es 35.76 13.90 22.58
1004- 30.22 19.78 12.76
Clay ..cvvvniiieiieiinnnnes 36 11.04 5.06
Total ...ccvvvvennnnnn 99.96 99 .22 99.06
PFineness .. .....c.c.vun... 82 62 62

Racine, Racine Co.—This is next to Berlin, the most important
molding-sand producing locality in Wisconsin. The sands are
obtained near the lake shore chiefly to the north of the city.
These deposits consist of vari-textured sands several grades some-
times overlying each other in the same pit. In all cases the upper
foot of soil has to be removed before good sand is exposed, and
in no case are the excavations extensive or deep.

The sands range from core sands to those of moderately fine
grain, but none are as fine as those obtained from Indiana, Ken-
" tucky or Ohio.

Three analyses given below, will indicate something of the
grades dug near Racine.

No. 29 is a very fine core sand.

No. 32, a fine-grained molding sand, for small castings; No. 33,
a coarse sand for heavy castings.

Size of mesh. 29 32 33
1 T
P 1.04 .70 .72
L 11.74 . 3.54 24 .68
80. . ittt ia i eaes 5.80 1.38 11.78

100, .o e 28.48 7.22 26.60
100+ 46.08 47.46 19.20
Clay . oviit i iiianeeneas 6.60 39.44 16.30
Total ......c.ovvuven 99.74 99.74 99.28
Fineness ..........ceeunnne. 86 136 86
Specific gravity ............ 2.60 2.65 2.58
Porosity......coveveenennnes 37.66 44 .4 41.16




‘THE MOLDING SANDS OF WISCONSIN. 247
. P 'i Eh G

The Racine sands are used for a variety of light-ariid medium
work, and are commonly faced with sea coal. Some foundry-
‘men mix them with Illinois and Indiana sands.

Superior, Douglas Co—A sharp lake sand from Lake Superior
is used by U. S. Cast Iron Pipe & Foundry Co., and employed in
either loam or dry sand cores. About 50 per cent of it is used in
pipe cores in conjunction with: the red sand, and some old core
sand. It makes very porous cores and lets the gases escape very
easily. Its mechanical analysis was:

Size of mesh. Dercent

20 e e i e e s 12.76
Q0. . e i e e e 35.06
P 40.56
B0 i e e i et 5.72
LO0. e e e 3.24
B 1.54
L .40
B ) 99.28

Fineness, 63; Specific gravity, 2.61; Porosity, 32.50.

Waukesha, Waukesha Co.—G. S. Atkinson, supplies a core
sand to the Waukesha Malleable Iron Co., of Waukesha, as re-
ported by them,






WISCONSIN GEOL. AND NAT. HIST. SURVEY. BULLETIN NO. XV., PL. XXVili.

[ 53 ' [ 8 9 16
174 165

143 140

a3 52 57 55 .
. 140 139 139 Bs7

5. 32 27 . 44
' 132
136 : 134

137

54 35 31

17
129 125

131 131
54 21

51 24
121 1o E 1o % 109

Graphie representation of mechanical composition of molding sands. The upper
number is the laboratory number, and the lower one the average fineness.






N

19.
106
28
[ 103.
26.
)t\ 90. 8s8. 86. : 86
33,
86.
, 25. -
78,

WISCONSIN GEOL. AND NAT. HIST. SURVEY, BULLETIN NO, XV., PL. XXiX.

36. 7 49.

106 105

105

22, 37 a7
ii 93, 92, 92.
as. 29, 23.

56. 1 4,

6 15.

83,

20.
74. ; /
73.

Continuation of series shown on PlL. XXVIIL

76.






WISCONSIN GEOL. AND NAT. HIST. SURVEY. BULLETIN NO., XV., PL. XXX.

41. 1.

A

50.

70.

65. 5.

28
:
1T

10. 13.

62, :; 62. ;’ 62

46

14, 30. 39. 42,

40,

Continuation of series shown on Pl. XXIX.






INDEX.

Absorption, dry pressed brick, 182.
soft mud bricks, 180.
gtiff mud bricks, 179,
test, 178.
see Physical test.
Affeldt’s brickyard, 75.
Air shrinkage, 24, 45.
see Physical tests.
Albany, N. Y., molding sand, 224,
Alf & Son, 153.
Algoma, clays, 98.
Alkalies, source and effect on clays,
Allis—-Chalmers Co., 244.
Altoona molding sand, 238.
Analysis, of chemical clays, 10, 13.
cream-burning clays, 103,
fire clay, 13.
kaolin, 13.
molding sand, 220.
paving-brick clays, 39.
rational, 13.
red-burning surface clays, 170.
residual clays, 134.
slip clays, 172.
ultimate, 11.
Analysis of clays from varfous locallties.
Arcadia, 150.
Burlington, 64, 173.
Durahnd, 158.
Eau Claire, 129.
Edgar, 160.
Grand Rapids, 116.
Green Bay, 95.
Haleyon, 111.
Hewitt, 153.
Iron Ridge, 145.
Kenoshsa, 60, 173.
Manitowoc, 89, 90.
Marshfield, 151.
Medford, 132, 174.
Menomonie, 164.
Merrillan, 113.
Milladore, 91, 114, 116.

18.

Analysis of clays——con.
Milton, 141.
Milwaukee, 72.
Pittsville, 120.
Platteville, 175.
Port Washington, 82.
Racine, 62.
Shawano, 101.
Sheboygan, 85, 174.
Sigel Station, 118.
Springvale, 123.
Stevens Point, 125.
Superior, 104, 105, 168.
Tramway, 162.
Virogona, 146.
Whitewater, 57.

