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PREFACKH. 

In 1900 the Wisconsin Geological and Natural History Survey 

issued 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 I. 

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, ete. 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 increase 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 according 

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- 
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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 rock below (Fig. 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 account it is of the highest importance to pros- 

pect such a deposit by careful boring, before attempting to 

work it. 
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Fie. 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 

| Wisconsin. 

Where unprotected, residual clays are eroded easily by rain 

or surface streams especially if the deposits are situated on 

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 

7 Maquoketa shale of Grant and Lafayette counties, which is 

simply part of an extensive deposit which extends southward 

into Illinois and westward into Iowa, 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. 
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Fig. 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, anda 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 carbonic 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 calcareous 

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 coneretions, when 

met in the calcareous clays of Wisconsin, are similar to lime- 

stone pebbles in their effect, and unless screened out or crushed 

often cause the brick to split in drying and after burning. :
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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. 

Jt is never safe to pass final judgment on a clay from an ex- 

| amination of the outcrops alone, since 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 inspec- 

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 ati 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 physical behavior of 
| clays, for since 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, consequently 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° ©, 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, con- 

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 recognizable in 
elays, 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. 

. 
fron 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 calcareous 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 tron. 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 respect and ecol- 
oring the clay yellow, brown, or red. This strong coloring 

Po 
|
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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. It can 

be easily detected for it dissolves rapidly in weak acids and 

effervesces violently upon the application of a drop of muriatic 

acid or even vinegar. 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 carbonate 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 microscopic 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 1n 

which they are a prominent constituent. The residual clay 

outeropping on the Wisconsin river southwest of Medford Is a 

gvood 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



| ORIGIN AND PROPERTIES OF CLAY. 11 ” 

| (CO,) and lime (CaO), with the percentage of each given 
separately. The sum of these two percentages would, however, 
be equal to the amount of lime carbonate present. While the 

ultimate analysis, therefore, fails to indicate definitely what 
compounds are present in the clay, still there are many facts | 
to be gained from it. 

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

lows: 

Silica................(Si0,) 
Alumina,.............(Al,QO3) 

( Ferric oxide .........(Fe,03) 
Lime ................(CaO) 

- | Magnesia............(MgO) 

SEN MPEINSS cals... an. J Rogaeh oe INE, 
| Titanic oxide ........(TiO,) 
( Sulphur trioxide. ....(SO;) 

Carbon dioxide ......(CO,) 
Water ...............(H,O) 

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 calcareous clays. Titanic oxide is rarely looked for, ex- 
cept in fire clays, and even here its presence is frequently 
neglected. Since the sulphur trioxide, carbon dioxide, and 
water are volatile at a red heat, they are often determined 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 calcareous clays, or black clays. The loss 
on ignition in the majority of dry clays is chiefly chemically - 
combined water. The ferric oxide, lime, magnesia, potash, and 
soda are termed the fluxing impurities, and their effects are dis- 
cussed under the head of Iron, Lime, Magnesia, ete., 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. | : 
8. 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 

crack in burning, and may also show high shrinkage. If kaoli- 

nite is the only mineral present containing chemically combined 

water, the percentage of the latter will be approximately one- 

third that of the percentage of alumina, but if the clay 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 indicates 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 

' . earbon 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. 

1 2 + 8 4 5 6 

Silica (SiO,) ..............| 46.3 | 48.26 | 61.6 | 60.44 | 32.48 | 73.08 
Alumina (Al,O,)..........| 39.8 | 37.64 | 28.38 | 19.74.| 7.31 | 11.58 
Ferric oxide (Fe,O,) ......|......-. 46 52} 6.238 | 4.37 4.11 
Lime (CaO) ...............|s.66..-( .06 | .46] 140; 18.44 84 
Magnesia (MgQO)...........].....-- tr. .386 | 2.22 | 7.18 02 
Potash (K,O) ............- cl 1 56,\ veceeeel 4.03 | 2.01] 2.31 
Soda (Na.O)....... 0. cece leeeee ww P Leeee eee? 1.89 48 2.75 
Water (H,O)..............] 18.9 | 12.02 |...... J... ec e eee 
Loss of ignition ...........[......-]...-.--| 5.08 | 5.66 | 27.70 5.36 
Titanic oxide (TiO,).......].......{.....-.| 3.60 .06 12 .09 
Carbon dioxide (CO,) ..... SII Lesevesfeeeeeee| 0 # oo 

* Included under ignition. 

1. Kaolinite. . 
2. Kaolin: or china clay. Approaches closely to kaolinite in composition. 
3. A fire clay, Woodbridge, N.J. Low percentage of fluxing impurities. 
4. A red-burning clay. Note high iron and low lime percentage. 
5. A calcareous clay. Note high lime percentage. 
6. A very sandy clay. Note high silica percentage. , | 

| Rational analysis. 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 calculations, 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 hornblende. The exact 

form of combination of the silica 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 sulphuric 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 calcareous clay from White- 

water with 32.48 per cent of silica, and the loess clay from Ar- 

eadia 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 clay, 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 

raw 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 cannot 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 carbonaceous 

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 econdi- 

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,+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 vice versa. Thus if there 

is a deficit of oxygen in the interior of the kiln for proper com- 

bustion of the carbon, 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 combustion, all the iron oxide in the clay 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 clay 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 
silicate. 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 oxidizing. These various conditions are often used by the 

“manufacturer to produce certain shades or color effects in the 

ware. 

Iron oxide is also a fiuxing 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. 

Inme. 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, calcite (CaCO,) and dolomite (Ca Mg) CO,. When- 

ever the ultimate analysis of a clay shows several per cent of 

lime (CaO) it is usually there as an ingredient of lime carbonate 

(CaCO,), and in such cases its presence can be easily detected 

| by putting drop of muriatic acid or vinegar on the clay.
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When this compound is present it is mostly of very finely 
divided character, but sometimes forms limestone pebbles, or 
concretions. | 

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 bricks. 

If the burning is carried only. far enough to drive off the car- 
bonic acid. gas, the result will be that the quicklime thus formed 
will absorb moisture from the air and slake. No injury may 
result from this if the lime is in a finely divided condition and 
uniformly distributed through the brick, but, if, on the 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. Caleareous 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 1s 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 

o
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| _ by a rapid softening of the clay. Indeed, calcareous clays 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 calcareous clays is one of the main objections to their use | 

| for vitrified ware. | 

| One peculiar feature about many of the Wisconsin calcareous 

elays is their higher fusion point as compared with those from 

many from other states, not a few becoming viscuous at cone 

Dd. Whether this is due to a high magnesia content remains to 

| be seen. 

Although highly calcareous clays are looked on with disfavor 

by some, for the manufacture of brick, it is certain that a large 

number of the Wisconsin clays produce a product of excellent 

strength. 

Magnesia. 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 Mackler* have indicated 
that it is a less powerful flux, and separates the points of incipi- 

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 described 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. 
Titanium. 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 fiux. 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 kaoling, 

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 

eapillarity, 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 clay contains more than one or two per 

cent of organic’ matter. Clays with two per cent of organic 

matter are difficult to burn unless very sandy or molded dry 

ss 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- 

- “"-" stanees 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 

 elay, 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. 

« This shows that the harder the firing the lesg 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 should form in burn- 

| ing, as there is no pyrite in the clay, and the thought suggests 

itself that it may be due in part tc the water used in tempering, 

or possibly due to sulphur trioxide in the fuel vases. attacking 

some of the compounds in the clay, with the formation cf 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 clays, 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. | » 

. 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 cannot 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 1s 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 crack 

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 cross 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 asbestos 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 

_ geries 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 obtained in testing will be less than that for a square inch, 
and the result must be increased in proportion 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 ana 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 decrease in volume 
which a clay 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 one 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 
erack. | 

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. 
Sr 

Cone. 010 05 03 1 3 

T.......... 6 1.7 4 Viscous ...].......00. 
IIT .......... 1 1.3 3 4.9 seen ec ueee 

III ..........| 0 Slightly | Slightly | Slightly 9 
' swelled .. swelled.. swelled. . 

IV oy 1 4.7 6.3 8 8.3 

a SAS SSS sv SSS SENSIS SSCP
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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 referred 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 

occurs 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 ean 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 caleareous clays these points are within 

27.7° ©. (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 

it 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 

*HT A. Wheeler. Vitrified Paving Brick, p. 12, 1895. Ind.
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7 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. - 

ae 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 begins on the surface of the grains 
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 erains were 
large. Since some of the mineral grains in the clay are more 
refractory than. others. the clay: 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 
shri. kage 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 tu be sutisfactor- 
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 1f 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 
a composition, or by some form of apparatus or mechanical py- 

rometer, the principle of which depends on the expansion of — 
gases or solids, thermcelectricity, 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, Réstrand
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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 porcelain 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 acid with the materials al- 

ready mentioned. Hecht obtained still ‘more fusible mixtures 

by adding both boracie 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 successful, 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 ean 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. | 

a 

No. of : Fusine Point. 
0. 0 tgs 

cone. | Composition. ———_-_———__---———- 

°F, °C. 

| 0.5Na,O ) 2.0 Sid, \ 
022 sees eeescees 1,094 590 

oo 0.5 PbO 1.0 B,0, J 

0.5 Na,O 2.2 SiO, 
.021 0.1 Al,O, 1,148 620 

0.5 PbO 1.0 B,O, : 

0.5 Na,O (2.4 SiO, | 
020 0.2 Al,O, l 1, 202 650 

0.5 PbO (10 B,O; 

| 0.5 Na,O (26 SiO, 
.019 0.3 Al,O, \ 1, 256 680 

0.5 PbO 10 B,O, | 

0.5Na,0 — (28 SiO, 
018 0.4 Al,O, 1 1,310 710 

0.5 PbO 10 B,O,; 

0.5 Na,O 3.0 SiO, 
017 0.5 Al,O, 1,364 740 | 

0.5 PbO 10 B,O, 

0.5 Na,O {3 SiO, 
016 0.55 Al,O; 1,418 770 

0.5 PbO (1.0 B,O, 

0.5 Na,O 3.2 SiO, 
115 | 0.6 Al,O, 1, 472 800 

0.5 PbO 10 B,O, 

| f08 Na,O 3.3 SiO, 
.014 0.65 Al,O; 1,526 830 

| 0.5 PbO 1.0 B,O, 

} 0.5 Na,O (3.4 SFO, ) 
.013 0.7 Al,O, i 1,580 860 

0.5 PbO \ 1.0 B,0, | 

0.5 Na,O (3.5 SiO, ) , 
.012 0.75 Al.O, 1,634 890 

0.5 PbO 1.0 B,O, 

0.5Na,0 | 3.6 SiO, | : 
O11 yes Al,O; i 1, 688 920 

0.5 PbO | 10 B,O, 

0.3Na,0 \02 Fe,0, (3.50 SiO, 
.010 \ 1,742 950 

0.7CaO J03 Al,O, (0.50 B,O;
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Composition and fusing points of Seger cones—Continued. 
a aa aa ES 

: Fusine Porn, 
No. of ar 
cone, Composition. oo 

| oF, °C, 

| 03K,0 )02 Fe,.0, (3.55 SiO, 
.09 1,778 970 

0.7 CaO 0.3 Al,O, (0.45 B,O, | 

0.3 K,O 0.2 Fe,O; (3.60 SiO, 
.08 1,814 990 

\0.7 CaO 03 Al,O, (0.40 B,0, 

0.3 K,O 0.2 Fe,O, (3.65 SiO, 
07 1, 850 1,010 

, 0.7 CaO 0.3 Al,O3 0.35 B,O3 

0.3 K,O 0.2 Fe,0O, (3.70 SiO, 
.06 1, 886 1,030 

0.7CaO )03 Al,O; (0.30B,0, 

0.3K,0 )02 Fe,O, (3.75 SiO, | 
05 1, 922 1, 050 

0.7 CaO 0.3 Al,O, (0.25 BO, 

03K,0 )02 Fe,0, (3.80 Si0, 
04 { 1, 958 1,070 7 

0.7 CaO 0.3 Al,O; (0.20 B,O; 

| 0.3 K,O 0.2 Fe,O, (3.85 SiO, | 
7 .03 1,994 1,090 

0.7 CaO 0.3 Al,O, (0.15 B,O, 

0.3 K,O 0.2 Fe,O, (3.90 SiO, 
.02 \ 2,030 1,110 

0.7 CaO 0.3 Al,O, (0.10 B,O, 

0.3 K,O 0.2 Fe,O, (3.95 SiO, 
.O1 2, 066 1,130 

0.7 CaO 0.3 Al,O, (0.05 B,O, 

0.3 K,O 0.2 Fe,O, 
1 lasio, weee-] 2,102 1,150 

0.7CaO )03 AI,O, 

0.3 K,O 0.2 Fe,0O; 
2 }4810, .... 2,138 1,170 

0.7 CaO 0.4 Al,O; 

0.3 K,O 0.05 Fe,O, 
3 }4si0, wooee) 2,174 1,190 

0.7 CaO 0.45 Al,O, 

0.3 K,O 
4 0.5 Al,O; 4SiO, ........| 2,210 1,210 

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

Fusine Point. | 

No. a Composition. ee 
°F, °C, : 

0.3 K,O 
5 | 0.5 Al,O,5 SiO, ..........| 2,246 1,230 

0.7 CaO | | 

0.3 K,O 
6 0.6 Al,O,6 SiO, ..........] 2,282 1,250 

| 0.7 CaO | 

0.3 K,O | 
7 0.7 Al,O,7 SiO,........../ 2,318 1,270 | 

| 0.7 CaO 

| 0.3 K,O 
. 8 0.8 Al,O3;8 SiO, ..........] 2,354 1, 290 

0.7 CaO 

0.3 K,O 
9 0.9 Al,039 SiO, ..........] 2,390 1,310 

0.7 CaO 

0.3 K,O | 
10 1.0 Al,0310 SiO, .........| 2,426 1,330 

0.7 CaO 

0.3 K,O | 
: 11 1,2 Al,0O,12 SiO, .........] 2,462 1,330 

0.7 CaO 

0.3 K,O | 
12 1.4 Al,O,14 SiO, .........] 2,498 1,370 

0.7 CaO 

0.3 K,O 
| 13 1.6 Al,0316 SiO,.........| 2,534 1,390 

0.7 CaO 

0.3 K,O } 
14 1.8 Al,0318 SiO, .........] 2,570 1,410 

0.7 CaO 

: 0.3 K,O | . 
, 15 2.1 Al,O,21 SiO, .........| 2,606 1, 430 

0.7 CaO 

0.3 K,O 
16 2.4 Al,0,24 SiO, ........./ 2,642 1, 450 

0.7 CaO 

0.3 K,O 
17 lea Al,0,27 SiO, .........| 2,678 1,470 

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

a 

Fusine Point. 
No. of oy: _ cone, | Composition. ——————————_—_— 

°F, °C. | 

0.3 K,O | 
18 3.1 Al,0,31 SiO, ......... 2,714 1,490 

0.7 CaO | 

0.3 K,O 
19 |3s Al,0,35 SiO, ......... 2,750 1,510 

0.7 CaO 

0.3 K,O | 
20 ks9 Al,0;39 SiO, ......... 2,786 1,530 

0.7 CaO 

0.3 K,O 
21 i Al, 0,44 SiO, ......... 2, 822 1,550 

0.7 CaO 

0.3 K,O | | 
22 }49 Al,0,49 SiO, ........ 2,858 1,570 

0.7 CaO | 

0.3 K,O : 
23 (s Al,0;54 SiO, ......... 2, 894 1,590 

0.7 CaO 

0.3K,O 7 
24 hoo Al,0,60 SiO, ......... 2,930 1,610 

0.7 CaO 

0.3 K,O | 
25 6.6 Al,O,66 SiO, ........ 2, 966 1,630 

0.7 CaO 

0.3 K,O 
26 7.2 Al,O,72 SiO, ........ 3, 002 1,650 

0.7 CaO 

0.3 K,O 
27 \ Al,0,200 SiO, ....... 3,038 1,€70 

0.7 CaO 
28 Al,O, 10 SiOg so ccccccusccess 3,074 1,690 
29 Al,O, 8 SiOg .. cece secs sees 3,110 1,710 
30 Al,O, 6 SiO, ....... cece ces 3,146 1, 730 . 
31 Al,O, 5 SIO, .....ccccceccee| 3,182 1,750 

ay Al,O, 4 SiO, ..... cc cece eee 3,218 1,770 
33 Al,O; 3 SiO, .........002002| 3, 254 1,790 
34 Al,O, 2.5 SiO, ......-.eee004) 3,290 1,810 
35 Al,O; 2 SiO, ........cceeee. 3,326 1, 830 
36 Al,O, 1.5 SiO, ....... cee eee 3, 362 1, 850 

(een SSS SS SSCP i IS 

| 3
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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 

eones 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 brick ........-ccccceeccce cscs ccsccctscccccssecceseees O10—01 
Hard-burned, common brick...........sccceceeccceccecssseseee IL-2 
Buff-front Drick ....... cece cece ccc cc ce cece cece ccne cess esas sees 6— 8 
Hollow blocks and fireproofing. ...........0cececeeecececeeeeees O8-— 1 
Terra Cotta.......ccccc cece ccc ccec cece ccectceccseccccccscceces O4— 7 . 

Conduits... ccc cee cows cence ee cece cen eee cnne rece cece eees 7— 8 
White earthenware.... ccc cece cece cece cece cers ccns seen cece cece 8— 9 
Bire bricks... 0.0 cece cece cece cane rene cece cece cece cane ccee sees 9—12 
Porcelain ..... cece cece tececccccccc cece cccececescsccssevesesess 11-13 
Red earthenware ...... ccc cece cece cece ence cece tceececcccessees OLO—05 

Stoneware. oc... cece ccc cece cee c cease cece cece cece nese vere sess seen 6é— 8 

While the temperature of fusion of each cone is given in the 

preceding table, it must not be understood that these cones are 

for measuring degrees of temperature, but rather for measuring 

pyrochemical ‘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 cone, 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. |
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Manufacturers occasionally claim that the cones are unre- 
hable 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 watched 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 

principle of generating an electric current by the heating of a 

thermopile or thermoelectric couple. This consists of two wires, _ 
one of platinum sand 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 current. 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 cam 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.). 

Cone 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. 

III) of the same mixture as that used for bricks, and these 

placed in the kiln, surrounded by bricks so as to protect them 

as much as possible from flashing. | 

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

Locality. : Cone. 
ANtigZO.. cc cece recs cece cece reese cece cece eee cess eens rece sees cece sees 010 

Athens ..... ccc cece cece cece cece cece cece tevecsceseescees cess barely 010 
*Burlington.....c.c ccc eee cece cee cccen cece cece sessecesscescesseeee OF 

Clintonville (top of Kiln) ........cececeec cece ccee cess sees esse Under 010 

Clintonville (bottom of kiln)... 1... .... cece cece cece cece cecccesceece O10 

Grand Rapids. ..........cc cee cece cece ccee cece tcecceces seveceseee O10 
Green Bay (red burning) ........ cece eeee cece cece nececeececsesceses 08 

*Green Bay (cream DUrning).... 2... eee cece rene cee eee cece rece eens 1 

Kenosha ....ccccccce cect cove cece cess tececccccecctssscssscssccssess  L 

*Manitowoc (top of kiln) ........... cece cee cece cece cece eee eecc ones 98 

*Manitowoc (bottom of Kiln)............ cece eee cece eee ects ceeeccee 05 

Marshfiold «s+ ++1-ssseserrterperrssere seer reer neee nee ree pen snes 010 
enomonie . sececee cece cece cect cccssssscsscesee OD 

Monomonig Different yards. se cec eens scecsceceescsesscess barely 010 
Merrill. ....ccc ccc cece cece cece secs cece ccsccceescecccesecccscseress OLD 

| HMerrimac.... .ccce cece cece cccecccecccecccecscesscsccscccsetcessees GO 
*MilWaukee.... 2.2 cccc cece cece cece cece cone sees eceececeeessresstess OO 

Monroe ..... ccc ccc ccccccceccceccseccccccestscscscccesssees barely 010 

¥Now London .....ccscceccccccececccscceccccssccsccecsscecssssecess OLD 

Platteville ......cccc cece ccccccvccccecccecsssccscsceccvsecess Under O10 

sal od 0) 0 21°; 3 

*Port Washington (top of kiln). ...........0 cece cece cee eeerveecceees 08 

*Port Washington (bottom of kiln)........cescee cece sees eceececesees OO 

*Racine, North Point 1... 0... cece cece cece cece cena eee neue cece cccees 2 

Ringle ...... ccc cece cee teen cece cee seeevcesrssncecesees coee Under 010 
*Schloigingerville. .... 1... ccc eee eee eee eee eee eee cece cere seeees 3



ORIGIN AND PROPERTIES OF CLAY. 37 

KQNAWANO.. ccc cccccccc cece cess coe nees cece seas cece cess sens ccesnene 1 

¥Sheboygan ......cec cece ccec cece sce ccce cece sees cers cees cece cccens 3 

Siegel Station. ........ cece cece cece cece eee cece rece ccee sees seescaes 010 

Stevens Point ......... ccc cece cece cence cee reese eee ceee sees case cere 010 

KWhitewater ......ccs sc ccre cece ceee seen cece cence anes cece cess sess aees 1 

Those marked with an * are creamburning calcareous clays, and it is in- 

| teresting to note the higher cone, at which with few exceptions they are 

burned. 

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 

- microscope 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 clays 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 clays. 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. | 
KINDS 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 calcareous 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- | 

tics are uniformity of shade and freedom from discoloration 

when burned, absence of warping, low shrinkage, and the pro- 

duction of a good hard body in firing. . 

Wisconsin contains an abundance of clays suitable 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 plasticity, and good tensile strength. 

They vitrify usually at a low temperature, cone 2-4, have a low 

fire shrinkage and burn to a dense red body. At some localities 

a mixture of low-grade fire clay and shale 1s 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. 

Silica (SiO,).... ccc. cece wees 49. 75. 56. 

Alumina (Al,O3)........66- 11. 25. 22 .50 

Ferric oxide (Fe,O,).......- 2. 9. 6.70 

Lime (CaO) ...........e cee 20 3.50 | 1.20 

Magnesia (MgO) ........... 10 3.00 1.40 

Alkalies (Na,O, K,O) ...... 1.00 5.50 3.70 
Ignition... see sereeece sees 3.00 | 13.00 | 7.00. 

cd i 

* Wheeler, Vitrified 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, Halcyon, and Pittsville. (See chapter on Re- 

- gidual 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 plastic, 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 ones. |
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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. 

Lerra-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 erack 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 Wisconsin 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 contain 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, excepting 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 tthe manufacture of por- 

celain, white earthenware, wall tile, floor tile, and paper. 

Ship 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 of 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 II. 

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 ae 

, 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 Fig. 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 collect it with scrapers. 

These latter bring it down to a platform through which or from 

| which it is discharged onto cars or carts (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 IV Fig1). This is one of the best meth- 

ods of mining where the quantity of clay required is large, the
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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 seale 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 mixture. 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 thisi 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 cases for 
the choice of machinery made at some yards, except cost. Con-
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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 stiff-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 Halcyon. In using it on calcareous 

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 calcareous 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 screens 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 22... ccc cece cece rene cece ceeene 1,55 6.75 

Merrimac .. 2... ccc eee cece cee e eee tees 7.14 21.57 

Racine .. 2. ce ccce cece cece cece cece sees cece 5.74 | - 12.99 

Sheboygan ....... cece cece cece eee cceecces 4.22 12.00 

WauwatOSa 2. c.cccccccccccrcecereecencs 3.64 21.20 

Soft mud— 
Clintonville .... ccc ccc cece ee cece cee eee 9.72 23.77 

Midgar... cece cece cece cece cece cee eees 7.57 35.10 

: Merrill oc. ccc cee cece cece eee e ee ees 7.35 26.65 

Racine 2... ccc ccc cec ccc cece cece ceee case 1.49 11.12 

Racine .... ccc ces cece cee e cet e ee teen eens 4.46 | 11,24 

Wausau .... ccc cc cece cece cece ceescccece 4,28 21.03 

Whittlesey ...... ccs cece cece cece cree eees 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 calcareous 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 

yards but the results are not always as uniform as might be 

desired, a fault which is chargeable perhaps to the construc-
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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 product, 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. : | | 
rr 

. Linear Fire Cubical Fire 
| Locality. Shrinkage. _ Shrinkage. 

Stiff-mud: | 
Edgerton .... cc. cece cece cece eens cece 0 4.23 
Merrimac .........ce cece cece cocecees —.76 , 15,24 
Port Washington............ 0.00000. 0 11.38 
Racine ....... cc cece cece cece ceceaces 1.49 7.49 
Sheboygan .........c cece cece cece cece 2.94 3.37 
Wauwatosa ..... ccc ccc cece cece cece 15 . 7.12 | 

Soft-mud: 
Clintonville ......... ccc cece cae e ees 0 —19.00 
Hd gar... . ccc cece ccc cccccccccccccecs 0 6.75 
Merrill... ccc cece ccc cece eee cece 19 36.24 
Racine .. 0... ccc ccc cee cece ence cues 1.51 | 3.23 
Racine .. 2... .. cc cece ccc cece cecceece —.74 5.89 
Wausan, .......c cece cece cece cececees 1.49 | 7.27 

| |
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CHAPTER III. 

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. | 

ReswuaL Cuays. 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 outcrops 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. This 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, Junc- 

tion City, Black River Falls, Haleyon, 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 this report. 

TRANSPORTED CLAYs.* Those found in Wisconsin inelude 

glacial clays, marine clays, lake or lacustrine clays, estuarine 

clays, and loess clays of doubtful origin. 

Glacial 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 occupied 

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. Deposits of this class 

_ ghould 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 | 

Wisconsin. The former occurs as a belt extending from Sturgeon 

Bay, southwestward through Stockbridge, Oakfield, and Eagle. 

In general it is a caleareous 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- 

AA B £m, 
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Fig. 5.—Section showing Maquoketa shale and limestone mounds. A, Niagara 
limestone; B, Loess; C, Maquoketa shale; D, Galena limestone. 

lined on the map Fig. 4. There it is a somewhat calcareous 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 (PI. 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, 

Oconto, Outagamie, Waupaca, Calumet, Winnebago, Waushara, 
Manitowoc, 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 Lake Michigan, the 

width of it is somewhat variable. | 

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 IJ. 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 calcium contents being spe- 

cially noticeable. Owing to their proximity to streams, trouble | 
ig 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. __ | 

*Op. cit., p. 37. 
*Ibid, p. 37. |
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CHAPTER IV. 

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, calcareous clays. 

II. Red or brown-burning clays. | : 

III. White-burning clays of refractory character. 
IV. Slip elays. | ; 

1. CrEAM-BuRNING CaLcAREOUS CLays. 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 cream 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 

eream-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 = 
. Cone... .... cc. cee 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 can 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: 

Red clay ........ ccccscccccecceeccscccecsssccscesecs 3 t0 4 feet 
Blue clay .... ccc cece cece cece eee cece te ce sete sccseeee DO feet 
Gravelly bottom Clay........ cee cece tee cece eee eens cece eeeees 

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; 

erit 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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eee 

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 

| a 

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 clay , 

is quite noticeable. The average burned bricks made from the 

run of the bank are considerably softer. The bricks made from 
the top clay 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 vard. The general 

physical properties of the clay and brick mixture are given in 

parallel columns for purposes of comparison.
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gener nr a, 

Material .......cceeecececeeeeeeeee| Run of bank Brick mixture 
Liab, NO... .. cece cen e sens cece nccens 1,010 1,011 
Color ....cccc ce cece cece cc cenecesees brown yellow brown 
Soluble salts .......- cccssccsecces 22 .20 
Water required .......... cece scenes 22 19.8 
Slaking ......... cco ccceccceeeesss| MOderately fast slowly 
Plasticity ........ ccc cces cece cceecs good high 
C5 ot some medium 
Air shrinkage ......... 0. ceseeeeees 6.24 6.5 
Average tensile strength............ 246 316 : 
Maximum tensile strength ......... 310. 305 

Wet-molded bricklets— 
Cone 010: 

Fire shrinkage ........ 0000000. 4 4 
Color .cce ccccceccccscvccncvecs cream pink buff 
Absorption ........ccce cece cess 28.17 23.23 

Cone 05: | 
Fire shrinkage ......0. cece case 7 Ss. 8. 
Color... ccc cece cccecccces veces: cream cream 
Absorption .......... sees ceeees 28.62 22.63 

Cone 03: 
Fire shrinkage .....ccccccecess 7 0 
Color ..ccccccaccccccnce cece sens ilight buff cream 
Absorption ........s0escesevees 25.81 20.63 

Cone 1: 
Fire shrinkage ............ 200. 10.3 2.7 
010) C0) buff light buff ; 
Absorption ........ cece ccencoes 8.18 16.35 

Cone 2: 
Fire shrinkage ........ cece cecelocee cece cece senece 3.5 
COlOL oc ccecec ccc ccce ccs cece eclecse cece cesececees cream ‘ 

: —— ADSOFPTION.. 0... cee cee cee ce lee ee eres cece ce seee 13.89 

Cone 3: 
Fire shrinkage ........ ccc cece leenc cece cceesccees 4 
Color, ..cc cece cece cece vcce cecc[ecescecesceeeecees cream 

| Cone 5: 
Fire shrinkage ..............6.. Leeteee nese cseeea| viscous 

Dry-pressed bricklets— | 
Cone 05: , 

Fire shrinkage ........ecsecess 0 0 
Color .... ccc cece cee cece teens light buff buff 

, Absorption .... ccc cc ce cece cons 34, 22 

Cone 1: 
Fire shrinkage .........0se000- — 8.66 

| Color... .. cece cere ce cccccececens light buff 
Absorption........ccsccee seceee 16.57 

(Gece deere nnn SNES GSTSSSSSS ASSETS SSSR CuSO RS EN NSIST AIRED SRISSTI/SEIISINOISAINISSUIESGSSASOSOSNEOS
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| Chemical composition. 

Silica (Si0,) 0... ccc. cece cece cece cece cece ce ceessese 32,48 42.28 
| Alumina (A1,03)..... cccccecececceeccececesscesee  TBL 8.26 

Ferric oxide (Pe,O3)..... cee cece cece eee cee eeees 4.37 3.84 
Lime (CaO) ....... ce ccc ee cece cece cece et cece cees 18.44 13.05 
Magnesia (MgO) ............ cece ce ccec cece eeeee os 7.18 6.01 | 
Potash K,O)..... ccc cece cece cece we cee e cece ceeenees 2.01 2.51 
Soda (Na,O) ........ cece cece ee ween cee e cece tees eens .48 49 
Titanic acid (TiO g)........ ccc eee cence ee eee ones 12 .05 
Loss on ignition ........ccceeecec cece ee ceeevececece 24,00 22.07 

Total... ..cccecceceeccccececcseceescescecees 100.09 100.56 
Total fluxes.......... ccc cece cece cece cece cees 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 clay 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-cut machine. The bricks are dried in 

long sheds with steam pipes underneath, while the burning is 

done in a circular 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 ecaleareous 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 comparison the two are given below.
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er a ED 

Material...............-+..++.++++| Drain tile mixture | Brick mixture, 
run of bank. 

Laboratory No ...........eceeee- 1061 1062 
Water required ........ 2... ec0eee 19.8 19.8 
Slacking. ....... cc. cece eee vaee slow moderately fast 
Plasticity ......... cece cece eee good good 
Or | very little much, silty 
Air shrinkage. ..........20.e008- 5.5 2.9 
Average tensile strength. ........].... ccc cece cecccces 206 .4 
Maximum tensile strength ......)........ cee cece cece 236 

Wet-molded bricklets— 
Cone 010: : 
Fire shrinkage .............. 3 : 7 
Color ..... cece cece cece ences pink red pink 
Absorption............ 00006. 22.08 29 .92 

Cone 05: 
Fire shrinkage .............. sl. sw. sl. sw. 
Color ....... ccc cee cee eee buff pale buff 
Absorption...........c00008- 21.03 33 .86 

Cone 03: | 
Fire shrinkage .............. sl. sw. sl. sw. 
Color ......... cece cece ceeees cream buff light buff. 
Absorption .......00 seen ceee 19.08 31.75 

Cone 1: ° 
Fire shrinkage.............. 5.7 sl. sw. 
Color ..... cece cece cece cee eee yellow buff buff 

~ Absorption............ 0000. 5.57 29.57 

Cone 2: . 
Fire shrinkage.............. 6.5 1 
Color ............0eece+eeee-} Greenish yellow buff 
Absorption........ 0... 0000. 4.42 27 .94 | 

Cone 3: 
Fire shrinkage............6- 7 1.6 
Color ........... .seeeeeee-., greenish buff deep buff 
Absorption ............2008- 3.27 26 .90 

Steel hard. ............ cece ewes cone 03 above cone 3 
Viscous at......... cece cece wees 5 

sp cnc) npc asses 

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. This same property also 

causes 1t to burn to a very porous body. | 

Kenosha, Kenosha Co. Cream-burning brick clays are worked 

at this locality in the yard of W. J. Craney. The section in- 

volves: 

0) 9 CP oO 9 1 ' 
Deep red clay ....... 00. cece cece cece cece cccctesccsseseese tC ft. 
Blue or cream-burning clay........0. cece cece ccececcceeee 6 ft.
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The properties of the two are as follows: 
er eee reer sree ee eeceeeee cece cece eee as 

Material ...........eeeeeeeeeeeee+-| Lower blue clay | Upper red clay 
Laboratory No ........ cece eens ees 1072 1073 
Color, MOiSt.... . cc. cease cece cece cees brown brown 
Soluble salts ........0..ce0 cece ceee 45 £27 
Water required............ 2... 200. 17.6 25.3 
Slaking ........ cece cee cee cece wees slow fast 
Plasticity....... ccc cece cece cence cee high high 
CS ot none very little 
Air shrinkage.......... cs. cess cere 4.5 8.2 
Average tensile strength........... 64 299 .6 
Maximum tensile strength.......... 72 332 

Wet-molded bricklets— 
Cone O1C: 
Fire shrinkage.............-6-. sl. sw. 3 

070) (0) an light brown red brown 
Absorption .... 2... 0... 0000 cee 36.79 18 

Cone 05: 
Fire shrinkage............006- sl. sv. 2.6 
070) (0) an light brown yellow red 
Absorption.....ccc cece vcee res 30,98 15.17 

Cone 03: 
Fire shrinkage ............ 2.6. sl. sw. 2.7 
Color ........00 eee eeeeeeeseeee| light pink buff red brown 
Absorption ........ 2.06 cece ceee 26.28 9.87 

Cone 1: 
. Fire shrinkage ............cceeleccc cece cece cnvees viscous 

Color oo... cece eee cece cece cceelecee cece cececeeese| brownish gray: 

Cone 2: 
Fire shrinkage ............---- sl. sw. 
Color ...... cee cw ee cece cent cece yellow buff 
Absorption...........- cece eee: 24 .96 

Cone 5: | 
Fire shrinkage ...............- viscous. 

Dry-press bricklets— 
Cone 05: 
Fire shrinkage sresteeteres eee 1.33 
Color ...... cee cece cece cece eee light buff 
Absorption ........ 0c. cece wees 28.19 

Cone 1: 
Fire shrinkage .............0.- 3.33 
Color .....0 ccc cece eee cece ees light buff 
Absorption ........ cece cece sees 24.52 

Seer en SSPEARS SRS ISAS
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Chemical composition, : 

Silica (SiO,) .. cece ce eee cece cece cree eee rece eee 38.62 59.41 
Alumina (A1,03) .. cc cc cece cece ee cere rene ceee oes 8.75 18.10 

| Ferric oxide (Fe,O,g) ...... ee ee cence eee cote cee cens 8.22 5.91 
Lime (CaO)........ cee cece cece sac cee e cee ceeecees 14.04 6.28 © 
Magnesia (MgO)... .... 2.6.5 cece cece cece ee cene cece 6.27 14 
Potash (K,O) oo... ec cee cee ecw ene e cece een ceee 2.65 1 54 

Soda (Na,O) ....ce cece cece cee cee cree cece eee cece 89 .49 
Titanic acid (TIO,g) ..... cc. cece ce cece teen cenn ees 07 3) 
LOSS ON IGNition ... 2... cee cee cee eee twee teen eee 19.99 12.34 

A 10): } 99.50 100.46 
Total fluxes 1... 0... cece cece cece cote nena cers 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 scove 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 Point 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 

Soil... oc. cee cee eee cece cece cece cenee seeeeeceseceee OID, 
Coarse loamy Sand .... cece cece cece sees seer seecreeseees Ltod ft. 
Purplish clay ..........ccc cece cee cece secs scsccecesees 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 .......... e005 eceee0eeee+-{North Point}Cedar Bend|Lake Shore 
Yard. Yard. Yard. 

Lab. NO... ccc cece cece cece cece cece 1103 1105 1115 
Soluble salts...... 0... cece ceee wees .o3 18 . 91 
Water required .........c. cece eons 19.8 19.8 17.6 
Slaking... 2... ccc eee cece cece eee fast fast fast 
Plasticity ..... 0... cece cecc cece voce good good good 
Grit .. 0... ccc ccc cece cece cece eee fine mixed | much, fine 
Air shrinkage..............cee eens 7.6 | 6.3 4.8 
Average tensile strength .......... 276.3 |v cen cece ceee 
Maximum tensile strength ........ B10 Joss e eee cess 

Wet-molded bricklets— | 
Cone 010: 

Fire shrinkage................| sl. sw. 6 sl. sw. 
Color.............ec0eeeeeeee-| pink buff light red pink buff 
Absorption ........ 0.00 cess ceee 20.98 21.41 19.25 

: Cone 05: 
Fire shrinkage.............06. 7 8 0 
Color...... ccc cece cece cece cece cream light red cream 
Absorption ....... 20 cece caus 20.70 21.39 19.33 

Cone 03: 
| Fire shrinkage................ oO 0 6 

Color... . ce cece cece cece ce ee eee cream dark buff buff 
Absorption ........ cee cece cee 20 20.21 17.85 ‘ 

Cone 1: 
Fire shrinkage................ 4.6 7 3 
Color ..... ccc ec cece eee nee cream buff light gray 

buff 
Absorption ........ 20. cece vee, 8.70 5.15 13.09 

Cone 3: 
Fire shrinkage................ 6 cece cece eens 5.6 
Color...... cee cece cece cece nee buff sececeeesee.| gray buff 
ADSOrption.... .... ce ce cece ccc e lence cece cece | suse voces cece 4 25 

Dry-press bricklets— 
Cone 1: 

Fire shrinkage................ 4.33 |............ .66 
Color ......cccccccccecceeesee | greenish |............ buff 

buff 
Absorption ........... 0.00000. 20.30 |............ 22.34 

| Cone 5: 
Fire shrinkage................] Viscous [............ 
Steel hard........ cee eee eee cone 3 | cone 1 cone 1 

TT | 

The Cedar Bend clay is less caleareous 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 
Silica (S1O,) ....cccecceeccescceecceesesesesesesssseccetesetesssees 47,36 
Alumina (A1,05) ..cccccc cece ccc cece cece secs cscs cecscsscsssscsss 6,98 
Ferric oxide (Fe,Og).... cece cece cee cece cece rete ececseeccecscccces 6,68 
Lime (Ca) 6 cece nace cece cece cecc cscs sesccesscesscessescsssseses 13,10 | 
Magensia (MgO)........ cece cece cece cece cece cece nec ccsecesscssees 4,36 
Potash (KO) ...c cece ce cece ce ee cece cece ccee cece cess eesscsscvece 1,28 
Soda (Na,O).... ssc sce cece ceueceue cove screseressiesrerteessese 0,68 

| Titanic acid (TiQ2) 2... .... cece cece cence eee cece ces ccscseresseces Ah 
Loss ON ignition... .... ccc cece cece cece cece cece cess cece cesecscees 19,05 

Total ..ccccccceseceeceeececeeeecceecsecesaecssseesecees 99,68 
Total fluxes.... 2... cece cee cee cece ccc cece sce scence secs 20.10 

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 kilns. 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 soift- 

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: 
ee 

Crushing Transverse Absorption 
strength. " Pp ° 

| Stifl-mud........cccceecececececces[eececsceeee|soeeeececcucfeaescuseuees 
Soft-mud.. ccc ccc cece cece cece cect [aces cece cecel ence cece cees|sccs seeecees 
Soft-mud repressed ........ cece vccclecee once cces|cocecece rife cece eee 

a 

| 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:
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Stripping .. 2... cece eee cece cece cere ccsesscessscsece BS foot 
Red clay .... ccc ccce cece cece cccsccceccccccesecceccces. 2 foot 

| Sand (used with the clay for brick and tile).............. 1 foot 
Blue clay .... 0... ccc. cece cece cece cece cece ccccscccccscss 3. feet 
Red gravel (water bearing). 

The various layers in the bank are quite distinct, 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: 
SS, ee ENE eEEES 

Laboratory No ..........cc cece cece 1052 1051 
| Material ........ ccc cece cccccccece upper clay. lower blue clay 

Color, moist ....................--| yellow brown |.................. 
Water required............ cece cece 22 30.8 
Slaking 1... ....cccc ccc cece cence: slow vtec ceee ce ccee cess 
Plasticity .......... 0... ce cece eee high high 
Git oe. cc eee cece eee cece weenie variable none 
Air shrinkage ......... ccc cece eeee] . 7.3 9.1 

Wet-molded bricklets— 
Cone 010: 

- Fire shrinkage ................ 1.3 1.6 
Color ........ ccc cece ceceeess| . buff pink buff 

| Absorption ...........0 cee vee 21.97 22.87 

Cone 05: 
Fire shrinkage ................ 1.3 1.6 
Color ....... cc ccc cece cece cece buff bink buff 
Absorption...........0 2.00 cee: 19.85 | 23 

Cone 03: | 
Fire shrinkage ................ 1.3 7.3 
Color ...... ccc ccc ce cc cece eens buff buff 
Absorption ..........0. 0008 000s 19.43 13.60 

Cone 1: 
Fire shrinkage ................ 2 
Color ...... ccc cece cece cece cece yellow buff viscous 

| Absorption.............2. cee 14.33 

Cone 2: 
Fire shrinkage ................ 2.7 
Color ...... 0... cece cece cece cess yellow buff 
Absorption............ 000000: 13.37 

Cone 3: 
Fire shrinkage ............e00- 2.7 
Color.............e-seeeeeeeee-| greenish buff 
Absorption...........cccce cece — 18.15 

Cone 5: 
Fire shrinkage ........ 2.2.0... viscous 

Steel hard ............ ccc cece ee 05 
SS SSS POSSSSOSSSSISSS
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Chemical anaylsis. 

| Silica (SiOg) ccc cece cece cee cece eens sense nee cece ccee sens ceeeeeee 41.86 

Alumina (A],04) .... ccc cece cece ceenccee cues cscs ceen cess reescesers 14.31 

Ferric oxide (Fe,Og) 0... cece cece cere cece ces rece cece cece sesececees 6.69 

Lime (CaQ)..... ccc cece cece cne cece ccne cece eens cccecns sesecceeee 9.38 

—— Magnesia (MgO)........ cece cece cece cee rete cene cece eens cece cences 4.75 

Potash (K,O) 20... cee cece cee cen cece cen cece eeecncee sess ccrecees 3.73 

Soda (Na,O).... cee ccce cece cere conn cee sacs cece eens sees cece sacees 92 

Titanic acid (TiOg) ..... secu cece cece cece sees cece cscs sees seas seners 05 

Loss 01 ignition .... cc. cece cnet cone rene cere cee cece sees nesscnsens 17.86 

| Totales.cccccccacecececceesceccvectetecesecescetseseessesees 99,55 
Total Huxes .... ccc ccccccceccccccccccrccccssesccscecescsces LOAF 

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 to 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 scove 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: 

LOAM co cc cece cece cece cecevcecee secscceccccscccsececseces lft. 

Coarse Sand... 12. ccc cece cece cece cece cascccecccscsesecece Bit. 

Red clay with limonite streaks.... 2.0.0.2... .eee eee eee eee 8 ft. 

Blue Clay 2... cece cece cenc cere scce eee soec cece sess sececces 10 ft. 

The top clay is red-burning while the lower clay is cream- 

burning as can be seen from the following tests. The tests of 

the top clay are nevertheless put in here for purposes of com- 

parison. | 

— ge SE 

Material ..... ccc cece cece cece cence ceeecene Top clay Lower clay 

Lab. No... .. ccc cece ccc cence cece eee cees 1064 1116 

| Soluble salts .....ccecceccccccccecesecsee] | 12 19 

Water required... ........ cece cece cere neeed, 22 19.8 

Glaking 2.0... ..cc ccc cece cen e teen cee ees moderately fast fast 

Plasticity .......0 cece cece cece sens cece cees good fair 

Grits 1.2.00 cee cece cece cece eens eens eens variable mixed 

| Air shrinkage ........ cece cee cece cece cece 5.1 . 5.6 

Average tensile strength ..........-...-:- 294.6 

Maximum tensile strength................ 339 _ .
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Wet-molded bricklets— | 
Cone 010: 

Fire shrinkage ..........-0.0 eee cees 0 7 
(O70) (0) light red deep pink 
Absorption............2.2eee cece eees 16 21.72 

Cone 05: | | 
Fire shrinkage... ...........c cee eee 3 0 
Color .... ccc cece cece sececeecceesss..| yellow brown cream 
Absorption... .....0.ccceec cece eee eeee 15.90 22.08 

Cone 03: 
. Fire shrinkage ..............eeee cece 1.7 1 . 

Color .... 0... cece cece eee cee cence light red cream 
Absorption... .... ..c0 cee cee eee eee 13.19 20.54 

Cone 1: | 
Fire shrinkage... ..........00 eee cone! 7 
Color wo... cece cee cee cece eee ween cees red brown 
Absorption... .... .ccc cece eee eee os 1.90 

Cone 3: 
Fire shrinkage .......... 0. cece cee vis. beg. "3.4 
Color i... ccc ccc ce cece eee cee eeleceen sen ceee eens cream 
See ce a 14.72 

Steel hard ......... cece eee eee eee ees cone 3 vis. at 5 eet cs 

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 occur in pock- 

ets rather than uniformly scattered through the mass. The 

: clays are worked in a soft-mud machine and burned in scove 

kilns. 

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 controlled 

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
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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: ) 
NN ae eee ee ee CRRNENEEREAA | 

Material ............ 0... cece cee ee Yellow clay Blue clay 
Laboratory number................ 1015 1016 
Water required..............00000. 17.6 22 
Slaking ........ ccc cece eee eeeaes fast moderately fast 
Plasticity ........ ccc cece ccc ce cece good good 
Grit 2... 0... ccc cee ne ceeeeesceessee| ID mod. amount little, fine 

| Air shrinkage ........... ........ 4.6 62 
| Average tensile strength .......... 252 

Maximum tensile strength.......... 292 | 

Wet-molded bricklets— 
Cone 010: 

Fire shrinkage .......... ccc cc leccc cece sccceecccs 0 
00) Co) a buff 
Absorption .... 0... 0.00 2c cece lecee cece cece ee cues 30 | 

Cone 05: 
Fire shrinkage ................ sl. sw. sl. sw. 

6) C0) deep buff light buff 
Absorption .........cccceeees 31.54 32.06 

Cone 03: | 
Fire shrinkage ................ sl. sw. sl. sw. 

0) 0) ap buff cream 
Absorption ne 31.71 31.20 

Cone 1: 
Fire shrinkage ............005. 4 2 

0) (0) light buff kigat buff 
Absorption ..........ecse eevee 32.47 26.88 

Cone 2: 
Fire shrinkage ...........0 ccc lecce ccc cecusscues 2.3 
Color wo... ce cee cee cece creel ecee cece ce esseeees cream 
Absorption ........ ccc. cece cece lecce ce cece cone cees 24.83 

Cone 3: 
| Fire shrinkage ............ ccc ec ee cece cece cee ae 5.7 
Color... . cece cee cee cee cc ecleccevecescvccesces| light brown buff 
Absorption ...... 0... cece cece elec ee cece ee ceee cee: 27.73 

(eee ENS aS Ta SSSA ,
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No. 1015 when molded into a large brick and dried rapidly 

shows a slight tendency 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 section. 

Black loam ........... ccc ccc cece cece ccccvecscesevece L ft. 
Yellow clay .......... ccc cece cece cece cece ccccccsccees. 7 tO8 ft. 
Blue clay ........ cece cee e cece cece cect cece cece cece cece OD ft. 

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

_ As ean 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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en a 

Material... 0... cee wee cece cece ees Blue clay Brick mixture 
Lab. Nov... . cc. cc cee ete cee e eee eees 1063 1111 

| Soluble salts 2.0.0... ccc cee cece eee nee e lee ee cece cece eee 27 
~ Water required ...........0-. ee eee eee 20.9 17.6 
Slaking ........ ccc cece cece nce cece tees slow slow 
Plasticity ...... cc cc cece cece cen e cee eee excellent high 
Grit... cc cc cee ec cece cece teen eens little some, coarse 

| Air shrinkage ........... cc eee eee ees 7.1 4.5 
Average tensile strength ... 2... ccc cece l eee e cone cece cnee 233 
Maximum tensile strength ........... lec ce cen e cee eee 252 

Wet-molded bricklets — | 
| Cone 010: 

Fire shrinkage ............ cece ceee 0 oO 
Color oo... cece cee cee eee eee tees gray light buff 
Absorption ........ ccc cece ceee eee 29 24 21.85 , 

Cone 05: | 
: Fire shrinkage ..........c cee e ees sl. sw. oO 

Color ...... cece cece cc cece teen eees cream cream 
Absorption ........ ccc cece cece cons 31.12 24.16 

Cone 03; 
Fire shrinkage ........ 0... cee eens sl. sw. 0 
Color ...... cc cc cece cee cece teen ees cream cream 
Absorption........ ccc eee cece teen] 31.64 22.15 

Cone 1: 
Fire shrinkage ............ 0.00 eee sl. sw. 2.3 
Color ...... ce ec ce c eee cece ence tees cream cream 
Absorption ........ ccc cece vces cece 29.51 | 17.31 

Cone 3: | 
Fire shrinkage ............cceecees 2 4.4 

| Color... cc cee cc eee cece cee e eens light buff buff 
Absorption ..........0. eee cee cee 27.47 16.85 

Dry-press bricklets— 
Cone 1: 

Fire shrinkage .......... cc ccc ee] cee cent ween cee sl. sw. 
Color .... 0. ce cee cece cece eee ceeel sees sees eae cees cream 
Absorption .... 0... ccc cece cece eee | ce cece cece esee 27.41 

aS SS Cee 

Comparison of the properties of the two sets 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 elay alone is a porous, finely silty material, which burns 

to a good cream body. The mixture when dried is coarse grained 

and shows scattered mica scales. 

Uses. The clay which underlies a considerable 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 occurs, 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 clay (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: 

a 
| 

Wet-molded = 
| Cone.......-..---+- 010 05 03 1 

Fire shrinkage.... 1.7 2.3 2.8 13.6 

Color............-| light red cream light buff | yellow buff 

Absorption ....... 25.74 25.58 23.79 3.65 

ae 

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- 

ereased rapidly as its fusion pot was approached. 

el 

Dry-press bricklets: 
| (oe) 11: 05 1 

Fire shrinkage ........ css ceee cece cece ceee 2 12 

Color 2... cc cc cc cece cece cece cece ene ccesceee light buff buff 

.—-— Absorption........ cece eee cece cee e cee cece 32.43 12.48 

A RE A A 

It gives a fairly good dry-press body at 05.



70 THE CLAYS OF WISCONSIN. - 

Uses. 'At 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: 
ee 

ETS 

Material ............c0.ccerececeseeese| Surface clay Run of bank 
Lab. NO... .. cc cece cece cence ccc ece eens 1112 1125 
00) (0) brown light brown 
Soluble salts .......... ccc cece cece eee 13 19 
Water required ............ ccc cece eeee 25.3 22 
Slaking ....... 0... cece eee cece wee e eens fast slow 
Plasticity .......... cece cece cece cece cues high excellent 
Git oo cc ccc cee eee cece cece ceeeeees none some, fine 
Air shrinkage,......... ccc. cece ence cess 3.5 T 

Wet-molded bricklets— 
Cone 010; 
Fire shrinkage ............ 0.00005 oO sl. sw. 
Color ...... ccc cece eee eeeeeeseeess| DrOWNish yellow buff 
Absorption ..........c0 cece cece secs 17.86 27 

Cone 05: 
Fire shrinkage .................0.. sl. sw. re 
Color ...... 0... cece cece eceesee-se.-/ Drownish buff cream. 
Absorptionseesseeseeestc voces 17.99 26.78 

Cone 03: | 
Fire shrinkage ........ccseseeevees 1 1 
Color i... cc cccsccceceescceesesesese| brownish buff cream 
AbSOrption .... 0... ccc cece cece cece 13.26 25.93 

Cone 1: 
Fire shrinkage ............ cece cess vis. beg. 1.4 
Color 0... cee cece cece ee cons cece [cece cece cee ecee light buff 
ADSOrption ........ ccc cece cece cece feces cece cece cece 24.58 
Se
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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 cone 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- 

ly 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. 

Milwaukee, 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 distinct 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. .



| "9, THE CLAYS OF WISCONSIN. 

The following tests will serve well as indicating the physical 
character of the cream-burning Milwaukee clays. 

a a TLS 

Locality .................ee+2+2++-| Chase Brick Co. | Burnham Bros. 
Wauwatosa yard. 

Laboratory number............-... 1,080 1,009 | 
Color, MOISt........ cece cece seen cece gray gray | 
Soluble salts ............ 2.00 seca 17 18 
Water required................... 15.4 15.4 
Slaking ...... cee cee cee eee fast moderately fast 
Plasticity ........cc.c cc cece ccec cess good much, coarse 
Air shrinkage ............. cece cues 3.5 3.5 
Average tensile strength............ 215 197 © 
Maximum tensile strength.......... 251 236 

Wet-molded bricklets— : 
Cone 010: : 7 | 
Fire shrinkage ................ 0 0 a 
Color... cc. ccc cece eee eee eens gray buff light pink buff 
Absorption .......... 0000 ceeees 23.43 20.33 

Cone 05: 
Fire shrinkage .........ccecees sl. sw. 0 
Color ...... cece cen cece cece eas cream light buff 
APSOMPHOR «se eseeeeeesenecees) | 22.27 20.43 

Cone 03: 
Fire shrinkage .............00. sl. sw sl. sw. 
Color oo... cece cece cece ccne cease cream buff : 
Absorption ...............0008. 24 18.85 

Cone 1: 
Fire shrinkage ................ sl. sw. 1.7 

, Color ....... ccc ccc cece ccces | light buff buff 
Absorption ........ ccc cee vene 20.70 10.37 

Steel hard at cone 3........ 0... Joc ccc c cece cone cee 

Dry-press bricklets— 
Cone 3: L.7 

Fire shrinkage........ 0c. ccc le eee ee cece ceases buff 
0) C0) sa 10.15 

| Absorption .......... 0... cc cece lowe ccce cece ceeees 

SS SS SS SSS SSS SSS 

. Chemical composition. 

Laboratory number.............. cece cece cece cceccceccececseseces 1,080 
Silica (SIOg) .... cece cece cece eee cece cues ccc ccssceccrcceccee 37.96 
Alumina (A1,0,).... 2... eee cece cece cece cence eee seee ne cceeeece, 9,07 
Ferric oxide (Fe,0,5) 2... .... cece cece conn cece ccecsccsceccecescese 3,60 
Lime (CaO) .... 2. ee ce ce ccc cece cece ects cece cece ccceecsceces 22,48 
Magnesia (MgO) ......... cc cece cece cece cece ccc venceceecececece .2,84 
Potash (K,O) 2... .. ec cece c ene cece cece ccccccsccceceseces 9,07 
Soda (Na,O) ...... ccc cee cece cece cece cee cece ences seeeteucecus 54 
Titanic acid (TiO,).... 1... cee cece cece cee cee seen ceee cece cedees .38 
Loss on ignition ......... .c cc cece cece ccc cece cece cece ccescces cess 21,52 

Total 2... 0... cee cee ene cee e cece ce ee tent cesc secs scceces:, 100,26 
Total flUxes.... 0... lk ce eee cee cece ces ccc ceececesess 31,53 ,
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Uses. The clays around Milwaukee are used chiefly for the 

manufacture of common building brick but in addition some 

dry-press brick 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. 

a aa a 

Name. Tempering.| Molding. Drying. Burning. 

Standard Brick Co...| Pug mills..| Dry-press | Hot air Scove and 
and stiff tunnels. continu- 
mud, | ous kiln. 

Burnham Bros., How-}............| Boyd dry | Tunnels...; Continu- 
ell Ave. Yd. press. ous kilns. 

| Davelaar & Sons .....| Potts Soft mud..| Pallets ....}| Scove kilns | 
crusher, . 

Chase Brick Co......| Pug mill | Stiff mud, | Steam Scove kilns 
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. 

eo 

Merrimack, Sauk Co. Bordering the Wisconsin 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 clay 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 clay 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: 
(ents renee earth 

Material .......0 cece cence cece coves Clay alone. Brick mixture. 
Lab. No .... ccc ce cc ccee cece cceeee 1162 1171 
Soluble salts . 1.0... ccccc cece cecelecce cccs cece seseee ot 
010) (0) brown brown 
Water required ........ 2... coun cone 22 24.2 
Slaking . 1... cc cece cece cece veeees fast moderately fast. 
Plasticity ..... ccc cece cece cece cece good good 

7 Grit ........ ccc ccc ee cece cece cesees| some, Coarse sandy : 
Air shrinkage ......... 000 cece cee 6.5 4.5 
Average tensile strength .......... [ec cece eee eee eens 181.4 
Maximum tensile strength ........).... ccc eeeweeeceee 219 

Wet-molded bricklets— 
Cone 010: ' 

Fire shrinkage ..........eeeee0] | oO oO | 
Color oo. ccc cece cece coos cece eens pink buff light brown i 
AbSOrption.... cee ccsecsce rece 27.50 20.16 

Cone 05: 
Fire shrinkage ............006. sl. sw. 0 
Color... . cc cece cece cece cece cece light buff cream 
Absorption .... 20. cee cone coe 28.33 20.73 

Cone 03: | | 
Fire shrinkage ................ 0 0 
Color... .. cc cece cece cece eee ees light buff buff 
Absorption ........ cece cece ence 27.30 19.39 

Cone 1: | 
Fire shrinkage ........ sseesees 0 3 : 
(026) (0) a light buff buff 
Absorption .... 0.00.0... 000 cee 26.50 13.40 

Cone 3: 
Fire shrinkaze ........ 0.00 cee 3 cece cece ce sees cece 
Color... .....ccccececceeceeeeeoe| greenish buff {............ 00. 
Absorption ........ ss. eee eee} 16.24 sete et ceee see eens 

Dry-press bricklets— 
Cone 05: 

Fire shrinkage ........ cee cece eee e cece ee eee wees 0 
Color... 2... cece cece cece cece cena te ce eee eee es cees light buff 
ADSOFpPtiON .... ccc cece cee cece l seen cece cere ee aece 24.30 

Cone 1: | 
Fire Shrinkage 2... ... 0 cece cece lee ee cece cence vvece 0 
Color... 2. cece scccescsceeenene eieeteee ce] light buff 
Absorption .... 0... 2200.20 2 ceed eee cece cece ee cene 20.82 

Sc i i RE EAA 

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 caleareous estuarine clays 

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 line 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 .................22..| 010 05 03 1 2 

Fire shrinkage.........| sl. sw. | sl. sw. 0 2.7 4.3 
Color ..................-| Cream | cream | cream | cream deep buff 

| Absorption ............| 25.33 23.84 | 18.72 16.46 13.07 
a 

=>____ LL ——_=_EEE 

Dry-press bricklets— 
Cone... ee ce ccc cece cee cece cece scececes 05 1 

Fire shrinkage ............ ccc ccc cece eee cece 0 2. 
Color ...... cece cece eens ce cceeccecececeese| buff light buff 
Absorption ............ ccc cece cece cceccceccese! 31.13 | 24.41 

ET Si 

The clay burns steel hard at cone 1, and its absorption is 
rather low for a caleareous 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: | | 

Sand... .cccccccccccccccceccccccscccccctscescsssscecssseses Off, 

" Ferruginous Clay ......-. 6. cece cece cece cece cece ee ceer eens 1 ft. 

15) 00-0) ¢: ) 2 16 ft. 

At Affeldt’s yard the section shows: 

Loam oo. cece cece cccccccccceccccccseccscccecccsesecce L ft, 

13776 oC: A 6 to 12 in. . 

Sand clay ....... cece cece rene c eee cree cece cece cece ness 3 ft. | 

Hard Clay ....csc cece cece cece ceee tees seesceeecscs cee GO 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: 

Material... ....ssceceeceeeeeeeeceeess+s( Sandy clay { Brick mixture | 

Lab. No... 2... cece cece tees eee cece eces 1108 1113 

Color ....ccccceecceee cevceececeeceess| light brown brick 

Soluble salts ......-. ce eee cece eee eee 24 18 | 

Water required .... 2... cece cece cece cess 19.8 15.4 

Slaking ........ cece cece eee ee eee tees slow fast 

Plasticity .........c cece cece cere cece cece fair fair 

Grit... ccc ccc cece eee eee eee eee eaes much much, fine 

Air shrinkage...... 2.0. eee cece cece eens 7.3 3.7 

Wet-molded bricklets— 
Cone 010: 

| 

Fire shrinkage ........-ss+seeeeees 0 sl.sw. | 

Color .... 2. cece cece coerce ee tees cnes buff light drab 

Absorption ........ eee cere cece eee 25.10 20.88 

Cone 05: | 
Fire shrinkage ......-eseseceee cess sl. sw. _ sl. sw. | 

Color... ce cccc cece cect cece eee cess cream light gray 

Absorption......0. sees eeee rece eres 27.45 23.34 

Cone 03: 
Fire shrinkage ......0. cece cee eecer [tree cece cs ctcees sl. sw. 

Color cece cece cent eee cece rete case eees sees cece cees light buff 

Absorption ......e.ecee cece cece reeelersercrecerecess 23.33 | 

Cone 1: 
Fire shrinkage ........ eee cece ees sl. sw. 1 

| (o/c) (0) cream buff 

Absorption ........-ee+ cece eee cers 25.29 19.55 

Cone 3: 
Fire shrinkage ......-- eee cece coeefecseceee cece eens 13 

Color ccc ccc cece cece cece cee cee eneeleceeneee ress ceee buff 

Absorption... 2... sees cece cceececcteeseereeceseetes 18.10 
eT Oe
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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....... ccc cee ee eee cece eee cess cess seeecees Gin. 
| Red clay ..... ccc cece cece cece cee eee cece sess ceesseeecees oy Ft, 

Blue clay ............-.-2se00ee05.... Oxact thickness unknown. 

The properties of the blue cream-burning and the red-burn- 

ing brick mixture are given below. 

Material ...... ccc cece cee cece twee eees Blue clay Red clay, 
brick mixture 

tt Bon 1057 1058 
Water required ..........--..ee cece eeee 15.4 22 
Plasticity ..... 2... c cee eee eee eee fair excellent 
Grit 2.0... ccc eee eee cece cece ccesceee| much, silty some, coarse 
Air shrinkage ......... 2... .... eee ees 1.6 6.1 . 

Wet-molded bricklets— 
Cone 010: | 

Fire shrinkage ........... ....00- sl. sw. sl. sw. 
Color ..... 2... cece cece cece cence oe gray light red 
Absorption. .........05 eee cece eee 32.84 17.49 

Cone 05: | 
Fire shrinkage ............ .eeeeee- sl. sw. 0 
Color . 2... ccc cece cen cece cece sees pink buff red brown 
‘Absorption... 0... ccc cece sess eees 36.53 16.40 

Cone 03: | 
Fire shrinkage .............0:0005- sl. sw. 3 

: Color .. 2c. cee cee cee eee tenn eees cream red brown 
Absorption.... wc. cece cece eee ceee 37.13 14.21 

Cone 1: | 
Fire shrinkage .................... sl. sw... 8.4 
Color . 2... ccc cece cece eens cece eens buff dark red brown’ 
Absorption ........ ccc cece eneeces 38.51 1.36 

Sn SS TORS SSS Ss SSS SSS SSS Ss SSSSSSOTsSvOSSSnOnOU SSNS
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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 cone 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 scove 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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aA eA TT 

Locality ........ cece ccc cee cecees H. F. Buss. W. F. Milles 
Material .... 0... cc. cece cece cece leeee cece es cceesess| brick mixture. 

. Laboratory No ............ e000 eens 1,160 1,161 
Color 10... cece cece cece cece cece cece brown brown 
Water required............ 0.22008. 22 18.7 
Slaking ...... ccc cece eee cece eeeecs slow moderately fast 
Plasticity .... 0... cece cece cece eee high high 
Grit co cc cc ccc eee cee eee fine very low 
Air shrinkage ............ ccc sec 5.5 5.9 

Wet-molded bricklets— 
Cone 010: 

Fire shrinkage ............... 0 | 4 
Color ......... ccc ccc cece ees cream pink 
Absorption..........00 cece cee 34.49 25.71 

Cone 05: , 
; Fire shrinkage ................ sl. sw. sl. sw. 
: 00) C0) sa cream cream 

Absorption ........ cece cece cee 37.20 24.41 

Cone 03: 
Fire shrinkage ..............6- sl. sw. sl. sw. 
Color ........ cee cece cece eee cream cream 
Absorption ........0 cece eecees 36.90 24.61 

Cone 1: | 
| Fire shrinkage ..............6- sl. sw. 2 

©6) (0) a cream buff 
ADSOrptlon ..-- sees eeeeeeee een 30.92 22.11 

Cone 3: 
Fire shrinkage ..............6: 3.0 2.3 
070) (0) a buff greenish buff | 
Absorption................ 006. 22.74 17.02 . 

Both of these clays are good buff-burning brick clays 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: 

7 90) cc a 
Yellow clay ...... ccc cccccccc cess cccccccsscccccccsecse§ GO ft. 
Blue clay 0... cece ccc cece cece sens cecc ccs. cossccssee 14 ft, 

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 cream-colored brick, the addition of
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sand being unnecessary. The properties of the top loam, blue 

elay and the yellow clay are as follows: | 

Material........................--| Top loam | Blue clay. |Yellow clay. | 
Laboratory No............ 0.25 eee 1, 054 1,053 1,055 
Water required ............. 00008: 22, 19.8 29.2 
Plasticity ....cc. ccc cece cece cee e cee high good very good 
a little little little 
Air shrinkage 0.00000] 5 | 4.6 5.4 

Wet-molded bricklets— | oe 
Cone 010: . 

| Fire shrinkage........ 0.06.06. 0 7 4 
Color .........cceceeeceeessee| pale red | pink buff pink 
Absorption ....................;. 19.11 23.53 25.99 

Cone 05: | 
Fire shrinkage............ 000. 0 6 3 | 
Color ..............00e00e.---| light red cream cream | 
Absorption ......... 000 cee 19.15 22.98 25.54 

Cone 03: 
Fire shrinkage................ 1 1 oO 

| Color .... ccc cece sees eeee 5e.! red brown cream buff 
Absorption ............c0e0c00: 14.75 21.90 24.58 

Cone 1: 
Fire shrinkage...............: 5.4 10.3 7 
Color.......cceceeeceeeces ooee| gray brown | yellow buff | yellow buff 
Absorption .................- 1.69 1.40 7.10 

Cone 2: 
5 Pire shrinkage....... cece lec cece cena seen cene cues 7.6 

Color 1... . ccc cee cee cece cece feces ceeeceeslecee cose yes. (Drown hbuff 
ADSOrption...... cece ccc eee lee ce cece cecal eens cece eens 2.04 

Cone 4: 
Fire shrinkage... ce cee lec ee eee cece le cen cece cees 8.6 
Color... cc cee ccc ccc cece eee elnece cess ssesleoee sees sees (greenish yel, 
Absorption, ...... cc. cece ccc lene cece cece ecne cone cece woot 

Cone 5: 
Fire shrinkage.... 2.2... cece f eee cece cece leceeceeeeees| 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. 

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 outcrop 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. 1148) 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 behaved as follows: 

Wet-molded brick- 
lets: 

Cone............-..| 010 05 03 1 3 4 
Fire shrinkage .... 6 0 1 16 7.6 | viscous 
Color..............] pink buff buff , deep | green- |........ 

buff buff ish 
Absorption.... - 20 | 19.78 | 17.65 | 14.46 ep 

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

6
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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 (SiO,).... cece cece cece cece cece cecccecccenccecseces 42-50 
Alumina (A1],0,4) ...cccscceccccceceseccccsccccesecccecess 9,58 
Ferric oxide (Fe,Og) ......... cece cece cece ccsccccccccseese 4,11 
Lime (CaO). 0... cic cececeee cess cee cose cate ceneeeeees 14,52 
Magnesia (MgO) ......... .... cece cee cece ees cece ceeeeee DBS 
Potash (K,O)..... 0... eee ccc cee cece eect cca ccscceeesees 2,59 | 
Soda (NazO) ........ cee cece cee e cece cece cece ccsecsscvees = 1.04 
Titanic acid (TiOg) ........ ccc ces ene cece cece cease ceneee 07 
Loss on ignition 2... .... ccc cee cece cece cece ccc ceseeees 19,49 

Total... ccc cece cece cee cece cee cone eesccees veces 99.35 
Total fuxes...... cc. cece eee cee cece cece cece cece se 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: | | 
Cone ........ cee seeeeeeess| OLO 05 03 1 2 
Fire shrinkage............. 0 0 2.8 9 viscous 
Color...................++-| Cream | cream | buff buff j........ 
Absorption ............ | 25.44 95.23 | 19.93 | 30 Jess. a 

| 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 

avery 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: | 

OO 

Wet-molded brick- | 
lets: 

Cone..............| 010 05 03 1 3 4 
Fire shrinkage | 0 sl. sw. | sl. sw. sl.sw. ! sl. sw. 3.6 
Color .............{ deep deep | buff pink | brown-; buff 

buff buff buff jish buff 
Absorption.... 2 30 | 29.73 25.92 | 22.15 28.79 25.65 

ee | 

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 clay 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 
yards 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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eone 1 to 3 in order to produce a product of sufficient hardness. 

They have the following properties: 

Pa 

| Firm oo... ccececee sees eee eeee sees O, Zimbal Br’k Co) F. Zurheide 
Material ...... ccc cece cece cece cece run of bank run of bank 

Lab. NO... ccc cee cece tenn cee cee 1148 1150 

Color, Moist... .... cece eee cece eee brown brown 

, Soluble salts ...... ccc cece cece ees 29 

Water required......... cee cece eee 22 17.6 

Slaking ....... ccc cece cece cece eeee slow slow 

Plasticity 0... 0... cece cece eee eee good high 

Grit 22... cc cee cee eee eee eens little some, coarse ) 

Air shrinkage ......ccccececeeevees TL 3.3 

Wet-molded bricklets— : . 

_ Cone 010: 
, 

Fire shrinkage ......00 eeee eee | a sl. sw. i 

- Golor ......ccceeeecceecesecees| light pink buff pink buff ' 

Absorption ........ eee sess eens 26.70 | 22.85 

Cone 05: 
Fire shrinkage .......-...++65: sl. sw. 0 

Color ..... cece cece cece ceee eens buff buff 

Absorption ........eeeeeeee cee 25.22 22.53 

Cone 03: 
Fire shrinkage .........--.ee: sl. sw. 6 

Color ..... cece cece eee eee eees cream buff 

Absorption .... 0... cece cece cess 24.20 20.28 

Cone 1: 7 | 
Fire shrinkage ...........-...- 2.6 

Color . occ. cece cece cece ceee ees buff 

Absorption ........eeee cece eees 19.71 

| Cone 3: | 
Fire shrinkage ........ cece ceesfes rece cee eece eens 3.7 

Color . cece ccc cece cece eee cece teens tees cece eens buff 

Absorption ........ cece cece eee f ee eeee cee tens ewes 14.81 

Cone 5: a : 

Fire shrinkage ..........ce eee forsee eee ee eens sens _ viscous 

Dry-press bricklets — . 

Cone 1: | 

Fire shrinkage ........-.s0e05: 2 | 

Dolor oo... cece eee cee eee eee cream 

| Absorption ........ cece cere eee 31.90 

a 
A A A AA
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The chemical composition of Zimbal’s clay 1s: 

Gilica (SiOg).....ccc cece cscs ccceccee cece ceeetesseesseetsscsecess 36,95 
Alumina (A1,O0 4) ......c cece cece cece ce cee ence cn ee tees cene cess 6.70 

, Ferric oxide (Pe,0,).... cee cee eee cee cee cone weet eee tees eens 3.60 
Time ea ZO) 2 beeen nee ene cece nen e cece cece ne ee eee ene 20. 

nesia er . 

Pome (OO) II 1.31 
Soda (Na,O).... 2... ccc cee eee eee cee cote cece cee reas cease eens 1.13 
Titanic acid (TiO,).. 2... ee cee cee eee cee eee cee sees sees 12 
Loss on ignition 1... 0... ccc ce cece cece cece cece cnet cece cececece 21.22 

Total ..... ccc. cee cece cece cece cece cece tcsccetecscetceesccs 100,53 
: Total fluxes 00... cee cc ccc cece cece cece eeetceescesecese SOO 

The clays do not burn steel hard until cone 1. 

oe 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 

_. ¢lay in order to prevent excessive shrinking and eracking 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. 

Jt (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 cent. In burning it behaved as follows: 

Wet-molded bricklets: | | | | | 
Cone ..................| 010 05 03 1 5 . 
Fire shrinkage......... | 4 0 1 1.7 | thoroughly 

viscous 

Color ..........+e++ee0., Cream | cream | cream | buff |............ | 
Absorption......... vo] 28.80 | 28.63 | 27.58 | 25.33 . ee 

This clay 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 

_ gtrength 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 common 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. | 
Neenah-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, stratified clay ....................). 4 ft. | 
Chocolate red clay...... 2... ccc cece sevens ve 8 ft. 

. Blue clay... .... ccc cee cc cee cece eee ce ee ee 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 .......... 000 eeeeeeeef 010 05 — 03 1 2 
Fire shrinkage ............. A 1.7 1.7 9.7 | viscous , 
Color......... ....+-.+.s--| Cream | cream ; cream | buff |........ 
Absorption ............ | 29.77 21.17 | 20.09 | 06 s+ a 

The clay burns steel hard at 05. 

Dry-press bricklets: | | 
0) 0 <a 05 1-2 

Fire shrinkage ........ ccc cee cece cee tees ceeees 1.33 viscous 
© Color c. coc ce cece cece cee e cece cece seeecccece| light buff [........ 

Absorption... 0... 0... ccc ccc eee cee cece ceaeee 28.19 ete cene 

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 increases 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.... cc. ccc cee cece cee eee eee eee eeeceee 4 ff. 
Yellow shale ........ cc ce cee ccc cee cece ee tee tee ec ees OO TT 

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..... 0... ccc eee eee eee es Upper clay Lower shale 
Liab. No. .... 2. ee eee eee ee eee 1167 1168 
Water required ........ 2... cece eee 20.9 13.2 
Slaking ......... 5505 ce eee eee ee slow slow 
Plasticity 0.0... 0... cee cece cee cee high good 
Grit .... cc cc cee eee eee renee very fine not much 
Air shrinkage ............. seeeees 5.1 3 

Wet-molded bricklets— | 

Cone 010; 
Fire shrinkage ... ...........- 0 A 
(0.70) (0) a pink buff gray buff 
Absorption..............0- 506: 21.80 | 20.19 

| Cone 05: | 
Fire shrinkage ................ sl. sw. 0 
Color .........-222eeeeeeeeeee:| brownish buff gray buff 
Absorption .........-0. eee cone 21.74 22.11 

Cone 03: 
Fire shrinkage ................ sl. sw. sl. sw. 
Color..........e00+eeeee0ee-e--| brownish buff gray buff 

, ' Absorption................08.4. 18.14 13.76 

Cone 1: . 

Fire shrinkage ................ sl. sw. sl. sw. 
Color...... cece cece eeeeee-eeee-| brownish buff gray buff 
Absorption ............ 2.00008. 14.76 26.11 

Cone 5: 
Fire shrinkage ................ viscous Lecce eee ee cece eens 

| 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 clay would probably work 

. for dry-press brick but none have been made for some time. It 

7 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 outcrops prominently. | 

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 Manitowoc 

being red above and blue below. The section involves | 

Sand oo... eee cece ccc ce cee tenet ecc cscs cceccsscseee Lto2 ft. 
Clay. ccc cc cece ce cee cece cece cece teecesscssescese 8 ft. 
Sand 2... .. ce eee eee ene cece cece cece cece cccescseseee 7 ft, 
Clay... ce cece ccc eee cutee cee tree tees screcesecees DO ft. . 

The run of the bank is used and no eare 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, Mamtowoc Co. The lake clays are extensively 

worked ‘around the city of Manitowoc 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.............e...0+00. 2 ft. 
Red clay .......0.. ccc cece ccc cece eee cece cess eeerccccccee 6 ft, 
Blue clay with sandy streaks........... 0... cece sees sseesees 8 ft. 
Fat blue clay...... 0... 0... 0... eee eee eeee ees Gepth 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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PO 

Pirm.........cccee sees ccecceeesee.| Manitowoc Clay |. Manitowoc Clay 
Prod. Co. Prod. Co. , 

Material .......... cece cece cece eee top clay bottom clay 
Lab. NO... .... cece cece cece cece eens 1153 1155 
Color, MOiSt... 2... cece ce ee cree cees brown brown 
Soluble salts 2.0.0... cee cece cece cece fee ece cece cece eens 36 
Water required........ 02... eee eee 27 23 
Slaking ... 2... ccc cece cee cece cee rece tees teen tees slow 
Plasticity ..... 0... 0... cece cee wees high high 
Grit 2.00. cece cece cece eee cece cess some, fine 
Air shrinkage ......... scseseeeeees 7.2 6.3 
Average tensile strength ........... [ce ee cece cee e ees 245 
Maximum tensile strength .........).. ee cece eee ewes 269 

Wet-molded bricklets— 
Cone 010: 

Fire shrinkage ................ ot | 7 
Color....... cece eens cece cece eees pink buff pink buff 
Absorption ........ cc cece coes 22.11 22.44 

Cone 05: | 
Fire shrinkage ...........0 000: 1.3 1 
Colori.c....ccce cece cae cece cees whitish cream 
Absorption .... 2... 2... cee eeee 22.41 22.55 

Cone 03: 
Fire shrinkage ................ 1.3 2 
Color... 6. cee cee cece cece ees cream buff 
Absorption........ 0.00 .205 wees 22.27 20.36 

Cone 1: 
Fire shrinkage .........cccccccleccees cece ceveccee| . D 
Color... cc ccc cc ce cee cece cee e lee tens ween eee wees dark buff 
aber occa ance 15.31 

Cone 3: | 
Fire shrinkage ................ 5.3 8.3 
Color... . cece cece cece cees green buff dark buff 
Absorption............ 2000 ceee 12.56 9.70 

 —— ee 

1153 is steel hard at cone 3, and 1155 at cone 1. 

Chemical analysis. 

Lab. NO.... 2... cc cc cee cent ce ee cece cease eens 1153 1155 
Silica (SIO,g).. 6... eee ccc eee eee cee cece ees 41.70 41.53 | 
Alumina (A1l,Og)........ 0.00 cece eee cone cent ees 11.29 10.02 
Ferric oxide (Fe,O,).... 2... 2. ce eee ee eee eee 2.77 5.00 
Lime (CaO) .... 0. cee cece cee eee cece eee eens 15.40 14.33 
Magnesia (MgQO)............ cece cece cece eee eeee 3.32 4,24 
Potash (KO) .. 0.0... ee ce cc cee cee eens 3.05 4,39 
Soda (NagO)..... ce cece cc eee cece tect eeee sees 1.27 5D 
Titanic acid (TiO g) ..... 0... cece eee eee eee eee 38 .10 
Oss ON ignition.... 02... cee cee eee ee cee e ees 19.84 19.52 

Total .... ccc ccc cece eee cece eee eee nees 99.02 99.68 
Total fluxes 2.0... ce ce eee ee ee wees 25.81 28.51
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These tests show the bank to be of rather uniform character in 

both its physical 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 Manitowoc 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 : 
cone 08. - 

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

“Silica (SiOg) 2... ee ccc cee eee cece uececececececess 39.04 
Alumina (A]l,O4)........ ... 0 cece cece cece cece cceccccescce 13.60 
Ferric oxide (Fe,Og) .... 0... cece cece cececccececccacceeee 3.44 
Lime (CaO)... ..... cece cece cece cecceccececccesevccecces 14,81 
Magnesia (MgO) .......... cc cece cece cece ccecceccceccccee. 7,33 
Potash (K,O)........cc cece ec ee cece cece ceceuceccecenceces 9.55 
Noda (NayO) 2... .... ccc cece cece cece cece ccccsccecececcee 1.08 
Carbonic acid (CO,)......... ccc cece cece ceeccceccececees 13.31 | Water (H,0)..0 oo... ee ccc ceee cece cseeceteenccrscsssse D-BG 

| Total 2.0.0... cc ee eee cece cee cece cece cess tees veces 100.72 
Total .... cc ccc cee cee cece cece ceececcecceesece. Q9.91 

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

Miladore, Wood Co. A deposit of calcareous 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 
calcareous 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 calcareous 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 (Lab. 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: 

eee 

“‘Wet-molded bricklets: | . 

Cone ..............-- + -e--| 010 | 05 03 1 2. 
Fire shrinkage ............ oO 7 1 7.6 | viscous 
Color..............+e+eee6-.| Cream | cream | cream huff |........ 
Absorption ................| 18.94 18.31 | 14.76 2.44 |........ 

rr SR Ee TT NT ———— 

The clay burns steel hard at cone 1. 

Dry-press bricklets: 
(00) 0; 05 
Hire shrinkage ......... cece cece eee eee eter eeeeeees .66 
Color .... cece cece cece eee ccc cesececesssccccctscesess Hight buff 
Absorption ........ ccc cee cece e sete cece ceeeeneeteees 23,60 

The partial chemical analysis as given by A. S. Mitchell of 

Milwaukee was > 

Silica (SiO,)...0. ceec cece cece cece cee ceqeteeteeesere cscs 52E0- 
Alumina (A1l,03) 2... cece cee eee eee ce eee eee nee tees 12.60 

Ferric oxide (Fe,O,).. cc cece ccc e eee e cece tees on teer tees 3,82 

Lime (CaO)....... 0.00 ccc cece eee ee eee teee eee eens LAT 

Magnesia (MgO)...... 0... cece ee eee cee nee cee ees 3.22 

Loss ON iGNitiON 2.0... ee ee ene eee ent tees 12.49 

| Total... ccc cece cece ceee cess seen test sceceeeeersees 97,50 Oo 

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 0o. 