200, 203, 204.
Antigo, brickyards, 103.
clays, 103.
Antigo Clay Co., 103.
Arcadia, brickyard, 149.
clays, 149.
Art pottery, 108.
Athens Brick & Tile Company, 158.
brickyard, 158.
clays, 158.
Atkinson, G. 8., 247.

Ball clays, 40.
Barkhausen Brick Co., 94.
Barrow, W., brlckyard, 138.
Beaver Dam Brick Co., 144.
Beaver Dam, brickyard, 144.
clays, 143.
Beck & Co., 244.
Beloit molding sand, 238.
Benner, R. C., 174.
Berlin, clays, 147.
Berlin, molding sand, 203, 224, 238,
Berlin 8and Co., 239.
Bertel’s brlckyard, 88.
Black River Falls, clay, test of, 189.

Analysis, mechanical, of molding sand,
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Blakely, W., 240.
Blanchardville, clays, 138,
Bliesner, W., brickyard, 141.
Bloating, cause of, 20.
Boardman, brickyard, 98.
Boetcher, A., brickyard, 166,
Bolland on molding sand, 221.
Bonding power, molding sand, 217.
Borden, L. B., 139.
Boulder clay, 49.
Brick, burning, 45.
color, 14.
see Physical tests.
drying, 44.
dry press, 43.
table of tests, 192,
molding, 44.
paving, 190.
see Paving brick.
shrinkage, 45.
see Physical tests.
soft mud, 43.
table of tests, 192,
stiff mud, 43. .
table of tests, 192,
tempering, 43.
see Brickyards, Clays, Physical tests.
Brickyards at various places.
Antigo, 103.
Arcadia, 149.
Beaver Dam, 144,
Burlington, 62.
Cedar Bend, 60.
Chippewa Falls, 165,
Cuba City, 136.
Durand, 156.
Bastwin, 88.
Edgar, 159.
Edgerton, 54.
Elkhorn, 57.
Fond du Lac, 147.
Forestville, 102.
Fort Atkinson, 70.
Grand Rapids, 118.
Granville, 71. -
Green Bay, 94, 154, 173.
Horicon, 77.
Independence, 149,
Janesville, 141.
Jefferson, 65.
Kaukauna, 94.
Kenosha, 58, 173.
Kewaskum, T79.
Lancaster, 138.
La Crosse, 148.
Lake Shore, 60.
Madison, 64.
Manitowoc, 90.
Marshfield, 150.

INDEX.

Brickyards at, various places—con.
Menomonie, 162,
Merrill, 166.
Merrimac, 73.
Milwaukee, 73.
Monroe, 53, 139.
Neenah-Menasha, 86.
Neillsville, 158,
New London, 91, 93.
North Point, 60.
Plattéville, 137.
Portage, 75.
Port Washington, 81.
Reedsburg, 142.

. Richland Center, 141. ©
Ringle, 130.
St. Croix Falls, 164.
Schleisingerville, 79.
Sheboygan, 85, 173.
Sigel Station, 117.
Stevens Point, 123.
Surings, 101.
Viola, 141.
Viroqua, 145.
Watertown, 68.
Waupaca, 154.
Wausau, 160.
‘Whitewater, 55.
Whittlesey, 166.

Brickyards of various owners.
H. A. Affeldt, 75.
Antigo Clay Co., 103.
Athens Brick & Tile Co., 158.
Barkhausen Brick Co., 94.
W. Barrow, 138.
Beaver Dam Brick Co., 144,
Bertel's, 88.
Bliesner, W., 141.
Boardman, 98.
Boetcher, A., 166,
Burlington Brick & Tile Works, 173..
Burnham Bros., 73.
H. D. Buss, 78.
W. H. Carter, 86.
Central Wisconsin Pressed-Brick Co.,

150.

Chase Brick Co., 73.
Chippewa Falls Brick Co., 165.
L. H. Cordes & Co., 68.
Craney, W. 1., 58, 173.
J. Davelaar & Sons, 73
Dombruck, August, 164.
Door County Mifg, Co., 102.
Dorchester, J. T., 156.
Duck Creek Brick Co. 94.
Douchateau Bros., 154.
Riserman, A, H., 154, 173.
Elkhorn Brick and Tile Company, 57.
Excelsior Brick Co., 162.
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Brickyards of various owners—-con,
Fort Atkinson Brick Mfg. Co., 70.
Foster, §., 145.

Freeze, F., 54.

Garske’s, 160.

Gminer, C., 154.

Grabowskie, Ed., 103.

Grand Rapids Brick Company, 117.

Green Bay Brick Co., 94.

Grindell Brick Co., 137.

Gunther Bros., 81.

Halbersleben, 142.

Christian Hansen, 94.

H. G. Hass, and Bro., 147.

C. Heise, 101.

Heister, Bauman, & Schober, 53.

Hertsfeldt, J., 149,

Hill, T., 159.

John Hockey, 94.

Janesville Red Brick Co., 141,

Jefferson Brick and Tile Company, 65.

Kemmeter Brothers, 65.

Kempner’s, 136. .

Kierweg & Heck, 98.

P. W. Kortemeyer, 79.

Kraatz Brick Co., 73.

- Kuster, Bauman & Schober, 139.

John van Laanen, 94.

Langenberg Brick Co., 123, 166.

Charles Larsen, 99.

J. N. Lessig « Son, 118.

D. Mader, 148.

Manitowoc Clay Co., 88.

Menomonie Hydraulic Pressed Brick
Co., 162.

Merrimac Brick Co., 73.

Miller, Chas. & Sons, 78.

Myers’, 103.

Myers, M. J., 148,

Myers, P., 166.

8. Nelson, 101.

Pahl’s, 145, Viroqua.

Pahl’s, A., 93.

Pahl, E. & A., 149.

Pahl and Sherry, 141.

Pluck, J. W, 77.