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-burning clay .... 0... .ccc cece ve ee cece cece ceeseeweccee 2 ft, 
White-burning clay...........cc cece cece cece rete eceseeseee 6 ft. 
Clay... cece ccc ccc cen cece cece cette ee tees cess cecceececes 2 ff. 
Very plastic pink buff clay.............c. cece cece eee eeveee 2 ft. 
Very plastic pink Clay ............ cee cece cee cree eeeeeces 4 ft. 
Black sand... . 2. ccc cee cee cee eee eee cee e cote tees ne eees 

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 eream-burning clays 
| are given below. : 

Material.......... 0... cc cece cee cece Red-burning clay Cream burning 
| | Clay Labratory No...............0.66.... 1,140 1,145 
00) (0) brown brown 
Soluble salts ........ 0.0.0.0... ce, 21 .18 
Water required.................0. 19.8 19.8 
Slaking ......... 0... ce cece eee fast moderately fast Plasticity .... 0.0... cece cece cece ee good - high 
Grit... ce cece ence cece es much, fine some 
Air-shrinkage........... 0... ccc eee, 3.9 3.4 . Average tensile strength............. 225 207 
Maximum tensile strength ......... 254 246 ) | 

Wet-molded bricklets— 
Cone 010: 

Fire shrinkage...............2.. 7 sl. sw. 
Color... 0.2 cee eee ee eee pink buff pink buff 
Absorption .................... 17.90 24.62 

Cone 05: | 
Fire shrinkage................. 0 sl. sw. 
Color... ee ee cee cee cece es brown buff buff , Absorption ............... 2... 18 96 24.04 | 

Cone 03: 
Wire shrinkage ................ 1 ft 
Oo) Co) San brown buff gray buff 
Absorption .................... 16.38 20.80 

« 

| Cone 1: 
Wire shrinkage ................ vis. begun 5.3 
Color... ee cece cece cece celaceccucucuce cecee gray buff 
Absorption ........ 0.00... ccc cclecec cece cc ceee coc. 9.54 

Cone 3: : 
Fire shrinkage ............ 2...) ccc cece cecceeeee. 10.3 
Color... . ec cece cece ccc cccclevee cece cecceuce, greenish 

Cone 5: 
Fire shrinkage...... 0... 0... cccclececccccccccececce viscous 

St001 bards eeeeeeeeesee see 03 1 
Si 

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

- age of lime, shows a lower absorption. It is however more fus- 
ible. ! 

Uses. 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, Outagame Co. The clay outcrops 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. 
RENNER SEETEEENTeineS 

Material ....................0+++e| Brick mixture | Run of bank | 
Lab. No 2... cece cece ee cece cece 1074 1139 

‘ Water required...............2.05- 17.6 29.7 
: Slaking............ cece cece eee ence slowly slowly 

Plasticity ...... 0... ccc cece cece eee SOME, COATSE [owe cece cece cccece 
Air shrinkage,................0 005. 7.3 9.39 . 

Wet-molded bricklets: : | | 
Cone 010: 

. Fire shrinkage................. 0 : sl. sw. 
Color ....... 0... cc ccc cee eee pink pink buff 
Absorption............ 0.00000. * 20.16 17.90 | 

Cone 05: 
| Fire shrinkage ................ oO 6. 

Color........06sssssesseeceeee} pink buff — | light pink buff : 
Absorption ............ 0000 cece 20.95 19.87 

Cone 03: 
Fire shrinkage ................ 7 4.6 
Color ...... cc. cece cece wee tees light buff brownish buff 

_ Absorption................0.8. 22.96 7.41 

Cone 1: | 
Fire shrinkage ................ 1.3 eke eee cece eee ee 
Color ck. eee cee cece cee cee buff wee cece cece eee ee 
Absorption..........0..000 sees 12.57 bee e cee cece cceees | 

Cone 2: ’ 
Wire shrinkage ................ 5 oo ec cece cece eecens 

: Color ..........ceeeeeeeeeeeeee-| brownish buff |.................. 
Absorption........ 000.000. c00s D wee eee eee wees . :
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Cone 3: | 
Fire shrinkage ............-... | 5.3 thoroughly viscous: 
Color .,...........eee00eeeeee-. (deep greenish buffl...........0 scence. 
Absorption ........ cc. cece sees 4,11 wee e nee cece cecens 

Cone 5: 
Fire shrinkage ................ viscous cece cece cece ceccce 
Burn steel hard at cone........ 05 .03 

The clay itself is fine-grained, and laminated but burns to a 

. 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 product. 

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. Product 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 cream 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. 

bE: oa 0 1046 #1084 
| Bilica (SiO,g) 2... cece cece cece cece cece cere secccesscecscess 43.58 44,92 

Alumina (A1,03).... ccc cece cece cece cccsccccccsccccccees 11,99 12.71 
Ferric oxide (Fe,O4) 2... 0... ccc cece cece cece cee rene cece 4.63 5.40 
Lime (CaO) ....... 0. ccc cece cece cece cece cece ceecssseceee 13.04 12.06 , 
Magnesia (MgO) ........ cece cece cece cece tees cece eee eees 4.20 4.91 
Potash (KO). 10... ccc cece cece cece cece eees cere eees eeece 3.17 3.08 
Soda (Na,O).... 2... ccc ccc cece cece cece cece ween teee tees 3.13 1.23 
Titanic acid (TiOg) wi... cece cece cece cece eee eee nee seee ceeece .09 
Loss on ignition ............ cece cece cere cecccccecscccsess§ 16.74 15.84 

Total. .... ccc cece cece cece cccceccesccccscssccsceeee 100.48 100,24 
Total fluxes ..... 0... cee cece cece secs cece ccscceeess 28.17 26.68 

PHYSICAL 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. 7 

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 common 

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....................| Green Bay | Green Bay | Green Bay | Green Bay. | Green Bay |Duck Creek.|/Duck Creek | | Firm.......................| Roffers & |Barkhausen|Barkhausen| Hansen’s | Hansen’s |Duck Creek|Duck Creek 
Albers. Brick Co. | Brick Co.. Yard. Yard. Brick Co. | Brick Co. 

Material ....................| blue clay | white-burn-| red-burn- |run of banklred top clay] lower half |Green brick 
ing clay ing clay of clay for | mixture. 

| red -burning | 
; brick 

Lab. No.... ccc ce cee aes 1046 1084 1175 1089 1106 1066 1067 : Soluble salts................ 30 27 20 cee cece ceed eens ween te cele ces snce ccselecce cece cece Ky | Water required. ........... 27.5 26.4 31.9 17.6 22 22 20.9 by 
Slaking 2... ce cee cece le cee cece cece [sce cece ceae|sececececccclesceccuccees fast moderately | moderately by 

fast fast OQ Plasticity..............%..] good high ; high good good good excellent bs 
Git... . ck ec ee eee eee none some, fine none much,coarse some some, coarse| very little p> 

_ Air shrinkage .............. V4 8 10.9 D.1 6.2 7.6 6.1 a Average tensile strength ....|............| 267.2 386 a a S Maximum tensile strength..| ...........| 333 464 eee eee cece len ne cee cee el ence wenn seselecec cece cous Ry 

| Wet-molded bricklets— | x 
Cone 010: mR , Fire shrinkage ......... 3 A 1.3 sl. sw. | sl. sw. 0 3 S 

| Color ...... ccc cece eee pink light red yellow red brown pink light red pink De 
| brown brown | wa 

Absorption ............ 26.56 20.55 11.55 11.65 13.53 14.15 21.71 to 

Cone 05: 
_ Fire shrinkage......... 6 1 see eee enes 0 4 3 0 

Color ........ cece ences cream pink buff |............| light red jlight brown red cream 
Absorption ............. 25.81 20.22 ba eece ce cons 10.80 13.96 10.40 21.10 — 

Cone 03: | 
. Fire shrinkage. ........ 6 : bee ecece cee 1 sececececcee| 6.7 1.6 

Color ..................| dark cream] cream weoesse.eee-| Od brown }............| brown red cream | 
, Absorption.............] 28.22 15.74 eee ceee eens 7.28 ea eeceee eee 7.27 23.38 ° 

| -Cone 1: | | | 
| i i et eee ccs 11.4 8.7 cece cece eee 5 sae ceee cans 6 7.7 | 

| Cale ARS veset tet buff greenish |............| Garkred |............| red brown | greenish 
buff brown . buff 

a Absorption ............. 10 0 cece cecacece 1.94 cece cece cece 98 .69 

Cone 2: . 
10 

Color eon EID greenish OLOP cece cccecccc ceca selocse cone sesefeces cece sees yellow. " 

ADSOrption ..... ccc cece lsccc cece cece feces cece senefeces cece ccce| sce cece = 

‘Cone 5: | : 
Fire shrinkage........ cc]. cee cece cece lene e ces cece feces cece ceee[ sce cenecece| cone cees cane sett saee aaa viscous S 

Steel hard at cone........ 03 1 ae 03 eee cece sees 05 | B 

YY . a.) 

5 
by 
ou 

va 

© 
~I
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Algoma, Kewaunee Co. Brick clays have been dug at the 

yard of F. Storm near this town. The section of the bank 

shows: 

Yellow-red Clay... ... ccc cee cece cece cece cece rece cceseeee 4 ft, 
Tough red Clay... .... ccc cece cece eee cect cece ceesvesccese QD ft. 
Light yellow clay ......... 0... cece cece cece cece cccecesseee. 18 in. 
Blue clay..... 2... ccc ccc cece cece cee eens cece ccccccccccee O 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 
Lab. No... . cee cee cece eee cece ees 1068 1078 
Soluble salts ........ cc ce cece ee eee 18 19 
Water required ............ ccee ween cons 17.6 24.2 
Slaking ........ ccc cece cee cee cece tees fast | fast 
Plasticity 0.0... 0... cece ccc eee eee tees excellent good | 
Grit... 2... ccc ccc eee cece cece eeeccess| SOMO, COarse little, fine 

| Air shrinkage.......... cc cee cece eee 5.7 8.9 
Average tensile strength....... ........ 299.6 | 
Maximum tensile strength.............. 336 

Wet-molded bricklets— | 
Cone 010: 

Fire shrinkage .........cccceev cece 0 7 
Colot i sisensovccsceistisusiuwon pink pink buff 
Absorption ........cccc cece cece cues 21.73 42.58
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meee 
Cone 05: | 

Fire shrinkage .................00. 0 : Bs 
070) (0) a cream cream 
Absorption ........ ccc cece cece cece 22.58 23.42 

Cone 03: 
Fire shrinkage ................ 000. 0 3 
00) (0) cream - cream 
Absorption ........ ccc cece cccceeee 19.45 23.47 

Cone 1: 
Fire shrinkage .................... 2.4 5.5 : 
Color... ... ccc cee cece cece cecceees buff buff 
Absorption ........ ccc cece cece cees 17.61 16.29 

Cone 2: 
Fire shrinkage ............ eee cee: 4.3 
Col wees seeeecieecnenesesceey| buff 
Absorption .... 2... 0... cece cece cece 10.44 

Cone 3: | | 
Fire shrinkage............. 000 eee 5 
Color ...... ccc cece eeeeeee ceeeeees} greenish buff 
Absorption........ ......cc cece cess 8.30 

Cone 5: : 
Fire shrinkage ....................| nearly viscous 
Steel hard at cone.................. 1 

ear SS iri 

1068. This clay 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 brick. 

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 elay, which is thinly 
laminated throughout is not exactly known. 

The section of the pit can 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 clay. The properties of 
the two clays and the brick mixture are given below.
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Ee eee eee eee eae ee 

Material... 1... .... cece cece cee wees Brickmix- Upper red Lower blue 

: ture clay clay 

Laboratory NO........ ccc ccce ces 1,164 1,165 1,166 

Wator required............. eee woes 18.7 25.3 22 

Slaking......... cece cece cece cece ces fast slow slow 

Plasticity... ..cccc cece cece seen vecs high high high 

Grit ..........ccccceeeeescceseees-| MUCH, fine little none 

7 | Air shrinkage...... 2... ...s seen cee 5 8.2 7.3 

' Average tensile strength .......... 290.2 cece cece ccceleccecenc sees 

Maximum tensile strength.........| 362. veces ee canal sees cons eens 

Wet-molded bricklets— | 

Cone 010: 
Fire shrinkage................| sl. sw. 3 sl. sw. 

Color........ceccec cece eeeeeeee| pink buff pink cream 

Absorption .......csecces ceeeee 19 24.44 25.28 

| Cone 05: 
Fire shrinkage... 1... cee eens sl. sw. 0 0 
Color........seccee cess eeeeeee-| pink cream | light buff | cream 

Absorption ........ cee cewe ces 20.76 25.31 27.14 

Cone 03: 
Fire shrinkage........ 2.06000. 3.4 3 sl. sw. 

070) (0) buff buff cream 

Absorption...........++ccee eee 10.88 23.50 25.87 

Cone 1: | 
Fire shrinkage ................ - 6 6.7 6.6 

Color.......cessseescceseeecees! green. buff | green. buff | green. buff 

Absorption..............e00 e008. .60 6.55 8.18 

Cone 3: 
Fire shrinkage................ vis. vis 12.7 

| (© c) (0) a coeseres sees] groom, bul 

AbSOrption 0.0... 0. cece cece ce eelecee cece ccenleses cece cess 0 

Cone 4: | 

Fire shrinkage ...........ccce[ec ce cone cece ence seen cees viscous 

Steel hard at cone .............0.- 03 cece vesecees 1 

Dry-press bricklets— 
Cone 1: | 

Fire shrinkage................ 6.66 Lene ccce vecel eee cece ence 

Color...... cece ceccccccccscccee| Gray DUM |... cc. eel eee woe e eee 

Absorption ........00 05 sece cee 16.70 cece cece cccelecee cece eecs 

———e—eE—eeEEeEe———EE 

| These tests show in an interesting way, the manner in which 

a mixture produces desirable results giving reduced water ab- 

sorption and air shrinkage as well as greater density in the prod- 

uct.
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The chemical composition of the brick mixture is: 

Gilica (SIO,) .... cece ceccccer cece ceccccecccceceeseeserses 59,56 
Alumina (A1,O3) .......0 cece cceeccescccccctccccsecsecees 10,19 

. Ferric oxide (Fe,0,)..... cece cccccccetecscecesesccses coe 4.68 

Lime (CaO)......ccceescccccccccccccesccscceccccceeecssees 8.28 
Magnesia (MgO).......-.. cece cece cece cere cece rece cccc ces 2.64 

Potash (KO)... 6. ccc cece cece cece cece cere ceee ence onan ss 2.58 

Soda (NagQ)..... cece ccc cscs cece ccs cece sens sees cececees .80 

Titanic acid (TiO,)......... cece cece cece cece cena cceeceenee 07 

Loss On ignition .......... 000 cee cece eens cee cece cece aces 11.14 | 

Total. ....cccccccccccccccccccsccccecscscccccseseces 99,94 

Total AUXeS...... cece cece ccc cece cecctcecececcerees 18.98 

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

common brick. 

Surings, Oconto Co. There are two yards here, one operated 

by S. Nelson, and the other by C. Heise. The clays 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 cream-burning: 

bed. The properties of the clays are given ‘below. | 

ee 

Locality...............---.|Heise’s yd./Heise’s yd. Nels’n’s yd.|Nels’n’s yd.. 

Material...............---| _White- red- cream- so-called 
burning | burning |burn’g clay) fire clay 

Lab. No...... 2... eee cees 1069 1075 L076 1181 

Water required ........... 27.5 24.2 25.8 24.2 

Slaking................--.| mod. fast |............ fast oe esc cteece. 

Plasticity.............ee6: good high high very high 

Grit .........eeceeeeeeee--] SOME, none some, fine |..........06 
coarse 

Air shrinkage .........04. 6.2 6.4 8.2 5.5 
Average tensile strength. .|........... [esse sereeee[eceecetseces 238 

Maximum tensile strength.) ..........-[eccceeecccg teers ccmeces 280. 

Wet-molded bric!. lets— 
Cone 010: 

Fire shrinkage........ wl 0 4 A 

Color... .. ccc cece cee pink It. red br’nijlight brown| pink buff 
Absorption ........... 22.72 16.82 22.14 24.43 

Cone 05: | | 
Fire shrinkage ........ 13 6 1.7 4 

. Color ................eream pink} light red /pink cream buff 

Absorption ........... 19.18 14.56 21.85 24.90
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meee 
Cone 03: 

Fire shrinkage....... | 2.2 | 2.6 24 | 6 
Color ................|light brown|light brown| cream buff 
Absorption ........... 14.36 10 20.61 | 25.12 

Cone 1: 
Fire shrinkage........ 5.7 7 we seeeeeeees 6 
Color................. {light brown/green bro’n|gresn'h yel.| deep buff 

_ Absorption ........... 4.18 28 0- 13.74 
Steel hard at cone...... 03 03 | cua eeeeeees 1 

lm —“(‘“‘al 

1069. This is a buff-burning brick clay which burns to a buff 
| 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 eolor 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 eone 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 (Lab. 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: 
aa . 010 | 05 1 

Fire shrinkage ..............4. 0 sl. sw. 8.6 
Color... ............2-00e002e00-, pink buff | deep buff drab 
Absorption........... 0. cece e cee 20.25 17.87 0 

Steel hard at cone. ........... a 1.6 . |. sees efor wee cees 

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 
seove kilns.
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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 containing 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: 
eR ee ee ee ee ee eee eee eee —————_—_— 

Wet-molded bricklets: 
Oone .... ce eee ee eee 010 05 03 1 3 
Fire shrinkage............| sl. sw. sl. sw. 6 4.3 6 
Color..............-.+..-| brownish | light | yellow , brown ; deep 

yellow | yellow | brown brown 
Absorption ............. | 16.15 15.72 13.91 | 4.8 12 

Superior, Douglas Co. Buft-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 outcrop 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-molded bricklets: 
Cone ...... cece cece cece eee 010 05 03 1 2 

| Fire shrinkage.............| sl. sw. 0 A 0 15 
Color......  ........ «-.| Cream | cream | cream | cream | drab 
Absorption a 33.56 33.68 32.78 23 30 

Steel hard at cone 1. 

Dry-press bricklets: 
COn®.... cee cece cee cee teen eee teen cease sacs 05 1 
Fire shrinkage . ........ cece ce cece eee eeee sl. sw 0 
Color... ccc cece cece cece tees eee ceceeees 2 light buff buff 

“Absorption......-..+:..ssccccrcccerecerevces| 34.80 | 32.24
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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 chemical composition of this clay is as follows: 

Silica (SiOg) 00... ccc cece cece cece cece sees cess cece ceuencccccc .... 44.36 
— Alumina (A1,O 4)....... 0.0 cece cece cece cece cceccececuceccee we. woe. 9.76 

Ferric oxide (Fe,O,).......... cece cece cece cccecceec cee cel, weee OA 
Lime (CaO) 0.0... ccc ccc ccc can cece cece ceeeecce sc cn. sosee ee 14,48 
Magnesia (MgO).............. cece cece ceeeeete cece cece cele 6.40 
Potash (K,O) ............ccee cece ceceeeeeeeeeeee cece cece Lee 1,13 
Soda (NagO)..... 0. ccc cee ence cece seas cuce vee cece cone ccc w, woe. 1.34 
Titanic acid (TiO,).... 0.0... cc. sce c ce ee cece cee eee wees ces cece veces 04 
Loss on ignition .............0 secs cece cece cee eeseeeee cece ce, 18:69 

Total 0.0... ccc ccc cece ees cece cece cencccercvctescvcececce 99,54 
Total fluxes 00... 0... cece ec cece cece cete cece cece cect cece cee. 26.69 

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 composition 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 clays, 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 cement manufacture. |



| Analyses of cream-burning clays. . 

WP] Locarity. | Bib | Almainel oxide | ine | Maguscie | Hotesh | Sods, | “acid | Lowe.on | otal. | ot! | analyst 

1010 | Whitewater} 32.48 7.31 4.37 18.44 7,18 2.01 48 12 27.70 | 100.09 32.48 | V. Lenher. 

1011 | Whitewater] 42.28 8.26 8.84 18.05 6.01 2.51 49 05 22.07 | 100.56 25.90 | V. Lenher. 

1072 | Kenosha...| 38.62 8.75 8,22 14.04 6.27 | 2.65 .89 .07 19.99 99.50 32.07 by 

1115 | Racine.....} 47.36 6.98 6.68 13.10 4.36 1.28 0.68 14 19.05 99.68 26.10 by 

: 1051 | Burlington.| 41.86 14.31 6.69 9.38 4.75 3.73 92 .05 17.86 | 99.55 25.47 ov 

se 37.76 9.07 3.60 22,48 2.84 2.07, 54 .38 21.52 | 100.26 31.53 oe 

1143 | Port Wash- a 
ington....| 42.52 9.58 4.11 14.52 5.33 2.59 1.04 07 19.49 | 99.25 27.59 ae 

1148 | Sheboygan.| 36.95 6.70 3.60 | 20.55 8.95 1.31 1.13 12 21.22 | 100.53 35.54 3 

1153 | Manitowoc.| 41.70 11,29 2.77 15.40 3.32 3.05 1.27 .38 19.84 99.02 25.81 

1155 | Manitowoc.| 41.53 10.02 5.00 | 14.33 4,24 4,39 55 10 | | 19.52 99.68 28.51 M 

veces Manitowoc.| 39.04 13.60 3.44 14.81 7.33 2.55 1.08 |.......62.] 18.87 100.72 29.21 | E. G. Smith. : 

1119 | Milladore...| 52.60 12.60 3.82° | 12.77 B22 [occececcce|eeccecscce{rece sees «| 12.49 Jo... .cce..bceeeeees| A/S. Mitchell, eu 

1046 | Green Bay..| 43.58 | 11.99 4.63 | 18.04 4,20 3.17 3.13 |..........] 16.74 = 28.14 S 

1084 | Green Bay..| 44.92 12.71 5.40 | 12.06 4.91 3.08 1.23 .09 15.84 | 100.24 26.68 vs 

1164 { Shawano...| 59.56 | 10.19 4.68 8.28 2,64 2.58 .80 07 11.14 | 99.94 18.98 

| mut 44,36 9.76 3.34 14.48 | 6.40 1.13 1.34 04 | 18.69 | 99,54 | 26.69 . 

Minimum...| 32.48 ; 6.70 2.77 8.28 2.64 1,23 48 04 11.14 ]..........] 18.98 

Maximum .| 59.56 14.31 8.22 22.48 8.95 4.39 3.13 38 27.70 |..cceeeeee| 35.54 

avers ..{ 42.94 | 10.19 4.63 14.42 5.12 2.53 1.03 12 18.50 oy 27.98 S | 
a nn eR
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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, Merrimac, 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 lbs. per square inch to 230.2 lbs. per square inch. Twenty- 

one of the clays examined showed a tensile strength of over 200 
lbs. 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 cracking 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 a 

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 eases 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 clays 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. 

SS 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 Q Max. absorption...... ....... 42.58 37.20 36 .90 30.92 Number burning steel hard....|_ none 3 9 15 
i 

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 cream 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- 
creases 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 cone 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 composition, 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 necessary 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 clay in different layers may show a difference in 

fusibility. At Burlington the yellow top clay 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. RED AND BROWN-BURNING cLAYS. These, while not as 

widely distributed, represent probably fully as important a 
group of Wisconsin clays as the cream-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. Tue Resipuau Cuays. These represent a clay resource 

not yet thoroughly investigated or developed, although the de- 

posits underlie a large area as shown in Plate {I, but are 

| worked only at Stevens Point, Grand Rapids, Ringle, and Hal- 

eyon. At all of these localities except the last mentioned it is | 

the more gritty phases that are used, but not the most eritty | 

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 PoINT Stevens Point PITTSVILLE a Brick YaRp. . 
Cone, | ——— | || ——————_— 

| Fire | Absorp- Fire Absorp- Fire Absorp- 
shr. tion. shr. tion. shr. tion. 

010...... 4 17.60 6 14.30 || 2.8 | 11.32 
OD......! 4 15.64 20. i2 60 4.7 6.22 Leese] 3.3 | 8.02 | 5.7 4.29 : 7. | 2.97 

SITTER uaemen-rveees eae 
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 Ennis, 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 Lake 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 .. 0... ce ec eee eee 010 05 03 1 2 
Fire shrinkage, per cent.... 1 1.7 2.3 5 viscous 
Color....................+.| red {dark redidark red} dark |........ 

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

ge] 

Dry-press bricklets: | 
Fire shrinkage, per cent ......... ccc cece cece 1.33 4 66 
Color ... 2... ce cece ce cee cece cesevceeceee| light brown| brown 
Absorption, per cent ............ cece eeee cece 13.80 2.60 
a a)
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Halcyon, Jackson Co. The partly decomposed schists which 

are used at this locality, outcrop along the banks of the Black. 

river. While the material has not weathered completely to a 

elay 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 1s 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 cracks. In 

burning it gave the following results: : 

Wet molded bricklets: | 
COne 2.2... ccc cee eee eee 010 05 03 1 3 
Fire shrinkage, per cent....| sl. sw. 1 3 4.5 0.7 
Color.......... 000000020002] Drown red red red dark 

buff | brown | brown 
: Absorption, per cent.......| 15.15 | 11.11 | 8.77 5.25 | 3.84 

Silica (SiO,) .... 0... ccc ce cece cece eee cess eeeeeessceseceeesess 60,44 
Alumina (A1,O,g) 2... 0... ccc cece cece cee e ce ee ese seecccccsecccsee 19,74 
Tron oxide (Fe,Og) 2.2... cee cece cece cece cece recs ccsccssseccesess 6 2 
Lime (CaQ) . 0.0... ce cece eee cece nee cee cece ees eee ccer eens 40 
Magnesia (MgO). .... 00. ccc k cee cece cece cece cece ccc cceccccccceee 2,22 
Potash (K,O) 2... .. cece cece cece cece cece cece cece cece secsecssecee 4£.08 
Soda (Naz,O) .... 2... cece cece ene cece cece cece cnccccscccescscscese 1,89 
Titanic acid (TiO,) 2.0... cc ccc cece cee cnn e cone cece cece cece cece .06 
Ignition, 10S8S.... 0... cc cc cece cece cee eee cree ccce cece ccesscsesess 9,60 

Total occ. ccc ccc ccc cece cece eee cece tess cect csseceeseees 100.61 
Total fluxes 2... ... ccc cee ccc cee cece eens cer eececcsccees 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 Halcyon 

Pressed Brick Works yielded good results on testing.



119 THE CLAYS OF WISCONSIN. 

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 contains some scattered layers of shaly sand- 
stone, which, however, will crush 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. 4 of the N. W. V4, 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: 

ee a ae aa eae aaa SS SS SS SSeS a 

Location .......................++-| Davidson prop- | Richmond prop- 
erty erty 

Laboratory No......... 0.0. cece cece 1041 1042 
Water required............ 0... 0005 27.5 27.5 | 
Plasticity 0.0.0.0... 0.00 cece cee wees good fair 
Grit 2... ce cece ee eee cece some, fine mixed 
Air sbrinkage.......... 000.000 cece 6.6 3.0 

a 

They behaved as follows in burning: 
a] 

Laboratory No..... ccc cece cess cece 1041 1042 

Wet-molded bricklets— 
Cone 010: 

Fire shrinkage ............ 006. 1 0 
Color... . cs ccc cece cee s eee enes light red light red 
Absorption ........ ccc cece sees 13.82 13.49 

Cone 05: | | 
Fire shrinkage ...............-| . 2.7 6. 
070) C0) a light red light red 
Absorption.................0.. 9.38 | 10.14 

Cone 03: 
Fire shrinkage ...........-.0.. 4.6 2.3 
O10) (0) red | red brown 
Absorption.........c00 cece cues 6.33 6.59
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Cone 1: | 
Fire shrinkage ................ 8 7.4 
Color 2... ccc cece eee cece nees dark brown brown 
Ee 1.35 1.94 

Cone 2: | 
Fire shrinkage ........ 00.006. 7 7.7 
Color ...... ccc cece cece cee cees chocolate dark brown 

| Absorption .....:..... 000000. 1.31 1.40 

Cone 5 2... cee cece eee cc ce ceee 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 (SiO,) 2... ccc cee cece cee cece cece tect ceeecececesesesesees 63,21 
Alumnia (A1,03).... 0... cee cece cece sees cess cesecececssccssccess 18.00 
Ferric oxide (Pe,O,) 0... ccc cece cece cece eens cece rene reer eee tees 4.62 
Lime (CaO) 2... 0... ccc cee eee cece cece rete ee ee wees ee ee teen cess 18 
Magnesia (MgO) ........ cece cece cece cece cee eee sree cess eesevess 122 
Potash (K,O) ......... ccc cece cece cree cece teee cece ssesesecevcces GAT 
Soda (Na,O)...0 . 2... ccc cece cece cee nett cee ce ee ce eeeeee ceeeeees OT 
Titanic acid (TiO,) ........ cee cee cece cece cece teen ceee ces ceeeee 05 
Loss on ignition .... sect e eee teen eee ne eeceee cece tenn tees tees eee 3.61 

Total ..... ccc cece ccc cece cece cece cece cece cscesceeceeevess 100,47 
Total fluxes .... 0... ccc ce ce eee ce ee cees cece secesecese 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., (Liab. No. 1085). Much clay is found 

underlying the surface around this locality, 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, dnd represents the average of the entire boring. There 

is 5 feet of surface clay over-burden, similar to that over sam-
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ple 1088 described further on. The boring 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 .89 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: 
Cone. .. 2... ccc cece ceee cece eceeceee| O10 05 03 2 
Fire shrinkage ...................2.| 3.4 5.6 6.4 6 
©.70) (0) : red Bad brown 
Absorption. ..........2. cee cece cess) 8.33 4.61 2.73 00 

Dry-press bricklets— 
Cone 05: 

Fire shrinkage ......... cece cece eee eee ee tee eteseeesesees dean 
Color 2. ccc cc ccc cece cee cece cece ceee cess cceecevesecesers DOFOWD 
Absorption ......... cece cree eee ce emetic cess cess eseseese 13.93 

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: 

Silica (SiO, ).. ccc cee cece cece eee cent cece wee ecee cess wees ceeecees Od. 18 
Alumina (Al,0g) .... c ccc cee cece cece cece cece eee cone cscs ccecceee 14,92 
Ferric oxide (Fe,QO3) 0.0... cee ee cee cece cece cn ee cece cece nsec ceee 14.64 
Lime (CaO) 2... ce cee cece eee cece eee cote eee sececcseeessvesscess 1,09 
Magnesia (MgO).........c cece eee cece cece cece ceeeeeeesseeceesccss 2008 
Loss Of ignition ........ cc cece cece cece cece cee eee ceeecssrcecscees 8.07 

Total ... cc. cece cece cece cece ececcecs cess eces waste ceeseeces D441 

| 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. | 7 

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: 
[ee ee 

Cone...... ccc ccc ces conc cece cece cseces 010 05 1 . 
Fire shrinkage............ 0... cece ce eeae 0 1 3.6 
Color ........c cece cece ccccccceccescsces.(red brownired brown|red brown | 
Absorption .... 2... .... cece eens cece 4 10.80 8.62 1.24 

eee 

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 (Lab. 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 a mass of low 

plasticity and much grit, whose air shrinkage was 5.1 per cent. 

and the average tensile 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: . 
NS 

Wet-molded bricklets: | | | 
Cone .. 2... ce cece cece ees 010 05 03 1 2 
Fire shrinkage............. 2 2.7 6.7 7.3 8 
Color...........cceceeeceees red red ‘dark redidarkred, brown 
Absorption ........ sere eeca| 17.77 | 13.54 | 7.79 | 4.48 | 4.14 

SS ce cc Ss Us SSIS SGSUSGNGSNSNGP 

eee 
re 

Dry-press bricklets— 
Cone 05: 

Fire shrinkage........ 2... 0... cece ceeees 0 3.33 
Color .......0. cece cece cece cescscee cesses! light brown; brownish red 
Absorption... .....cccecceceee cues sete 15.17 | 8,72 
a
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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 (SiO,) ..ccscceessceccceecessccccceecacsceetssseceescecessss 64.88 | 
Alumina (Al,Og) 22... cece cece cece cece cece cece ccccceessesccecssess 17.90 
Ferric oxide (Fe,Og).. 2... cee cece cee e cece cece nese ceeecececccesses O40 
Lime (CaQ) 2.2... ccc ccc cece cect cca e cece ces cece eees pees eee sees .60 
Magnesia (MgO)... 2... ccc cece cece cece sees cece sete ccseseseccescess 1,40 
Loss on ignition.. wee e ce cece cece cane ceee cscs seescessssssccccesss 0.64 

| Potal coc ccc cece cece cece ccc cece tees tees cece sees cesecees DO.8F 

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

Grand Rapids, Wood Co. An outcrop 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 8. W. corner section 18, township 22 N., R. 6 HE. 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 outcropping 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 

eent of water to a mass of fair plasticity and containing some 

coarse grit, whose air shrinkage is 5.3 per cent, 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: | 

RO OOO EE EE 

Wet-molded bricklets: | 
Cone... ccc ccec cece ccen ces 010 05 03 1 
Fire shrinkage.............. 3 2.7 — 4.3 6.6 

| Color .....-.eeseececeeeees| light red red brown!red brown|red brown 
| brown | ; 

Absorption.........--+.-0--|, 19.62 | 15.40 11.38 | 7.08
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Dry-press bricklets: . 
Fire shrinkage...... ccc cece cece cece cece ces sees cece eces ences 5.5 
Color 2... cc cee cee eee cee e cece tees cece cscececscssescees red brown 
ADSOrption ......... cece cee cece cece cece cece cece scsesesecees 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 (SIiO,) 00... ce cece cee cee w cece cece cence eee cete sees csseeees Ode 
Alumina (A1,O 4) .......00 cece cccccccesccscesctsceccesssscsscseeee LVEL 
Ferric oxide (Fel,O 3) ..... ccc cece cece tece cess ecseccescesccececoes 15,94 
Triime (CaO) 22... ec cece ccc cee cee e tees cone cnet ceesesecscseeess 220 
Magnesia (MgO)...... 2... ccc cece cee cect cece tree cee sceeeeseeses 12D 
Potash (K,O)..... ccc cece cece cece cece sees seen cece ccsscessesessess 090 
Soda (Na,O)...... ccc cece cece cece cece see seen teen sees cece ceseeees 1a) 
Titanic acid (TiO,).... 2... cece cece cee cece cece cece cess sscesscccess OF 
Loss OD ignition... ........ cece ccc cece cece cece tees ceecsscscosecees 10.38 

Total ..c.ccccceccce cece cecscceecseecssecssecscstestsesssses 99.96 
Total fluxes 00... ..c cece cee cece cece cee ceesccesesecesscees 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- 

éver, 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. % of the S. W. 14 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: 

rrr rere ere ence ETTORE 

Wet-molded bricklets— 
Cone ..............6.24.} 010 05 03 1 
Fire shrinkage.......... 8 1.7 4 7 : 
Color...................| light red | dark red |light brown] dark brown 

_ Absorption ............. 12.62 10.27 6 05 1.02 
a 

ll REE 

Dry-press bricklets— - 
Fire shrinkage .................. 1.33 6.33 
Color ............eeeeeeeeeeeses.| reddish brown red brown 
Absorption... ........... cece eens 14.26 1 

ee 

| The chemical composition of this clay is: 

Silica (SiO,) ..... ccc cece cece ecsecccceeesceccccceeseces DAT 
Alumina (Al,Og)......ccceece cece eens vceeceseccesscess. 1662 
Ferric oxide (Fe,O,) 1... cc. cee cece cee cee cece ceeecs 10.27 
Lime (CaO)..... 0... ce cee ccc cee cece eens ecec cee cues 36 
Magnesia (MgO) ........ 0. cc cee cece cece cece cece caceas 1.73 
Potash (KO)... .. 0. cee ccc cee cece cece cece ceca seaces 6.26 
Soda (Na,O) 2... . ccc ccc cece ccc teen cece cece ceececeecs 1.72 
Titanic acid (TiO,) 2.0... cece cece cece cece ues cceuucns 05 
Loss on ignition .. 0... .... ccc cece cece cace cece ccceuces 7.87 

Total 20... cc ccc cece cen cane cece cece cuecececes 99 62 
Total fluxes... .. cc ccc ccc cece cece cece cece cece sensecee 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 Dutch 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. 14, 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: | | 
Cone... ccc cece cece cece cees 010 05 03 1 
Fire shrinkage ............. 0 1.7 2 5.4 
Oolor ..... wee. cece eee wees red red deep red | deep red 
Absorption..... III] 10.23 | 10.53 | 8.16 ; 2.39 
an nn 

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 21% 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
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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. 1181) 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: 

SS ee earn ee Lace SaaS 

Wet-molded bricklets: 
Cone... 22. ccc cece cece cone 010 05 03 1 
Fire shrinkage ............. 2.3 4.7 6.6 7 
Color .........2 cece eens | light red dark red ; dark red | dark red 

brown brown brown 
Absorption sseseeeseeessn ‘11.32 | 6.22 3.23 2.27 

. ea ST SSS GTS SSS 

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: - 

* Gilica (SIiO,g) ..... cece cece cece cece cece cecesssecccceccecces 46,34 
Alumina (A1,O4). 2... 2.0 cece cece cece cece cece ccccccsccess 16.20 
Ferric oxide (Fe,Og) ....0 cee cece cece cece cece cccecevecees 19.75 
Lime (CaO)... 2... . ccc cece cece cece cece cccscccsccsccece 2,62 
Magnesia (MgO) ......cceccccccce cece cccecccesccecceesces 80 
Potash (K,O) ........ ccc cece cece cece eens cece cecccceeecss 4,83 

| Soda (Na,O) 2... ccc cece cree cece ccc cece cccccccccccscees §6DS 
Titanic acid (TiO,) ....... cece cece cece cece ceaccevecccesece 20D 
Loss On ignition.......... cece cece cece eee cece ects ceeecees 10.51 

Total 2.0... ccc cece cece cece cece cee cece secs sees sces cess 99.68 
Total fluxes ........ cece ccc cece cee cece cece cece ccse cess 26,58 

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: y |
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: Wet-molded bricklets: _ 
Cone .......... ccc eneeceee| 010 05 03 1 3 
Fire shrinkage.............| sl. sw. | sl. sw. | sl. sw. 1 3 
Color........seseee-.eeee2-| yellow | yellow ; yellow /reddish, red 

brown | brown ; brown brown 
Absorption ......0....000- | 12.11 | 1217 | 10.94 | 9.68 | 9.42 

I 

It did not burn steel hard until cone 3. , 

, Dry-press bricklets: 
| Fire shrinkage........ ccc. cece cece cece cece cere ccescsee sssceee O 

Color .... ccc ccc cece cece cece cece ce se ese ccsecescecssscessees yellow 
Absorption ........ccc cece cece cece ccecccccccssccesccscsceseses 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 bricklets: 
Cone........ ..eeeeeeeese--| 010 05 03 1 3 
Fire shrinkage.............} sl. sw 3 0 2 | 7 

: Color ..............-------.| yellow! yellow | reddish; gray , brown 
" brown | brown | brown | brown 

' Absorption................ | 12.54 | 1177 10 9.50 9.26 
Steel hard at cone l........ 1 vans cccelcceeccccleccs cent [ecee ces 

Dry-press bricklets: 
Fire shrinkage ..........2- 022 cece cece cece eee e seen scsscssseeee O 
70) Ke) a ©) 0D 6 

| Absorption ....... ccc cece cece cece cece cece sees tetsccsecesesees 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 . 

(Lab. 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: | 
Cone... . oe. eee cee cee cece cece cess | O10 05 03 1 
Fire shrinkage .......... 0... 0.00 cee. 0 — 48 2.1 4.3 
Color... ..... ccc eee eee sees sees eees! pink pink red -red 

brown | brown 
Absorption. ...............0 000. | 16.24 15 52 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 | 

clay is found underlying the Potsdam sandstone at this lo- 

eality 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..............| 010 05 03 1 2 5 
Fire shrinkage ....| 1.4 2.6 5 6.9 7 not vit- 

rified 
Color ...... 2.0. : pink | pink | it. red eno pink | 
Absorption........| 18.08 15.94 10.91 6.40 6.40 

This indicates 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 cracking.
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A chemical analysis made by Mr. A. S. Mitchell of Milwaukee 
gave: 

Silica (SiO,g).. cc eee cee cece cece eee cote tees eens eens cee 63.04 
Alumina (A1,0,) .. ..ccc cece cece cece cece cece teen renee 21.60 
Ferric oxide (Fe,O,) 2... 0... cee cee eee cece teas teenies 3.50 
Lime (CaQO).... 2... cece ok cee cece cece weet cece nee ceee 85 
Magnesia (MgO... 0... cc ce cc cee ee cece ete eeee 1.00 
Alkalies ... 0... eee cece eee cece cece cess cececeeesee undetermined 
Loss on ignition... 0... ccc cee cc ccc cece cece eee eens 5.95 

: Total 2... ccc ccc cee cece eee tenn tens cece rece eees 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. 14, 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 eut 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, whose 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. Unless 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 

144 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 a maximum of 146 pounds per square inch. In burning 

it behaved as follows: 
fn 

Wet-molded bricklets ..... | | 
Cone ........ cece cece eee 010 05 03 1 2 
Fire shrinkage........... 6 2 4.7 | 5.7 6.7 
Color..... cc. ccc eee eee, brownish dark red dark red! brown | brown 

Absorption eteecseee 14.30 | 12.60 | 8.65 | 4 29 | 1.56 | 

ne ee 

| Dry-press bricklets: 
Fire shrinkage .......... cece cece cece sececues 0 3 33 
Color 1.0... . eee cece cece cece tees eeeeseeesees} light brown red 

, AbSorption.......... cee cece cece cece cece cues 16.48 10.82 

ES 

‘The clay when wet-molded burns steel hard at a little above 
cone 03. It gives a good brick, however, at a temperature of 

cone 010 which is also the cone at which the bricks are being 
. burned at the yard. a
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| The chemical composition of a sample collected by Mr. F. H. 
Merreil and analyzed by A. S. Mitchell of Milwaukee gave: 

Dilica (SIiOg) ... cc eee cece cece cece cece cece ceccecesscesccee 99.94 
Alumina (AJ,Og) 2.0.0... ccc ce cece cece cece cece cece cccccee. 16.74 
Ferric oxide (Pe,Og).........c cece cece cece cece cceccnccecce 1.64 
Lime (CaO) ....... ccc cece cee cece cece csceceesvccecccccces. 43 
Magnesia (MgO).............c cece cece cece cceccececceecess 1.69 
Loss 0 ignition.............. cece cece cece cece ccsecees eee 3.91 

Total 20... ccc cc cece cece cece eens cece cece scescscecceseses 90,35 

Uses. The clay 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 Dutch 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: 

ee EE 

Wet-molded bricklets: 
, Cone .......... 0... cece eee 010 05 03 1 

Fire shrinkage .............| sl. sw. 1.7 2.3 3 
Color ......................|deep pink} pink yellow | light red 

_ brown brown 
Absorption................. | 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: | | , 
Cone ...... ce cece cece ce ceee 010 05 03 1 2 
Fire shrinkage ............ 1 1.3 3 4.9 5.6 
Color .............-.---e. | light jmedium|medium| dark red 

red red red red | brown 
Absorpt on ................| 18.69 11.84 9.95 6 6.11 

The clay burns steel hard at cone 1. | 

Dry-press bricklets: 
Fire shrinkage ....... cece cece cece cece eee 0 4 
Color ..... ccc cece cess sete cece eeeseesecee-| light red | speckled red 
Absorption ....... ccc cece cece cece weve veces 17.18 9.53 

Uses. The material is not being worked at present, but al- . 

though the clay contains much mica 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 brick, 

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 ... ccc cece eee eee 010 05 03 1 
Fire shrinkage ............. A sl. sw. 2.3 3.3 

| Color ....0 62. cece cece eee : light red light red , a brown 
Absorption ...............- 17.60 15 64 18 67 8.02 

nS 

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 outcrops were visited for 

the purpose of collecting samples to be tested for the present 

report. The samples came mostly from the S. E. 4 of the N. E. 
1% of section 27, range 8 W., but the clays outcrop 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 terrace 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 clays 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 Eau 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 cut is located on the N. E. 14 of section 21, township 27, 

range 8 W. Immediately underlying the sandstone at this point 

there is a deposit of very plastic rather dense-burning clay 

(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 comparison 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 1s 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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per square inch with a maximum of 454 pounds per square -— 

inch. In burning it behaved as follows: 

iY 

Wet-molded bricklets: 
S| Cone ........eeeeee 010 05 | 03 1 

Fire shrinkage...... 2 6.7 7 viscosity 
| beginning 

Color.............--| light red deep red deep red 
| brown 

- Absorption ........ 12.19 | 1.89 | 0 - 

Fe 
NCEA . 