Reformity Brick Yard, 154,

John Rhodes, 94.

River Falls Brick Co., 156.

Roffers & Albers, 94.

Rosenheim, 81.

Sanborn’s, 75.

P. Scharf, 88.

Schnell Bros., 148.

Schoengarth, A. A., 158.

J.  Schramke, 81.

Sheboygan Brick & Tile Co., 85.

Smith Bros., 155.

The Standard Brick Co., 73.
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-Brickyards of various owners—con.
Stevens, D., 64.
Stevens Point Brick & Construction
Co., 123.
F. Storm, 98.
Whitewater Brick and Tile Company,
55.
Whitet Brothers, 54.
Wisconsin Brick and Tile Company,
1.
Wisconsin Red Pressed Brick Co., 162,
Zerrener Bros., 91.
A, Zimbal & Sons, 85.
Q. Zimbal Brick Co., 173.
F. Zurheid Brick Co., 85.
Brownrig, J. W., 73.
Bruns, C., 241.
Buckley, E. R., quoted, 49, 50, 52, 9%
112, 127, 146, 171.
Burlington Brick and Tile Company, 62,
173.
Burlington, brickyard, 62.
clays, 62.
molding sand, 239.
slip clays, 173.
Burnham Bros., 73.
Buss, H. D., brickyard, 78.
B. Y. No. 1 molding sand, 237.
Brickyards at various places.

Calcite in clays, 10.

Carbon, effect on clay, 20.

Carter, W. H., Brickyard, 86.

Case Threshing Machine Company, 221

Cedar Bend, brickyard, 60.

Central Wisconsin Pregsed-Brick Ceoy

150.

Charmely, molding sand, 245,

Chase Brick Co., 73. /

Chemical analysis, see Analysis.

China clays, 41.

Chippewa Falls Brick Co., 165.

Chippewa Falls, brickyard, 165.
clays, 165.

Cincinnati shale, distribution, 49.
Qakfield, 83.
origin, 4.
Stockbridge, 87.

Clays, dnalysis of, 10-13.
analyses, 13.
chemical analysis, see Analysis,
ball, 40.

. boulder, 5, 49. L
color, 5, 37.
concretions, 6. §
cream-burning, analyses of, 105,

occurrences of, 53.

physical properties of, 103.

et
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«Clays, aralysis of, cream burnlng——con.
table of tests, 105.
uses of, 108.

defined, 1.

earthenware, 40, 171.

effect alkalles, 18.
carbon, 20.
iron oxide, 14.
1ime, 16.
magnesia, 18.
gillea, 14.
sulphates, 20.
titanium, 19,

water, 19,
estuarine, 4, 51.
fire, 40.

fusibility, 26.

glacial, 48.

kinds, 38, 41.

hollow ware, 39.

lake, 50.

leaching of, 6.

marine, 4, 49.

mlinerals in, 7, 10.

ganining of, 42.

ymolding, 43.

«paper, 41, 171,

‘paving-brick, 39.

«8ee Paving brick,

rpressed brick. .

physical propertles, 21, 29.

- physical tests, see Physical tests.

- plasticity, 22.

» pottery.

- practical tests on, 189.

wprimary, 2:

-properties, examination, 7.

xed and brown-burning, 109.
table of tests, 168,

ted-burning surface, physical tests of,

168.

table of tests, 168,
regidual, 109.

geology of Wisconsin, 47.

occurrences of, 110.

table of tests, 168.

see Residual clay.
secondary, 3.
states see State
shrinkage, 24.
slaking, 37.
slip, 171.
slip see slip clays.
softening by weathering, 6.
tempering, 43.
tensile strength, 22,
texture, 37.

INDEX.

Clays, analysis of, cream burning—con.
tile, 38.
white-burning, of refractory character,

171.
Wisconsin slip, 172.

Clays, account of, from various places.
Algoma, 98.

Antigo, 98.
Arcadia, 149,
Athens, 158.
Beaver Dam, 143.
Berlin, 147.
Black River Falls, 189.
Blanchardville, 138.
Burlington, 62.
Chippewa Falls, 165.
. Clintonville, 153.
Cuba Clty, 136.
Dedham, 103.
Durand, 156.
Eastwin, 88.
Eau Claire, 127.
Edgar, 159.
Edgerton, 54.
Hlkhart, 86.
Elkhorn, 57.
Ellsworth, 156.
Endeavor, 82.
Fennimore, 138.
Fond du Lac, 147.
Forestville, 102.
Fort Atkinson, 69.
Grand Rapids, 116.
Granville, 70.
Green Bay, 94, 154.
Halcyon, 111.
Hewlitt, 152.
Horicon, T7.
Independence, 149.
Iron Ridge, 144.
Janesville, 141,
Jefferson, 65.
Kaukauna, 93.
Kewaskum, 78.
Kenosha, 58.
Kewaunee, 98.
La Crosse, 147.
Lake Ennis, 110.
Lancaster, 138.
Leslie, 189,
Madison, 64.
Manitowoe, 88.
Marshfield, 150.
Mazomanie, 142.
Medford, 131.
Menomonie, 162.
Merrill, 166.
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Clays, account of, from various places—
con,
Merrilan, 112, 189,
Merrimace, 73.
Milladore, 90, 113.
Milton, 139.
Milwaukee, 71.
Monroe, 53, 139.
Neillsville, 158.
Neenah~Menasha, 96.
New London, 91.
Oakland, 83.
Pittsville, 119, 189.
Plain, 143.
Platteville, 137, 189.
Plymouth, 85.
Portage, 75.
Port Washington, 81.
Racine, 60.
Reedsburg, 142,
Richland Center, 141.
Ringle, 130.
River Falls, 156.
Schleisingerville, 79.
Schulz’s Spur, 167.
Shawano, 99.
Sheboygan, 83.
Sigel Station, 117.
South Centralia, 116.
Springvale, 122,
Spring Valley, 156.
St. Croix Falls, 164.
Stevens Point, 123.
Stockbridge, 87.
Surings, 101.
Superior, 108, 167.
Tomah, 148.
Tramway, 161.
Viola, 141.
Virogua, 145.
Watertown, 67.
Waupaca, 154.
Wausau, 160.
Whitewater, 55.
Wittlesey, 166.
Clintonville, clays, 153.
Colllns molding sand, 245.
brick, 14.
see Physical tests.
Color of clays, 5, 87.
effect of iron, 15.
effect of lime, 17.
effect of titanium, 19.
Common brick clays, 38.
Concretions, 6.
Cone, Orton, 29.
Seger, 28-25.
tests, 36.

vCore sand, 224,

analysis, 222,
8ee Molding sand.
Cordes, L. H. & Co., 68.
Covert, F., 244,
Crandall, Wiillam, 238.
Craney, W. J., brickyard, 58, 173.
Cream-burning clays, analyses of, 105:.
clays, occurrences of, 53, 104.
physical properties of, 106.
summary of properties of, 107.
table of tests, 160.
uses and properties, 108.
Crushing fest, 176.
see Physical tests.
Cuba City, brickyard, 136.
clays, 136.
Curtis, H. H., 240.
Czaplewiski, J., 126.
Davelaar, J. & Sons, 73.
Dedham, clays, 103.
Dolomite in clays, 10.
Dombruck, August, brickyard, 164.
Door County Mfg. Co., 102,
Dorchester, J. T., brickyard, 156.
Douchateau Bros., brickyard, 154.
Drain-tile clays, 38.
Dry-press process, 44.
Duckcreek Brick Co., 94.
Durand, brickyard, 156.
clays, 156.

| Dye’s special sand, 231.

Earthenware clays, 40, 171, -
Eastwin, brickyard, 88.

clay, 88.
Eau Claire, clays, 127.
Eau Claire, white clay, near, 171.
Edgar, brickyard, 159.

clays, 159.
Edgerton, brickyard, 54.

clays, 54.
Eiserman, A. R., brickyard, 154, 173.
Elkhart, clays, 86.
Elkhorn Brick and Tile Company, 57.
Elkhorn, brickyard, 57.

clays, 57.
Ellsworth, clay, 156.
Endeavor, clay, 82.
Estuarine clays, 51.
Evansville, molding sand, 240.
Examination of clay properties, 7.
Excelsior Brick Co., 162.
Fairwater molding sand, 240.
Feldspar in clays, 8.
Fennimore, clay, 138.
Ferguson, James, 239.
Fire clay, 40.

analysis, 13.
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Bire clay—con.
in Wisconsin, 40.
properties, 40.
¥ireproofing, 190.
Fire shrinkage, 17, 25, 46.
Flood plain clays, origin, 5.
Fond du Lac, brickyard, 147.
clays, 147.
Forestville, clays, 102,
brickyard, 102.
Fort Atkinson Brick Mfg. Co., 70.
Fort Atkinson, brickyard, 70.
clays, 69.
molding sand, 240.
Foster, S., brickyard, 145.
Freeze brickyard, 54.
Fusibility, of clays, 26.
Busing point, of clays, 27.

@allup, F.. L., 196, 224.
Garden City Sand Co., 233.
Garnet in clays, 10.
Garske’s brickyard, 160.
Gerbsch, R., 161.
@lacial clays, geology, 48.
@Glenwood, clays, 171.
@Gminer, C., brickyard, 154.
Goodrich farm, 140.
Grabowskie, Bd., brickyard, 103.
Grand Rapids Brick Company, 117.
@&rand Rapids, brickyard, 118.
clays, 116.
&ranville, brickyard, 71.
clays, 70. ’
@reen Bay Brick Co., 94.
brickyards, 94, 154, 173.
elays, 94, 154. ..
molding sand, 240.
slip clays, 173.
@rindell Brick Co., 137.
@robschmidt, W., 244.
Grog, 26. -
@Gunther Bros. brickyard, 81.
Gutknecht, W., 244,
Gypsum in clays, 10.

Halcyon, clays, 111.
Halbersleben’s brickyard, 142.
Hamilton Co., molding sand, 237.
Hangen, Christian, brickyard, 94.
Hass, H. G. & Bro., brickyard, 147.
Hatfield, W. H., 240.

Hazen, C. E., 238,

Heise, C., brickyard, 101.

Herrick molding sand, 236.
Hersey, clays, 171.

Hertzfeldt, J., brickyard, 149.

INDEX.

Hewitt, clays, 152.

Hill, T., brickyard, 159.

Hockey, John, brickyard, 94.

Hollow-ware clays, 39.

Hopper, C. V., 176.

Hord, C. W., 216.

Horlcon, brickyard, 77.
clays, 77.

Hornblende in clays, 10.

Independence, brickyard, 149.
clays, 149.

Indiana molding sand, 281.

Iron In clays, 9.

Iron' oxide, effect of, 14.

Iron Ridge, clays, 144.

Janesville, brickyard, 141.

clays, 141.

molding sand, 240.
Janesville Red Brick Co., 141.
Jefferson Brick and Tile Company, 65.
Jefferson, brickyards, 65.

clays, 65.
Joint clay, 137.
Jones, G., 244.