While the clay 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 eut 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: | 

Pr 
. 

Wet molded bricklets: | | 
Cone ...........2+--02-| 010 05 03 1 2 4 5 

Fire shrinkage .... : 1 4.7 6.3 8 8.6 8.3 well 
vit. 

Color ........eeeesee-+, pink | pink ; gray | gray ; dark | gray 
gray | gray | buff | buff | gray 

Absorption ............ 15.37 3s 7.28 | 3.41 SN 2a 

ee a 

| 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 (SIi0,) .... ce cece cece cece cece cece cece eeecsseesces 46,08 
Alumina (A1l,03) 0... ccc cece ccc cece cece cece cerecces secs S420 
Ferric oxide (Fe,Og) ........ cece ccc eee cet n cece cccecese © Brd4 
Lime (CaQO).... .... cee ccc cn cee cee cece cece ees eeee sees 45 

| Magnesia (MgO) ... 10... ce cece cece cece cece ce ne eens cons 20 
Potash (K,O). 2... cc ccc ccc cece cece cece cee cece cees B29 
Soda (Na,O) .... 0... ccce cece ccce cece ccccecscecsteenecess «DD 
Titanic acid (TiO,) 0.0.0.0 cc. cee cee ccc cece cece ceeeee 14 
Loss 00 ignition 2.0... . cc ccc cee cece cece cece ccce cece LLG 

Total... ccc cece cen cece eee cece cscccceecesess 100,03 
Total fluxes 20... 00. ccc cece cece cee e cece cece tence 7.79 

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 undecomposed feldspar. 

The third sample of residual clay from the Hau 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 locality. 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: 

TD 

Wet-molded bricklets: 7 
cove 010 05 03 1 2 | 4 
Fire shrinkage.....| sl. sw. 5 6 6.6 6.3 7 
Color.............., pink red |deepred} red red_ dark red 

brown ; brown ; brown | brown 
Absorption.... i” 18.82 | 9.36 | 8 | 5 | 4.74 4.47 © 

os The clay burns steel hard at a little above cone 010. This 

material is a good common-brick clay capable 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 (Lab. 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: 
nn ennrenean enn a A NR nnn eneeenemnen meena 

Wet-molded bricklets: 
0.76) 0; 010 05 1 
Fire shrinkage .............eeeeeeeeeee-] Sl. SW. sl. sw. 4 
Color ..... 0... cece cece cece coeeceee cess (red brownjred brownjred brown 
ADSOrption ........ cece cece cece cece cces| 22.07 18.15 9 

a 

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 20.3 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: 
pr 

Wet-molded bricklets: 
Cone .... 1... cece cece eee ee} 010 05 03 1 2 
Fire shrinkage............. 0 1.1 1.6 2.7 3.6 
Color.............e0+-----(lightred| red red red jgreenish 

brown | brown 
Absorption ........0c 0000. | 13.66 | 11.77 | 10 7.21 | 6.19 

The clay did not become steel hard until cone 1, at which tem 
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: 
ee ee 

Wet-molded bricklets: | 
Cone ........ ccc cece cease 010 05 03 1 
Fire shrinkage ............. 7 4.4 8.3 vis. beg, 
Color ...............2+222..| yellow | deep red dark 

brown brown brown |.......... 
Absorption.................| 12.97 7 2.50 Jrsereeees 

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. (ab. No. 1047.) About four miles due 

southwest of Medford along the Wisconsin river there is an 

outcrop of greenstone which was prospected at one time in 

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 outcrops 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: 
pr 

Wet-molded bikes | | | | 
Cone..............| 010 05 03 1 4 5 

: Fire shrinkage .... 7 1 2.7 7.6 5.6 vis. 
Color .............|dark es red|darkred| red j/darkred 

brown | brown | brown | brown | brown |........ 
Absorption...... ] 15.49 | 12.01 11,24 4,26 | 1.14 fe sees 

C—O ———————————EEEEE———E
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The chemical composition of the clay was as follows: 

Silica (SIiO,) 20... cc cece cee ce ce cee cen cece tececseseces 45.45 
Alumina (A1l,O3)..... cece cececceecccstececscescseseces oe 18.90 | 
Ferric oxide (Fe,O5) 2... .0ce cece cece cece ecescccesese sees 18.00 
Lime (CaQ).... 2. ccc ce eee cee cece cee teen eee cee cees 86 
Magnesia (MgO) ..........cc cece cece cece con ceeeceeecees 29 
Potash (K,O)........002 cece eee cece ceeeceee cess cece eens 1,66 

: Soda (Na,O) ......c0 cece cece teee cece cececeecsssscesecess 1,70 
Titanic acid (TiOg) 1... ccc cece cece cece cence een ee eecenene 03 
Lioss on ignition..........e cc ece cece nee sete cess ceeseseees SOD 

Total... cc. cece cece cee cece cece tere eee teeesesess 99.64 
Total fluxeS ........ cece cece cece cece tees eee cesses 28.51 

This clay is not as fusible as one might expect from the high 

total 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 ease 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 is 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 Halcyon, 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 residual clays. ae 

sy: : Ferric ° . . Titanic Lab. . Silica | Alumina ° Lime | Magnesia | Potash Soda : Loss on Total 
No. | Locality. | (Si0g) | (AlzOs) | OF44° ,| (CaO) | (MgO) | (K20) | (Naz0)| 804) | ignition| Total | fluxes | Analyst. 

(Fe203) (TiO2) . 

1035 | Halcyon... 60.44 19.74 6.23 .40 2.22 4.03 1.89 .06 5.66 100.61 14.77 | V. Lenher. | 

1041 | Merrillan .. 63.21 18.00 4.62 .18 1.12 9.11 OT .05 3.61 100.47 15.60 | V. Lenher. 

1085 | Milladore.. 53.18 14,92 14.64 1.09 Z.BB 1... coven ce|ecccscccce|cccececncs 8.07 |i... cece celeceeceeese| A. SS. Mitchell 

1087 | Milladore..| 64.88 | 17.90 | 5.40 60 115 foc] ee chee] 5.6L [eee] SBNewberry 9 gt 
_ 1001 &'Centralia 52.33 17.61 15.94 2.25 .25 .93 .20 .04 10.38 99 .96 19.60 | V. Lenher. x 

(Gr. Rapids) 
S 

1002 | Sigel Stat’n 54.74 16.62 10.27 .36 1.73 6.26 1.72 .05 7.87 99 .62 20.34 ! V. Lenher. tS 

1131 | Pittsville .. 46.34 16.20 17.75 2.62 .80 4.83 .08 .05 10.51 99.68 26.58 | R.C. Benner. P 
TR 

1096 | Springvale. 63.04 21.60 3.50 .85 1.00 |... cecc celine eee ee [ reese coer (5.95 lave sccecselaccevccese| A. S Mitchell © 

1005 | Stevens Pt.! 59.94 16.74 7.64 43 1.69 |i... cece] ccc cee ce [ eens weeees 3.91 |..........3.....022.-| A. S. Mitchell ey 

1032 | 6 mi. e. Eau | = 
Claire.... 46.08 34.25 3.34 45 .20 8.25 OD 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. S 

Fd 2 

=
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29 Rep BurNING SHALES OF LAFAYETTE AND GRANT 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 can 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 ...........-.-eeee|sceeeeeeeee-{ qual parts Ma-| 34 Maquoketa 
quoketa clay |clay and 14 loess 
and loess 

Lab. No... 2. ccc e eee e eee 1093 1093-20 1020-93 

Soluble salts.............. .36 20 28 

Water required............ 26.4 25.3 29 | 

Slaking ....... 0. eee eee moderately good good 
ast 

Plasticity .................{ excellent excellent excellent 

Grit .........0cceeeee0-e--jalmost none none little 

Air shrinkage............. 7.2 8.6 7.3 

Average tensile strength... 156 237 158 

Maximum tensile strength. 190 298 177 

In burning the clay behaved as follows: 

Ce ee ee Se 

Wet-molded bricklets— ; 
Cone 010: 

Fire shrinkage........ 6 0 0 

Color..........+e+----.-| light pink |light pink brown] pink brown 
brown 

Absorption ..........- 14.78 14.50 14.37 

Cone 05: 
Fire shrinkage........ 1.7 2 3 

Color... ... cece cece cece red red red 

Absorption ........... 5.11 8.69 — 8.13
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eee 

Cone 03: 
Fire shrinkage........ 4 4.3 6 

| Color .................| red brown red brown red 
Absorption ............ 50 2.93 4.03 

Cone 1: 
Fire shrinkage........ vis, vis. vis. 

Steel hard at cone ...... 08 08 08 

Dry-press bricklets— _ | 
Cone 05: 

Fire shrinkage........[........ ccc lees cecccccececclecee cece vovccece 
Color...... 2... cece ees red wee e cece nee cece sees cens cece cece 
Absorption.............[cccccccecees cconana eons 

ne NSS aa Sr si i SS 

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 inthe 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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Fig. 1. Clay pit of Grindell Bros., Platteville. This is loess clay, which is dug to but 
a slight depth, as the underlying “joint’’ clay is too tough to work. 
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Fig. 2.. M. J. Myers’ clay bank, La Crosse, Wis. The material is very sandy loess 
clay, which is used for common brick manufacture.
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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: 

SS reer geerpeenyy 

Wet-molded bricklets: 
Cone .....................-| 010 05 03 1 2 
Fire shrinkage ............ 0 4, 1.3 7 7.5 Color... .... cece cece cece . light | light jmedium| dark | dark 

red red red red | brown 
Absorption ................ | 21.01 | 19.06 | 17.59 3.50 2.83 
————— 

The clay burns steel hard at cone 2. 
This clay 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 oceur 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 described on 
p. 90. The loess clay is not uniform in character through this 
section but usually shows a surface clay 18 inches to 2 feet thick 
(Pl. XTII, Fig. 1) which ig loamy or sandy in its character, 
while below this igs 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: 

renee 

Wet-molded bricklets: | 
Cone .... 6.2... cc cece eescececeese| 010 05 03 1 Fire shrinkage ....................] sl. sw. 4 3 7.6 fe light red red dark — | 

red brown | brown Absorption ......... settee ceeees| 16.13 | 14.73 | 819 | 92.70 
..SS80000 SSS ee 

. It burned steel hard at cone 03.
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i 

Dry-press bricklets: : | 
Fire shrinkage ........ cece ee ee ee 0 8.06 

(070) (e) a buff brown red brown — 

Absorption. ...-..+-+-+ esses ses) 20.52 1.48 

a 

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 

eone 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 

prick. The run of the bank which is used had the following 

properties: Water required, 24.9; plasticity, good; grit, some, 

eoarse; air shrinkage, 6.3. 

In burning it behaved as follows: |
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Wet-molded bricklets: 
Sas 010 05 03 1 | 2 
Fire shrinkage..... ....... 1 1.7 2.7 5.7 6.7 
Color .........0. sce eeee cess! light red |darkred'darkred| dark 

red brown 
Absorption secscretesen 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 clay 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 crumbly 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 init. 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 ................2. +2] O10 05 03 1 2 
Fire shrinkage ............. 2 2.6 3.4 7.3 8.3 
Color ...............e00-----+ light | light ! light red red 

red red red brown 
Absorption eceesestsseee 23 a | ir0s| 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 ten- 
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. 
ee a aaa 

Material .... 2... 0... cee eee eee Borden clay Goodrich clay 
Laboratory No.............--22 eee 1012 1013 
Soluble salts .....0.. .cee cece ceneee .o2 41 
Water required .............002 eee. 20.9 34.1 
Slaking ...............+..+.++.+..| moderately fast fast 
Plasticity ..... 0c. cece cee eee en ceee fair high 
GYIt 2... ck cc ccc eee eee ceee some, fine much, fine 
Air shrinkage ......... cee cece eee veri 3.38 
Average tensile strength .......... 312 158 
Maximum tensile strength ........ 370 184 

Wet-molded bricklets— 
Cone 010: 

Fire shrinkage ........ .....6- sl. sw. sl. sw. 
Oc) (0) light brown cream 
Absorption........ 00.2008 cee 13.59 54.34 

Cone 05: | 
Fire shrinkage ............ 00: oO 
Color ..... cee cece cece cence noes light red ° 
Absorption..........e2 cece eons 10.02 

Cone 03: | 
Fire shrinkage ................ 1.8 sl. sw. 
070) (0) sa light brown gray buff 

| Absorption ........ cee eee ceee 5.41 48.40 

Cone 1: 
Fire shrinkage ................ 5 sl. sw. . 
070) (0) a dark brown gray buff 
Absorption .... 2... sseccecveee 1.39 vit. 36.47 

Dry-press bricklets— | 
Cone 05: 

Fire shrinkage ...............- 0 
0/0) (0) an buff brown 

| Absorption ........ 2.00 eeee cee 17.83 | 

Cone 2: , 
Fire shrinkage ........ 2.5005. 8 
Color 2... cee cece cece ceee eee red brown 

| Absorption .... ccc cece cons eeee 10 

am a SAAC A 

The clay burned steel hard at 05 when wet-molded.
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Brick yard and clay pit at Richland Center. This plant represents well the type of 
small yard in operation at many points.
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The chemical composition of the Borden clay is: 

Silica (SiOg) .......-seee sees cee eeec esse eeeeeeeeeesseees 71.56 
Alumina (Al,Og) .......2ccecccee cee cees cece eeeveseeseee 1116 
Ferric oxide (Fe,O3) 2... ccc cecc cece cece ececserescencees STB 
Lime (CaO) .... 2... cece eee cece cece sete ecesecsccerecess 1,70 

: | Magnesia (MgO) ........ cee cece cee cee teen ceee rene eee 96 

| Potash (K,O)......ce cece cece cece cesceeseceeesstereeeeees 2,41 
Soda (Na,O) ...... ec ee cece e ce cece eee cece cesescecsees 128 
Loss on ignition ............ ccc cece cece cece eee cess seee 6.93 

Total... . ccc cccc ccc ccc ce cece cess cers cescsscscccecees 99,12 
Total fluxes ......... cece cece cece cece cece eeeecececees 10.08 

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 1s 

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 

brick 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 

erack 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 

elay (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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ce EERE EERE REESE EEN EE EERERERPTEREREPENNE: 

Wet-molded bricklets: 
shzgided trict 010 05 03 I 2 
Fire shrinkage.... ........ A 2 4 7.6 8 
Color.... .cccceeeceeeceses.| VOLY red red j|darkred| red 

lightred brown 
Absorption ................| 17.68 | 13.76 | 7.74 | 1.58 1.83 

The clay burns steel hard at 03 but gives a good brick body 

even at cone 010. 

Mazomame, 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: | | . 
00) 0: 010 05 | 03 1 
Fire shrinkage .............| sl. sw. sl. sw. 2.7 4.6 
Color ...........2-022e066--, yellow | dark buff|red brown|red brown 

brown |. 
Absorption. ............ | 14.03 | 14.10 | 7.2 | 3.15 

. 

Burns steel hard at cone 03. | 

‘ This is a good red-burning common-brick clay which could 

_ 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 

elay (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. Its air shrinkage is 7 per cent, and in burning it 

behaved as follows:
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ee  ————— 

C000 assoc ceseveee vere 010 05 03 1 
Fire shrinkage ........... 000. 3 4 1 6.3 
Color ........ cesses seeeeees| light red buff light red | dark red 
Absorption............. mo] 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: 

RRR eee eee eee 

Wet-molded bricklets: | 
shied alts 010 05 03 1 2 
Fire shrinkage.......... 0 0 7 5 7.7 
Color..................| light red; red red dark red , brown 
Absorption ....-.-. a 16.65 | 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: 
(O70) 1); 010 05 03 1 
Fire shrinkage .......... z 0 1.3 4.7 8.4 
Color .......cccseeeeueeseee, light red red dark red 'red brown 

brown 
Absorptiou.......... cece cee | 14.49 12.31 | 4.87 | 1.29 

Sanaa aan SS
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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 kidge, Dodge Co. Underlying the Clinton ore at this 

loeality is a bed of clay at least 18 feet thick. It is divisible into 

an upper clay 6 feet in thickness (Lab. 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 .................. e020 eeeeceeeseeee| Upper clay Lower clay 
Laboratory number...........0 cece sees cece 1027 1172 
Water required ...........0 cece cece cece cee 18.7 17.6 
Slakes ........ cee cece cece cece cceessse eeee| MOdOrately fast |........ 0006 
Plasticity .......... cece cece cece cece cece nees excellent high 
Git... cc cee cee cece cece ce ee eens lesen cece cscs cues low 

| Air shrinkage .......... ccc cece cece cw ce cues 4.6 4.7 
Average tensile strength........ ... ee eee 75.3 62. 
Maximum tensile strength.......... 2205000. 87.0 80. 

Wet-molded bricklets— 
Cone 010: 
Fire shrinkage ........ ccc cece seec cece sl. sw. cot ceee cece 
Color ...... 0... cece cece cone scseceeeseee| light brown |............ 
Absorption... .. 0... cece cee cece cee e eee 23.51 eee e ee tee eee 

Cone 05: | | 
Fire shrinkage ............ccccceeccees sl. sw. ee ee cece cece 
Color ....... ccc cece cece cece cccecesecces| light brown |............ . 
Absorption ..........c. ccc cece cece cece — 22.34 cove cece cee 

Cone 03: 
| Fire shrinkage ........ ccc cece cece cece gl. sw. sl. sw. 

Color .... 2... cee cece cece nce cee tenecees brown red brown 
| Absorption ........ ccc cece cece cece ees 20 25.74 

i . 
:
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Fig. 1. Clay pit at Thierault’s yard, Chippewa Falls. This shows the shallow 
character of most of the excavations in glacial clays. 
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Fig. 2. Clay bank of Hydraulic Pressed Brick Co., Menomonie. A loamy clay of 
loessoid’ type and red-burning.
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Cone 1: 
Wire shrinkage ............ cece cece sees sl. sw. bees cece cease 
Color... ccc cece cece cece cece tees cece pink buff brown 
ADSOrption.... cc cece eee cece eens ce ee 18.54 20.60 

SEC a GSD GSSRGRSRNGDEESGeD 

Chemical composition. — 

Silica (SiO,)...... cee cece cece cccececccecccecnversecsecess 30.90 
Alumina (A1,O53)....... ccc cece cceccccecsccececcesccesccese 0,96 
Ferric oxide (Fe,O4)...... ccc cece cece cece cece tesescsecess 913 
Lime (CaO) ...... ce ccc cee cece cece cece veccccsecesccees 17,30 
Magnesia (MgO)........... ccc ccccccceses cecsecseceecesss 4,80 
Potash (KO) 1.0... .. ccc cece cece cece cece cece cece ccsccees BD 
Soda (Na,QO).. 1... cc cee ccc cee cece cect cece cece cccccece BT 
Titanic acid (TiO,) 2... ccc cece cece cee cece ene cesscecceces OD > 

Loss on ignition .......... ccc cece cece cece cece cceecece sess 25.30 | 

Total... .... ccc cece cece cece cece cece ceccsccessce cess 99.60 
_ Total fluxes 10.0.0... . ccc ccc cece cece ccs ccee sees 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 percentage 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), represents 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. 

——$——$K$K€LlLlLWUlH"")][]>[[][=[]=[==_____ 
ees 

Lab. Nowessccsccceceeceseeceseeeee cee] 1026 1079 
Water required ........ 0... .c cc cece cece 23.1 20.9 
Slaking 0.0... .. cece cc eee ween cece eens fast fast 
Grit... oc. ccc ce cece cece esse ceee sees} much, fine - much, fine 
Air shrinkage.......... 0... cece cece cece 5.6 3.4 | 

. Average tensile strength................ 228 eee cee conc cccees 
- Maximum tensile strength.............. 254 wee eee eeecceces. 

10
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Wet-molded bricklets— 
Cone 010: 

Fire shrinkage......... 0.0. csee eens 0 sl. sw. 
Color ...... ccc cece cece cececeeecese| yellow brown light yellow brown 

. Absorption ........cccs cece ccc cece 16.09 20.98 

Cone 05: | 
7 Fire shrinkageo..........ccc cece cee el eee e cece ceeee: sl. sw. 

Color .,..0. cece cece cece cocecccsvecs(coeeceecseseeee| brownish yellow 
ADSOrption ........ cece cece cece cece lecce veen veces 20.08 

| Cone 03: 
Fire shrinkage..........cee cece cece 4.7 0 
COlr seeccescccccscecccceeeeeseeeees red brown light brown 
Absorption..............ceeeeeee--] 8.01 18.32 

Cone 1: 
Fire shrinkage .........c.. cere cee 6.6 9 
Color ...... 0... .c00 cece ccceceeeesee| red brown brown 
Absorption.... cc. cccc cece cee cece 2.78 1.71 

Cone 3: | 
Fire shrinkage.............+es+55--| Vis. begun Jvsesess tree 

TTT 

The first of these burns steel hard at cone 03 and makes a good 

reddish brick even at cone 010 but the color deepens at 03 and . 

considerably at cone 1. There is no apparent reason why this 

elay 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 increase 

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 II 

Silica (BIO,) ... cece ec ee cece cece eececceccecececs  T4,71 78.26 

Alumina (A1,Og,) .....0. eee er ce cece cece cececeee 12.60 11.41 

Ferric oxide (Fe,Og)....-.ee cece cece cere nceecees 2.80 1.80 

Lime (CaO) ........ cece cece cece cece cece veer nnes 10 1.00 

Magnesia (MgO).........eee cece cece cece cece ces 00 .68 

Potash (KO) ...... cece cece cece venc cece seescece 218 1.88 

Soda (Na,O)........ cece cece cces cess seecceeecnes 1.14 1.28 

Titanic acid (TiOg)...... 66 cece eee tener eee cece OO 45 

Tgnition........ 02. cee cece cece eceeeeeeceeecees 5.30 3.12 

Total ...cccccccccccccceccvecesesesececees 100.53 99.88 

. *QOp. 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 
is 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: 

EE ey TTYETTEERS 

Wet-molded bricklets: | | 
Cone ...... 2... cece cece cee 01 05 03 1 2 
Fire shrinkage............. oO oO 1.4 3.6 4.4 
Color .....................) buff |lightred! brown | brown | dark 

red gray Absorption ........ ee 20 18.15 | 13.71 5.66 | 2.56 
—_——— a Sn 

er 

Dry-pressed bricklets:- 
Fire shrinkage ............ ccc cece cece cece cccece 0 1.33 
COlor ..... cece cee cece cece ces ceecceseccsees| light speckled 

brown gray 
Absorption............ ser teeeerrerteeceeed 27.81 | 11.61 
Is 

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. 7 

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 

elay sand. Asa 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- 

ing it behaved as follows: | os 

' ee 

Wet-molded bricklets: | 
Cone .... ccc cece eens coeees 010 05 03 1 
Fire shrinkage............. sl. sw. | sl. sw. 1 | i 
Color .......ceeeeeeeeeeeee- | brownish | light red ‘red brown, dark 

yellow ) | brown 
Absorption ................ | 18.59 | 18.71 | 16.05 | 8.38 

a 

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 is 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 1... cs ceca cece cece cee cece sccscecesccseces Off, 
Blue clay 1.2... cece cece cece cece cece cece cee cerscscecccs 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 (Lab. No. 1122) 

| has the following properties: water required, 13.2; slaking, mod- 

erately fast; plasticity, low; grit, some, fine; air shrinkage, 3.8. 

In burning it behaved as follows: |
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Wet-molded bricklets: | 
Cone ....-.eeeeee ceeeeeees| 010 0 | 08 1-2 
Fire shrinkage .............| sl. sw. 0 1 4.3 
Color .... cece cece eeee =e red brownjred brown, brown 

yellow 
Absorption......... seeeeeey 15.75 | 15.52 | 13.91 | 5.58 

STENT SS A SANS 

The clay does not burn steel hard 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 loam 1.0... cc ccc cece cece cece cccescccccceccssscccee tL ft. 
Fine yellow sandy clay ........ cc. cece cece cece cceccccess 94 ft. 

No sample was tested from this locality but the clay burns to 

| | a red although somewhat porous brick. , 
| Arcadia, Trempeleau 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: 
Cone ........-ceeceeeeeeess| 010 | 05 03 1 20 
Fire shrinkage......... | 7 3 1.7 5.7 5.7 
Color .......... eee cece eeeel Very red red idarkred| dark 

light red| . brown 
Absorption ................| 16.26 | 15.30 12,15 | 2.95 3.09 

| | 

The clay burns 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 (SiO,) 0c... cece cece ceccceccccceccecceccecccecce 73.08 
| Alumina (Al3;03) ........ ccc cece cece cecccccccssscceees 11.56 

Ferric oxide (Fe,Og).... 6... cece cecn cues cece cece casecace 4.11 
Lime (CaQ) ...... cc cece cece cece cece cece cece cceeveecenes 84 
Magnesia (MgO)........ ccc cece ccun cece ccc ceessceceees .52 
Potash (K,O) 2... .... ccc cece cece cence cee cee ceeeresces 2.31 
Soda (NagQO) ...... ccc cece eee e ce cece eee cece cece scenes 2.75 
Titanic acid (TiO,) ........ ccc eee cace cece cece ceceeess .09 

| Loss on ignition... ......0. cece cen cece cece cece ceeecess 5.36 

| Total .... ccc cece cece cece cece ccccccccvcccscescces 100.62 
Total fluxes 0... 0... .ccc cece cccc cece cece sesecesess 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 

L. Godlee ee eee ccc eee cee e cece ee cece sosseees 6 inches 
2. Gray clay ........ cece cece cece cecsccccccssecescess Lto2 ft. 
3. Yellow sandy clay ........ ccc cece cece cccccccecess 4 ft. 
4. Black siliceous clay................. cece ccesceeeee 1 ft. 
5. Sandy gravel ............ ccc cece cece cccscesseeses Si, 
6. White gritty clay.... 0.0.0.0... ccc cece cence cece cesses 40 5 ft. 
7. Blue clay. ........ ccc ccc cece cece cece ceesccccccss BO 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 exclusive 
of the blue clay and the second sample representing the blue 
clay alone. The properties were as follows: '
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(ee ne ee ee eee ee ener ——————————— | 

| Material ....:.................+.--| Brick mixture | Lower blue clay 
Laboratory No......... cee ceee cee 1170 1169 
Soluble salts ..........ccee cece cone .19 18 
Water required ............ 000 eee 17.6 | 22 
Slaking .... 0... ..c0ccceee ec ceee cons fast slow 
Plasticity .... 20... cece cee cone ces low good 
Grit .........cccce eee eeeeceee-+--| much, coarse some, fine 
Air shrinkage ...........0. cee eee 5 4.8 
Average tensile strength........... 327 
Maximuni tensile strength......... 393 

Wet-molded bricklets— 
Cone 010: 
Hiro shrinkage «...--+++--++++- al sl. sw. 

lor... cc ee ee cee cece cceeeess| yellow brown llow b 
Absorption.............-.00-00- 11.23 ye bl 

_ Cone 05: 
Fire shrinkage ............ 206. 0 3 . 

| Color ........20cececeeeeceeeeee| yellow brown yellow brown 
Absorption ................ 66. 11.13 13.51 

Cone 03: 
Fire shrinkage .. ............. 1 

) Color .... cc. cece cece e eee cece red brown 
: Absorption ........ 0. cece eens 8.55 

Cone]: 
Fire shrinkage ..............+- 4.3 5.3 
Color ..... cece cece cece eee eee brown red brown 
Absorption .... cc. cece cece ween 3.16 3.86 

Steel hard at cone................. 1 1 

Dry-press bricklets— 
Cone 1: 
Fire shrinkage ............ 0665 2 4.33 | 

070) (0) red brown brown 
Absorption ..........0. e002 008. 11.11 3.20 

=e 

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 (SIO,) 2... 0... cece cece cece cacccceecceccecccessescs 72,60 
Alumina (Al,O5)............ ccc cecc ees ceesecececeseces 12,16 
Ferric oxide (Fe,O,) ..........cc cess cececceccceccececesss 5,66 
Lime (CaQ).... 2... ec cece cece cece cece cecccencceeceese, 1,34 
Magnesia (MgO) ........ ccc cece cccc cece ucuccecececcuce. .08 

| Potash (K,O) 2... 0... cece cece cece cece ccnceceecncecaneaes 2.47 
7 Soda (Na,O) ..... ck cee ccc cece cece cece ceeccececcececes, 1.44 

Loss on ignition........ 0... ccc ccec cece cece vccccecccece. 4.07 

Total... ... cece cee eete cece testeeeessescesccsees 99,86 
Total fluxes... . 0... ce ccc ce cece cece ceecceceeee 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. 

Hewitt, Wood Co. <A deposit of red-burning alluvial clay is 
known to occur 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: 

eee 

| Wet-molded bricklets: . ! 
Cone .......... cece ceeeeeee| 010 | 05 03 1 2 
Fire shrinkage.............]. 0 3 2 6 5 | 
Color..............+.+2..e6-4 red {medium(dark redidark red’ dark 

: red brown 
Absorption ................| 14.10 13.10 5.94 1.57 1.60 
stern sen 03 Balsa a 

SS er rer ce eee ae RNa 

Dry-press bricklets: , 
Fire shrinkage .......... .. cc cece cece ceca cece cece 0 7.33 
Color... 6... cece cece cece ccc e cece cece cece sees see (buff bro’n'red brown 
Absorption ...........00.00 ceseeceseseseccer eee] 16.64 | 4.92 |



| ‘THEIR USES AND PROPERTIES. 153 

It» chemical composition as analyzed by A. S. Mitchell of 
Milwaukee was: | . 

S30 Cer: Ok Oc) ( ©) Pa 69 
Alumina (AJ],0 3). .... ccc cece ccee cece ccc nese sccssssscees 12,21 
Ferric oxide (Fe,O,) 22.2... cc cece eens eee cee tececeec cece B89 
Lime (CaO) ..... 0 cee cece cee cee cece cece eeececsscecesese 1.74 
Magnesia (MgQO)......... ccc cece cece cece cess cccseeeecees 1.01 
Alkalies by difference .... 2... 0... ccc cece cece cece cece cece 2.06 
Loss On ignition.........0 cece cece cece cece cees cer sseceees 3.0 

Total .. 0... ccc cece cece cece cane tees seen cess ceee ces LO0,00 

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 color. 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 cream-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 charac- 

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 ...... 0.0. ccc cece cece cece eens 8.W.end of banklN.E.end of bank 
Material ees ssseseeesee essen 1126 1144 
Water required............ ccc. ces cees 23.1 19.8 
ge oon Sy high good 
Grit... ck ce ccc eee cece esse cece seee| considerable much 
Air shrinkage ......... 0... ccc cece eee 6.2 3.4
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Wet: molded bricklets— 
Cone 010: . , 

Fire shrinkage .............cccce0e 0 0 
Color ...........0.......0+ee02+2-(brownish yellow| yellow brown 
Absorption .... 0... ccc cece cece cece 15.66 16.02 

Cone 05: 
Wire shrinkage ............ccce cone 2.3 0 
Color ..........cccecececeesceesees| red brown brown buff 
Absorption............ 0.00 cece cece 11.37 16.49 

Cone 03: : : | 
Fire shrinkage ..............00 00: 3 0 
Color ............. cece cece eeeeeee-| dark red brown} brown buff 
Absorption...........0 cece cccccoes 3.23 14.88 

Cone 1: 
Fire shrinkage ............ cece cceclecce cece cece cece 4.6 
Color ..... ce cece cece cece cece cces[ecescececceccsss} green brown 
Absorption ............ cece cece ccceleccc cece cceececs 4.76 
Steel hard at cone..............06. 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 

epen 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: 

LOAM . 0... cece cece ee ccc cecc cess cons ccescscessscscscceese L ft. 
Red-burning clay. .... ccs cece cece cece ccsescscveccsssssces. Oft. 
White-burning clay ..............++--++ee+-eLhickness 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: 
NN . ... eee 
Wet-molded bricklets: 

Cone... .... 2... cece eee 010 05 03 1 
Fire shrinkage............. 1 4 3 vis. 
Color ......................sred brownjlight pinkilight red ! greenish 

brown | brown 
Absorption.................] 14.55 14.60 6.81 1.11 

a Seance aT RS CASRN 

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: , 

Soil 0 cece cee cece ee cece cece tees seer cessessesees Gin, 
. Sandy loam ..... 2.0 ce cece cee cece eee cece ceeeeeeeceeeee Gin. 

Brownish clay. .................seeeee2---. toa depth of six in. 
Cream-burning clay. 

The red-burning clay overlies the cream-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 clay (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: 
ene renner 

Wet-molded bricklets: 
O70) |: 010 05 03 1 
Fire shrinkage ............. 0 .o 1.4 vis. , 
Color ..............+2+++--.| light red | pinkish light greenish 

brown brown gray. 
Absorption .....essceseees) 25-40 | 15.46 | 6.94 [esses esse 

SN cae rence inten NA 

Steel hard at cone 03. 

|



. 156 THE CLAYS OF WISCONSIN. 

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 scove 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, Pierce 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 clay. The mixture which 

slakes moderately fast works up with 19.8 water to a mass of 

low plasticity and containing much grit whose air shrinkage is 
- 3.1. In burning it behaved as follows: _ 
i 

en 

Wet-molded bricklets: | | | 
Cone. 2... ce ccc cece ec cece cc ceeceeeees 010 05 
Fire shrinkage .......................!. sl. sw 1.3 3.41 
Color ...... 0... cece ce eeeeseeeseeeee | yellow Jred brownlred brown 

| brown | 
shape swine 15.10 | 11.07 5.93 

LE 

It became steel hard at cone 03. : | 
The clay burns to a good red color but even at 05 does not vive 

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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7 | 

‘Wet-molded bricklets: : 
Cone ..........-.-2eeeeeee-] 010 05 03 1 2 
Fire shrinkage.............| sl. sw. 6 4.4 5 6.3 

| Color ......cceceececeeseee| light ! light jdarkredjdark red} dark 
red red brown 

: Absorption ................{ 14.16 | 10.53 7.36 3.43 1.54 
Steel hard at cone 05. 

| 
| . OE oe a ee eas 

Dry-press bricklets: 
070) 0 ; 05 1-2 
Fire shrinkage ............0. cece cece cece ees 0 6 
Color 2... ccc ccc cece cece cece cece cece cece cose! DUM brown brown 
Absorption ........cc cece cece eens cee ceees “| 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 (Lab. No. 1141) so-called, gave the following 

a, physical properties: Water required, 15; slaking, fast; plas- 

ticity, low; grit, much; air shrinkage, 9. In burning it be- 

haved as follows: 

| ed 

| | 
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..............| gray gray gray (........| gray |........ 

buff buff buff buff 
Absorption ....... | 27.44 29.78 | 29.90 28.67 | 27.51 quite 

hard 

| 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 (SiOg) 1... cc. cee cece cee cece cece cece cceseccccces 46,42 
Alumina (A1,O3) ...... cc cece cc ce cece cece cecescesceceecee 7.99 
Ferric oxide Fe,O,) 0... .... cece ccc cece cece ccecccecsece 3.09 
Lime (CaO) . occ cece ccc cece ccecccccscececceccee 12.16 
Magnesia (MgO)..............ccc cece cecctceccccccceccece 7,58 
Potash (KO) 2.0... cee cece cece cece cece eecsccercccscece 4,94 
Soda (Na,O) .... 2... ccc cee ccc cece cece cece ees cues suce 45 

' Titanic acid (TiO,) .. 2... cc ec cee cee cnc cece cece eee 13 
Loss on ignition. ........ 0... ccc cece ccc cceccccccccccece 7,96 

Total 2.0... ccc cece cece cee cece cece cece cececscecsss 100,52 
Total fluxes ....... ccc cece cece cece ccescecscceccess 28.22 

| Newlsville, Clark Co. <A clay deposit has been developed here 
at the yard of A. A. Schoengarth and the clay is known to over- 
he an area of 60 acres to a depth of 6 feet. The siliceous char- 
acter of the clay (Lab. 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: 

TTT. Eee 

Wet-molded bricklets: 
Cone... ..... cee cece cee n wees 010 05 03 1 
Fire shrinkage .............| sl. sw. 0 JT 2 
Color .............0...0002| yellow yellow | light red | light red 

brown brown brown brown 
Absorption. ..........-.000. 17.08 | 16.78 | 14.54 | 11.78 

en 

ee 

Dry-press bricklets: 
Wire shrinkage... ........ ccc ccc cece cece cece cencnace cee 3 
Color... ccc ccc cece cee ccc s cece ecee cece neces ceseccescese} red brown 
Absorption ........ cc cee ccc cece cece cece eens cece ccee sees 10.60 

eeteeerenesrenserern ena SSS SSeS ss i DSS ir SS Srl NS 

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 

eould 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 whch 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 

erack 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. .... cc ccc eee ceee 010 06 03 1 
Fire shrinkage ...........} sl. sw. 1.4 1.4 5 
Color .................-..-) light red | dark red |medium red| dark red 
Absorption........... oo] 12.27 : 7.91 8.94 1.80 | 

a ERR EE AOS 

The clay burns steel hard at cone 05 at which point it is not 

far from viscous. 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 sec- 

tion: 

Red clay.... 2... ccc. ccc cee cece cece cece cccceeee OM, 
Coarse-grained sand ..........ccsceeccccceeessse 6 to 12 ft. 
Dark blue clay...........00. cccecccecceeceeseees Gepth unknown 

For making bricks the run of the bank exclusive of the blue 

elay is used. The blue clay is exceedingly plastic, rather dense 

and on sight would appear to be adapted to the manufacture 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- 
7 sile strength aobut 200 pounds per square inch. In burning it 

| behaved as follows: | 
EE es 

Wet-molded bricklets: | | 
Cone... ce ecw ene cee tees 010 05 03 1 
Fire shrinkage ............. 0 sl. sw. 23 2.9 
Color oo... cee cece eee seen’ light red red red red brown 
Absorption.............6... 11.83 9.20 7.44 2.56 

‘ Steel hard at cone 03. ot | 

Chemical composition. 

Silica (SIOg) 2... cee ee cece cece cece cece cece tess cceevees 64.46 
Alumina (A1,04)...... cc cece cece cece cece cote ceva cecesese 8.73 
Ferric oxide (Pe,Og). . cc. cece cece cece cece sccctseccccecess 9.40 
Lime (CaO) 2.2... ck cc ce cece cee cece cece ccccccceseee 4,32 
Magnesia (MgO)......... ccc cece cece cece cece cen cece cues .16 
Potash (K,O)........ ccc cece cece cece cece cccscccccesscses 1.45 
Soda (Na,O) ........ ccc wee cece cece eves cccccccecsecvcss. 1.44 
Titanic acid (TiOg) 2.0... ccc cece cece cece eee eee cece eens OT 
Loss ON Ignition. ........ cece cece eee cece cece ccceececcees 11.10 

| Total 2... ccc ccc cee cece cece cece cece cccetecesess 100.07 
Total fluxes ....... cece cee cee ete cece ce ccsecccccess 15.97 

The clay authough red-burning, contains considerable organic 

matter and has to be fired very slowly in order to prevent swell- 

mg. 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 

ean 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, much, coarse; air 

shrinkage, 3.9. In burning it behaved as follows: 

Wet-molded bricklets: © | | | 
O70) 1: 010 05 1 
Fire shrinkage............ sl. sw. 0 3.3 

| Color. .......e.ee2-e2.22.] yellow brown | yellow brown; red brown 
Absorption ....... 0-6 eee. 13.65 10.90 5.58 

Steel hard at cone l. | .



CREAM BURNING CLAYS. 
S. S.=Slightly swelled; M.=Moderately; *=Steel hard. 

ee SSS SS EES ee 

Wate i cee Cons 010. Cons 05. Cone 03. | Cone 1. Conk 2. Cong 3. Cone 5. 

Lab. it. Slaking.| ,P!98° | por et. |shrink- See agree Me eT emake [sae ee sem eee 0 eae me la | = 

. oe yee ecu) "aeos | ax | Aver | ete | coton, | afl] auclfSee, | color. | eB |] ances, | Coton. | sb | ae | cotor, | s0rb- |] ant tEge, | Color. | SOE | suki go, | Color, | sot" || anlll%ee, | Coton. | eae 

10H >| Monroe .. <.20cctpesecees -20.71-|-+-+-07--:| Good..|- 22 | sage tee]ooeee es 0 Lt. buff......] 32.58 ] es 35.70 6 Cream........| 36.29 || 6 | Baw. lecs.ccl S467: ||icete, cs Reece esc co ass vencica | oveaisnee| (paren cent mersa cos ceava cee ae ateae| asusemcal| [aepeera teem | er ioete ar aemed |e tem 

1028. | Edgerton ...............+0+++++++| M. fast.| Good. 22 8.5 | 260°; 228 3 Butiva tec e|| 2015 5.8. Croam,.......| 30.11 8:8 Cream........] 30.43 0 Lt. buff ......} 25.77 2.3 Lt. buff......| 24.51* 3.3 Estate S220 228-86) [lee sano oan eerie etre ce | eee 

1010 | Whitewater, run of bank .......] M. fast.] Good..| 22 6.24 || 310 | 246 4 Cream .......| 28.17 At Cream........{ 28.02 of Lt. buff ......| 25.81 1.03 Bitiecsessce= |e 8.6 eos ae| sae USee voce aaise @eee taut wccsse teatime! sume eas ceases | ecu | Pacer ete ae le Menara canon |eeeeanes 

1011 | Whitewater, brick mixture.....| Siow... High..] 19.8 | 6.5 355 | 316 | A Pink buff ....{ 23.23 8.8. Cream........| 22.68 0 Cream........] 20.63 2 Lt. buff......) 16.35 || 3.5 Cream .......} 13.89 4. ae est Liea canoe uwatteee | AWIRCOUSiaie eral tence 

1061 | Elkhorn, drain tile mixture ...| Slow ...| Good..] 19.8 | mous arc: al 8 Pink red.....| 22.08 | 8.8 Buff ..cs-+---| 21.08 8. 8. ta boff ..| 19.08* 51 bs buff..| 5.57 6.5 | eae yel- ra % [om buff...| 3.27 |]... ne Viscous ...2-22)20+25-<2 

1062 Bllhorn......2402-4-20+--s0-2-7-| M. fast.| Good. 19.8 | 2.9 236 | 206.4 | ah Pink..... -+. 29.92 | 8.8. Pale buff..... 33.86 | 8.8. Tit buff...:|. 81.75'| 8.8. Both, .ps20 sees ean a: Bowl .3...20te0| 27.94 1.6 Deep buff....| 26.90 || Steel hard waste 

1072 | Kenosha (lower clay) .......-.-.| Slow ...| High..{ 17.6 45 | 2 64 Se | Lt. brown... = SS Lt. brown ....{ 30.98 BB: | Lt. pink buff.) 28.28 | Sales Segalemen eer laectausedoceee deat oos 8.8. Vellow (bith q, 124608. || 2..220- ssa one oansnoe eset ea) an erece poe Viscons ists |25c05:53 

1103 | Racine (N. Point)............---| Fast....| High..} 19.5 7.6 210 | 276.3 8.8. Pink buff ....| 20.98 ae Cream .......] 20.70 So Cream .......] 20 4.6 Greate .53| 8.10, || aoe eersnae ss | fecuetten ces eas lessees 6 Bowl sors, sons faecncses||esaciescsss- io c| sete easeetace en. | eee eee 

1105 | Racine (Cedar Bend)........ Fast....| Good .| 19.8 BES al eens scaleee ee 6 Lt. Red......] 21.41 8 Lt. red.......] 21.39 0 | Den 4 20.21 7 Butt vcvee cs | 2 5405" ||e se gesee cee cc ls sete ses Ince eal fie a ec eseetes |p ezins a0 Cea cous ue onea| Mecoesaaes ess al eeemewemeers eal cee sate 

1115 | Racine (Lake shoro)........-.-.| Fast....] @ood..| 17.6 | 4.8 |]......--[e.eee-+ s.8. Pink buff ....] 19.25 0 Cream .......] 19.33 6 Bother 115 | 3 Tif tay buits| 613.09) | lioness ssh oe 25) naee. ee neem peewee 5.6 Grayi bust 65." Ae 85 es. ocsce ets. etl cos ena t saves eee eee 

1052 | Burlington (upper clay) ae Slow ...| High..| 22 Teme Oeenafe cos: 1.3 Bait. ..0 4-2) 21.97 13 Buttes sscseees . 1.3 Bulk. secs. we 2 ! Yellow buif..| 14.33 2u7 Yellow buff..| 13.37 2.7 Greenish buff af iae Viscouse.20-:|s5-05 <0 

1051 | Burlington (lower clay).....-.--|....--..-.| High..| 30.8 IDUal | pacceeaak se ewes 1.6 Pink buff .. .| 22.87 1.6 Pink buff ....| 23 3 Buse sis66 2550s] pABIOO fl accavscancececes| WISCOUB sco aaz|/Sosee0-| locas cisieccsuwets fae corse ess mere osnsuiallen sconagean asoee nemtieone ease ies <pxetatesy || oeioa rarest ae carere ee aaatear a Conicemerte a acre star 

1116 | Madison (lower clay)......--+.--] Fast -- | Fair..| 19.8 | 5.6 | ente se [een tees a Deep pink ...| 21.72 0 Cream .......] 22.08 1 Cream ... 20.54 eee Pebaies eee esse ty fence cops| | See tea oo user letra omer uns eae eer 3.4 Cream. sv0s(. 14.92) lo cis capuareaet| VISCOUS ays. 1] feos sce 

1015 | Jefferson (upper clay) .......---| Fast....| Good..| 17.6 4.6 | OMe | Boa sles iatee eee mwcoleteeactn<- wan |eec tees 8. 8. Deep buff....| 31.54 8.8. Buff..........| 31.71 4 Ley Bulk sisec| S247 || Aveeee scctec ca oost se sabe) esawecc elles cotmoucsns sseelsssoretacassseat|uosavees||Uaratecececeses levees semen [ ceunces 

1016 | Jefferson (lower clay) .. ......--] M. Fast.| Good..| 22 6.2 Les see snl 0 Botte ccc sey 80 | 8.8. Lt. Buff......] 32.06 | cach Cream .......| 81.20 8 Lt. Buff ......| 26.88 2.3 Cream ...... | 24.88 i? Lt. br'wn buff] 27.73 | oe ston bleak ondeee | Recee ee ane ee Need 

1063 | Watertown (blue clay). ......--| Slow...| Fine..| 20.9 Tc ceee fe eae 0 Gray .........[ 20.24 8.8, Cream .......| 31.12 8.8. Cream .......| 31.64 ge 8% Clearnti a ra O0reL [selec corer alicia maken ail a 2 Lite Bute Psl 27473} | ipteaaptea ss ooee| Meee’ .c5 oh cerenestesasinass 

1111 | Watertown (brick mixture) ....| Slow i High..| 17.6 4.5 252 | 238 | S | Lt. bat. oa ee leone Seesees 24.16 | 0 Cream .. ....) 22.15 | 2.3 Cream... ...| 17.31 ees setfeeees | 44 Bost... es| 161850) 02.0 gous oe ces Mesiese 

1014 | Ft. Atkinson. ...........-. -+.+-| Fast....] High..| 28.6 16 231 | 166 17 Lt. red.is.:..[ 25.74 2.8 Cream .......] 25.58 2.8 Lt. Buff......{ 23.79% 13.6 Vellows buties| P8265) | cccece ore 22. |s-dotan Seceance.[ecae se8]psslontanesesiccs|cneasescitaceucenlece@ctel live aces state ceed| eee meanee ges |omea ase 

4112 | Granville ..................--++--| Fast....| High .| 25.3 9.5 Nae | 3 Brown yellow| 17.86 8.8. Brown buff ..| 17.99 1 Brown buif'.,|| 13,26 ||" Vis. begins, ||sicv<s.stcen scs|ace cece lesceeess sacs | ssewecemseesess|soaeee: lat rateeseencaes. [ccc een eas sac) eeemees| [eye tease ces, see leeseaenam en eemmln ea ores 

1125 | Granville ..............22se++++ -| Slow ...| Fine..| 22. 7 os he 8.8. Buihee-. essa 2 4 Cream........| 26.78 1 Cream........| 25.98 Wiz. pening, Tite, bu theo. | 24 /58|| shoes neice Scaulecceheeesterset sali sec ossa| ace casos sleniecel| ese see ice ow <n ae asi tate et stnoe eine | ree reat een ee re 

1080. | Milwaukee ... ......-..-+++++++-| Fast ...| Good..| 15.4 3.5 21 | 215 0 Gray buff....| 23.46 8.8. Cream........| 22.27 8.8. Cream........| 24 8.8. Lig, Butl e eel 20800 || 5. serena tent oee leon ee seelse sate ool svinnrea || expe cre fiat | Selcemtscnerey> san | ee tee ears a fel a eemeerce sale | ONE 

1009 | Wauwatosa.............-++- + --| M. Fast.| Good..| 15.4 3.5 236 | 197 0 Lt. pink buff.| 20.33 0 Lt. buff......] 20.43 5.8. Baff.........:|/918.85 a7 Boeseeoteves|) ADSSTal cscs uses naras = 5): ee eeect ase | aeseree 17 Buse /,coracses |i 10-40. ||ac, syleottasiecsll Mens teccta ses | aerate 

1162 | Merrimac............ -. ..++++--| Fast....| Good..| 22 Gib) st |savsaene| asco aes 3 Pink:buff. ...| 27.50 || a 8. Lt. buff......] 28.33 0 Lt. buff .....] 27.30 0 Eats Duh ses) 2282508 || oc earn vcore avealenscecewwonss alae os 3 Green Buff: :-|-16/24i\ 2.15005 sss tesa) ese ssssetcloes|ecee tose 

1171 | Merrimac (Brick mixt.).........| M. Fast.| Good..| 24.2 4.5 219 | 181.4 3 Lt. brown....| 20.16 0 Cream........| 20.73 0 Boil. ...2eoeses |) 19,80 3 Bughievices cse|) 18:40 ll5- 5000. ccceuaeg| sereGeoeeessa55|saneuna0| er ssessneasiesostawsue-rlesen-seel aeeeesss||se+secen eeeeiaen|.ccuceece, eases fee ae 

1121 | 5 mi. N. of Portage. ............| M. Fast.| High..| 19.8 4.6 227 | 189 8.8. Cream.. .....| 25.33 eaey Cream........] 23.84 0 Cream ......| 18.72 2.7 Cream........] 16.46" 4.3 Deep bull: .2. [18/07 [fess Men sct-enenhle st cscs sveenes lreetenes||ep «ve ton gesee@a Re, oe wales eee as 

1108 | Portage........ ---.---++---+-++-| Slow ...] Fair..| 19.8 TB levee 6 | veeeeee 0 Buff .......-.] 25.10 | S. Se Cream........| 27.45 | PPR tes cctite uae [See eee «:daretiesi| motets 8. 8. Cress. no Ae= | OD SON reuse aad [pele owe tetes ose | 0 siecsh aakctoiee ream test [oe Fac secteieee atc ee eer enetl | ates ee 

1113 | Portage (Brick mixt.)...........] Fast....] Pair..] 15.4 Soles 8.8. Lt. drab.....| 20.89 B85) Lt. gray. ....] 28.34 | 8.8. Lt. Baff......| 23.33 1 Bulle 0810.50 || vane eeserses|ytrere atest eee 1:8 Buel 7.05.85 18 AOS oo. aisasavs itor an] eae Seeareea|eeeeetes 

1057 | Horicon (Blue Clay)..........+--]........--| Fair..| 15.4 HO ysl|scertbee|eess-tes|[ By Rs Gray ...... .| 82.84 8.8. Pink buff... 36.53 | 8.8 Cream........| 87 13 Sues Busha cat sess |p B8.01-|| Geanses cues Soe. feces saanns soecaee| Sova saoll os cqetnmee eee) afeciesst ew eees| tenet nel |ona cee eetvect eal esl ceaeeee st nartekenl ease 

1160 | %4 mi. W. of Kewaskum.........| Slow ...| High..| 22 5.5 S Rees os | 0 Cream........| 34.49 8.8, Cream........ 31.20 | 8.8. Cream ........| 36.90 ens. Cream.......-| 35.92 | Wasesde sees neess eee fae 80 Boasts. soa 2021 ev asta eee lac ee core eee es 

1161 | N. of Kewaskum (Mixt).........] M. fast.{ High.| 18.7 5.5 as teeetnet 4 Pinks] 25-71 8.8. Cream .......| 24.41 8.8. Cream .......| 24.61 2 Boils io secs a [2211 eaten re en [aera ee tance ol siceeete 2.3 Green butts. ATOBM eco. eee hen bc Paes Taos: 

1053 | N. of Kewaskum (blue clay)....]........+ aon | 19.8 £6 Wore foeeees 7 Pink buff ....| | 23.53 6 Cream oat 22.98 1.0 Cream ......- 21.0 | 10.3 Yellow buiff..| 1.40 ee ak Saat ect aes ae Eos Neeace ese [ees Boe: aba. 

1055 | N. of Kewaskum (yellow clay)..|.........- very 29.2 54 Jovsenses sete ee | 4 Pink 2.500.224 25.99 3 Cream .......! 25.54 3 Bull... 2.2.65), 24/58 | 7 Yellow buif 7.10 7.6 Brown buff ..| 12.04 8.6 Cee pOUAT eatesis cieates'scae so | WABCOUB: wise ss | oiren eae 

1143 | Port Washington................] Slow ...| High..| 22 7.0 | 334. | 283.2 | 6 Pink buff....| 20 0 Buff eo) 19.78 1 Buff...) 17,65 | 1.6 Deep bulls.) AAO eacies cote waet| Seats reef eee 7.6 Greenish sise-|| (Re |lo.. 2.6550 8s Atcone 4 vis-|........ 

4019 =| Mndeavor =... 2¢-¢-.c1-242+-22|.:2+-.-2--| Good..| 27 COE verses faeee ces || 0 Cream '.......| 25.44 | 0 Cream om 25.22 2.8 Bail... csc] 19193. 9 Buti si oscmeee ne e008 [sae eee sarcsre<tige |W ASOOUB MQ n| oa seas Sota Cocca Sos | nas” ween ceo ateares ual [ae (ecclesia | vac ones ee ae 

1018 | Oakfield ....................-.+ | Slow ...] Good..| 18.7 44 132 | 105 0 Deep buff....| 30 8.8. Deep buff....| 29.73 S58. | Butt. 2c. 2] 25192 5.8, Pink butics | 2215) |i, ce. sees ees. Meee ecm eae S. 8. Brown buff..| 28.79 3.6 Cone 4 buff...{ 25.65 

1148 Sere Slow ...| Good..| 22 TA [= Beckie Si Lt. pink buff.| 26.70 8.8. Botha. (qed. | 8.8. Cream .......| 24.20 2.6 Butt enc vo 5 TST | sacs sos uaente [teh eiae trey eee coeBemrel |’. Neca tosle Noni eaie Saye at clean Romaji sal Int aan terra I aerate ae ceas | acer 

1150 | Sheboygan.......... .....+-.+.+-| Slow ...| High..| 17.6 5.8 ee ba [areca g.8. Pink buff...) 22.85 | 0 Base 2 2tees..|) 2258 6 Bath ie. co) 20/28) fee oe s Jeseeosse ene Be octet 3.7 | ut. wee oO TELBL ie 2 sseteste tects |SWIBCOUBS cz 60 eat attae 

1159 ee Saccebiea ssccatorer|es, wscee | Higha|: 22 bela; pe eee 4 Cream ......| 28.80 0 Cream .......] 28.63 1 Cream .......] 27.58 14 Butt) isan. 25.0 re ois.s| Reel. ep tieeet nt aes |SVARS Dewine fy] Cea ca|| 2 aes aere cos le Dhoroughl yan le ete 

dois | Nesnai=Ménasha........-<.-...| M. fast.| High..| 28.6 Te, | 246 | 202 4 Cream) sdec<c| 22.77 17 Cream ......) 21.174 17 ‘ Cream.... .. | 20.09 9.7 Bute: sey: | 088 |e aes ce seveeee] Vises oo ese-Jocseces[[eseerevsrereeeafsseseaneseseeseceseseeleeeeces teers os Pee ee 

1167 oe (upper elay)...-...| Slow ...| High..| 20.9 BAL [fevers frees ; 0 | Pink buif....] 21.80 sl. sw Brownish sal 21.74 Bee: | Brown | ws. 8.8 Brown baff. A ie ia GEA |-saace easter al eclemaettaouairs Pacnet I |lk., ceeeen ae IE eOU iy ee 

1168 | Stockbridge (lower clay).......| Slow ...| Good..| 13.2 Bo |[eeeeeses[eeee corel] 4 Gray buff... 20.19 | 0 Buff gray ....) 22.11 8.8 Gray buff....| 23.70% FECe Gray both 2 2610 toa sccee sero a0 ce artersisene ues. Gacel| «ay anne ees nee |sdememcnpeamec lantneess (can! soietensaieal| ees acceeueaie [eae iae 

1153 | Manitowoc (top clay).........-.|..........| High..| 27 TeQie| \eaee oe aia of. Pink buff....| 22.11 1.3 Whitish | 22.41 1.3 [cman Feeride|) (Be.20 HW osm sctremienaece le oarigaesra sisi ; atete-aisi| | etnictetiocs vs an aattas eettiere\sia soem! Seeres es 5.3 Groomsbuitas 1p 56 lee. fiseic se cinc2 a neocon setmoaaest ion ree 

1155 | Manitowoc (lower clay) ... ...| Slow. ..| High..| 23 6.3 269 | 245 | a Pink buff....] 22.44 | 1 Cream .......| 22.55 2 Bath, e-essies = 5 Dark bath. G|C15 Bill ee asses ole ooo eees eae es 8.3 Dark Wuilsc..| 09:90 |le-c.csessececse|scccee «samen @ee| seems 

1119 | Milladore..........20.2++ -s.+-+] Slow...| High. | 22 5.2 269 | 245 |I 3 Cream .......| 18.94 i Cream | 18.31 1 | cream on 14.76 7.6 Buff:...:. cat SAMA Se coke sesso sWISCOUB done2| Sete ene. ||. cisewaeecececefesustecee tet [outs toes | lac desewecae can | Costteetaaes canes (eceae cs 

1140 | New London.................+++-| Fast....] Good.,| 19.8 } 3.9 254 | 225 | a Pink buff....| 17.90 0 Brown buff ..| 18.96 1 Brown buff .. 16.98" naniegndeseetvone|) WAB- sc DORINSE <1 nasinnin|| Miecieves acc lteet| exam n-oteenenin >= ¥ateeieee |p. -auaeetancsale e iat\nms pict vsti nan naes eae eo ahcriaeiatstanaen MW IRGOUM Cet oats eae te 

1145 | New London. ... .. ..... -.....| M. fast. High.-| 19.8 3.4 246 | 207 | SS. Pink buf ...| 24.62 | 8.8. Buff .. .....] 24.04 a Gray buff....| 20.80 | 5.3 Gray bull sale Ossi |[e.c.zs6) eee | oe ee ees toons 10.3 = Lite suse) feet saatiee tae Ss AVARCOUS *ee ces |e ea 

1014s) Katikeuna’ 2.) s.2800--02+------| SLOW )j.ss0-.01-2{ 17-6 7.3 eae eee 0 Pink .........{ 20.16 & Pink buff ....} 20.954 aT, Light buff ...| 22.96 1.3 Wisie goesered| Paks 5 Brown baff | De DY pereen brik) 4.10 | |. 5. esses baeeeaceeoes cesar aeeee 

Miso Mainkawna./osr- 62.) s02sswaay.| Blow csfecsae- <0} «20:7 0530 || wes cars| saat ene 5.8 Pink buff. ..) 17.90 6 Lt. pink butt] 19.87 | 4.6 Br'wnish buff va soesgn at pecsecs logeaees osaeae seal ece es oe Mee Mee. 8 Bee a peteaees goeeelDMor ughily vis) r.soce sie tepeaeete sees lis- parent es eee 

1046 ee oe yeas: | Good..| 27.5 HAW Wes ietalcconsas> 3 Pink. ......| 20.56 6 Cream ......| 25.81 6 Dark cream.. on W4 Buitiece senso: <10||assscnsscesenccstten) eeomeen ses oo Bees cal cee ate cues sop| aes eesel lone, Sele sectaa| Jeenuammoreeeen| Mecnad 

4084.) Green Bay....9.-.:..¢.22-0s0- 242] Ue-0--2-| Highs. 26.4 8 333 | 267.2 4 Lt. red brown] 20.55 a Pink buff....} 20.22 1.4 Creatas 0 kes i 8.7 Green bait) :|° 208 ||ah cies ee Sc me a ee [eee ceo eee [wees atl cm cee | | sce eel rea | aR aurea ea ae 

Alin. | Groen Bay... -2- ecu genrteerser+|vo--vsccen| HBh..| 81,9 | 10.9 AG4 386 1.3 | xenon bow REL OO) | Sreceiar ers ure en Hae ah a ive rot eles CNicten | fee open te caestesinel lm amemeand daione Nene peewee all | Rete ects teiaaall we tele taker aslo ll tie amie all corse. oeees (lara dein Sai | uae eeate siete eeeail so newnnal| so. Secueiese acess |udeemesnttece callederese 

1066 | Green Bay................ . -....| M. fast.| Good .| 22 | 7.6 oe | 0 | Light red..../ 14.15 3 | Red... ......| 10.40¥ 6.7 Red brown...) 7.27 6 Red brown...|© 985 ||.c< ¢. 0.2.00: ae a Belsaiecou eustiene | auast=20| ler ceaneNeuNn «| aeeapasanscer | oar 

1067 | Green Bay.......................| Fast ...| Fine { 20.9 eects [satan ees a Pigk fo ceestonel. 1 0 Cream ....... 2 1.6 Cream...-...] 23.38 7 Greenish buffy —.69* 10 Groonish Wole(t. 2105) | dese santana ces [eueceacssecs «cot loseen ces lav du nsaseneece «at MIBOOUSs asces (marae. 

1068 | Kewaunee ..............--..--.--( Fast....| Fine .| 17.6 5.7 | 336 299.6 0 Pink <2... ...| 21.73 0 Cream .......| 22.58 0 jcreaan eae: 19.45 2.4 Burk... ve05| 1761" 4.3 Buihe seen} oad: | 5 Green buff...| 8.30 ||............ ...| Nearly vise’s.|........ 

1078 | Kewaunee.................--+»+.| Fast....| Good..| 24.2 | 8.5 Haas Say tease 7 Pink buff ....| 42.58 Ae Cream .......| 23.42 38 Cream .......] 23.47 5.5 BER ice sacs (10:20 I voate deaneete ss | eater tetera coals eae||taeetec.caatas| Catena: sa<tenan|Renaae elle ots scemeaeaeees |aeeney aeteca see [acer ge 

1164 | Shawano..... .. ............-.-.| Fast....| High.) 18.7 50 | 362 | 290.2 8.8. Pink buff ....} 19 8.8, Pink cream..| 20.76 3.4 Balf.......-.| 10.88" 6 Gregh -batt 9 160)| (ei 22 ys ce.s co s35.] 2 eeeab eae ee eo Viscous coin! |. s072-c||k vecteestatenates | eneaeyneceneerl Pease ced 

AIR eal REAM ANON s. nrstlccnsccskarense | Slowe-cs| eae |095.8)1|/U8 Pills reel. 5. 3 Pink.........| 24.44 0) Lt, baff......} 25.31 28 Boil eect | 28.00) 6.7 Groen haf. | -.(6:555 || race ch es aval vss ugdaramess slog) seceseee | (Qennecs cue cuss | VIBOOUBIer renal sicercen ||atamtamunernianey | wants eaatiten liens sea 

166 | Shawano.::<.......5° .......5....| Slow +.:| High .| 22 7.3 is pxeee|reeen 8. 8, Cream.......| 25.28 0 Cream .......| 27.14 8. Se Cream .......| 25.87 6.6 Groen: Dutt. |) 28: 48"||rccrste ccs esas lesesmec nes icsol ee ace 12.7 Green buff...| 0 eae nseses'isca| CONS A VABO By) v.30 sae! 

1069 | Surings......................... | M. fast.| Good..| 27.5 B52) (fssenees| sense ce a Pink sesces-5fi 22. 12)|| 1.3 Cream pink..| 19.18 2.2 Lt. brown. .| 14.36" 5.7 LG. browns: <s|oAediel ae. oten eee catler coi emessunaenaleeeeneel| . dame siattes <. oct seek paeees 4 4es|| hiceter est | ee Meena tee a | Reet a ctecle Tae lence 

10163} Surings:;...25,:0003.-40++-<0+.:.| Mast-:-.| High\,|) 25:3 BEB rhs nae Seine 4 Lt. brown....| 22.14 La Pink eream..| 21.85 2.4 Cream... ...| 20.61 |]............ ...| Green yellow.| 0 in oigse~ st cheep Invaalosootoeahet ttatemecal! « satan cess ts ahliew ad eae tenis ne oe si Wan cores ack ase nonce sa cal cea dienes 

MIST AIRS UTI NEB Yee eect ee ete esis an| iSsacdb aa eae 2.2 5.5 280 | 238 4 Pink buff....| 24.43 4 Bak .. ......| 24.90 6 Butt eee wale 2a 6 Deep bush 2.) 18.748 | osc c. ve eeobes ceca «asses fetecrss|| ‘seasnccssss eotel see ezieacecenee|ceeeirseel|-nrcueceerenisnas[nn-aieerssssicns—[s aa 
1071 | Forestville....... .........-...-.| Slow ...| High.| 2.0 ileal eeweesenance 0 Pink buff....| 20.25 8. 8. DOOD POE ences LOOT cues sainiesctineen| vote tao ecaainestellinrae saa 8.6 DRA Disco. so 65 2.0% seeeeceecececcee| oe cececenssecs [ence cce|| seen sees vescsese|sececececnceces leseecces||icoseceeveeesset|eccevecerssreces|scarsens 

110 | Antigo...,.-..--.>.---...----..-.| M. fast.) Fair..| 19:8 CBr eeeee rs leeetere 8. 8. Brown yellow] 16.15 8.8. Lt. yellow ...| 15.72 6 Yellow brown} 13.91 4.3 EBEOWN fousicaios)| 1 ARB il licina loco baanesse luau yasoecnsess al Wateemen 6 Deep brown.. oA | | eeedlvenee veetesist |e \ceceesietSacees|Genmsns! 

AOTC) (BUperion <2 csc 26% pcnsece aces 00 | Me fasts oses 28.6 4.0 184 1 | BeBe Cream .......| 33.56 0 Cream .......| 83.68 4 Cream .......| 32.78 o Cream .......| 28* 15 Drab. ....... BO | ovee cece ceee cece eeee cece cree cece |eeeeeee|leeee sees tees sees | eeeeee  ceeeee leven eeee
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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. 4 of the S. W. 4 
section 29, range 7, and the section of the deposit shows: 

Sand 22... eee cece ec cece cece cece eccccccseceveese 8 ft. 
Silty clay... 0. ee ce cee cece cece eccccceccecccecs 18 ff. 

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: 

reenter 

| Wet-molded bricklets: | | Cone......... 0.0... 000. 010 05 03 2 | Fire shrinkage ......... 0 1 5 7.4 : Color...................| light red | medium red] light brown| brown | Absorption.............} 14.54 | 12.40 4.98 } 7 
————————— 

SSS 

Ee 

Dry-press bricklets: 
Fire shrinkage... .... 0... ccc cece cece cceccee. .66 .66 Color ... 2... ee cece cece cece cess cee.| DU brown red brown EE cose 16.74 2.03 | ad 

This clay burns to a good color and should make a geod 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: 

Sand... ecee sees cesectsccscsacsecceecces 4 ft Reddish-yellow clay .............00.05...., cece cescesee Olt. Bluish clay............ eee eee e ccc ee cence cscs ccscceee DtO4 ft, Red clay ...... 0... cece ec ccc ee cece eee, cee cccccsesccee £05 ft, Sand ...... cece cee cnn cece cece ecee se. sae e eee seeeeees 
11
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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: | 
(errs rp SE a. 

Wet-molded bricklets: | 
00) «|; 010 05 03 1 
Fire shrinkage.................. 1 5.7 8.7 vis. 
Color...........-.ee+eeeeeeeeeee| It. brown | lt. brown |dark bro’n!...... 
Absorption ..............06+-206] 17.49 10.17 05 j...... 
Steel hard at cone.............. 03 rere wee e eee eele ee ees 

ea ti EE ETE ATT a 

Steel hard at cone 03. | 

. Chemical composition. 
Gilica (S102). 6... cc ce ce eee eee ce ee eee teee ee ee ences 59.26 
Alumina (Al,O4)....0c0cc cee cece sees eeee cess tact seteeeee 15,12 
Ferric oxide (Fe,O,) ......... cece cece eee cence eeeeees 10.80 
Lime (CaO)..... 0.0 ccc cee cee cece eee teeesetesseerees 3,04 

Magnesia (MgO).........0 ccc cece cee cece tenet eee ecessees LD. 

Potash (K,O) ........ ccc ccc cece eee eect e tense ceeeccee LOFT 
Soda (Na,O) 2.0.20... cee cece wee cee tec ceeeecsecees 1,63 
Titanic acid (TiOg) ....... cc cece cece ce eeeeee cee ceeecees 08 
Loss on ignition .......... 0... cee cee eee ee ceeeeeceeeces 8,23 

Total ...... cc cece cece eee cece teen cece eeee cece cee LOO. 26 
Total fluxes .... 0... 0... cece cece eee eee cece cece cece 1T.59 

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- 

eonsin 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 5 

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......... 0... ccc cece cece eee cces ees HtOT fE. 
Clay... ce ccc ccc ccc cece cree cece cence ceentses cooseee & 60 6 ff, 
Sand... .... 0. cc ccc cee cee cece eee rece cece seccceccecce A ft. 
Sandy clay........ ccc cee cece cece cece cece tceecccsccee O ff, 
Sand 2... cc ccc ccc cee cc cece cess cecsececccscccucecees 6 ft.
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| Or, another section from the bank of the Excelsior Brick Com- — 
pany involved: 

Gravelly and sandy stripping ...............s...002-. 6to 8 ft. 
Laminated clay ........0 cece cece scccccsscccecccecece 25 t0 30 ft. 
Yellow clay ......cceccccccccccccscccsceccececsescece 8 t0 12 ft. 

These clays are all red-burning, of somewhat silty char- 

acter and adapted chiefly to the manufacture of -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- 

- eation 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 

physical characters of the deposits in this area. 

a 

Firm ........cceeseeeeseeeee| Wisconsin Excelsior Menomonie 
Pressed Brick} Brick Co. | Hyd. Pressed 

, Co. Brick Co. 
Material ....................| Run Of bank | Lower blue | Surface loam 

| being soft 
mud brick 

Lab. No ............ ccc eee 1037 1038 1107 
Soluble salts.............00 .06 .46 .23 , 
Water required ............. 26.4 24.2 22 
Slaking.................-...| moderately | moderately |.............. 

fast fast 
| Plasticity ........... cece cece high good moderate 

Grit .............c00s000++s.| SOMO, COArSE little much, fine 
Air shrinkage............... 7.24 6.7 3.9 
Average tensile strength.....{ 261.9 249 270 
Maximum tensile strength... 271 314 281 

Wet-molded bricklets— 
Cone 010: | | 

Fire shrinkage .......... 7 1.6 0 
- Color e.. cece sccccccs sacs red red yellow brown 
Absorption .......sceee- 15.70 ——~-16.26 12.98 

Cone 05: 
Fire sbrinkage.......... 2 3 0 
Color... ccc cece seec sees red red red brown 
Absorption ............. 11.66 9.30 15.70
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Cone 03: 
Fire shrinkage.......... 7.8 8 1 

Color ..........+-+++----;  Gark red red brown 

Absorption ..........06. 3.40 1.90 12.50 

Cone 1: 
Fire shrinkage.......... vis. 1.7 sce e cece ceeees 
Color... ccc. ececccccccecleceecscceeeese|  Gark red brown 
Absorption............--[eece cece cence: .70 2.83 

Stool hard ab cone esos TINE 05 | 1 

Dry-press bricklets— 
Cone 05: 

Fire shrinkage.......... .66 eee cece cece selec oe seen cecens 

Color ......ececcccce cess | light brown |........+se0-- . red 

Absorption ............. 16.69 PRUE 

ES 

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: | | 

Laboratory No... ...cceseceeececeseeeeececese 1037 1038 
Silica (SiO,)......ee cece cece cece cece eeceeeess 65,46 60.20 

Alumina (Al,O3) ...ecsesceeecessceseceeeeess 11.38 14.48 
Ferrie oxide (Fe,Og) ....ceceeceececsececceces 6 40 8.70 

Lime (CaQ)..... ccc cece cece eceececeecceseceee 2,06 2.84 

Magnesia (MgO) .........-seecceceeeceeeeeees 1,68 2.40 

Potash (K,O).......ccececcceccsecceeeceecees 3.54 4,50 

Soda (NagO).......cc cece eens ees cece vene cece 98 03 

Titanic acid (TiOg).... 2... cece cece wees cece cons 07 £03 — 

Loss on ignition..........ssccseeeeeeceeeceeee 8.29 6.73 

Total . ..ccceccccccccccceccsscesecesess 99,77 100.46 

Total fluxeS......ccccccceecccecsccecess 14.61 18.97 

St. Croix 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 

- ¢@lay 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 ........ cece cee cece cece cece ee| Chippewa Brick Thierault’s 
Mfg. Co. 

Material ........ cc. cece ccc ees Brick clay Brick mixture 
Laboratory No..............e00 00s 1029 1179 
Water required............ see eee 26.4 23.1 
Plasticity .......... ccc cece cee eee good fair 
Git. Lc cece ccc cece cece cece eel eces wenn cecece sees much, fine 
Air shrinkage.........c cece cece cece 5.4 4.7 

Wet-molded bricklets— | 
Cone 010: 

| Fire shrinkage ............ 000. 6 sl. sw. 
Color... cece cece eee eee cee light red yellow brown 

: Absorption ........ ccc cece eee 15.76 17.40 

Cone 05: 
Fire shrinkage ............00.. oO | sl. sw. 
Color .........cceeeeee cess sees] medium red yellow brown 
Absorption ..........e0 e008 cues 13.84 16.66 

Cone 03: | 
Fire shrinkage ...........: 000. 1.7 1 
Color .... ccc cece cee cane eens medium red light red brown 
Absorption, ........... esc eeee 11.27 14.14 

Cone 1: 
Fire shrinkage .............0+: 6.7 | 2.4 
Color 2.0.0.0... ccc cee cece wees dark red red brown 
Absorption.........-0. eee cece 1.95 10.46 

Cone 2: 
| Fire shrinkage ............ eee 6.7 

| Color ....... ccc cece cece cone dark brown 
Absorption..............000e08. 1.17 

Steel hard at cone ............. 0005 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 making soft-mud brick and 

is burned in scove kilns. : 
Whittlesey, Taylor Co. The Langenberg Brick Co. hasa 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, 27.0; 

plasticity, good; grit, some, coarse; air shrinkage, 6.9. In burn- 

ing it behaved as follows: 

Wet-molded bricklets: | | 
Cone 2... cccs cece cece ccsccs 010 05 03 1 
Fire shrinkage .........e085 i) 2.3 5.7 5.7 
Color .............00+eeee..| light red | dark red | dark red | dark red 
Absorption..............+..| 14.22 8.68 5.70 80 

Steel hard at cone 03. | 

Steel hard at cone 03. . : 
| This is an excellent common-brick clay and gives a good red 

brick even at cone 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: 

ee 010 05 03 | 
Fire shrinkage.............. sl. aw. 0 1.6 
Color.......seceeeeeeeee-ee- (brownish yellow] yellow brown | red brown 
Absorption .........-.00. 00. 15.04 14.98 11.29 

en nnn SSS SSS SSS SSSINSSOTSSSSGSAOS
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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. .... ccc ceeecees 010 05 03 1 
Fire shrinkage ....... sl. sw. 0 6 6 
Color ................/ brownish | red brown ! light buff | brown 

yellow 
Absorption... ...+.+.. 14 | 12.33 | 10.30 2.19 

a 

It burns steel hard at cone 1. 

Uses. This is an excellent common-brick clay 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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Cone.....secceeeeeeeeseeeeeee| 010 05 | 03 1 
Fire shrinkage ........... 000: a 3 8.6 vis. 
Color ........eeeeeee0eeeeeee-| pinkish | pinkish jred brownl].......... 
Absorption................0--| 19.53 12,18 80 |ooeeeeeee 
Seg ene S SSTSST Sov Sar SSSA 

~The clay shows a tendency to crack badly in air drying and 

| even in burning and on this account 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 (SIO,) .... cece cee cece eee e cece cece cece eese sess reese 04,36 
Alumina (Al1,O ).... ..0. cece cee cece cece sees tceeccsseesse 13,40 
Ferric oxide (Fe,O 5) 16... ccc cece cece cece econ cctececscsee 0.97 
Lime (CaO) .. 2... ce cece cece cece cece cece tees cess essesees 3-00 
Magnesia (MgO). ........ ccc cece ec cece cece ceeeccccceee 1,28 
Potash (K.O) ..... ccc cece cece cece eee cece cece ccsstecees 2.16 
Soda (Naz,O) 1... ... ccc ce cc ce cece cece cece tees sescccee LOS 
Titanic acid (TiOg) ........ cee cee cece cee cece eee eeeeee 07 
Loss on ignition. .......... cc cece eee cere cece cece cceecees 16,17 

Total ..... ccc cece cece cece see eeee ccecscessssseees 100,39 . 
Total fluxes. ........ cee cece cece es eee cece ceeces 16.80 

Discussion 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 percent 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



RED BURNING RESIDUAL CLAYS. 
+ §, S.=Slightly Swelled; M.=Moderately; *=Steel Hard. 

& ee paw ae Pine: roar Pes a ssn Cone 010. Conk 05. Cone 03. Cone 1, Conn 2. Conn 3, 

Be ; #) Hetty. “lmixing| BIDE strgth|Str'sthl| gS, 1 oe ane >. calbe ane he aca: Sot (laine | Cake eae lear Bee len a Bare sae eee ee ee eee aia Se eee Oe a ae nna soo <4 ee 
1178 | Lake Ennis... ......] Slow...| Good...] 22 4.9 | 134 118 Dee Rad ots sees |o18-63 | 1.7 | Darkred.....| 12.22 || 2.3 | Darkred..... 8.530|| 5 | Dark Brown a 2:80 \(700 5.2.1 Viscous weeees| <ezesve\|ev<t oese|oc.c¢<ee's«ceseeel ec cee 

1035 | Halcyon ...........-..| Slow ...| Fine....| 19.8 | 4.36 | 230 208 s.s. | Brown buff... via HOI Red vss aceol Tal 8 Red... «-ti-as.|) (8i07Al| eed |, Red bxownsen (es (bi20;ll. sects es] 2-2 vesicles elles 7 lGray browni| a 8,88 
4041/4) Mertillan ...-.¢-.4-r.|ccc1->.-+<] Good ..!) 27.50) 6.6 4).-...scefereeceae||- 2 | | Dts reds: js-.|) 18.82 || 2.7 | Lt. red cco 9-88] 4.6. | Red..........| 6.834) "8 | Dark brown..| 1.95]! 7. | Chocolate....| 1,81 |||........] Coned Vis- |........ 

Ode) | NereiManse. Seve y 1. cus2t;| Batre. (07.5 «| WOH glisccstcs|,ses.25|| 0 - | Dit red. cicen|> 18sd0 .6 | Lt.red..,...] 10.14 |] 2.8 | Red brown...| 6.50 || 7.4 | Darkbrown,.! 1.944] 7.7 | Brown. ......{ 140 |[eceeccoclecsccor cov sceel coos ovee 

1085 | Milladore.............| M.fast.| High...| 28.6 | 8.4 | 251 186 | Bt | Red vv.ss.....] 8.93] 5.6 | Dark red.....] 4.61%) 6.4 Dark rod. .24,|Se2s13'| ee weal). ecsags- ees [le Feely Oe | Brown 'cs,..4t 6280 [ects tease nee lee as 
4088 | Milladore........-...| Slow ...| Good...) 8.7 | 14 |. -e-J-ceee] 0 Ren browne: (e10:80i\|paet a | Red’brownkal: 8.62ll-s.- shy lesar-Aaere cel tvis <eoelh, SBOuleRed brownies! 1,04 02). [rip ate, & levee aeeal se veg ails 

1087 | Milladore...... ......| M. fast.| Low....{ 26.7 | 5.1 | 166 121 | 2 | Bedesem | 2077 (reste Red cudsccecty cla.oe | 6.7 Dark ed. G9), a 8 oi Davk ted. -5-| AAR 807 Browns. .<tes¢|) 2 Agld 1o-acces1-22. cece ac cet eeleniecece 

1001 | 8. Centralia...........| Slow ...| Fair....] 27.5 | 5.3 |121 | 96 || .8 | Lt.red.brown| 19.62|/ 2.7 | Red brown...| 15.40"), 4.3 | Red brown...| 11.38 || 6.6 | Red brown...| 7.08 |l.....cc.|cscessssseeceee|oseeeeee|| cece eae] eceececeasesacesbeeeeeees 
1002 | Sigell Station.........| Fast...) High...| 28.6 { 7.5 | 254 | 227 | 1B | ge reds tye etev62)| | st a! Darke ned. c4e)) 10.27 ||) 4a utebrowns-.7(). 6,05"! “Tale Dark brown! d0n'Hie, a loley sae ralt on dell ey nimi. weet cate 

1003 | Grand Rapids ........ =e 25.3 ne | 165 0 = 10.28 || 1.7 | Red a : 2 So 5 A)| Deep zed: .c2s), 2.90.10 05...2.|s-natteicsecslcae ee ca cae 
1181 | Plttsville .............{ Slow...) High...} 25.3 | 7.9 [ece). cel! 2.8 | Lb. red ......] 11.82 |] 4.7 | D’krdbrown! 6.224] 6.6 | D'kr'd brown] 3.23 | TERE Dike’ dibrown| sn Biers exces etait ee Nits tecetll ac tele Wtacon a eee eee. 