Kaolin, analysis, 13.
in the central residual area, 171,
color, 19.
origin, 3.
Karmash & Ssuerwein, on molding sand,
189.
Kaukauna, brickyard, 94.
clays, 93.
Kemmeter Brothers, 65.
Kempner’s brickyard, 136.
Kenosha brickyards, 58, 173.
clays, 58.
molding sand, 241.
slip clays, 173. .
Kentucky molding sand, 234.
Kewaskum, brickyards, 79.
clays, 78.
Kewaunee, brickyard, 98.
clays, 98.
Kierweg & Heck, brickyard, 98. .
Kilng, kind of, 45.

"King, ¥. H., 211.

Knevel, W. H., 135.

Kortemeyer, P. W., brickyard, 79.

Kraatz Brick Co., 73.

Kuster, Bauman, and Schober Brick-
yard, 53, 139.
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La Crosse, brickyards, 148.
clays, 147.
molding sand, 241.
Lake clays, 4, 50.
Lake Ennis, clays, 110.
Lancaster, brickyard, 138.
clays, 138. .
Langenberg Brick Co., 123, 166.
Larsen, Charles, brickyard, 99.
Leaching of clay, 6.
Lelghton, n., 196, 224,
Lenher, Victor, 117.
Lessig & Son brickyard, 118.
Life, molding sand, 215.
Lime, effect on clays, 16.
Loess clays, 136.
Loess, Platteville, test of, 189.
Lund, G., 244.

Mackie, 8., 238.
Mader, D., brickyard, 148.
MaTlison, brickyard, 64.
clays 64.
molding sand, 203, 242.
Magnesia, effect on clays, 18.
Manitowoce, brickyard, 90.
Manitowoe Clay Company, 88.
clays, 88,
Magquoketa shale, 39, 135.
calcite in, 10.
distribution, 49.
map of, 49.
origin, 4.
shrinkage, 25.
test of, 189.
Marine clays, 49.
Marinette molding sand, 243.
Marshfield, brickyard, 150.
clays, 150.
Massillon, Ohio, molding sand, 23T7.
Mead, J. H., 189.
Meadow, W., 62.
Mechanical analysis, molding sand, 200,
203, 209.
Medford, clays, 131.
slip clays, 174.
Menasha, see Neenah-Menasha.
Menomonie, brickyards, 162.
clays, 162.
Menomonie Hydraulic Pressed Brick Co.,
162, 224, 243.
molding sand, 243.
Merrell, F. H., 90, 113, 122, 125, 152.
Merrill, brickyards, 166.
clays, 166.
Merrillan, clays, 112.
-shale from, test of, 189.
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Merrimac Brick Co., 73.
Merrimace, brickyard, 73.

clays, 73.
Mica in clays, 8, 18, 20.
Michaels, T., 239.
Michaels, W., 239.
Michigan molding sand, 235.
Milladore, clays, 90, 113.
Miller, Charles & Sons, brickyard, 78.
Miltmore quafry, 224, 241.
Milto, clays, 139.
Milwaukee, brickyards, 73.

clays, T1.

molding sand, 244.
Milwaukee Sand & Gravel Co., 244.
Mineralogy, molding sand, 225,
Minnesota molding sand, 236.
Mitchell, A. 8., 91, 114, 123, 125, 153.
Mitchell, Nash, 119,
Modulus of rupture, 177. M
Monroe, brickyards, 53, 139.

clays, 139.

| Morris, C. 8., 147.

Myers’ brickyard, 103.

Myers, M. J., brickyard, 148.

Myers, P., brickyard, 166. -

Molding sand, analysls, 200.
bonding power, 217.
chemical analysis, 220.
fineness, 214.
life of, 215.
mineralogy, 225.
permeability, 209.
porosity, 214.
refractoriness, 216.
residual. 226.
gedimentary, 220.
specific gravity, 214.
tensile strength, 217.
texture, 202.
value of, 228.

Molding sand of various locaiities,
Albany, N. Y., 224.
Altoona, 238.

Beloit, 238.
Berlin, 224, 238.
Burlington, 239.
Evansville, 240.
Fairwater, 240.
Fort Atkinson, 240.
Green Bay, 240.
Indiana, 206, 231.
Janesville, 240.
Kenosha, 241.
Kentucky, 234.
L& Crosse, 241.
Madison, 242.
Marinette, 243.
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Molding sand of various localities—con.
Menomonle, 224, 248,
Michigan, 235.
Milwaukee, 244,
Minnesota, 236.
Neenah, 224, 244,
Ohfo, 236.
Pardeeville, 245.
Raclne, 246.
Silverton, 241.
Superior, 224, 247.
Valparaiso Ind., 233,
Waukesha, 247,

Natzen, 1., 244.
Neenah-Menasha, brickyards, S6.
clays, 88.
molding sand, 224, 244.
Neenah Sand Bank Co., 245.
Neillsville, brickyard, 158.
clays, 158.
Nelson, 8., brickyard, 101.
New Albany, 231.
Newberry, S. B., 116.
New London, brickyards, 91.
clays, 91.
Newport, Ky., molding sand, 234.
Newport Sand Company, 229,
s«.orth Polnt brickyard, 60.

Oakfield, clays, 83.

Obert, H., 244.

Ohio molding sand, 236.
Onondaga Vitrified Brick Co., 189.
Organlc matter In clay, 20.
Orton cones, 29.

Quartz In clays, 8.

_ Pahl’s brickyard, 145.
Pahl, A., brickyard, 93.

Pahl, E. & A., brickyard, 149.

Pahl and Sherry, 141,

Paper clay, 41.

Pardeeville, molding sand, 245.

Paving-brick clays, 39.
analysis, 39.

Paving brick, 133, 190.

Pekel, W., 244.

Pendleton, R., 245.

Permeablity, molding sand, 209.

Physical tests, absorption, 178, 184.
crushing strength, 176, 183.
cream-burning clays, 106.
Magquoketa shale, 135.
red-burning surface clays, 168.
residual clays, 110.
transverse strength, 177, 184.
summary of, 176-189.