1128 | Pittsville.............| Fast....| Fair....] 15.4 | 3.7 | 175 | 150 s.s. | Yellow brown ss s. s. | Yellow brown| 12.17 || s. s. nae eee 10.94 | 1 | Reddish... et ie rencierecise-dess{resseeee|| 8 --( Red browne Q:d2* 

1129 | Pittsvills .............] Slow... = 16.5 | 4.4 : | 180 s.s. | Yellow brown al .3. | Yellow brown Wii | 0 | Red’sh bea 10 | 2 | Gray brown.. 2 an aes ends odedesea| sees oietl (Ni, | EROWE + fh -sonl 19.28 

4130" | Ditteville .-.escc+><c6-|ss ede ers-| Bligh «..|) 22 Bel |escsesee[esesevee{] 0 | Pink .:.......| 16.241! 1.8 | Pink brown..| 15.52 || 2.7 | Red browa..; 12.4 | 4.8. | Red ..#hscseae 8.82 | ireques |Soeue seer cchue <2 eeaelpem| [caer aee enter, fret aal au eet 

1086 | Springvale........... | Fast....| Fair....! 28.6 | 6.1 |105 | 9s Te |; Birk Seer ce 18.08 | 2.6 x ag Set | ime ees ae | 10.91 || 6.9 | Brownish....| 6.40 |} 7 | Pink.........[ 640 ][... ....] Cone 5, not |........ 

1177 ‘| Stevens Point ........| Fast... Fair...| 20.9 | 3.9 | uo | 128 || .6 | Brownish red| 14.20 | 2 | Dex red.....| 12.601] 4.7 | Den Red....| so 5.7, | Brown. a 429 || 6.7 bectara Teer | bol tc ase ee eoeneed 

U118 | Stevens Point.........|..........] Good... 22. 6.29 |....-.-]-.- »--][ 88. | Deep pink ...{ 14.68 | 1.7 | Pink brown..| 13.77 || 2.3 | Yellow pari et 3 oe TABU Vezecieese|vnceseagteeees. d [ove <ocs||szeapemooticsaceeec cece |ecaugers 
1120 | Stevens Point.........] Fast....] Low... | 24.2 | 6.1 | 197.3] 176.8 || 1 Lt. red...... | 18.69 |] 1.8 | Mediumred..| 11.84 || 8 | M.red.......| 9.95] 4.9 | Darkred.....| 6 $.6)-/[Red brown. |: 6:11 IIo. te eck ee. eels 

1176 | Stevens Point.........| Fast....| Low....| 20.9 | 3.7 | 90 | 71.8'\| - 4 ls reds wise art s.s. | Lt. red.......| 15.64 | 2.3. | Red aioe 18.67 | 3.3 Ay Degwoe ee 8.02 | ccetss [ues ccevscuopavsalsce avast at sty lacs meen aoe | eee 

1033 | Eau Claire..........+.| M. fast..| Fine....| 39.6 | 10.4 | 454 | 339 2 ee 12.19 || 6.7 | Deepred.....| 1.89 | 7 | Deep ae une tag Viscos. begins! | verses ceeseeeeecsneslorescees|leeesceeefenes nes ee asda ue 

1032 | Eau Claire............] Slow...| High...] 31.6 | 8.3 | 160 | 156 1 Pink gray....| 15.87*|| 4.7 | Pinkgray....) 9.82]; 6.8 | Gray buft....| 7.28]/ 8 | Graybuft....] 3.41 |/ 8.8 | Darkgray...| 3.10 || 8.6 Grave cele ees 

1031 | Eau Claire............] M. fast.| High...] 32 ia aledoy | 112 8.8 ne Ra ss 5. | Red brown...| 9.26 | 6 Dip ra brows| 8 | 6.6 | Red brown...| 5 | 6:3, | Red brown:..|. 4.74 7 | eon, a 

1030 | Hau Claire..........+.]..-..5.:..| Good....] 26.4 BL |-.-...-.}.--202--|] 8.8. | Red brown....| 22.87 8.8. | Red brown.,.| 18.158)[.... 0c. }esesceecevee reese [ore ones a | Red brown...f 9 [ee peers eo) aa bsie al oatalenenlovcsieoencss ee ocl ss scueee 

NOs Ban Claitecacancloe-20;| Gosds..| 25.8 | 26.4 |..2...c3|sernncs-|| 0 Lt.red. ie 13.06 | ts] Reds. tueehe| ely | 1285) Red <...c5s. fe 10 | | | Rea brown... 7.2144 3.6 | Green brown.| 6.19 pee ssenetag ti pase 

1007 | Ringle ............. ..| Slow ...{ Low....| 30.8 | 5.9 | 110 %7 .7_ | Yellow brown} 12.97 | 4.4 |D'predbrown| 7 8.3 | Dark brown..| 2.50 fase] Viscoe pegine (ies s-|| 20 ea eh See aa, Shasta lees Sassi eeetleen cs 

1087 sett Lee uae aoe fadk fon 22 | 41.6 | 134 | 124 | 7 | Dk.red brown 15.49 | 1 | D’ky’d brown] 12.01 |} 2.7 | D’kr'd brown} 11.24 | 7.6 | Rea brown. 4.26 fh. eM eis cc eaee hae Dievd browal 10: 
ee a cae Te SS i EE, TR a ei i ake SI acl ea cL aoe eee ee ae SS eg (oat cl a ete 

RED BURNING SHALES. 
nn 

1093-20 |Plattoville ............] Good....| Fine....] 25.3 | 8.6 | 208 | 237 0 = p’k brown} 14.50 |] 2 [Reateeeer 8.69 I 4.3 | Red brown...| 2.93 [= Viscous emcee. || See [e oe ok ale ce |e ceolinia at. oe 

1020-93 |Platteville......... .| Good....| Fine....] 29 7.8] 177 | 158 0 | Pink brown..| 14.37 || 3 | Red..........] 8.13 | 6 bat #08" ||22. 2-1/sViscouses. } selassmacrs| teeseees|iczs--neaeasee-$|caueccre||sectoca-| Bteal hid Os) sn.ce 

1093 |Platteville............| M.fast.| Fine....] 26.4 | 7.2 | 190 | 156 6 | Lt. brown v'k W76 |]17 | Red veessse| Sal | 4 Red brown. ..| 5 Lo Wiscousgs sep\isscesse|| areye a eeceaes ot oe 3lereee <lleas- seek At cone 08 ae 
we a a a a a a a ea ee steel hard. 

RED BURNING SURFACE CLAYS. 

ie lena Cuvee ete lao ||, 0, -| reread. xc| Tato [> sas | Bh ged. a: | 4.08 i 19 [Mered.......| 17.59|) 7 | Darkrea.....| 3.20] 7.5 | Derkbrown..| 2.66600...) ccsccsesssee[eeece 
1020 tele (Grindell)| Very f’st G08 ..| 20.8 | 8.52 | 234 | 264 s.s.| Lt.red.......] 16.18 17) RES vase. 31 14.08 | 3 | Red brown...| 8.19 || 7.6 | Dark brown..| 2.70 Reo sas Rss eet || Seale cand ee npennoel meal ea 

HODUselElanolinrirille Soon fee vk St Gods lk 26 (88 Noses scealtercoa|| does | Dt. reds. o-..| 048.07 || der | Red oc. sat AOl0d ||) 297,.| Datke ved.n.0.17 <76 Bil |iDark redfary.|, 148) 6.7 | Dark brown..|0 A99 |[oo/0..0.|ecdocsees os coe faces ee 

1017 ee Fast... ct GO| Os eee Persceows|| 2 | Lt. red.t.-.-|e 28/87) 216 | Lt wea). ss.s4) 4818 I 84 | Dtpredascc..| 17-08 | 7.8 | Reder.>-fevs sa 8.3 ae oh scores | ee at ee, eee |e 

1012 |Milton..............--| M. fast.| Fair....] 20.9 | 7.7 | 370 | 312 s.s. | Lt. brown....| 13.59 3 | Lt.red.,.....{ 10.02|] 1.8 | Lt brown....| 5.41 5 | Dark brown.) 1.59 |e Jeune oer fee ee 

1013 |Milton................| Fast....] High...) 341 | 3.28] 184 | 158 Bi eon Creda Ske | OL CL | so stentaeccna: svveate.| ES s.s. | Gray buff ....| 48.40 | s.s. | Gray buff...) 26.47 Dose ee cee eee ee Bocas seats 
1078 |Kenosha............-.| Fast....| High...| 25.3 | 8.20] 982 | 299.6 .3 | Red brown...| 18 | 2.6 | Yellow red...] 15.17 || 2.7 | Red brown.. | 9.87 || Viec’s.| Brown gray..|........ [eee ccennes ¥ Sane cna ec 

1025: || Violas cas. -+2s.-cr-04 se Good...| 17.6 | 5.94 |.scecers[isee-ee-]| 4 |) Veryilt. red. | 17.€8 \ Oust. zed..)--.| 18,76)|| 4 «| Red PES vat 7.6 | Darkred.....| 1.58 | 8 | Rea brown. 1:88 apy. eee ee 

1182 |Mazomanie........... eee Fair....| 17.6 | 7.4 |....-eee[eeeeee+e|| 8.8. | Yellow brown] 14.03 | s.s. | Dark boff....| 14.10 27 | Red brown...| 7.2 4.6 | Red brown...| 3.15 He Ores | Selon See 

406{ |Madison ..............| M. oa 22.0 | 5.4 | 339 | 204.6] 0 | Lt.red.......] 16 |! .8 | Yellow brown| 15.90 || 1.7 ia no 13.19 | 7 | Red brown...| 1.£0 LO Shp eo Pe ee esters 

1123 |Reedsburg........+...|-.-.-- »».| Good...] 22 FpO1 \eesecccc\es<.cteell ee.8) ub, ned. once 14.20 | 44) Bath... 9ss0| 1319. | dose | Te beds cicsel 48.92 || 406.8 HeDarkored Ment (2 1 Ostler ay doe teaeeaelteceosa| eos eel Mame tole al er 

1102 ot tao Good...| 22.0 | Bele: ees || Oath rede oeaee 610 | 0 | Rea . eee a fe \Red .42-5-..2| 15.0 | 5 | Darkred.....] 3 | La | Brown... uiae i ee othe 

i059. (Beaver Dams.c.....\csoive.-.| Pairs. 26.4 | 8.5 |esec.c-[enneor-]] 0 | Lt. red.....,. eaet 18) | Red «sua, ah siesal | 4,7 | Darkred br’n| 4.87 || 8.4 | Red brown...| 1.29 Seria anc meee cele aes em ee 

1027 |Iron Ridgo............| M. fast.| Fine....| 18.7 | 4.6 | 87 | 75.3 || s.s. | Lt. brown,...| 28.51 j| s.s. | Lt. brown,...} 22.84|| s.s. | Brown........] 20 | s.s. | Pink buff....| 18.54 Wee betas isa ee) Seoagee 

1072 |Tron Ridgo.........+-.|ee-+--+++-| High...| 17.6 | 4.7 | 80 2 le lie ee pater etle yan eee eal. vse "| Redbrown,..| Sage aS fl a5 00 ee ees See | Teo as baal eee 
Aes | Horicon..2ostgees--|--<2pce-:| Hine .-}> 220 | OE oh......0.e...00e | Ae eee tee low React 16.101 .38 | Red brown...| 14.21 | 8.4 | Darkred br’n| 1.36 ae Hoel Rei seen eae eee 

1054 |Schleisingorville .....|..........| High ,..} 22.0 5.0 La 0 aes 19.11 0 Dit medsteseeat netb 1 | Red brown...) 14.75 5.4 | Gray brown..| 1.69 oo pth ase. a ea pethet neues 

4026 |Viroqua ......... ....| Fast....] Fair....| 28.1 | 5.6 | 254 | 228 0 | Yellow brown| 16.09 meets te sSesaieejac|sesteee ale Te || Red brown... | BiG Red brown-e|) 2-78 |l.9cers hoes. seit c-cd ees | 7 Vis, begings. |........ 

1079 |Viroqua ...,..-...:--.| Fast....] Low..:.| 20.9 | 3.4 |........[....00 | 8.8. | Lt sellow | 20.98 || s,s. | Brown yellow| 20.08 | (ranwers me 18.32 | 9 | Brown.......) 1.71" ee ee aaa Re ae a ee 

4013 [Fond du Lac.........| Fast....] High...} 25.8 | 7.4 | 256.5 | 286.6 .8 | Reddish buff.) 20.C0 8 | Lt. red...,....| 18,15 || 1.4 | Brown....... a 3.6 frais Be 5.€6 |] 4.4 Darker | 2.58 j.. Bese eS 

1109 jLia Crosso........+-++.| Past..-.| Lean... 22.0 | 36 | 252 | 226.8 | s.s. | Brown yellow| 18.59 | s.s. | Lt. red.......| 18.72 | 1 | Red brown...| 16.05 | 1 | Dark brown. B20 vt tte eens [escceesceeseees Bees 

1122 jTomeh................| M. fast.) Low. ‘i ABs 8 (eee ase cek s. s. ) Brown yellow! Ba) 0 | Red brown...| 15.52 || 1 | Red ens 13.91 I 4.3 Browns. f| oe oe. AEE Suited aerate Ore eae eee 

1077 |arcadia...............| Fast... | Good...| 24.0 | 5.7 |....... eet .7 | Very it vt 16728 || 28") Bed :..is4:) aeON) 47 | Red vceeee) W245 |) 5.7 | Dark red... 2" 5.7 | Darkbrown .| 39 | Fe |e ies SE a 

1170 |Marshfield ...........| Fast... Low. ..| 176 | 5.0 | 398 | 327 || s. 8. | Yellow brown 11.3 | 0 | Yellowbrown| 11.13 |) 1 | Redibrown...) 8.55 || 4.3 | Brown....... SAG's aera. Alco cualle hele cee as 

1169 |Marshficld........... | Slow... cn 22 4.8 |ocesels |] 8.8. | Yellow brown] 14.51 | -8 | Nellow brown} 18.51 | aes aie | 5.3 | Red brown... 2.0 se Sasaene eel aie bee ae ee ee hott 

1085 |Hewitt............-.:| Fast...) M Ca| 22 | 4.46 | 274 | 249 Gs | Rea ..eteees| Ab | <8 | Me aed seer 3.4 Helo 2 Dark red.... a 6 he Tedil. ae. |. 0.57 | 5 | Darkbrown..| 1.60 [ae ae cies fe cere a eases 

4126 oe sesrtrspesfeeceensess| High... | 28.1 J 6.2 Josseeton caf 0 Le 15.66 | 2.3. | Red brown... | 3 | Dark red..... 123 Tea as eral ay Rll eaten eer Seah eae 

114d seme ssseevstetecersseees] @ood...| 19.8 | 34 [eeccceefeceece{] 0 | Yellow brewn} 16.02] .0 | Brown buff...) 16.49 0 | Brown but ..| 14.88 || 4.6 | Green pore | WGN ee leet) een cate ae eet De cies eal ees 

4089 jGreon Bay ........s-0-]....+-0+| Good...| 17.6 | 51 a s.s. | Red brown...| 11.65 | .0 | Light red....] 10.80]! 1 Vaoeseieae 7.28*| 5 | Dik xd brown} 1.94 |)... ae # we ate eee oe 

1082 ren Bas Pe (epee) Goods. 108 Tole nee 1 | Red brown...} 14.55 4 | Lt. pink.....| 14.60|] 3 {| Lt.red brown} 6.81 || Vis...) Green brown.| 1.11 |).......0]....cceeeeeeees ee | Seep sacs cane, 2s (oc tre d 

4106 Green Bay ..........+.| Fast....| @ood...| 22 Bea scr as el S.8. | Pink........| 13.53 4 | Lt. brown ...| 13.96 E oe Ge issn Gat. me WOES | oar eee me se aie aie sls cece inate. Ire sees 

1091 ‘Green Bay He cginetea] Paster;.| Fine's.3| 20.9. | 11 Sl Os [as ao benn 25.45 .3 | Pinkish el 15.46 || 1.4 | Lt. brown....| 6.24 |] Vis...| Green gray... Se es Raat cert oe ces aes 

1100 River Falls ....-...... M. fast. Low:.-.|° 19-8 |. 8.4 ]...0:02]s--5-+-|| S- 8- Yellow brown, 15.10 || 1.3 | Red brown ..| 11.07 |[..ecicefeeeeeees| 3:4 ha brown...| 5.93 [estes eeseeeee et etree |secmes Seeacaal pee aeute 

1040 as mice sie (eOW sees |o 48-7. | Be) <B88,] 24378 | s.s. | Lt. red vl 14.16 6 | Lt. red......| 10.58%] 4.4 -| Darkred.....| 7.26 || 5 | Derkred.... | 6.3 | Dark brown..| 1.54 een Gee lees 

1441 poprend sce Fast....| Low....} 15.0 OO meccrvietssarw.s [8s 8». | Gray butt)....) 27.44 | s.s. | Gray buff .... ae s.s. | Gray buff. ..| 29.f0]) s,s. a Sanja speoay|  2Oe eT) [esses eeeeeee = ne s.s. | Gray buff....| 27.51 

1173 ‘|Neillsville,..........+.|....+-----| Fair....| 22 Boor sacs cues | S.8. Sis 17.08 -0 | Yellow brown, 16.78 “7 | Lt. red brown! = 2 | 1t.redbrown| 11.78 | saeeana laa aa ot esiee en hen Sanstmnced be aautmenella sade «sleep eet| haley, 

1019 | Giene ceeseersestece|ereseres ee] Good... 19.8 | 5.7 Josescseafeeesroe|f 8.8. | Lt. red...) 12.27 | 14 | Dank red | 7.91 || 1.4 | M.red........[ 8.04 | 5 lark rede n| | .90"||.3. cas) Sosee see os Bs WUE aldara: > oleoeete hae 

1050 |Edgar...............+.| Slow... oa 264 1 oR net) 200 |) <0. | Tt. ced..cc..| 1188) 2.3. | Red .vvcyes-| 9.20 | Dsalnea ee te qaasiee'o\s| Hesuona. |. Bibpil| auburn Gewese. Allee ee ene 

aiid ol Wadsaus. 06 ..- a-Slow +..| Fair.,.| 17,6 |- 8:9 |-2-c-.2-|a-00- «|| 8: & | Yelldw brown) 13:65} 0 | Peer) HO GOSH se satel oreo sss se eases | 3.3 | Rea oe BBB a wsssal es seesesensseedectssooe|lersevons SONS etek 

4006 |Wausau.............5-) Slow... Tas 26.4 | 7.7 | 386 { 299 ee lat. ted, een ot lead [Aer 12.40 | 5 | Lt. brown....[ 4 23 Jereeten| ceessebecn] ve) 4 | Brown vocal IT pie ae ie 2 

109) Tramway ........+. [Bast High...| 33 9.3 | 296 | 267.2 || 1 | Light brown.| 17.49) 5.7 | Light brown.) 10.17 | 8.7 | Dark brown.| — .05 I " eee Bet ies oh Dare ateee Melee [esses feetece eee fereenee 

1087 Iesomonte cesereee! M, fast.| High - v4 | 7.24) 27 | 261.9 5 Reg. Sees 3 2 (Red ....cs.0-] 11.66|| 7.8 | Dark xed....| 3.40 P NiSECUS) eeeeh duet onns an mee fe als saa ea eta aces 

1038 Menomonie ..........| M.fast.| Good ..| 242 | 6.7 | ait | 249 1/6 | Red...ccaees| 16.28 || 3% | Red's. s2v..:| 9.80 | 8 | Red He 1.90 | 1.7 | Dark red.) | 70 | Rigs eco t ape raersnates cores ce ee ee 

1107 |Menomonio Sree ai es | M ance -foee 3.9 | 281 | 270 0 ~ | Yellow brawl c12:08 |; 0 | Red brownes.| 115.70 || 40 | Browns... cc) 12:D0 levees. | Browne «eae 12 80ll|<2es 200s face cccaulteatieses|stsieesal \Sanbetae|saseade-aoeseoue| aes >=e2 

1029 {Chippewa Falls ......)........+ oa 264 | 5.4 = ea .6 | Light red....] 15.76 & | Mixed.......| 43.84]; 1.7 ra 11.27 6.7 [poke . 6.7 | Darkbrown..| 3 Ee eae 

1179 |Chippewa Falls ......}.....:..+. pe 23.1 A Mihsseneaea l= caleas st Banks | Yellow brown} 17.40 s. s, | Yellow brown) 16.66 1 Le. ape remn eT 2.4 | Red brown...| 10.46 Weeegen eee oiomcateloeien oie |e cedistcetti iar elas [inal ets ede ote etait te eater aaa 

1018 |Whittlesey.....-...0..|-.07+-----| Good...) 27.5 | 6.9 |........ 7 .8 | Light red .-.| 14.22 || 2.8 | Drabed......| 8.68 |] 5.7 cs red.....| ae 5.7 | Dark red.....]  -80 [se Boer rote re a aioe leu Sed oma eel eine 

1135 [Merrill ...............| Fast....| Pair... | 20.9 | 8.7 Jee. ..[ec..-eel] 8.8. | Brown yellow] 15.04 |, 0 oe 14.98 || 1.6 | Red brown...| oo Keke he ae ae Boal PET: oh 4) Gelleuess tomer tee Ne 

4146 |Schulz’s spur... ....|e-0se-++e| Low....| 17.6 ) 7.1 | 305 | 272 s. s. | Brown yellow] 14.00 || 0 | Redbrown...| 12.33 .6 | Light ae 10.30'| 6 | Brown....... so ean tac ana| «etree all Rape ashe vaeea ease ee 

ApinilGniioee A oie |Bipbi | 1200 a/R dear yet.s | 00'S | Ue red brawn) 16:42 .6 | Light red....| 14.56 || 2.6 | Light brown.) 10* 4 Vk Green browamlpees Cea en) Ouse Tete teas 50) ciao aes 

4180 |Superior.... ........|..-.-..---| Vy high} 82.5 OSS Pelee sevea| 200: .8 | Pinkish .....| 19.53 .3 | Pinkish,.. | ss | 8.6 | Red | 680))||\steais MEI OVABCOUS . ..c emai. beset sitio diete del Terese [atareicige oc ee spear arta 

ES a ae RR Rn ee eee ee
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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 they 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. S 

—_—_—eSSS See o 

18>| roonits. | Sieg |Alpmine| ostde’ | dims, | Magnesia potash | Soa, | Taeid | Lorson] ora | Fetal | analyst 
1012 | Milton.....| 71.56 11.15 3.73 1.70 .96 2.41 1.28 |.........] 6.88 99.12 10.08 | V. Lenher. 

1073 | Kenosha...| 55.41 18.10 5.91 6.28 14 1.54 .49 25 12.34 | 100.46 14.36 | V. Lenher. 

1027 ioe Ridze. 30.90 7.96 9.13 17.30 4,80 3.75 37 .09 25.30 99.60 35.35 | V. Lenher. 

Vireqaa....| 74.71 | 12.60 | 2.80 .70 5 | 2.48 | 144 55 | 5.30 | 100.53 | 7.37 | S. Peppel. hy 
Viroqua....| 78.26 | 11.41 | 1.80 | 1.00 68 | 1.88 | 1.28 45 | 8.12 | 99.88 | 6.64 | S. Peppel. a 

1077 | Arcadia....| 73.08 11.56 4.11 84 oa 2.31 2.75 .09 5.36 100.62 10.53 | V. Lenher. S 

1169 | Marshfield..| 72.60 12,16 5 66 1.34 .08 2.47 1.44 |..........] 4.07 99.86 10.99 | V. Lenher. e 

1085 | Hewitt.....! 75.24 12.21 3.89 1.74 1.01 2.56* veseeseese] 8.35 | 100.00 9.20 | A. S. Mitchell “ 

1050 | Edgar......| 64.46 8.73 5.40 7.32 16 1.45 | 1.44 01 11.10 | 100.67 15.77 | V. Lenher. 3 

1099 ; Tramway ..| 59.26 15.12 10.80 3.04 12 1.97 | 1.63 .08 8.23 | 100.25 17.59 s Lenher. = 

1037 | Menomonie! 65.46 11.38 6.40 2.06 1.63 3.54 .98 07 8.25 90.77 14.61 | V. Lenher. 2 

1038 | Menomonie| 60.20 14,48 8.70 2.84 2.40 4,50 08 .03 6.73 100.46 18.97 | V. Lenher. S 

=| ton 54.36 13.40 | 7.97 | 3.50 1.23 | 2.16 | 1.53 | 07 | 16.17 100.39 16.39 ; Lenher. 5 

} * By difference.
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III. 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 or 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 crude clay contains much fine silt which it is difficult to 

eliminate even by washing. 

Kaolins in the central residual area. Rumors have been cir- 

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 economic | 

value. 

IV. SLIP CLAYS. 

IV. Sup Cuays. Under this heading are included easily fus- __ 
ible clays, which are used for glazing, and applied by mixing the 

elay 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. 
a 

Albany, | Rowley, Brin- 
N. Y. | Mich. | field, O. 

Silica (SIO,). 0... ee cc cece cee eee 55.60 43.94 63.63 
Alumina (Al,O,).....-...ceeeeeecceeeeee| 14.80 11.17 13.57 
Ferric oxide (Fe,O 4) ........0 cece ceeees 3.80 3.81 7.77 
Lime (CaO)..... ccc cee cece cee eeee 3.70 11.64 2.55 
Magnesia (MgO) ............ cece eee cece 2.48 4.70 1.47 
Potash (KO)... 0... ccc cece ee eee eee 3.23 3.61 2.63 
Soda (Na,O)........ cece cece cece cece cece 1.03 [iccc cece elec cece eee 
Manganese (MnO) ............ cece ceeees LA foc ccc lew cc ee cee 
Water (HO) .........-ccceeeeeeteceeeee| 5.18 | . 3.90 4.75 
Moist and carbonic acid................. 4,94 15.66 2.90 : 
Phosphoric acid (P,O5) ......... cee 000% AAD [occ ee eeepc ce ee eee 

| : | aie | 98.43 99.27 
en ESS GRASS 

The molecular formula of each of these is as follows: 

| 1. .158 K,0. } | 
079 Na,O | 
469 Cad. S88 ALLO 4.27 SiO, 
286 MgO | ° aus 
009 MnO J 

w ) KO 2. .066 2 
Na,O | .314 Al,O . 

596 CaO’ 066 Fe,O, 2.109 SiO, 
| .33a7 MgO 

K,O } 3. 169 1 2 Na,O | 1.343 Al,O sys 
459 CaO’ | "489 F'e,0, 10.71 Si0, 
.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 (SIiO,) 2... ccc cece cece cece cece cece cece secs cccccees 41.66 
Alumina (Al,O,) ....ccccccccccsccccecccecsssccccsccseess 14.31 
Ferric oxide (Fe, 3) .......c cece cece cece cece cesscevecees 6.69 
Lime (CaO) ..... ccc cece cece cece cece ccsssecccesccccecess§ 9.38 
Magnesia (MgO). .... .ccc cece cece cece cece cesecceesecsseee 4.75 
Potash (K,O).... ccc cece cee c ne ccccccccsceseccssvcsscees outa 
Soda (Na,O) 2... cccc cece cece cece cece ceee cece sete een seee 92 
Titanic oxide (TiOg) ..... ccc cece cece rece ce ne cece wees sees .05 
Tgmition. .... cece cece cece eee rece cece cecescsscsecscece 17.86 

99.55 . 

This corresponds to a formula of 

116 K,O 
.043 Na,O 
491 CaO | .411 Al,O, 2.048 SiO, 
348 MgO [ 122 Fe,0, ‘001 TiO, | 

oe 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 (SiOg)..... ccc cece cece cces cece cccececeteetecceees 88.62 
Alumina (A1,0 g)...... ce cece cece cece cece cc ccceecccsssces 8.75 
Ferric oxide (We,0g) 1... ce eee cece cece cece ceeccccecccs 8.292 
Lime (CaO). .... ccc cece cece cece cece ccceccescccccsccccee 14,04 
Magnesia (MgO). .... ccc cece ccccceccccceccescccececscess 6,27 
Potash (KO)... ccc ccc cee cece nce ccc ccec cess sesecess. 2.65 
Soda (Na,QO).... 2... cece cece cece cece teen ene cece cece tees .89 
Titanic acid (TiOg)..... 06. cee cece cee cece tee ece ee ceees 07 
Tgmition 1... 0... ccc ccc cece cee cece cece cece cccscesevces 19.99 

Total... ccc ccc ccc cece cece ces cece cctteceescssccese 99.50 

Its formula would be 

063 K,O 7 
031 Na,O {| .190 Al,O, 1.428 SiO, 
.096 CaO .113 Fe,O, .001 TiO, 
.347 MgO 

This gives an olive-colored glaze but not a very smooth one, 

as the clay appears to be too silty. 

3. 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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Silica (SiO,) ......cecscesececscccescceeecesscceesceesees 59,22 
Alumna (A1,03)........ ceca cece coscccccccccccsscesscess 16,65 
Ferric oxide (Fe,Og).... cc. cece cece cece cvcccccecccccess 0692 
Lime (CaQ). 0... ccc cece cece cece cece cues sees cece cece cece .96 
Magnesia (MgO) .......c cece cece cccevcce cece secs -seecees 02 
Potash (K,O)........ ccc cece cece cece sceecesccsceccsscees 2.78 
Soda (Na,Q).... 2... ccc cece cece cc cs cece ccesccscceccccee 1,94 
Titanic acid (TiO,)........ cece ccc cece cece cons nenccocens .03 
Tgnition 1... 0... ccc cece cee cece eens cece cccsccsscceecees 10.23 

Total... .cee cece eeee cess eeseseseceseeeeensess ces 100.05 

The formula for this is 

.324 K,O 
343 Na,O |[ 1.795 Al,O, ) 10.87 SiO, 
-188 CaO .530 Fe,O, 003 TiO, 

’ ,143 MgO 

5. Medford. The residual clay derived from the diorite at 

this locality (See p. 181) analyzed. 

Silica (SIiOg) .... ccc cece cee cece eee ceeecesecccccesecece 40,65 
Alumina (A1,O03).... 0... ccc cece cece ewer cece cece cesevece 18.90 
Ferric oxide (Fe,0,) .......c cece cece cces cecsccccccsscees 18.00 
Lime (CaQ) wee ee cece nee cece eee tees ects tens cees cece .86 
Magnesia (MgO) ....-... ccc ccc cece cece ccs cece cece cece .29 
Potash (K,O) 2... ccc cee ccc cece ene cece secs cecsscssccse 0.66 
Soda (NazgO) ....nccccccccccccccescceccccccsseccecessccce 1.70 
Titanic acid (TiOg)..... 2... cee cee cee cee cece cece cece ee .03 

- Tgnition. ....... cece ccc ce cece cece cenccceseecesesecces 6,55 

Total.....scceceescceecsseceescenscccrsescesesesess 99,64 

This analysis would give the following formula: | 

.619 K,O 
.208.Na,O | 1.410 Al,O, } 5.798 SiO, 
116 CaO .856 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 (SIO,) 2.0.0.0... eee eee eee eee ee ee eeeee 59.80 60.36 
Alumina (Al,O,) ........... 0 cece ccc eeeeeeeeecees 18.18 18.21 
Ferric oxide (He,0,3)...... 0... cece eee cee eens 2.87 4,11 
Lime (CaO) .......... 0. ccc cece eee ee eeeeeees 1.80 .36 
Magnesia (MgO) ............ 0... cece eee cee cee .66 13 
Potash (K,O). .. 0... ... ccc cece eee eee ee cee 10 27 9.84 
Soda (Na,O)..... 0... ccc cc cee cece cece eeeeees 71 1.38 
Titanic acid (TiOg) .. 0.0... ccc cece eens 12 .06 
Tenition..... 0.0... 0. ccc cece cece cee cee eee es 6,56 5.97 

Total... 0... ccc ccc cc cee eee cece ceeeseees eee 100.62 100.42 
Total fluxes ............... cece cece cece eee 16.01 15.82 

The molecular formule are: 

.645 K,0 7) 

.067 Na,O | 1.05 Al,O, { >.8? SiO, 
"189 CaO | "949 Fe,O, § .008 TiO, 
.097 MgO 

 .1%6K,0 — )} | 
162 Na,O | 1.308 Al,0, 7.375 SiO, 
.046 CaO f .187 Fe,O;§ .005 TiO, 
.023 MgO J
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| CHAPTER V. 

TESTS OF WISCONSIN BRICKS. | 

In order to test the qualities of the bricks made in Wisconsin, 

a number of samples were collected from different !ocalities, 

rinety-one in all. Ten bricks were collected from each iocality, 

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 crushing. 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 
eare 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 Ibs. 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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Fig. 1. Details of crushing and transverse tests made on soft mud brick. The upper 
end of each line represents the crushing strength, and the lower end the modulus of rupture.
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Fig. 1. Crushing and transverse tests on Wisconsin stiff mud brick.
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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 | 

- eapable 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 condition 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 StrENeTH. 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 eross-breaking test a whole brick was placed on two 

' rounded knife-edge bearings 6 inches apart. Pressure was then a 
| applied from above, until the brick broke in two and the num- : 

. ber of pounds pressure at which this occurred 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 

-_ aceurate expression is that termed the modulus of rupture, which 

is calculated from the following formula. 

R=2 bh, oo | 

in which R=>Modulus of Rupture — - 

W=Pressure necessary to break the brick | 
1 =Distance between the supporting knife edges | 

sh = Breadth of the brick = 
sh = Thickness of the brick | 

12
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This means, that three times the pressure in pounds multiphed 

| by the distance between, the supports, is divided by twice the oS 
| breadth of the brick multiplied by the square of the thickness. 

If the pressure necessary to break a brick was 1,500 pounds, dis- | 
a tance between supports 6 inches, width of brick 4 inches and_ 

thickness 2 inches, the modulus of rupture would be calculated 
| as follows: oe | Oo a 

oe eae a8. pounds | | 

, | ABSORPTION Test. An absorption test is made for determining 

how much water a brick is capable of absorbing. This indicates 

| a 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 — a 

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 

a 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 

ees 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 which the brick will be exposed 

| when in actual use. Under such conditions a brick is not ex- 

a posed to a vacuum, but absorbs moisture while exposed to or- 

va - 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- 

ae paratively little practical value. — ee
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The writer does not feel either that the total immersion of 
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 ecapillarity 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 Brieks 
QP 

SS 

Qn Ry ~<h QO. 
. | 4 @ 3s a © a Ae 58 

: 72 . : = oo Bok : | a Se ss8 | ss ("8 | 88 |F_e8 
to e¢ Ba = BP aD oO. sw 67 2 ( pg Oa 3 LS on 4g aH . 5 A 6g og ose | SB.2 jgaeg . : 8 29 2g 2s Fg Seo |S8°R | me C+ Cra Ce op go -o8 q o | q eS a eZ SOD ser on 848 : 3 gO Cem Cem SS .85 o § Sa5 gm a SE ys 8h Cig | S280] Og (SHBEa. - SOF os Cs 2 ok ge mS Sad Q HOS Oy AY BO Qe BOS |Repagag, | eo} A Ay Ay | oO | & 4 

| | | IW | 4. Iv. Vv. | vid vin 
TT ne fp] | 
28 24.15 24.0 24.95 | 96.15 30.4 25.8 : . 
28 A 14.5 14.45 15.45 99.35 | 18.8 | 29.6 
35 14.4 12.1 12.7 95.2 18.35 27.4 | AB 23.9 20.35 21.45 94.85 | 25.35. ae 

| 80 20.55 17.35 18.3 94.8 26.65 29 .6 
ce 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 oe 99 34/2 30.65 | 32.0 | 95.75 | 39/9 16.3 
128. 27.6 24 .65 25.55 96 .25 28 .65 3.5 
148 20.55 19.15 20.75 92.25 22.6 9.9. | : 147 23.2 22.55 23.6 95.5 27.65 19.1 : 158 20.85 19.45 20.3 94.9 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 47.8 
20% 16.6 18.35 18.85 97.3 24.6 48.1 

. 205 19.55 20.95 22 25 94.1 25 .4 29.9 
207. 24.15 20.1 — 94.85 80.8 30. 24,2. 

~ 910 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. | : | a 
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| 19 B 18.85 18.85 19.0 99.15 19.5 3.4 | 

| | 22, 18.7 19.25 19.9 — 96.7 97.15 | 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 | 

| 7 40 15.2 12.75 13.5 94.4 18.25 19.7 : 
43 ~ 18.05 17.25 18.2 94.75 26.1 44.5 |. 

| 44 vege y sees 18.6. 19.25 96.55 25.05 |... cee ae, 
81 17.5 12.1. 13.05 92.14 18.65 6.5 

a — 82 — 17.15 14.7 ~ 15.55 94.5 20.4 18.9 

89 — 138.9 12.75 | 18.45 | 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 17.75 - 17.15 18.00 | 95.2 23.3 31.2 

104 16.4 15.3 15.8 96.85 | 20.45 24.7 

oe | | 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 

| ce 111 — 90.25 15.05 15.35 98 .05 21.7 7.1 | 

| : . 112 22 .25 18.05 19.4 93.0 25.35 13.9 ° 

es 113 20.6 17.4 18 9 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 — 1T1 

| 117 13.6 13.05 13.5 96.6 14.95 9.9 | | 

| 122 18.15 17.0 17.95 99.65 22.9 26.1 | 

a . 124 18 .55 17.5 13.95 96.9 | 92.8 ; 22.9 — 

: | 127 95 .55 23.75 95 .05 —694 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 | 26.95 | 34.9 — 
os 131 «416.1 15.65 ~—616,.2 96.55 19.15 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 

| ° | 1384 22.4 — 20.9 21.7 96.35 94.55 | 9.5 

135 19.6 — 14.5 15.25 | 95.1 19.65 2.5 

oO 136 17.95 . 16.95 |. 18.00 94.1 23.2 — 29.2 

‘187 29.25 | 21.6 | 22.4 96.6 96.2 | 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 oe
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ee Soft Mud Bricks—Continued. | : | 
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: 157 21.75 23 .00 24.1 95 .35 30.25 39.0 
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| 7 221 16.9 17.8 18.0 98 .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 44.3 . 
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 
20638 27.95 31.7 «83.2 95.4 38.3 37.0 
213 12.9 12.95 ; 18.1 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.



oe 189, _ THE CLAYS OF WISCONSIN. | ; 

In this table column II represents the average percentage of 
7 absorption obtained by immersing two half brick in water for - 

a 48 hours. re S 
oe T'wo other half brick from the same lot were immersed to 

os 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- | 

Se sorption determined from this being given in the column III. - 
- | These two samples were put back into the water and allowed —_— 

a 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 7 

manuiacture 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 II and IV agree quite closely in most | 
| gases, although in a few instances they are slightly different, | 

| which might be due in part at least to lack of uniformity in the 
| product. te a | 

| 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 | 
oe 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. | | So a 

| In the accompanying table the details of the crushing, trans- 
| | verse, and absorption tests are given, and for greater clearness | | 

es | they are given in condensed form in the diagrams, Plates _ 

RVI, XVIa, XVII, and XVIII. a : 
a In these diagrams the results are expressed in somewhat | 

eae 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. BE. A. Birge. In these diagrams 
| the laboratory number of the brick is given at the bottom and Bs 

Se 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 

ae clearly the results obtained, and at the same time shows thatthe 

| | individual sets tested are not related to each other, as might - 

be supposed if all the crushing points and rupture points were | 

oo ~ connected by a line. | 7 ) 

| ‘The absorption percentages are given on # separate diagram ~ | 

| - aecompanying the crushing and transverse tests. a 

| DISCUSSION OF TESTS ON BRICK. - 

Crushing strength. The crushing strength of the Wisconsin | 

_ brick tested ranged from 993 Ibs. per square inch up to 7060 | 

Ibs. per square inch. | | oo 

| - The range of strength in the several classes is as follows: 

| | Kind. Minimum. e Average. 

| —— Boft mud. .c... cc. eseceeeeeeeeeee | 1,074 5,838 | 2,829 oe 
Stiff mud ooo. ess. cee ee eee eee | 1,304 7,060 4, 244 | 
Dry press ..2..... ccc cece cece rene | 993 5, 558 3, 408 

a | 

| This indicates that the average crushing strength of all the 
ee 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 cream 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. os : ) | 

_ Transverse strength. The transverse strength of all kinds
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: of Wisconsin clay brick tested ranged from 157 Ibs. to 1027 © 
| Ibs. Classified by kinds the range was as follows. ge 

: oS . Kind. - | | Minimum. a | . Average. Hs 

 Sofpmud ee | ot | as | oem” | «Sti mud ...................-0e | 1,861} 0e7 | — Dry press... cece eee | 256 | 702, — 612 / 
og — SEE eieaemmmmaemeeeemmemene - 7 7 

_ Here the order is found to be a little different than in the . 
| _. ease of crushing strength, the stiff-mud brick showing the | 

highest average, followed by the soft-mud and these by the > 
_- dry-press brick. — | a | | 

| . - 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: oy SO : | | , | 

A fee, Kind. | , Minimum. | Maxisoum, Average. es 

| Soft mud .... 0... eee cece cece cee. f 880 | 98 20 | 18.60 | | 
| Stiff mud .... 0.0. 002. eee ee 13.05 !'| 2480 | 20.26 Dry press 0. eee | 12.90 | 33.35 21.47 

se os = SSS a 

fee - Here the order is again different. The soft-mud brick show- 
ss ing the minimum absorption as well as the lowest average ab- oy 

sorption, while the stiff-mud showed the maximum absorption - 
and nearly the highest average absorption. That of the stiff- 

ss mud and dry-press bricks is so high because they are made 
from ealeareous clays. — - et 

Core. a CONCLUSIONS DEDUCIBLE FROM THE DIFFERENT TESTS. , - 

a a 1. The stiff-mud brick show the highest crushing strength — | 
----peeause 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 crushing strength of either 

_. the soft-mud or dry-press bricks tested, so that the ranges of : 
| _. strengths shown by these classes overlap. ne | 

a 2, There is no direct relation between the crushing and
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Half bricks, showing presence of lumps of unpugged clay and pebbles. These speci- 
mens had an abnormally low transverse strength.
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transverse strength, a brick with a high crushing strength | 

7 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. | 

QOD. cca ccecceceeeee| Soft mud........... 1,192 526 7 
o » 114..................] Soft mud........... 4,572 . 669 | 

D2. cee eee eeee eee} SOLE mud........... 3, 036 1,063 
137...........206---.| Soft mud...........{ 5, 796 1,062 

| 99..........-.-.----| Stiff mud........... 1,540 588 
128...............---.| Stiff mud........... 2, 708 550 
Q07..............----| Stiff mud........... 2,234 1, 097 

| 158............0.----| Stiff mud........... 4,996 1,090 
99..................| Stiff mud........... 1,540 De8 

2ODA ...5......-2+-6.| Stiff mud........... 5, 110 2, 190 
188.............-..-.| DOft mud........... 1, 192 526 
nnd. 2222 III Soft mud........... 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 | : 

| | _ | a Average Average. 
Lab. No. _ | Kind. crushing modulus of | 

| : strength. rupture. | 

Q16......ccceee0ee0e-{ StifFmud.........../ 6,230 | 964 
| 202... .ecececccesecces| Mbiff mud...........] 6,250 — | 946 7 , 

| 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 
a the tables of tests. 

: | - Crushing Modulus | Percentage a 
| Lab. No. | Kind. strength. of rupture. ; absorption. — | 

-916...........| Stiffmud....| 6, 280 964, 19.6 
Q05A..........] Stiff mud...:| 5,110 2,190 7.6 

~ 99. .........+] Stiff mud.... 1,540 588 | 34.30 
Olea eee sees | Dry press ... 2, 704 431 . ~18.75 

— 114.........2.; Soft mud.... 4,572 569 14.40 
— 18B7...........| Soft mud... 5,796 1, 062 29, 25 | 

_  -188...........] Soff mud....} © 2,398 689 24 .65
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OS 4 Harder burning will increase both the crushing and 
: _ transverse strength thus: - | ce 

| . NT | 1: Crushing Modulvs: 
| Lab. No. oe Kind. strength. ofrupture. | 

Q068 .oee cece eee ...| Dry press .......... 993.3 | — 256 © | | 
206H................/ Dry press ..........| 1,996.6 469.6 : | | BL eee ee eee ees] Stiffmud ..........| 1,500 | 464.2 | 
28A ...........02...| Stiff mud .......... 4,852.5 1,311.5 

«An interesting comparison is afforded by Nos. 143 and 
| 90. 7 a | | | _ | 

7 SS 
: ; ee Crushing ‘Modulus of Per cent | 

Lab. No. | Kind. | strength. rupture. | absorption. — | 

8 143...........| Stiff mud... 4596 749 055 — | 
| 90... see Dry press ... 2704 431.8 18.75 | 

‘ | . ; aaa __ = ; ! : . ‘ | 

ss Here we have two bricks, made from practically the same 
Ss clay, and burned at the same cone but molded by different meth- 

: ods. If the dry-press brick were harder burned it would no - 
a doubt show up better. Additional examples are given below 

; _ the first two being from Milwaukee, the other two from Ra-— 
. eme. 

| 

| : as | Crushing Modulus of Per cent . 
Se Lab. No. Kind. | strength. rupture. absorption. - 

os Q06H ........{ Dry press....| 1,996.6 469.6 $3.35 
| — 80...........| Stiffimud....{ 3,380 1,034 20 55 

202...........| Stiff mud... 6,250 946.4 . 16.6 . | 
208... ee] Soft muds...) 3,452 | $3.4 | 16.3 | 

6. The transverse strength is often, and in fact almost in- __ 

__-variably affected by the presence of pebbles, lumps of clay, or _ _ 

_ eavities, 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). | | : OO 
| 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. os 

~The samples collected were: | 
1. Yellow, partially weathered Maquoketa shale from Leslie, | 

Lafayette county. 

2. Loess clay from Platteville, Grant county. a | 

3. Brownish surface clay from Leslie, Lafayette 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- a 
east of Black River Falls, Jackson county. | | oo 

| 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. 

- linadry pan. The molding was done in a side cut auger ma- 

_. ¢hine, 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 upinadry 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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ae poor. This is considered the least promising of the entire lot 
| tested. a oo | 

| 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, = | ee, 

| _ — Shale-Loess mixture. 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- 
_ @hine, dried in 24 hours without cracking, and lost 26 per cent => 

| of water. 
| _ At cone 1 the product was hard, and would probably vitrify © | 

a 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. _ | 
PE A sample of Platteville Loess alone was next tried, andfound Ss 

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 _—- 
olor, and mixed with some of the thoroughly weathered Maquo- 

__keta shale, might perhaps be employed for making a paving brick | 
for light traffic. Its air shrinkage was 4.8 per cent and its fire 

| - shrinkage 4.7. | - 
EP 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 ; 

ws Many small lumps of soft sandstone which would have to be 
| crushed. On account of its sandy character the material is lean, os 

and very wearing on the die, but it dries easily, and burnstoa ss 
hard product of excellent color. . | | 

ee Sample from Davidson farm, near Merrillan. 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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-eent 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- a 

ticity. It dries in 24 hours without trouble, losing 22 per cent 
moisture, and at cone 1 is nearly vitrified. Its air shrinkage was 

4A per cent and its fire shrinkage 5 per cent. This clay burns a fine 
~ eolor 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 cracking, losing 

22 per cent of moisture. It burned to an excellent hard product 

and at cone 2 has but 4.7 per cent absorption. Its air shrinkage 

was 3 per cent and fire shrinkage 4 per cent at cone 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 VI. oone 

_ FUTURE TENDENCY OF THE WISCONSIN CLAY- 
| ~ .WORKING INDUSTRY. _ oes 

a A most pertinent question is ‘‘What can be expected of the 
, _ Wisconsin clays in the future?’’ | ee 

Common brick will no doubt continue to be the most important 
_'- product as they are now, but their production should erow 

| steadily, and the successful growth of this branch of the indus- 
. try, will depend largely on the establishment of large plants — 

| _ which can be operated economically and supplied by clays sus- 
ss eeptible of rapid and easy treatment. It is probable that the es- 

| tuarine clays will give better results than the lake clays. 
el Pressed brick are now made in limited quantities in Wiscon- 

gin, but since it has been pointed out that many of the red-burn- 
ing and calcareous clays are adapted to this class of products, 

ae 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 from 
- the mellowed Maquoketa shale, but most of the other clays in the 

eae 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 | 
a bricks obtained in the arches of their kilns as evidence that the  — 

| _ ¢lay 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 | 
a _ residual area which give great promise of producing a hard —



ss PESTS OF WISCONSIN BRICE. 194. 

- 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, | . | 
a Fire proofing and hollow brick could 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 unsuccessful 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 | 

ag the slip clays will be in some demand in the future, the for- — | 
mer by makers of art pottery, the latter by manufacturers 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- | | 

erease in the annual production of clay products and raw clays 

in this state. | | | | | | Oo
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ard Brick Co seer seesees| Red cesses) 3700) 1030 a 104 | Menominee .......... | Standard | 3 ee a, | | 
- | | 2 co 

i Square k, fine texture, no holes or 

; 3220 | 
Jisassese-| Square break, 

| 3220 
ae | 13.91 Be | Lacustrine a bee: 

Red .........]] 5200) ioe | ae 13.7 f lees) | 
107 | Menominee .......... fee... 

| Ho. 4864 | ae | | 
| | a 928) 

: h break, close texture, uo 

| 5 

i eee St re smooth break, 

| a) 170) 14.91 172 Bice as holes or pebbles. 

7 me eee | Red e.0s0.s0- 18) 230 | oe 16.5 { 122 | 
110 | Wausau .............| F. W. Garske ........ ie es 1 a 

ie 1940 | 206 J 

5 i i. ll lumps of clay, 2 or 3 in 
| ee 1485) | Bea | os || Peuarne 7c y=] Sauaze break, email {nimps of clay, 7 ona! 

3 8 19. 20.25 
H. Cordes'& Co); ...0-0:+.<.7| Creams... 0.2% | ae 

| 1414 oe 

11 | Watertown ......... | L. H. Co! | a ae 1s 
| | a 1520) 

| aeitiees Area Square break, clean texture, no stones or 

| 5720} 
5 riftless Area ....... e : 

, 546) | cet 29.95 holes, 
eiliRed eer a: 16105 310 | ee 22) 

112 | La Crosse............ | Schnell Bros...-......... | B10 | cast ie oA. 

1420 | 117) | Q square break, lumps of clay, 2 or 3 

| Om one 20.61 i PTRSENG oe | Reman eanety Droakeray cb ger ore 
| Cream........|| 10) 796 | a | 20.65 | 20.6 ie 

113 | Portage.............. | H. Affeld: 
| 8 | 3668 a 7 | | 

Be 3670 | 8) 
: --| Square break, clean, close texture, no h 

| 8870) a 13.61 Lacustrine......... Saui nts trea 6580 | ae 15.2 § M4 
sior Brick Co .. .--sse01-4| Red ...sse--s- oa 135| oe 

114 | Menominee .......... | Excelsior 
{ $320 4572 tO] se 

ies elay 

| 4200 | 386 
3 

break, lumps of white clay 

| eu) : 24.0 | Estuarine ........++.- eis noeven bees fan pebbles, 
750) a) 33 23.65 2 to 3holes 1-16 to %4 inch diam. No 

Di Stephens ...-.+.20ese-e0seeeee] Pink ..,....>l| Lee | 0 / ce 28. 210 3h 
116 | Madison............. a Dp! 

3H 2098 re 

ae 
2050 | 

3) | 

_ ar icks 2, 3 and ha mu 

2150) a | wane Glacial: cioec ae Raper Grea buloles diam), other bricks 
2300) anh | 1885 | 18.6 free and uniform texture. 

i seeeereeeeeees] Red ccceeececs]) 3300 aeiaall 
117 | River Falls ...... ...| @. H. Smith ...... | Bu) a | Boh 375. | 

= 
ac | 2640 | 455) 

: lean fine texture, no holes 

rg | 2760 | = 18.0) A | Glastal a e-2e cijes- Seaunce bree clean as teint Ho beles 
e Rea | 1450) | 189) 18.35 18.15 |) pressed face. 

HCKS.... see seer eres sees] Red oo... sees 1680 | - 79 | 213.8 
| 

12 | Tomah... .-4] ©. Headste | Bl 1 ans se 
| 

" 
| 2010 | 238 J 

A Sauare break, smooth fracture, holes %4 to 

1720 a 18.61 s | Estuarine...........- Doh dane Red 2520) ar 1815 18.55 
i OK MGs nena Reyer ate 310 | 7 cee 

124 | Beaver Cam......... | Beaver Dam Brick C 
3420 F 2828 $03 | a 

f whit 

7) 5 i 
7 real, texture, lumps of white 

2220) ee 26.11 Lacustrine.........-- Hreaibreals re Bien 
2016) eal 25.0 25.55 inch. 

ierweg & Heck Es Wes Creams.. occ 2010) | - } 27 | Kewaunee... .. .. . | Kierweg ee 200 2542 ies | i 
ee 

5a 32.) 
Fr : r break, 4 to5 lum 

ot om 25.0 Lacustrine........... mete see tenet fine texture, no 
2 real 305 35.0 holes. 

Cream........ 2840) 437 | 5 | 
MS porniem era cneysceledaes 3510 | ee CoE AG 

129 | Algoma ............- 
a710 + 30 | 

: 1630 | ey i .| Bven break, close texture with few sma 
| i 635) Fee ee ors DaCueu nena lumps of clay. 

Ie Brick Co .....+++++- Cream... 3 ae e way | 1. 
130 | Duck Creek.......... | Duck Cree 

B20 ‘ 3412 625 
| 

fare Acoteanane 

5710 | 13) 
f k, close texture, fin : 

! 3250 j i ; ‘ sey 1 Lacustrine........... Square brea Qs 232: 63L) 45.94 16.1 
ick Co.: Rgds see, 3000 | aot 610 S 

rick Cosi? s<.5-:- : ; | 

| eo 426) 
h break, small holes 1-32 i : 

| 270 } 
i a .......| Rough brea 

| 
32705 

cal 
20 3 ’ oe Driftless are: S [bRads cron 1900 } 307 | : 20.2) a 

‘ +] AL Pable..s.ceeseeeeeee crete 1489 | Han 252 | 345, 
133') Arcadia c....ii00 663%. . 

1810 » a 452 | 
| 

Be 
1300 | core 

7 Regular, even break, smooth streaky face, 

| te00) en 22.01 Estuarine ... ...... sandy with few small pebbles, 

| , 430) ay 23.2 
Bed ..---l| 1900) a0 be Day G53: SSURDE erent Hee 

2100 |. 1920 310 | 

eae eA SS 

1720) 580 ) 
jee ee 

1750 | 
a



TESTS ON WISCONSIN BUILDING BRICK —continued. 

SOFT MUD BRIOK. 

———eaeoeaeaeaeaoyeaeaeqeng|—=q$q$q2E2E0E] SS ——e——ooo== SS 

Crushing ‘Traneyerse Absorption | average. Ee formation. Remarks. 
S . ti the Average. strength. | Average. centage, | No. | Locality. | Owner. | Color. las Be 4 a Ratan: ins percentagt | 

ST eo a | el eam Eee Se 2 | Estuarine....... ....] Rough break, 1 or2 lumps of clay 4 to % 
$56) Baslog cc: .scessnskesy | Bo NUlWOR Gs -2 01.0 sore sccxepcenc.. | Cream... ae a | ot | 22.4 E inch. diam, 4250 3790 640 484 BB 3 | | 37 J 

9 7 Glacial...............] Square break, black grains, close texture 
igo i|;Motcill, << 00-0420 40 | A Mopar: .9-<scssacrtccsststevess| Red se.cssees: aun) 165) | Aa we |i Hes fromiianipe Cone 

2620 | 2316 310 | 235 
i] | 2120) 222) 

7 5 18.2 Driftless area........| Square break, well mixed, holes 1-32 inch 
136 | Independence........ | H. Hartafeldt .........0...00000. Red veeeeeeeee 2s | a9 | ints 17.95 diam., few. 1740 + 1844 308 + 292.4 i 2) 30) 23 \ 

| i “ ; 5 - 22.2 Estuarine ...........| Square break, lu.nps of clay 1-16 to 4 inch. 
ABT SUTIN sicwesiones ese] As ULCIRO). ccociccicsisnce cececec «+00 CROAMcss52 08 baal | eal ee oor | anere 

5090 3796 1180 1062.6 | o | i] | 9090 } 
] 

‘47 Ko 26.3 Lacustrine...........] Square break, lumps of clay 1-16 to % inch. 
138 | Kenosha .............] W. J. Cramey..ccccceccecceeese-| Creams. oe 3150) | i ry Bot 24.65 diam., few lamps of white clay, others 2020 f 2398 532 | 589.6 red. 2410 \ 730 | 

2680 J | 635) 
} m 4.7 Lacustrine...........) Square break, streaks of white clay. 

140 | New London......... | Zerrener Bros .........2..02e++0e| Red .......005 | al eat 16.75 
5080 | 3972 578 f 646 | 4 it | 5 i Lacustrine...........| Square break, fine texture, 3 or 4 black 

M41 | Kaukauna...,.......-| J. Rhode,.....s00..--.cs-se+es---| Cream «....0. oe) ao) | aot 9 stones, % inch diagram, 5770 | 1720 + 1224 oe ed ae | 5a 1120) 

a 
56 3 Estuarine,...........| Rough break, few small clay lumps, no 

142 | Suring................ | Nelson Brick Co.......0..05 ».+.| Red ......-..5 1810) 256) aa ae eure 
a 2312 a 610.2 | 38 cy g) 
2 19.3) Lacustrine...........| Rough, uneven break, many small lumps of 

144 | Clintonville.......... | AI & SOD .........cseseesee oon} BOD cece cee att eat at tg oF clay. 
3440 | 3222 351 + 401.4 3 a | 36" 

| 6 Lacustrine...........] Square break, compact texture, many small 
445 | Now London ........ | Zorrener Bros. . ...............| Red morse aro | en) gat a rectangular lumps of red clay, ¥ in diam, 

5090 | e 370 | e 
with glazed appearance. | fae | | 5770 pe | 1247.5 

oa ; : ; ‘ 9 22 Lacustrine...........| Rough, irregular break, no stones, close 
145A] New London.... ....| Zerrener Bros. ..............--..| Cream ....... ca | Ri) ist 19.5 texture, no holes. | 2520 2530 804 | 617.4 2010 | | 198 | | 3460) | 724) 

| os 21.3) Lacustrine...........] Under burned. Square break. 
145U] New London. ........ | Zerrener Bros .....2.ceeeseeeseee| Red ose | 2090) | eo. 5) ae 31.3) ene 

1960 ) ee 268 ) 
; | | ae & Glacial aud Stream..| Square break, many small holes 1-32 in 146 | Shulze’s Spur... ... | Schulze and Son...............-.| Red ......4.+- Poe | | oe teat ee diam., many black grains. 3480 + | 2328 | a7 r 421.4 | 2700 | | 5 

2460 | | 286 J 
5 | 3 7.2 Lacustrine...........| Square break, 1,2and4 had lumps of un- 

154 | Manitowoc........... | Manitowoc Clay Mfg. Co........]| Cream ....... | rt 1300 | set | 19.45 mixed clay, Others show no holes or | see 5838 en | 1438 { See ees: 
| 7020 j a 

22.4 Lacustrine....... .. | Square break, fine texture, 1 or2 lumps of 
156 | Manitowoc .......... | P. Scharf ..........2+se0eee00+--] Cream «+... ea Ata 99¢ | 21.15 clay % in. diam., 1 or2 black stones ¥ in, 5230 } 4712 1085 | 1109.4 

fs 8) i | : | ot 2 22. || Lacnstrine...........] Uneven, square break, few small pebbles, 
157 | Manitowoe ........2) 8, Bertel .........000ccceee0ee++.| Cream ....... 3130) | 950) | 22.01 cris [enero ao 

| 2300; | 2646 890) 774 
2 7 

e 7 Estuarine............| 1 and 5 broke 1% in, off centre, showing 
+ | Mi secesveneneperee| OLOAM ¥s0's6. 3460) 445) oat 9 | concave of surfaces, due to method of 

162 | Kewaskum .......... | Miller Bros ...... | | 310 | A 10 | ee | 29.0 28.2 | mizing, Cleau, compact. textteerte ah s0/ We 903 : fractures. 
5 5 

RAY Hudson River Shale.| Square break, small holes 1-6 in. diam., 
172 | Stockbridge.......... | Cook Brown Lime Co. .. .......| Cream ....... 3890) 868) et aiae | many small’ pebbles of light brown sand: 

- a aT : | stone 1-16 in. diam. 3190 3020 1100 + 380.2 | 2 3) | | 2 5 

Glacial and Stream..| Smooth, even break, uniform texture fow 
5 

5 19.2 D , 175 | Antigo. e.nesseesseee | Antigo Clay Co. .---eeeeceeee] Red --...e..., 200 | | vo] 20:04 19.6 | small pebbles, no holes. 
10 | 2058 oF 272 

2160 300 
3 Lacustrine...........] Square break, close texture, no holes or 

' z 20.3 . 201 | Racine............... | Hilker Bros., Cedar Bend Yard.| Cream ....... al | 400 | Bat eyes tOuBE: 

a ee oe | 2530.) 666 j 
nor 2: 14.8 Lacustrine. ..........] Fractures show pieces of clay No. 2, large 208 | Racine. .............. | Hilker Bros, Lake Shore Yard,.| Cream ....... Bol v3 | ist 16.3 lump. No. 4, large lump of brown clay. 

3260 | 3452 900 | 893.4 

20 7) i . Glacial......... ....| Irregular break, no pebbles or cracks, eats 25 235 14.6) 208 | Blanchardvillo ...... |-.0- ssesseesseeesereeecsesseeeseee| Red on 3 | 13.6 { 144 close texture, 
Z| 2426 A Bit é 
150 

2420) | 310 ) 
2 3 ee 16.5 Driftless area........} Rough break, few small holes 1-16 in, diam., 209 | Plattoville .......... | Grindel Bros...........0.0. ....] Redo... 3250) a) eae i fine texture. 
20 2832 522} 403.2 

2700 | a 408 | i 
3110) | 351) A oe e 18.2 Pre-Cambrian Shale.| Even break, small pebbles. 211 | Medford ......... ... | Langenberg Brick Co.... ......] Red.......... cl ol iit 18.15 
ee i 1994 ee i 455.4 
12k 980 
1740) 4H) 

38) | 16.8) Estuarine. ........... Rough fracture, 4to 5 pieces of clay % to PIB CPOrtage.css/ssc0.a 4 «2)| SAMPOG csc 5.s05;0002- +0 +s ecnonesn|||CLOAM > ..-- oo ae iret Ae 44 in) diam.. close texture. 
2690 2192 553 | 461.4 2 i) 5 LD 

2 62 25.5) Estaurine............ Square break, fine texture, few small 219 | Monroe............... | Freese Bros.................... | Cream ....... oy ie) 30 4¢ 27.95 dempe ot ciay black grains 1-16 in. diam., 3510 | 2654 ill 601.2 3 2770 | 5 [ 
2250 J 582) | . is | tog Hstaurine............! Square break, holes near middle 1-16 in., 220 | Monroe............... | Heister, Bauman & Schober....| Red .......... 3190 | 36 20:85 20.35 no holes near edge, black sand grains, 2540 | 1192 tal 526.4 

2550 | 628 | 
2020 482 

R | o : 330) 16.5) Lacustrine........... Boar break, 1 or eras of reg clay a Bett | ee OU cts cipetsis = 550 | 
i iam., some smaller lumps of dark re 

221 | Green Bay........... | Roffers & Albers ........... 3370 | \ 968 | 17:35 | 16.9 clay Shake aad tere: 3450 | 3012 498 | 107.6 2660 | aa} 2730 
: ae 58 11.6) Lacustrine........... Square break, 3 fol of red clay 4 in. 222 | Green Bay ...........| Barkhausen Brick & Tile Co...| Red.......... al a3) fist Ate diam., no holes or pebbles. 2 

3B | 806 708.6 on 3496 a | 
3500 74 

i 15.7 Lacustrine.........../ Square break, close eeu tes plete sand 228 |/Greon Bay .....--1.-. | A. Yan Laanan............--....| Red - ...: Te | ar] Bat 14.55 grains 1-16 to % in.diam., no holes. : 1280 } 1468 a 358.6 1450 | 
14 369) | - = | 2 Pro-Cambrian Shale./ Rough invegular break course, textur, 22" tS 

y el . a 
224 | Ringle ...............| Ringle Brick Co .................|Red .......... Be al 16.75 16.45 ee small pebbles in, diam 0 1 1074.2 26 278-4 | 

1070} 227) | 
»= 9 Estaurine..........-.| Square break, close texture, many. fine 

eute 20) Ah} ae : bles of yellow sandstone 1-16 in, diam., 
225 [Schleisingerville, .... | Kortmeyer...........-....-......| Cream oo | 377| Bot 25.1 pebbles y 2820 } 2862 804 | 848.4 | 

2990 | 1090 | | 
3320 | | 1227) a



STIFF MUD BRICK. 

SS ee SSS SSS SSS SSS ae 

‘ lr Grdehing Ire aareteen | eetiok | 
No. Locality. Owner. Color. \|__ strength. Average. strength. Average. 3 Sreon ral Average. |{Geological formation. Remarks, 

Lbs. per sq. in. Lbs. per sq. in. ® er 

28 | Edgerton..,..... ....] Whittet Bros................... | Cream,...... 1h | oe mee te Estuarine .. so 
1980 1500 379 f 484.2 ae ono 
1850 | | 500) 

28A | Edgerton.............| Whittet Bros..........0...-.....] Cream ....... an a a ci | Estuarine............| Hard burned. 
Bi S 7} 5 3 5 | iam i 4852.5 16 f 1311.5 ate oO 
4830 } 1422 | 

| 
35 | Black River Falls ...| Halcyon Brick Co............ Red .....s50.+ 5280) | 1060) | te Pre-Cambrian shale.| Smooth, square fracture, clean, close tex- 

8220 | 960 | | 14.3 14.4 ture, ho holes or stones. 
J 4600 + 3998 1010 + 898.2 j 

ee 7 | J 7 J | | 

45 | Neenah-Menasha....| W. H. Carter....................; Brown ....... 6050 } 1700) 23.11, Lacustrine...........) Two broke 1 in. off, all show square, 
8150 | 1190 | 23.3 / 23.2 smooth fracture, no holes or stones; 
8150 + 7588 800 } 1209 slight vitrification. 

) BB) a 7 ] | 
80 | Milwaukee...........; Chase Brick Co..................| Cream ....... 3570) 1360 ) | 20. 3t || Lacustrine .........| Regular, even break, fine sandy texture, 

3000 | 1080 | | 20.2 20.55 | no stones or cracks, 
3180 + 3380 1430 } 1084 | 

ms is 3 270) 

83 | Burlington...........) Burlington Brick & Tile Co.....| Cream ....... 5220) 1070), ae || Estuarine............| Rough, irregular break, loose, coarse tex+ 
4430 | 950 | 21.5 21.75 | ture, lumps of clay 4 in. diam., streaks 
3680 + 4342 823 } 900 i| of red clay. 

3260) 700 | | | 32 7 

98 | Grand Rapids.......; J. M. Lessig & Son..............| Red... ...... 1190), 480) 12.9) | Pre-Cambrian Shale.| Rough, irregular break, small pebbles, fine 
1840 | 320 | 13.25 18.05 | cracks, 
1210 i 1304 480 + 422 } 

1) | 8 | 3 J 

Dod eee | Senate fc ds erie | Oreamnisecanc 1490) | 596) 35.6 Jesse cesssestesseesees| Square break, clean compact texture, no 
1330 482 | 33.05 34.3 pebbles, well mixed. 
1270 + 1540 454 | 588 

| a8 | 2020 J if 

128 | Forestville...........| Door County Brick Co ..........{ Cream .......]) 1680) 542) | 28.11 a || Lacustrine...........; Rough, uneven break, red clay lumps one- 
| 1960 | 638 | } 2716 27.6 | eighth inch, large lumps of white clay 

2650 + 2708 546 + 550.2 one-eighth tu one-half inch diam. 

| ry i) | 8 

143 | Port Washington....} Gunther Bros..................-.| Cream ......./ A fa et || Lacustrine........... aes break, clean, compact texture, no 
4640 786 21.2 20.55 ‘oles or stones, 
3820 + 4596 591 + 749 

3 i) 4500) 

147 | Sheboygan....... ...| Zurhide Brick Co ..........-....] Cream ....... 6500) 990) 22.01, Lacustrine........... re break, close, sandy texture, no 
2630 | 770 | s 24.45 23.2 holes, few pebbles. 
2670 i 3958 595 + 755 

#) | 3960 ) 5 

IDS | PIyMOnths.../o.ccces-| Os RLAUSE ss. cise see's oss <ses =; «-| OLOAIN 2.0... 5120) | 1130) 20.8), Lacustrine. ci eta Square break, clean compact texture. 
| 5170 | 1100 | 20.9 f 20.85 

5050 + 4996 1050 1090 

28] 18] | 454 | | 

163 Bert ete. | Berlin Brick 'Co:.....:..<....---.| Red .. .....0. 6970" } ioe | teh Lacustrine ..... .... eqne break, clean compact texture, no 
7120+ | 1990 18.3 18.05 ‘oles or stones. 
6970 + 7060 1600 + 1858 

mt) | |B) 7120) 2 

S610) Shawano c. Sees. cess | Ce TAYSOW 2 coseneestecsivase'oes Cream........| 6670), 1900) 18.1) || Lacustrine ....,.....| Square break, close texture, no lumps or 
6670 | 1590 | 15.3 f 16.7 | stones. 
6670 + 6670 2220 f 1861.4 

| | i | 

202 | Racine...............] Hilker Bros. North Point Yd...| Cream........ at 6250 1130), 14.91, | Lacustrine.......... | Square break, clean, even texture, no stones 
6250 1130 | 18.5 16.6 | or holes, No. 4 broke near one end. 

925 + 946.4 | 
| a | 

55, | 
| | j 

205 | Wauwatosa..........) Burnham Bros.... ..............| Cream....... | 2460) 915) | 19.3) | Lacustrine...........| Irregular break. No. 2 had lime pebbles in 
2260 | 590 | | 19°85 19.55 fracture, others clean. 
2950 + 2520 1020 881 | 

i 2200 | 880 | 
| 2630 | 1000 j 

205A | Wauwatosa.... .....| Burnham Bros............- eo Cream......../ 5110 5110 2190 2190 7.6 7.6 Lacustrine....,......| Even, close texture, few fine cracks. 

vi sseesse.e-| BUrDh iadiseaips's dass ise evae [om se dees penn vee'e 2450 1282) 23.71 | Lacustrine...........| Square break, fine texture, no stones or 207 | Wauwatosa urnham Bros ea 1070 | 2b 4 15 quate. a 

1830 f 2234 718 i 1097 
1990 ie | | 

| 2650) 1245 

itew seven Vhi i i ann eee 2670 590) 22.4 || Estuarine ............| Fine sandy texture, iron concretions. 210 | Whitewater Whitewater Brick & Tile Co Cream a) Hal | | Bag t a | y . 

4600 } 8900 720} 721.4 | 

es} 8) | 5 7 

5 Pa sepes cues hide Brick So onteaese ana |hC! wareiros 2070 488 | 25.9 || Lacustrine...........] Even break, fine sandy-clayey texture. No. 2B Seen Porhide Belek Co oes i730 | 709 | | 2:8} | 25.85 | Thad flaws due to mixing. 
2700 + 2332 709 + 661.6 || | 

2 i] | 2400 J 
| 

treceee soos) Sheb Brick & Tile Co.....| C bala grein 6250) 1028), 20.1 Lacustrine...........| Square break, fine texture, no, holes, 6 or.8 
eles ercbaeet poe aso akin ose 6150 | 780 | iit 19.6 | black pebbles one-sixteenth inch diam. 

6250 6230 1004 } 964.2 

| 18) 6250 

ee bse cot! Ag Gimbal ISOM o..case)sctnewecs| CROAUY +. sti s0s. 6450 1650) 20.2 Lacustrine,..........| Square break, fine texture, few lumps ‘of 
SE siee eer eae pes eee oe: 580 | 600 | i9:7$ 19.95 : Clay one-sixteenth to one-fourth inch 

| 6210 } 6288 1407 | 1455.6 diam. 
6260 | ie 

| 6540 J 1955 

a ee 

DRY PRESSED BRICK. 

eS 

Crushin; Transverse 
a Col ntceugtbe strength. Absorption Geological Forma- 

No. Locality. Owner. olor. Lbs. per Average. Lbs. per Average. percentage. Average. tion. Remarks. 

square inch. square inch. 

i ...| Schramke......-................-| Cream........ 2180) 336) 18.2 5 Lacustrine...........| Square break, smooth, clean texture, no WO ere i asnineron | Beare 2070 | 334 | iat aoe Stones or holes. 
3210 + 2704 a1! 431.8 | 

3) i 
| i ecules Ch PErIOk: CO. resin desc ip cas (| MOPORID, « tsa 5% 2180 493 32.6 Lacustrine...........| Hard burned. Even, square break, firm 20 Bema uee> eae att 1996.6 al 169.6 sett = Be no holes, fine sand,’ welll mixed. ; 

i 

i SMO Brick Co..-.....-..00-0.-./ Cream........ 1130 275 27.2 9 Lacustrine...........| Softburned. Even, square break, firm. 20,6. Mulwankee oe EE eae a tat 993.3 ais 256 28.7 aes no holes, Ane sand, well mixed. 
12 5 

218 | Black River Falls...| Halcyon Brick Co..........-....] Red ....-+.+.- aul a) ipet 12.9 Pre-Cambrian Shale.| Square break, many grains of white sand. 

| 2220 + 8784 415 f 558 ‘ 
| ey Bi 

355 755 J 

23 HO 4 s0s+ 000. ie Hydraulic Pressed| Red ... ...... 5340) 611) 14.2 Glacial...............| Square break, fine texture, no holes or 
aie reucmonte Menomonie “Hydranlt alee | 5480 | 675 | 15t | 14.35 pebbles. 

190) 5a2 662 | 656.4 | 

| | a8) | # 
Rocasices Kar lesan Brick & Tile Co ... | Cream........ 4730), 621) 21.6 21.5 | Lacustrine...........| Square break, fine texture, fine sand, no zi Grete ieee , 5430 | 664 | nas oles or stones. : 

6050 i 5558. 800 + 702.4 
5610 742 | 
5970) 685 J 

Pes ae Cate pea ae diame ede ate Peas rn ems irs a hse ees ee eSB ea RS eS 3



Oo PART Il. Oe, 

REPORT ON THE MOLDING SANDS OF 
es WISCONSIN. — 

BY HEINRICH RIES AND ms GALLUP. |
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. PREFACE. a 

| 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. a
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- 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 easting 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 size or character of the casting, the kind of metal, or the 

portion of the mold in which the sand is to be used. 7 

For small castings, 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. Oo ce 

Molding and core sands are not always used alone, and one or _ 

more grades are not infrequently mixed together, indeed the | | 

- plending 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 physical 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 increase 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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CO doubtedly a difficult one, but still it may not prove as much 

| - g0 as one might expect. | | . | 
| 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- 

ce terial required for putting the sand through a practical test, Bo 

| : much will be gained. | re 
| . 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. 

_ ss Perhaps the most important piece of work that has been 

Oe 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 chemical 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 publications it may be of interest 

a to quote their results. ees 
a The sands examined by them were divided into two groups, . 

cee viz., Lean and Fat sands. | ae : | 

A, Lean sands. . OS | 
_-‘1, An Egyptian sand used for molding silver; a pure, coarse- 

| vs grained sand, of low binding qualities. | 

os 2. Sand from Sebenstein bei Wiener Neu Stadt which for use is 

| pe mixed with fat sand for the green-molding of iron. Accord- 

| - ing to Sauerwein, its chemical composition was: Silica, 3.5 — 

| | per cent.; CaCOs, 54.6 per cent.; MgCO,, 41.1 per cent.; — 

- oe -FeCO,, 1.1 per cent. The grains were of irregular shape 

a pe and from s-}m.m. in diameter, the finer grains predomi- 

| nating. - | , 

nt ~ * Ueber Formsand. Hannov. Mitth. (1862), p. 210; Berg u. Hiittm. 
mo Zeit. 1863, p. 137; Dingler Poly Jour. Vol. 168, p. 278; Deutsche- 

, Technische Zeitung, Vol. 25, p. 229. | | | a oe 
-  Sauerwein. Untersuchung von Formsand. Mitth. des Hannover- oe 

ischen Gewerbevereins, 1862, p. 222. . | 
| . oo
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3. A very lean sand from Neudorfel bei Wiener Neustadt which si - | 

cs: mixed with Nos. 11 and 12. It contained 88,78 per cent. 

see _ silica, 6.66 per cent. Fe,0;, 2.0 per cent. CaO, 2.6 per cent. 

MgO, and consisted of irregular sharp edged grains from 

zs-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 casting. Grains vary from 7-4 7 

7 mm., the largest being present only in small amounts. a a 

| 6. Sand from Birmingham for iron work, very large visibly sharp- - 

: edged grains, from + m.m.-7y m.m. in diameter. It contains — 

ae 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 4 m.m. also a moderately large number 

| under ; m.m.. It contains 90.25 per cent. silica, 5.51 per 

SO cent. ferric Oxide, 4.1 per cent. aluminum and 0.23 per cent. 

dime. | | 

_ B. Fat Sands. | oe | 

8. Sereened sand from Benter Berg bei Hanover for brass and | 

| ‘bronze molds; composed of irregularly rounded grains from : 

ds to Jy m.m., occasionally as large as 7s 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. | os | 

8. Sand from Verden for gold molding, has grains like the for- _ 

7 mer, the largest part of them being under ;‘5 m.m. a few 

| sb m.m. and oceasionally 7 m.m. It contains 97.46 

oe | 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. | | 

TS 11. Sand from Vienna for fine iron molding containing very many — | 

| grains being under 4 m.m. the greatest in size being from | 

| dy to #s mm. This is mixed with No, 2 for dry molding 
and with No. 3for wet molding. ae | 

12. Very fat sand from Neudorfel near Wiener-Neustadt; indeed . - 

| . go fat that it is necessary to mix with No. 3 for dry molding, | | 

a oo and for wet molding with large quantities of No. 3. It con- 
| ogee tains 55.85 per cent. silica, 15.74 per cent. alumina, 6.6 per 

cent. ferric oxide, 12.18 per cent. lime, 0.99 per cent. mag- oo 
| nesium carbonate and 2.90 water. A few little grains 

| . ds M.m. and many ats m.m. cee
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| 7 | 13. Sand from Fontenay-aux-roses at Paris for fine bronze mold- 

ws ing: grains from 7y to 7, m.m., the large grains being pre- 

: | dominant. It cor *xins 82 per cent silica, 7 per cent clay, 11 

ws , | per cent ferric oxid; and a trace of lime. | cee 

ws 14, Coarse sand for iro1. “oundries containing however a consider- 

| able amount of close fine ,rains. . 
| 15. Fine sand for foundries, much like the preceding, with fewer _ 

a , large grains; | - : 

oe On mixing these sands with water, drying and making compar- 

| ison as to their behaviour sands No. 1-7 were designated as 7 

ee lean sands, No. 8-15 as fat sands, this arrangement being 

according to their plasticity and binding qualities. No. 1, | 
Se | 2, 3, cannot be used alone for molding on account of their 

| | very slight cohesive qualities. 

AL, | Table. 

| | | Chemical Composition. | Mechanical Analysis. | 

- | - | oe lp ae | Fine and 
—INo Per cent. | Per cent. Per conte | Fer cent. | Per cent. | medium 

co "| gilica. | alumina. ||. sand. lfine sand fine sand.| fine to- 
| | ; | qf " . gether. 

. a | 1 Lenecuceesliescecseeel 100 | cocccececalececcececclesecce cece 
: | | Dleccecececcleseecceeeell 58 [rcveeeeeee| 42 42 

, EE OB eee eee. 93: — 4,2 (2.8 7 
| . a 4 86.68 9.28 92.6 |...... cee 7.4 7.4 

| Bi] Df. ee eee fae eee eee | | 82 2 16 18 
8; 6| 87.6 | 7.7 91 15! 7.5 9 

| | | 7| 90.95 | 4.1 85 2.5 | 19.5 15 

vee 8 92.21 4 46.6 38 15.4 | 53.4 
| ao | 9 87.46 3.7 | 34.6 34.6 30.8 65.4 

| ae B11 fcc. eeleeeeeeeeeell 42 49 | 9 58 
— - BLL fee eee ee 24.5 32.4 | 43.1 15.5 

| g jie] 85.85) 16.74) bo) | 18 45 | 
a & | 13 82 | 7 82 | 0.8 17.2 18 

| pS ee ee 79 16 | 5 21 
| FAD Loc. ee cee l ew ce ee eee 09.4 | 26.8 13.8 40.6 

| According to Sauerwein the chemical and mechanical analysis of mold 
| - ing sands hasgiven the above results. From theabove table it is deduced 

cee _ that the ‘‘fatness’’ ofa 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 sands contain 7-18 per cent., and the fat 18-75.5 per cent of fine ma- 
| terial.) —— | Te. ae
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This is practically the only examination of the combined 

physical and chemical properties which the authors 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, ands 

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 oe 

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, 

ss -wiz., 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. 

| ' Requisite qualities of molding sands. Sands used for mold- 

_ ing should possess the following requisites: | . 

1. Proper texture. a | | 

2. Permeability. es 

3+ As Tong a life as possible. | | 

. 4. Moderate refractoriness. | : | 

5. Sufficient bonding power. | | | 

t
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_ Texture. 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. a 

a \ 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 

eS 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- 

S bearing balls, and shaking with a cireular 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, _ 

ao together with the balls is emptied onto the 80 mesh sieve, the . 
ue operation repeated, and so on up to the 20 mesh. With this | 

| method he claims less work is required and the results are more 
ae accurate. a a — | re ) 

Ce The method adopted in analyzing the sands for this report was . 
ag follows: | | ° | Oo 

Fifty grams of the sand were put in an eight ounce’ bottle, 
| | and the latter half filled with water. This mixture was 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 _ 
ae 100 mesh was caught in a jar. When all the water and sus- 

| -- pended matter had been run through the sieves the contents of _ 
oe _ the jar were stirred up, and after standing 45 seconds, the water ) 

: with suspended elay and fine silt was decanted off. More water | 
on was added, the contents of the jar stirred and the decantation 

ae, 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 100-++, and most of it is retainableona150 
mesh sieve, | ae | 

_ Some objection may be raised to shaking the material before | 
sizing, because of its tendency to destroy some of the loosely : 

ae 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 crushed 
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 X XITI-XXV, 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 were | 

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 XXVI 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, a | 

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 a 

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. oe | | 

Size mesh. I. II. III. OO 

7 D0. veececececeeceeee-} 0. -6 0. — .04 0. -12.76 | 
AO ca ccc cee cee eee .16— 9.08 .02- .90 . 72-35 .06 
6 0 .34-42 .00 .04- 2.3 19. 96-56. 24 
80... eee eeee tere ees| 19-11.64 02- 2.2 4.92-11.76 | 

100... cc. eee eee eee . 18-39 16 .12- 1.84 3.24-30.06 
7 WOOF. ...eseeseeseeess] 12.76-76.86 |  46.98-87.02 1.54-37.32 | 

Clay .............000- .386-35 52. 11.92-52 .64 . 4-18.26 
Fineness eesereeeeees| 60.89-99 .36 | 100 .00-94 .07 | 31.76-74.41 | 

, I. Sands for general work. . 