Physleal test of clays from various le-

calities:
Antigo, 103.
Arcadia, 149,
Athens, 159.
Beaver Dam, 143.
Blanchardville, 138,
Burlington, 82,
Chippewa Falls, 165.
Clintonville, 153.
Cuba City, 136.
Durand, 157.
Bau Claire, 128, 129, 130.
Edgar, 160.
Edgerton, 54.
Rlkhorn, 57.
Bllsworth, 156. t
Endeavor, 82.
Fond du Laec, 147.
Fort Atkinson, 69.
Grand Rapids, 116, 119.
Granville, 70.
Halcyon, 111.
Green Bay, 95, 98, 155.
Hewitt, 152,
Horleon, 77.
Iron Ridge, 144.
Jefferson, 66.
Kaukauna, 93.
Kenosha, 58.
Kewaskum, 79.
Kewaunee, 98,
La Crosse, 148.
Lake Ennis, 110.
Madison, 64.
Manitowoe, 89.
Marshfield, 151,
Mazomanie, 142.
Medford, 131.
Menomonie, 163, 164.
Merrillan 112,
Merrimac, 74.
Milladore, 91, 114, 115.
Milton, 139.
Milwaukee, 72.
Monroe, 53, 139.
Neenah-Menasha, 86.
Neillsville, 158.
New London, 92.
Oakfield, 83.
Pittsville, 110, 120, 121, 122,
Plain, 143.
Platteville, 137.
Plymouth, 85.
Portage, 75, 76.
Port Washington, 81.
Reedsburg, 142,
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Physical test of clays from varfous lo-
calities—con.
Ringle, 1381.
Schleisingerville, 80.
Schulz’s 8pur, 167.
Shawano, 100.
Sheboygan, 84.
Sigel Station, 118.
Springvale, 122,
Stevens Point, 110, 124, 125, 126.
Stockbridge, 87.
Superior, 103, 168.
Surlngs, 101.
Tomah, 149.
Tramway, 162,
Viola, 141.
Viroqua, 145.
Watertown, 68.
‘Wausan, 160.
Whitewater, 55.
Whittlesey, 166.
Pittsville, clays, 119, 190,
Plain, clays, 143.
Plasticity, 22,
red-burning surface clays, 168.
residual clays, 132,
gee Physical tests, and tables.
Platteville, brickyard, 137.
loess, test of, 189.
slip clays, 174.
clays, 137.
Pluck, J. W., brickyard, 77.
Plymouth, clays, 85.
Porosity, molding sand, 209.
Portage brickyards, 75.
clays, 75.
Port Washington, brickyards, 81.
clays, 81.
Pottery, art, 108.
Pottery clay, 1389, 171,
Pressed-brick clays, 38.
see Green Bay, Menomonie, Milwaukee
Pyrometer, 25,
Pyroxene in clays, 10.

N

Racine, brickyard, 60.

clays, 60.

molding sand, 246. .
Red and brown-burning clays, 109.
Red-burning surface clays. analyses, 170.

table of tests, 168.

gee Physical tests,

physical tests of, 168.

plasticity, 168.
Reedsburg, brickyard, 142.

clays, 142,
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Reformatory Brick Yard, 154.
Refractoriness, molding sand, 215.
Reiske, A. J., 244.
Residual clays, 109.
analyses of, 134.
geology of, 47.
occurrences of, 110.
origin, 2.
plasticity, 132.
summary of properiies, 132.
table of tests,—
Residual molding sands, 226.
Rhodes, John, brickyard, 94.
Richland Center brickyard, 141.
clays, 141.
Riemer, J., 240.
Ringle, brickyard, 130.
clays, 130.
River Falls, clays, 156.
River Falls Brick Co., 156.
Rockton, Iil., molding sand, 206, 224,
230.
Roffers & Albers brickyard, 94.
Rosenheim, brickyard, 81.
Rupture, modulus of, 177.

St. Croix Falls, brickyard, 164.
St. James molding sand, 235.
Sanborn’s brickyard, 75.
Scharf, P., brickyard, 88.
Schleisingerville, brickyards, 79.

clays, 79.
Schnell Bros., brickyard, 148.
Schoengarth, A. A., brickyard, 158,
Schramke, J., brickyard, 81.
Schulz’s Spur, clays, 167.
Scott, W. G., 202, 221.
Sediméntary clay, 3.
Sedimentary molding sand, 226.
Seger cones, 28.
Shale, origin, 7.

table of tests,——————p. w—.
Shale, Cincinnati, see Cincinnat! Shale.
Shale, Maquoketa, see Maquoketa shale,
Shawano, clays, 99.
Shearer, J. 8., 208.
Sheboygan Brick & Tile Co., 85.
Sheboygan, brickyards, 85, 173.

clays, 83.

slip clays, 178.
Sherman, G. A., 125.
Shrinkage, 24.

. cream-burning clays, 106.

fire, 46.

residual clays, 132,

see clays, physical tests, and Tables
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Shrinkage—con,
of tests.
Sigel Station, brickyard, 117.
clays, 117.
Silica, effect on clays, 14.
Silverton molding sand, 241.
Slaking of clays, 37.
Slip clays, 41, 108, 171.
analyses, 172.
Burlington, 173.
Green Bay, 173.
Medford, 174.
Platteville, 174.
Sheboygan, 85, 173.
Smith, B. G., 90.
" Kenosha, 60, 173.
Smith Bros., brickyard, 155.
Soft mud bricks, 43.
see clays, Physical tests.
table of tests, 192,
Soluble salts, amount of, 21.
South Centralia, clay, 116.
Specific gravity, molding sand, 214.
Spencer, H. 8., 239.
Spring Valley, clays, 156.
Springvale, clays, 122,
Standard Brick Company, 73.
Steam Shovels, use of, 42.
Stevens’ brickyard, 64. .
Stevens Point brick and Construction
Co., 123, 124,
Stevens Point, brickyards, 123.
clays, 123.
Stiff mud bricks, 44.
table of - tests, see Clays,
tests.
Stockbridge, clays, 87.
Btoneware clays, 40.
Storm, F., brickyard, 98.
Sulphates, effect on clays, 20.
‘Superior, clays, 103, 167.
molding sand, 224, 247.
Burings, brickyards, 101.
clays, 101.

Physical

Temperatures, determination of, 28.
Tempering clays, 43.
Tensile strength, 22.
cream-burning clays, 106.
molding sand, 217. .
residual clays, 132,
table of tests, 192.
Terra cotta clays, 40, 133.
Texture of clays, 37.
Tile, 108.
Burlington, 64.
Elkhorn, 57.

INDEX.

Tile—con.
Granville, 71.
Jefferson, 67.
Oakfield, 83.
Plymouth, 86.
Port Washington, 81,
Stockbridge, 88.
‘Whitewater, 55.
Titanium, effect on clays,
Tomah, clays, 148,
Tramway, clays, 161.
Transverse strength, 177.
}

U. 8 Cast Iron Plpe &
247,

Foundry Co.,

Valparalso, molding sand, 203, 233.
Van Hagen, L. F., 176.
Van Laanen, John, brickyard, 94.
Viola, brickyard, 141.
clays, 141.
Viroqua, brickyards, 145.
clays, 145.
Viscosity, 27.
Vitrification, 27, 45.

Walsh & Son, 239.
Wanatah molding sand, 233.
Water, effect on clay, 19.
see Physical tests, and tables of tests.
Waterford, I1l., molding sand, 206, 229.
Watertown, brickyard, 68.
clays, 67.
Waukesha Malleable Iron Co., 247.
Waukesha molding sand, 247,
Waupaca, brickyard, 154.
clays, 154.
Wausau, brickyard, 160.
clays, 160.
Wells’ property, 90.
Wendt, T. W., 239.
Wheeler, referred to, 39.
White & Traugott, 239.
White-burning clays of refractory char-
acter, 171. )
Whitefield, W. V., 238.
Whittet Brothers, brickyard; 54.
Wisconsin Red Pressed Brick Co., 162.
Wisconsin slip clays, 172.
Woodruff, H, W., 240.
Whittlesey, clays, 166.
Wilcox & Co., 239.
Wilhelm, H., 244.
Willard, H. H.. 142.
Wiscongin Brick and Tile Company, 71.
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Whitnall & Racemaker, 244. Zanesville molding sand, 236.
Whitewater Brick & Tile Company, 55. Zerrener Bros., brickyard, 91.
Whitewater, brickyard, 55. Zimbal, A., & Sons, 85.
clays, 55. Zimbal, O. Brick Co., brickyard, 173.
Zurheid, F. Brick Co., 85.
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PUBLICATIONS

OF THE

Wisconsin Geological and Natural History Survey.

The publications of the Survey are issued as (1) bulletins, which are
numbered consecutively, (2) biennial reports, and (3) hydrographic maps.
These publications are independently paged and indexed, no attempt being
made to group them in volumes. :

1. BuLLETINS,

The bulletins are issued in three series:

Scientific Series,—The bulletins so designated consist of original con-
tributions to the geology and natural history of the state, which are of
scientific interest rather than of economic importance.

Economic Series.— This series includes those bulletins whose interest
is chiefly practical and economiec.

Educational Series.—The bulletins of this series are primarily de-
signed for use by teachers and in the schools.

The following bulletins have been issued:

Bulletin No. 1. Economic Series No. 1.

On the Forestry Conditions of Northern Wisconsin. Filibert Roth,
Special Agent, United States Department of Agriculture. 1898. Pp. vi,

78; 1 map. Out of print.

Bulletin No. Il. Scientific Series No. 1.

On the Instincts and Habits of the Solitary Wasps. George W. Peck-
ham and Elizabeth G. Peckham. 1898. Pp. iv, 241; 14 plates, of
which 2 are colored; 2 figures in the text. Sold at the price of $1.50 in
paper and $2.00 bound.

Bulletin No. I11, Scientific Series No. 2.

A Contribution to the Geology of the Pre-Cambrian Igneous Rocks of
the Fox River Valley, Wisconsin. Samuel Weidman, Ph. D., Assistant
Geologist, Wisconsin Geological and Natural History Survey. 1898, Pp.
iv, 63; 10 plates; 13 figures in the text. Out of print.

Bulletin No. IV. HKconomic Series No. 2.

On the Building and Ornamental Stones of Wisconsin. Hrnest Robert-
son Buckley, Ph. D., Assistant Geologist Wisconsin Geological and
Narurar tistory Survey. 1898. Pp. xxvi, 544; 69 plates, of which 7 are
colored, and 1 map; 4 figures in the text. Sent on receipt of 30 eents.



Bulletin No. V. Educational Series No. 1.

The Geography of the Region About Devil’s Lake and the Dalles of the
Wisconsin, with some notes on its surface geology. Rollin D. Salisbury,
A. M., Professor of Geographic Geology, University of Chicago, and Wal-
lace W. Atwood, B. 8., Assistant in Geology, University of Chicago. 1900.
Pp. x, 151; 38 plates; 47 figures in the text. Out of print.

Bulletin No. VI. Economic Series No. 3. Second Edition.

Preliminary Report on the Copper-bearing Rocks of Douglas county,
and parts of Washburn and Bayfield counties, Wisconsin. Ulysses Sher-
man Grant, Ph. D., Professor of Geology, Northwestern University. 1901.
Pp. vi, 83; 13 plates. Sent on receipt of 10 cents.

Bulletin No. VII. FEconomic Series No. 4.

The Clays and Clay Industries of Wisconsin, Part I. Ernest Robert-
son Buckley, Ph. D., Geologist, Wisconsin Geological and Natural History
Survey. 1901. Pp. xii, 304; 55 plates. Sent on receipt of 20 cents.

Bulletin No. VIII. FEducationas Series No. 2.

The Lakes of Southeastern Wisconsin., N. M. Fenneman, Ph. D., Pro-
fessor of General and Geographic Geology, University of Wisconsin, 1902.
Pp. xv, 178; 36 plates; 38 figures in the text. Owut of print.

Bulletin No. IX. FHconomic Series No. 5.

Preliminary Report on the Lead and Zinc Deposits of Southwestern Wis-
congin. Ulysses Sherman Grant, Ph D., Professor of Geology, North-
western University. 1903. Pp. viii, 103; 2 maps; 2 plates; 8 figures in the
text. Out of print. )

Bulletin No. X. FEconomic: Series No. 6.

Highway Construction in Wisconsin. Ernest Robertson Buckley, Ph. D.,
State Geologist of Missouri, formerly Geologist, Wisconsin Geological and
Natural History Survey. 1903. Pp. xvi, 339; 106 plates, including 26
maps of cities. Sent on receipt of,30 cents.

Bulletin No. X1I. Fconomic Series No. 7.

Preliminary Report on the Soils and Agricultural Conditions of North
Central Wisconsin, Samuel Weidman, Ph. D., Geologist, Wisconsian
Geological and Natural History Survey. 1903. Pp. viii, 67; 10 plates,
including soil map. Sent, paper bound, on receipt of 10 cents; cloth bound,

20 cents.

Bulletin No. XII. Scientific Series No. 3.

The Plankton of Lake Winnebago and Green Lake. . Dwight Marsh,
- Ph. D, Professor of Biology, Ripon College. 1903. Pp. vi, 94; 22 plates.
Sent, paper bound, on receipt of 10 cents; cloth bound, 25 cents.

Bulletin No. XI1I. Economic Series No. 8.

The Baraboo Iron-bearing District of Wisconsin. Samuel Weidman,.
Ph. D., Geologist, Wisconsin Geological and Natural History Survey.
1904. Pp. x, 190; 23 plates, including geological map. Sent, paper bound,
on receipt of 10 cents; cloth bound, 20 cents.



Bulletin No. XIV. FHconomic Series No. 9.

Report on Lead and Zinc Deposits of Wisconsin. Ulysses Sherman
Grant, Ph.D., Professor of Geology, Northwestern University. 1906.
Pp. ix, 100; 8 plates} 10 figures in the text; and an atlas containing 18
maps. Sent oa receipt of 20 cents.

Bulletin No. XV, Fconomic Series No. 10.

The Clays of Wisconsin and Their Uses. Heinrich Ries, Ph.D., Assist-

_ant Professor of BEconomic Geology, Cornell University. 1906. Pp. xii,

259; 30 plates, including 2 maps; 7 figures in text. Seut on receipt of 18
cents.

In Press.

XVI. The Geology of North Central Wisconsin. Samuel Weidman,
Ph. D., Geologist, Wisconsin Geological and Natural History Survey.

XVII. The Raised Beaches of Eastern Wisconsin. J. W. Goldthwait,
Ph. D., Instructor in Physical Geography, Northwestern University.

XVIII. The Roads of Wisconsin, W. O. Hetchkiss, B. S., Economic
Geologist, Wisconsin Geological and Natural History Survey.

2. BiexniaL REPORTS.

The Survey has published four biennial reports, which relate to admin-
istrative affairs only and contain no scientific matter.

First Biennial Report of the Commissioners of the Geological and Nat-
ural History Survey. 1899. Pp. 3L,

Secord Biennial Report of the Commissioners of the (Geological and
Natural History Survey. 1801. Pp. 44.

Third Biennial Report of the Commissioners of the Geological and Nat-
ural History Survey. 1903. Pp. 35.

Fourth Biennial Report of the Commissioners of the Geological and
Natural History Survey. 1904. Pp. 42.

3. HypRoGrRAPHIC MaAPS.

There have been prepared hydrographic maps of the principal lakes of
ecuthern and eastern Wisconsin., This work is in charge of L, S, Smith,
C. K., Assistant Professor of Topographic and Geodetic Engineering,
University of Wisconsin.

The maps are as follows:
Size of Piate, Scale, Inches Contour In.

Inches. per mile. terval, Feet,
No. . Lake Geneva..... 17.5x10.8 2 10
No. 2. ZElkhart Lake....... . 15.5x13.1 5 10
No. 3. Lake Keulah.... ............... 22.56x20.0 6 10
No. 4. Oconomowoc-Waukesha Lakes . 29.8x19.1 2 10
No. 5. The Chain of Lakes, Waupaca ..... 21.7x20.6 6 10
No. 6. Delavan and Lauderdale Lakes.... 22.5x16.§ 4 10
No. 7. QGreen Lake......ccovvevenenininnnens 26 0x17.8 3.2 20
No. 8. Lake Mendota. .. 23.7x19.5 6 5
No. 9. BigCedar Lake i8.0x13.5 2.9 10
No. 10. Lake Monona ... 17.6x17.3 4 ]

In all of these maps the depth of the lakes is indicated by contour
lines, and by tints in all except No. 1. They are sent on receipt of 15 cents
each, except Nos. 4 and 8, for which 20 cents are required. They may be
bhad either mounted in a manilla cover, or unmounted.

All correspondence relating to the Survey should be addressed to

E. A. BirGr, Director,
Madison, Wis.
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