II. Brass sands. | | 

| _ TIT. Core sands. Oo
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| _ An examination of the above figures shows that the fineness of 7 
Ee each group varies in two cases at least, between rather wide lim- — | 

its, and as we might expect there is some overlap. Thatistosay, 

| | some of the sands used for general work are coarser than some ss 

ee of the sands used for cores. This is however to. be expected. — 
| / No one grade of sands can 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. 

oe In the accompanying table there are given the mechanical : 
| analyses of all the sands examined, together with their fineness. _



| Mechanical Analyses of Wisconsin Molding Sanda. 

“Tab. | | Locality | On20. | on 40. | On 60. | On 80. [On 100.) 100+ | Clay. | Total. |,4Y°- 
| No. /. MOCANY na. jn peo. / jen Yr) S008". |fneness. 

: 1 | Berlin, Green Lake Co. fine core sand l 3.26 | 23.82 8.32 | 26.04 | 37.32 1.02 ; 99.88 83 | | 
B | Dover ....... ccc eee ee cee eve ceeeee| 1,52 8.96 | 28.12 | 7.48 | 14.56; 22.76 | 16.56; 99.96 | 66 — : 

- 4 | Pardeeville, Columbia Co...........].....06. .86 | 23.76 9.50 | 35.76 | 30.22 .36 | 99.96 82 | | 
5 | Pardeeville, Columbia Co........... 1.80 9.08 | 35.68 7.94 |} 18.90; 19.78 11.04 | 99.22 62 
7 | Berlin, Green Lake Co. forsm. c’st’g]........| 36 6.56 3.52 | 21.22) 64.84 2.56 | 99.08 Woy 

| 10 | Pardeeville, Columbia Co...........]........]. 5.92 | 42.00 | 11.64 | 22.58 | 12.76 5.06 | 99.06 62 bn 
| 1l | Fairwater, Fond du Lac Co.........]........| 4.86 | 34.46 8.06 | 29.38 | 22.58 .16 | 99.50 66 hy 

12 | Fairwater, Fond du Lac Co.........{........| 7.76 | 32.82 7.24 | 30.06 | 21.96 .382 | 100.16 66 
7 13 | Port Washington............0..cc.0f.00e0| 94 | 66.04} 7.00] 1584] 6.46] 4.22 | 100.5 a OS 

| 14 | Milwaukee, Milwaukee Co........../........| 40.28 | 41.28 2.92 7.46 5.82 1.48 | 99.24 40 OO 
17 | Berlin, Green Like Co. ............].... 005 16 3.74 1.78 | 10.44} 62.96 | 20.06} 99.74 125 o 

| 19 | Berlin, Green Lake Co. No. 3......|....-...; 1.76] 10.44; 4.50] 14.52] 45.42 | 22.64 | 99.28 | 106 iS 
20 | Wheatland............. ccc. cece eeee| 1.26] 18.94 2.26 | 23.70 | 29.86 8.96 | 15.00] 99.98 76 Qh 
21 | Altoona, Hau Claire Co.... ........ 44 2.82 5.76 1.44 2.86 | 61.96 | 34.46 | 99.74 119g, 
23 | LaCrosse, LaCrosse Co......... 000. 54) 7.72} 18.00 1.94 8.34 | 49.76 | 18.10 | 99.40 86 om 

| - 24 | Berlin, Green Lake Co... ......../........| 1.46 9.78 3.52 | 14.86 | 47.48 | 22.86 | 99.96 103 a 
25 | Janesville, Rock:Co. core sand. ....|........| 4.00 | 28.72] 8.48] 22.54) 21.92) 14.84) 99.82; 78 DB © 

| 26. | Neenah, Winnebago Co ............]........| 2.02 | 20.78 7.82 | 15.96) 38.70 | 14.54 |) 99.32. 90 | 
oS ~ -:28-s«|:~ Berlin, Green Lake Co. No. 2......]........ 54 8.50 5.84 | 19.14) 60.64 4.80 | 98.96} 108 © : 

99 -| Racine, Racine Co..................].....6.-| 1.04 | 11.74] 5.80] 9848) 46.08] 6.60] 99.74] 86 © 
| 80 | Janesville, R. Co. for cores, heavy cast 4 16.54 | 56.24: 5.60 5.20} 2.60) 18.34} 99.92 40 st 

_ 32 | Racine, Racine Co........._... ...[eeeeeeeel = .70 3.54 1.38 7.22 | 49.46 | 39.44 |) 99.74 { 186 a 
33 | Racine, Racine Co.. ... ...........].....00..| 72 | 24.68 | 11.78 | 26.60 |. 19.20 | 16.80 | 99.28 86 Q | 
84 | Neenah, Winnebago Co. brass sand .}........ 56 1.8 2.12 1.00 | 61.74 | 30.66 | 99.88 121 S 
35 | Neenah Winn. Co. sand for m. w.c.*]........{ 1.26 4.26 1.40 5.64 | 52.04 | 35.14 | 99.74 131 a 

| 36 | Menomonie, Dunn Co............. 04 2.74 5.44 82 3.741 76.86 9.16 | 99.30 106 iS 
37 | Marinette, Marinette Co............ 2.08 3.68 | 12.06 4.26 9.22; 39.14 | 29.10; 99.54 92 . 
39 | Madison, Dane Co..................| 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 | 25.20 8.12 | 17.68 |; 21.42} 18.28 | 100.04 70 : 

' - 42 | Superior, Douglas Co...............] 12.76 | 35.06 | 40.56 5.72 3: 24 1.54 A 99.28 63 : 
46 | South Milwaukee, Milwaukee Co...| 6.90 | 11.44 | 27.76 8.76 | 14.10; 12.47 | 18.52] 99.95 | 54 

: 50 | Silverton sand, Kenosha Co.... ....! 1.32 | 14.02) 28.68 5.62; 10.24 , 14.12 , 25.021 99.02 63 bo 
«68s: Near Milwaukee... ----one-csee cess] 1 7.10 | 62.02 | 10.05 10.54 | 6.92 | 2.32 | 100.05] 53 
65 | Milwaukee, Milwaukee Co.........{ 8.56 5.47 | 28.41) 10.61) 27.76 | 22.75) © tr. 98 .55 62 ©? 

*Medium weight casting. .



| ae Mechanical analyses of sands from other states. oS ho 

7 oe Locality. On 20. | On 40. | On 60. | On 80. |On 100.] 100+ | Clay. | Total. average | 

a 2 | Wheaton, Ill... ...... cece e cece eee] 5.99 9.18 | 21.80 5.86} 8.81 | 13.72 | 27.386 | 99.71 58 Ky 

a 6 | Massillon, Ohio .........s.s.+seee--| 3.40] 1.86] 13.52] 11.98) 39.16] 94.66| 7.50] 99.58| 74 : 
gs | Ganesville, Ohio... .......sseeeeeee| 20 | .28]- 56] 14 | 86 | 46.64] 51.70] 99.82! 163 & 

oe 9 | Albany, N. Y ...... cece cee eee eee lesen eens .10 .20 10 -.20 | 71.22 | 28.16 | 99.98 143 le | 
15 | Klondike, Mo ...... ccc cece eee ceeefeeeeeeee| 4.54] 41,98 | 18.78 | 21.12 | 15.76 | 2.66} 99.84 73 oC | 

16 | Zanesville, Ohio... .... 0.2 cece eee [eeeeeeee| 16 84 12 18 | 74.82 | 24.16 | 99.78 140 iS 

| | | 922, | A Mich.’sand used at Grand Rapids,| _— Sf : - S 

| locality UNKNOWN. ....-..-cseeeeccleeeeeesey 1,98 | 21.76 | 6.56 | 14.06) 30.16 | 24.96 | 99.48 93 ©. = 
97 | Rockton, Ill., upper bed............]-.-.--../ 1.12} 10.68 1.86 | 6.82 | 46.38 | 32.86) 99.72 134 Q. 

31 | Rockton, Ill., lower bed ............;eeee eee .90 2.30 .70 1.84 | 74.02 | 19.50] 99.26 129 mo 

. 40 | Kerrick, Minn...................++-| 6.00 8.20} 19.96 6.92; 16.04; 31.72 | 10.30 | 99.14 499 > 

43. | Newport, Ky., No.5 occ. cccc cscs ceeefeceeeees| - 02] 04] 02 | > 14] 77.54] 22.12 | 99.88] 140 SG | 
44 | Newport, Ky., No. 6........ ccc eee lene rene lee ee cees .06 06 .62 | 87.02 | 11.92 | 99.68 132 ® | 

CO 45 | Newport, Ky., No.3........cseeeeeelecee eee] . -06| 84 1.00! 18.32 | 48.56 | 35.52 | 99.30 137 : | 

| 47 | Indiana, No: 3.. ....... cee cece ewes 06 | . .62 | 18.76 9.02.| 23.48 | 33.26 | 138.82 | 99.02 92 g : 

~— 48 | Indiana, No. 2... ... cece cece eee eel eee eenes 94 | 18.18 8.54 | 29.96 | 34.22 7.94 | 99.78 88 | | 

| 49 | Indiana, No.1........ceceeeeeeeeeee} 04 66 | 11.42 | 8.12] 20.64] 35.40! 23.42 | 99.70] 105 = 
51 | St. James sand, St. Joe Co., Mich...|........ .64 | 11.68 2.78 | 16.58 | 43.42 | 24.52 | 99.52 110 oa | 

«BBs: New Allbbanny, Ind... 2.2... cc eee eee fee e eee 10 .20 | 10 .24 | 76.60 | 22.80 | 100.04 139 S 

ae 68 | Dyes Special, Ind .......... 0... .ecefeeee eee] — 06] 10] > 04 12; 46.98 | 52.64 | 99.94 174 | 
Hos 54 | Waterford, Ill., No. 3............... 04 |. .42] | 3.90 1.92 6.12 | 56.72 | 31.02 | 100.14 131 a) - 

| : 55 | Waterford, Ill., No. 4...........066. 04; .06; .12 .06 12} 80.12! 19.22; 99.74 137 S 

56 | Wanatah sand, Valparaiso, Ind..... .26 | 3.56) 26.08 | 10.06 | 17.70] 15.10 | 27.12 | 99.98 83 . - 
57 | B. Y.,No. 1, Hamilton Co., Ohio ...|........ .10 18 06: 12 | 77.50 | 22.40 | 100.36 139 . cos
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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 large 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 ; | 
. CLAY, | | 

ne h ob 6 

go 20-860 

| | ‘Fig. 6. 

Fig. 6 represents the method adopted. On the four lines, - 
a, b, c, d, there are laid off equal distances, corresponding to 100 
per cent. On a@ the percentage of clay is laid off, on b the — 
amount of 100, on c 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 XXTI represent the texture of all the 
| sands examined for this report. In the very fine ones it willbe 

| noticed that most of the figure lies above the horizontal line. be, 
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. oe | | 

| _. Since the mechanical analysis is a rather detailed and lengthy © 
_. mode of stating the texture of the sand, it is evident that if.the
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es 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. oS Cae TSS 

ns This average may be defined as the sum of all the quantities 

| considered divided by the number of separate items.* - - 

Nowifinasand wehave _ a | oo | 

: NY grains of size 8, ao : | 
oo No ‘grains of size BS, wig hy sae | 
COME g a Ba N, grains of size 8S, - COPE : | 

Then ee Oe a ee / : - 7 iehoe | 

| ; yg @_N Sat NoSetNaSeteeee 

| | If the total number of grains is N then Oo ae 

ee Ny-LN, +N, tecee cess eee | 

: | ga N81 + N.S, + N,8, + --- | | aS 

ree | N OOS Rye 

or - oy ee 
= Oo NiS, , NeSe, NsSs 1 cape ee 

| : ON TN +E, Yc een : 

fe But = the fractional part of the whole quantity which 

has a size S. So if the total number is taken as 100 (or pro- 

a portional to 100) CE oe Oe 

| | = = Per cent of size Ss, - 

ee an | - - | oo 

Ae fhe | N= Per cent of size Sy | 

-sTn order to apply this formula to the mechanical analysis of 

ee a sand it is necessary to assume an average size for each mesh. 

| Tn 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. | 

agen ‘This size would then be expressed decimally as .066. oS 

a ~*The method of calculating the average fineness of a sand has been 

---- suggested to the writer by Professor J. 8. Shearer of Cornell Univer- : 

a “sity. rr |
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Fig. 1, Sand from near Madison, Wis. Particles retained on 20 mesh. X 7. By 
reflected light. 
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Fig. 2. Same locality. Grains retained on 40 mesh. X18. By transmitted light,
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Fig. 1, Sand from near Madison, Wisconsin. Particles retained on 60 mesh. X 18. 
By transmitted light. 
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Fig. 2. Same locality. Particles retained on 80 mesh. X 18. By transmitted light.
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Fig. 1. Sand from near Madison, Wis. Particles retained on 100 mesh. X18. By 
transmitted light. 

Fig. 2. Same locality. Particles retained on 150 mesh. X 18. By transmitted light.
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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 | 

ae | 20° 40 _ 937, 

_ 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 an example: | oe Ce ee 
The mechanical analysis of one sand was: | 

Mesh. Per cent. : 
20 oe 44 : | 

a a 40 2.82 oe 
ood | | . 60 . 5.16 
ce 80 1.44 

. 100 2.86 
100 + 51.96 

| Clay 34.46 | 

ee 99.94 
| .0044 « .066 = .00029 

. 0282 & .037 = .00104 oe 
: : .0576 x .019 = .00109 : 

0144 XX .013 = .0009 a 
a 0286 x .011 = .00031 | 

. | .0196 «& .008 = .00415 
a .3446 S< .004 = .00137 

i a. | | .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 XXII that 
the average fineness of the sands examined ranged from 174 to | 
39. | | 

S 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 | :
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a By porosity is meant the volume of pore space between the — 

| grains. | | oe 7 | - 
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 permeability by either gases or liquids 
-_- becomes difficult. oo a a | ee 

| The permeability of a sand might be influenced by three 
| things, named in the order of their probable importance. _ | 

/ 1. By the tightness of the packing. | | 7 

7 _ 2. By the size of the grains. - a i / | 
| 8.’ By the fluxing elements of the sand. — Ce 

| In discussing the effect of 2, two cases must be considered, — 
aon (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. | | 
a Ifa given amount of sand is placed in a cylinder it will oc- 

| - eupy a varying volume of space depending whether it is tightly = 

a or loosely pressed in, and the closeness of the packing may be | 

ss §nereased by tapping the containing vessel. This gets the grains 
| - Into their closest. arrangement, producing the minimum pore 

space. | - a | , ge | 

The amount of pore space produced in this manner however 
oS - is dependent somewhat on the shape and size of the grains. 

| In order to make this clearer it is necessary to assume some- _ 
po: what ideal conditions. An ideal sand would be one composed of 
* _ gpherical, uniformly sized grains, and the amount of porosity 

o _ will be governed by the arrangement of the grains. Thus com- 
- paring Figs. 7a and b the most compact arrangement is that 

-- ghown in Fig. 7b, in which each grain touches 12 other grains | 
| (King, U. 8. Geol. Surv., 19th Ann. IT, 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. Ta the maxi- 

7 mum pore space is developed, and equals 47.64 per cent. 
| It makes no difference, what the diameter of the spheres is, 
a provided they are all of the same size, the pore space will re- 

| | main the same, with the same arrangement. With smaller - 
a spheres however, the pores will be smaller, and hence the per- _ 

meability less. | 7 a .
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Such ideal sands are practically unknown in nature, but fine- 
grained sands are more apt to approach theoretic porosities than 

the coarse grained ones. 

If the sand is composed of grains of unequal size, then the 
small ones will fit in between the large ones, and the pore space 

will be still further reduced. 

In nature the conditions are quite different, and the sands 

commonly found contain not only grains of irregular size but 
sometimes of angular character. 

A 3 
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Fig. 7.—Maximum and minimum pore space of spherical soil grains. After 
ing. 

The investigations of King* have shown that the finer grained 
sands have a larger pore space than coarse grained ones, even 
though composed of approximately equisized grains, and that if 
the grains are angular, the pore space for any given size is in- 
ereased, because angular particles will not pack so well. The 
minimum pore space was obtained by using two sands of rounded 
grains but different diameters, and mixed in equal parts. 

In connection with grain size, there is probably one factor 

which is lost sight of, and that is the state of aggregation of the 

finer grains of the sand, whether they be silt, or clay. If these 

*19th Ann. Rept. U. S. G. S. IL. p. 209-215.
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| are separate, they will pack. much closer, and tighter, than if _ 

oo cemented or bunched together in the form of compound grains. a 

os ' If in the latter condition the porosity of the mass would be 

oe. larger, and the permeability also, than if the grains were separ- _ 
7 - 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- = 
ae 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. oe a 
2 - Other things being equal, sands of vari-sized grains pack closer 

a - than those of equi-sized grains. | a 
_ The decrease in permeability under increased tamping ex- 

wee plains why some good sands behave badly, when packed too |’ 

| tightly, in the mold, refusing to allow the gases to escape, and | 
| causing blowholes. its | | | 

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 indirect one, and is due to | 
| the fact that wet sand will pack denser than dry sand. This - 

closer packing will consequently 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 

a 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 oS 

| importance, since it permits the gases to escape while the metal | 

is being cast. These gases may be given off by the metal, ormay =
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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 escape, and 

- if none is at hand blow holes are formed. 

_. Since the degree of porosity of the sand is therefore an import- 

- ant matter, it becomes desirable to have some accurate 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 a ) 

cu. cm. 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. oe 

The pore space of a given volume of sand can be determined 

by the following formula. | . 

| Vd — W | 
in which: 100 Vd. | . 

a V is volume of vessel in cubic centimeters. | | 

dis 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. oe 

| The best results according to King are obtained by allowing | | 

the sand to run into the receptacle in a fine steady stream. The | 

7 _ elosest 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 1s necessary to hold the tube rigidly. a 

In the following table there is given the average fineness, _ 

specific gravity, and pore space in per cent. of the different | 

- gands tested, beginning with the brass sands and ending with the | 

core sands. 

ee Table showing the average fineness, specific gravity, and porosity of 
| molding sands examined. — a os 

 Lab.f = ns Average: Specific . 
| No. fineness. gravity.. Porosity. 

on 53 | Dye’s special, Newport, Ky. 174 2.50 — 42.45 | 
= 8 | Zanesville, O.............. 163 2.72 44.70 | 

9 | Albany, N. Y.........2.... 143 2,62 44.41 
| : 16 | Zanesville, O.............. 140 eee eee cece laces sees eens a 

a 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- - | oo — 
7 | ton Co., O. .........0... 139 ~ 2.59 42.66 : 

| 55 | No. 4, Waterford, Ind ..... 137 2.66 43.43. 
| | 45 | No.3, Newport, Ky........] © 137 2.61 . 43.09 

32 | Racine, Wis... .....:......f 136. 2.65 44.14 
7 97 | Rockton, Ill.....c..,...... 134 2.56 42,09 

| — 44° | No. 6, Newport, Ky........ 132 2.64. 483,26 
54 | No. 3, Waterford, Ill...... 131 | 2.62 40.43 

7 _ 85 | Pendleton property, Neenah 131 — 2.59 44.62 
| | 31 | Rockton, Hl...........0... 129 2.67 43.58 

: 17 | Fairwater (selected) ....... LD. ee eee weep eens cane tee : 
7 34 | Neenah, brass sand ......| 121. 2.67 44.07 

21 | Altoona, near Eau Claire.. 119 2.67 46.83 a 
| 61 | St. Joe River, St. Joe Co., , | : 

| wd Mich... ... cc ce eee eee 110 2.59 ' 46.45 
| 19° | No. 3, Berlin ...........-.. 106 2.57 42.38 | 

: 386 | Menomonie ...............) 106 2.63 44.95 
ae. 7 | Berlin. ........... 0.0.0 005. 105 vec ceeececeleseeececceee | 

| 49 | No.1, Indiana.............) © 105 2.59 | 45.18 | 
| .- 98s | No. 1, Berlin .............. 103 2.60 39.4 

24 | Berlin. ........ cc. cece eee 103 2.57 | 43.20 | 
Boe 92 | Garden City Sand Co......|  —-- 98 2.59 40.60 

- 47 | Indiana No.3 ............. — 92 2.60 42 .63 
- 37 | Marinette ................. 92 2.50 39.18 : 

26 | Neenah ........... 2... 006. — 90 2.61 44.76 : 
| 48 | Indiana No.2 ............. 88 2.62 38 .00 

ae | 29 | Racine............ 20... 0008] 86 2.60 37.66 | 
“93 | La Crosse ..... cee eee eee ed 86 . 2.69 40.37 

| —~88. | Racine............ 2... 044. 86 2.58 41.16 . 
56 | Wanatah sand, Valparaiso, ot 

| Und oo... eee cee cece eee 83 2:51 43.70 © 
° | 1] Berlin. ...... eee ee eed 83 wee eee eee tees nee c eee 

4 | Pardeeville............ 006. 82 cece cece ccesl eves cece eeee, 
| 85 | Janesville ..... 0.00.0... eed TB be cc ceeds cee cee eee
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Table showing average fineness, specific gravity, and porosity of oo 

-molding sands examined—Continued. 

_ Lab. | | Average Specific - 

No. | | fineness. gravity. Porosity. 

90 | Wheatland, near Berlin.. -| 16 2.51 47.26 

6 | Massillon, Ohio ........... 74 2.58 42.76 

15 | Klondike, St. Charles Co., | | 

|| Ce 73 2.59 34.98 

| 3 | Dover, Wis..............+ 72 cece cece ceteleeencceesees | 

| 41 | Janesville ..... 2... 0... 5006 70 2.78 32.91 

| 11 | Fairwater (selected)........ 68 2.61 ; 982.00 : | 

12 | Fairwater (run of bank)...| © 66 . 2,638 33.90 

650 | Silverton, KenoshaCo., Wis. 63 2.55 — 89.52 . 

: 42 | Superior ............22 06. 63 2.61 © 32.50 © : 

65 | Milwaukee, Wis........... 62 2.64 37.47 | 

5 | Pardeeville............ 2.66) G2 fener cence eee tee ee ee re tere | 

10 | Pardeeville...............-] 62 pececenccccs|eceecescceee 

| 13 | Core sand, Pt. Washington 62 2.62 . 36.23 

46 | South Milwaukee...... tae 54 2.61 38.83 
58 | Near Milwaukee, Wis...... 53 cece cece ccccleceecsesceoe, 

40 -| Kerrick, Minn.............! 49 2.65 33.91 
2 | Wheaton, Ill..............| 9 4 Seen cece cecelecce cece cece 

14 | Ottawa, Ill..........-. 2.28: 40 2.67 34.77 | 

80 | Janesville.................| 40 2.58 — 40.41. | 

| 39 [Madison 0000000 voeeel 39 Jesse teeceeefeeeeeteeee | 

| | ss LIPE 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 ealls 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 iich, and will be correspond- a 

ingly greater with large ones. a | |
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oe : _ REFRACTORINESS. | | 

| A molding sand should be sufficiently refractory to prevent its | 
aes fusing completely when in contact with the molten metal. For | 

_ this reason highly siliceous sands are the most desirable, at the ss 
oe same time a very high percentage of silica is only to be gained 

. / at the expense of alumina or clayey matter and a consequent => 
a loss in cohesiveness or bonding power. The effect of the chem- oe 

-. ieal composition on the refractoriness of the sand is discussed oO 
| under the chemical analyses of molding sands. ero noe 

- _ There is no standard laboratory test for determining the ree 
, 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 
ae of known composition so that its effect on the sand could be de- a 

termined. Means not being at hand to carry out this test, the 
oe _ next best plan seems to be to mold the sand into cubes and heat oe 

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 a 
_ 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 lb. 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 
S 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 _ : 
a and decrease the absorption. Since it was recognized that the 

oo amount of tamping the sand received, and the quantity of water 
used might affect. the density, four mixtures were made up as 

follows: . eS 
ne 1. Water taken 6.6 per cent., number of blows, 3. as 

. 2. Water taken 6.6 per cent., number of blows, 9. : | | 
8. Water taken 13.2 per cent., number of blows,3. _ | 

8 4, /Water taken 13.2 per cent., number of blows, 9. | 
oe The results obtained are given on pp. 218-219. | | |
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Fig. 1. Fine core sand, Berlin, Wis. Particles retained on 20 mesh. X18. By 
transmitted light. 

Fig. 2. Same locality. Grains retainedon 40 mesh. X 18. By transmitted light.
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.Fig. 1. Fine core sand from Berlin. Particles retained on 60 mesh. X18. By 
transmitted light. 
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Fig. 2. Same locality. Grainsretained on 80 mesh. X18. By transmitted light.





WISCONSIN GEOL. AND NAT. HIST. SURVEY. BULLETIN NO. XV., PL. XXV. 

Fig. 1. Fine core sand, Berlin, Wis. Grains retained on 100 mesh, X18. By 

transmitted light. 

Fig. 2. Same locality. Grains retained on 150 mesh, X18. By transmitted light.
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The figures given in the table are not without interest. | 
If we examine the Ist, 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 used 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 ecorrasive action while being poured into the mold. Pure | 
- gand, has little or no tensile strength, unless very finegrained | 

when it may eohere slightly if moistened and packed, clay alone 

has a comparatively high strength, and the amount of bond will 7 
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. |



| ee | a | Refractoriness tests of molding sands. | | : a = 

oo No. ot | | per ot. |A ) O | | ine er ct, | Per ct. |Approx.| 9, 99 Ion 40'0n 60IOn 80| C2 | Aver.|Pr ct. | 
| Locality and uses. blows | water |absorp-| fire | 100 |100 +.) Clay.| fine- | poros- . 

a | with | taken. | tion. | shrink.| ™ esh. /mesh./mesh. mesh. mesh ; : y ness. vaity. a 
Bo hammer} ses en : 5 

--. Zanesville, O. Used for (| 3 : 6.6 23 rrbngeat ) | : S , 
heavy malleable iron); = $§ 6 8 | Q g4 , : Y | 
and other large ost 3B | 18.2 3 |... ee r 1.32 11.18; 33.40) 4.29) 6.64 9.84! 32.82) 67.3) 35 5 | 

ings. ot 9: 13.2 | 8 0 |). a | : Q 

{ 3 6.6 | 30 ceceeeeef |. -_ E Oe 
. Zanesville, O. . 9 - 6.6 25 1 | | | 

Brass sand. 7 3 13.2. ae 2 02 45) 2.02 .42| .86] 80.36) 15.06) 125.9) 43 . S 

Oo rn ee ee ee ee ee | | | 

_ re (|. 8 6.6 24 veegeeed) | | - | | y | 
| Zanesville, O. | id. 9 6.6 20 | |: 19° | | Mapper Os 1 8 | asf) 38 4... E F-19060] 8.08) 4.75] 12.70) 58.73, 19.12 111 | 37 = 

_ 9 | 23.10} 11 9 ; yo i ; So | 

nati O (| 8 6.6 18 ogee) poof 8 
~ Cincinnati, O. 9 . LS a oO . Pine hens sand, 4 3 139 59 |b 08] 12 18 10| 28) 77.88] 20.28} 138 | 45 P . 
a — U9 | 2.) 7 3 | , 
et | 3 6.6 28} 10 )) _ | an 

: Fine sand. os 9 — 6.6 1.7 10 | | | Hine ead. Brow. 9 3 de) nag \ .10 a 9g} 12} 1.18) 64.94 20.78 146 | 42 | 
oe ) ) Ug | 13/2 ol wo SJ Po an 

Mea cicona. {| 8 | $8] BY > || oa | | | | gee Medium grained sand. |} 6.6 | 8.99) 49 3¢! | | Whitehead Bros. 3 13.2 13 o | .94 | 3:28) 19.38 4.42) 9.04) 49.84] 12.18) 86 ao | 

: a | 18.2 8 0 J . | 

| C 3 3 6.6 18 0 | | 
oarse sand. 9 6.6 |e | : 
Whitehead Bros. 3 13.2 11 9 8.66 | 10.24 32.58) 4.12 8.38) 23.10) 11.70 51.8 34 | 3 , 

| 9 13.2 5 | 0” a | 

| Fine sand. ( 3 6.6 a7 0 7 5 | 
‘Raritan’ Ridge Clay 9 |} 88 | Grambbled | 3.44 | 12.40] 25.84} 6.60) 19.12) 24.50] 7.28/50 | 30° & 

: Co., Metuchen.N.wJ. 9 13.2 99 0 . : 8 

Com: ; 3 6.6 | 19 | been aee . 
oarse sand. | 6.6 1€ a | : Same firm. 3 13.2 8.4 | 0 24.2 | 22.50) 14.36 2.78 4.24) 11.19 19.20 66.1) 33. E | | 

. he 9 13.2 8. 0 7 8 
| | | PR 

Meai : 3 | 6.6 fon) 9 |) | S 
edium sand. 6.6. 31. 0 o4l 1m | 2 | Same firm. 3 13.2 16 0 r 3.96 | 7.50) 18.48) 6.34 15.30 s1.68 21. 18.0 39 < 

| 9 | 132] 9 | o WJ | | < 

wt : | 3 | 6.6 | Crumbled }) | S 
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The moisture content should not be in excess however, otherwise 
a the sand will pack too densely. With clay, the amount of co- 

herence will not be seriously influenced by the amount of moist- 
ee 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. oe 

Where the mold is of complex design it is obvious that a 
stronger bond is necessary than for simple patterns. In such | 

Be cases it may become necessary to increase the bond by the addi- 
tion of some binding material = ae 

| ee 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 
Be 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. oe 
While the physical properties of molding sands are of preemi- 

| - nent importance, the chemical properties of the sand should not 
oe 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 analysis 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 clay present. The analy- 

| _ sis will furthermore indicate the amount of fluxing impurities, 
such as iron, lime, magnesia, and alkalies which the sand , 
contains. | ee 

7 In most published analyses the percentage of the last fouris , 
_ very low, but in some of the Wisconsin sands the lime and even 

magnesia occur in appreciable quantities. | vee | 
| The allowable limits of the different ingredients, are not asa 

rule given. | - a ae
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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.’’ _ as 
_ 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 

_ gands for molds and cores. 
Molding sand. ‘‘Molding sand for iron work generally con- 

tains from 75.00 to 85.00 per cent. of silica, 5.00 to 13.00 per 
eent. 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.” 

_ “SATl molding sands usually contain some organic matter, 

generally present in the form of small roots or as decomposed . 
- vegetable matter.+ | | | 

— *“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. | | 

_ “Tron oxide must not exceed 5.50 per cent. in the iron-molding 
| sand, or 7.00 per cent. in a brass sand. a 

| “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.’’ 7 

- *Encyclopedia of Foundry. | a 

{The amount present is generally so small that it can be neglected. -
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Mr. Scott gives the following analyses of molding sands used 

for different grades of work. 
—————— 

Light iren-} Medium | Heavy iron |Light brass 
work, iron work. work, work, 

Silica (SiO,) ......... 82.21 86.85 88.40 78.86 
Alumina (Al,O3)..... 9.48 8.27 6.30 7.89 
Tron oxide (Fe,03 ....| 4.25 2139 200 5.45 
Lime (CaO)... ........ [cee eee cees .50 -78 .50 
Lime garb. {CaOs)s: .68 oy) nusatbees pene 1.46 
Magnesia (MgO)...... 32 81 -50 1,18 
Soda (Na,O).......... 09 -10 SSS WUie IRIN 13 

: Potash (K,O) ........ 05 03 asbeccanelblguicie ere .09 
Manganese(MnO) ....|............ tr. 25 tr. 
Combin’d water(H,O)! ° 2.64 1.68 1.73 3.80 
Organic matter...:... -28 15 04 64 
Specific gravity ...... 2.652 2.645 2.63 2.64 
Degree of fineness....| 85.18 66.01 46.86 | 94.88 
—_—___——— rr 

Mr. Scott says further, that ‘‘so far as chemical composition is , 

concerned, any one of the above sands could answer fairly well 

for nearly any class of work, but it is absolutely necessary that 

: the proper degree of fineness be considered. 

CORE SAND. 

‘ ‘‘As a rule a core sand should be high in silica and low in 
alumina.’’ A sand low in alumina will permit of the rapid es- 

eape of the gases whereas a high alumina or a clay sand bakes 
and holds back the gases. 

The two following analyses, although radically different, are 

good core sands, due entirely to low alumina and iron.’’ 
ee 

Extra quality | Fair quality 
core sand. core sand. 

Gilica. (SIO4) si < S.sciew, spouses coasae veges 94.30 69.31 
Alumina (Al, Oy) sive. cscs wanes sesiswap ess 1.95 4.76 
Tron oxide (Fe,0,) .........ssscscssese eee 133 1.58 
Lime varbonate (CaCO ) ........ce cece eee 1.63 3.50 . 
Lime sulphate (CaSO,4).... 2... cee c eee cee elewee cece scenes 8.19 
Magnesia(MgO).........ccccce cscs sese sees 54 TTT 
Alkalies (Na,O, K,O)...... 20-0 .2ceceee eens .05 12 
Combined water (H,0) .......s00scssseseee 105 2195 
Organic matter.......-eeee eres seer eeee rene 15 1.82 

Neen
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: ‘‘The effects of each of the elements commonly found in sands — 
. areas follows: | | | 

Silica as a refractory element, does not shrink when heated, 
| cand 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 element of the ‘clay, but has a high shrinkage, and 
therefore too much alumina makes the mold bake dense. = | 

‘‘Time is a fluxing element, and if present as carbonate, loses” 
its carbonic acid and makes the mold more porous. The conver- 
sion of lime salts into oxide, causes the mold to drop or crumble 

if they are in excess. | 
: “Tron might be present in the form of ferrous oxide, ferric | 

oxide, hydroxide, or ferrous carbonate, which may be converted - 
- into ferric oxide by heat, although it is probable that those por- | , 

_ tions nearest the mold are changed into ferrous oxide. It acts as 
a fiux. es | | 

‘“Magnesia is probably like lime in its fluxing behavior. _- os 

“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. | oe 

| ‘‘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 sources. | 

| I. : IL. se | V. - em 

Silica (SiO,) .......{92.083/91. 907/92. 913:90.625] 81.50] 84.86! 82.901 79.81 | 
Alumina (Al, O,) ..| 5.415) 5.683) 5.850/ 6.667) 9.88! 7.03! 8.21] 10.00 
Ferric oxide (Fe,O;)| 2.498} 2.177) 1.249) 2.708] 3.14, 2.18! 2.90! 4.44 
Lime (CaO) ........ tr.| .415 tr.|. tr.| 1.04 .62 .62 .10 

, Magnesia (MgQ)....)......)...-.-[eceeeeleesces 65} = .98; 0.00) .88 _ 
Potash (K,O) 2.2.2.0)... cele ce cele c cece lec ee eel eccccclesscccleccecclecccce 
Soda (Na,QO).... ccf e cc eee fe wee elec cece lence cel occeccleccccclecccccleccec. | 
Water (H,O).......[.... 0. f. 0. ee efeweeee[eeee-| 3.00) 2.20) 2.85) 2.89 | 
‘Org. ce tr. . |



| 994. THE MOLDING SANDS OF WISCONSIN. oe 

| I. Sand from foundry of Freund at Charlottenberg .. } Kampmann | | 

| II. Bronze sand, used at Paris: ... 2... .... 2... eee eee oe Vol s : 
IIL. Sand from Manchester ............ cece cece cece cece VIL. 689 oO 

| IV. Sand from Lagua foundry at Stromberg ........... | 1895. Peete | 

| ON, Fine sand .... we cee cece eee cees cess screceeecces | W, Ferguson, | 
| VI. Sand for medium weight castings. ........ ...cee- ( Tron Age, 

VII. Coarse sand for heavy castings .................... { Vol. LX, p.16. 
| | VIII. Sand for heavy machinery in dry sand molds...... } 1897. _ mo _ 

These analyses, it will be observed all show a high percentage a 
: of silica, since most of the sands used are of siliceous character. — | 

| a They do not however show the variations in composition existing , 

| in molding sands. a er eS : | 

7 ‘These are well brought out by a few analyses made for this  __ 

report. 7 | : os 

| | a ee | ave | ove | vin. | van. | Vian. 

| Lab, No........----| (23) | (67) | @8) | @D | 4 | Be) | 42) | (9) | 
. Silica (SiO.)........| 88.52) 79.41) 90.68) 57.63) 44.24) 80.35} 87.47) 79.61 

ve Alumina (Al,O3)...| 5.63) 12.47) 5.95) 10.03] 11.89} 11.57) 6.59) 11.21 : 
| | Ferric oxide(#e,0,). 88 80 .48)  .88) 1.44) 1.04 .80| 2.48 

Lime (CaQO).........} 1.20). .99 .69) 11.16! 13.71} 1.33! 1,18 74 
Magnesia (MgQ).... 83; =.81) 44) 5.63; 5.90 .66, 1.10; 1.07 
Ignition.......... a 2.65) 3.96) 1.05) 14.66] 18.49) 2.45) .60) 2.65 

. Alkalies(Na,O,K,O),...... | Not deter mined] 

One — Potal ..... | 99.71 98.44 20.29) 00.00 95.67] 97.40 91.14) 91.16 

7 | I. Core sand, Miltniore quarry, J anesville, Wis. | 
| | | II. Upper bed, Rockton, fll. — oS | 

IlI, No. 2 sand. White and Traugott Pit, Berlin, Wis. 7 
TV. Lower bed, Rockton, IL. | og 

- -YV.. Brass sand, Pendleton Pit, Neenah, Wis. | oe | 
VI. Sand from pit of Menomonie Hydraulic Pressed Brick Co., Me- | 

- ° ~ gomonie, Wis. | - a | 
| VII. Lake sand, Superior, Wis. _ | | | 

- VITY. Fine sand, Albany, N.Y. 2 | | 
| — -. Analyses I-II by F.L. Gallup. — 

| | me Nos. ITI-VILE 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, areof 

interest as showing the great difference in composition which _
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Fig. 1. Fine core sand, Berlin, Wis. Grains retained on 60 mesh. x7 By 
reflected light. 

Fig. 2. Same locality, clay grains. X18. By transmitted light.
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Fig. 1 Sand tubes, retained on 20 mesh. 7. No. 4 Waterfordisand, Valparais 
Ind. » By reflected light
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may exist in different beds of the same bank. The others are 

mostly of siliceous character. | A | | 

_. 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. a 

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... sige 60 80 | 400 ‘004+ | Clay. | 
Sillea (SiO,)................] 95.92 | 94.385 | 94.66 | 91.06 61.54 
Alumina (Al,O3) ............] 1.29] 1.47] 1.47 4.57 | 93.16 | 
Ferric oxide (Fe,O,)......... .56 .06. | 40 | .80 1.60 
Lime (CaO)..... 20. ........ 10 04). 384! .72 1.37 | MgO & Alk. By. diff.........{ 2.18 : 3.58 3.13. 2.85] 4438 
Loss, ignition. ..............1 Unde ter min e/d. 7.90 a 

. Total ........0 202. - 100.00 | 100.00 | 100.00 | 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. a 

MINERALOGICAL COMPOSITION. 

The mineralogical composition of the Wisconsin molding 
_ Sands as well as that from a number of other localities is re- Os 

_ markably monotonous. A microscopic examination was made — | 
_ Of all different sizes obtained in the sieve tests, and in nearly all | 

_ ‘with the exception of the clay the predominating mineral was 7
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= quartz. This sometimes formed 90 per cent of all the grains in 
wee the sample. The grains are mostly rounded, and while those on 

oy the 20 and 40 mesh were often quite free from iron the smaller 
: sizes often exhibited an abundant stain of limonite. Compound _ | 
| grains of quartz sand cemented by limonite were by no means | 

unccmmon. In addition to quartz, feldspar mica and even © 

oe 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 calcium carbonate. 

— In a few, the grains retained on the 20 mesh were not simple | 

| minerals but small fragments of rock, such as sandstone, quart- 
_. gite, 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. : | 
peas After examining this large number of samples under the mi- oe 

—— eroseope, one is forced to the conclusion that very little is to be 
. gained from such an examination. | | 

oe | - 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 crystalline 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 a mass of highly siliceous sand, which is composed almost en- — 
a  tirely of rounded quartz grains. At many localities where the — 

-——_- gtone 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 
.- gondition. | - a 7 SO 

| Sedimentary sands and loams are much more abundant and | 
a 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 - 

velocity 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, care 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 

-. elay lumps scattered through them. | 

7 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 an 

| 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 practical value it 
becomes a comparatively easy matter to collect samples from all 

available localities and put them through a rapid preliminary — | 
examination. | 

os DETAILED ACCOUNT OF THE SANDS EXAMINED. ee 

Introductory. There are about 150 foundries in operation in 
Wisconsin, some of which are of large size, and consequently — 
consume large quantities of molding sand annually. 7 

Nearly all of these use Wisconsin molding sands wholly or in - 

part, but a few obtain their supply entirely from other states. a
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a In order to ascertain to what extent Wisconsin sands were _ | 
a used, and what advantages lay in the use, in part at least, of 

| - sands from other states, a letter requesting information was ad- 

ae dressed to the different foundries in the state. Replies were re- aan 

—--— eeived from 110 firms, out of a total of about 150, andasummar- 

| ized statement of the replies received is not without interest. a 
The value of the molding sand purchased by 110 firms durmg = =~ 

the year 1904, amounted to $89,882.00. Of this amount $44,- | 
| 113.00 was reported as Wisconsin molding sand and $45,769.00 

as sand obtained from other states. eee oe 

- 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, 

ee dairy machinery, horse shoes, saw mill machinery, gas engines, 

| letter presses, coarse hardware, ete. oe 
| Those objecting to Wisconsin sand, included producers of 

—- gooking ranges, light dairy machinery, fine agricultural imple- | 
| ments, office and school fixtures, farm machinery, grey iron and 

| . erucible steel castings, and fine hardware. oe | | 

| As the details of the replies received from the various firms 
are to be regarded as confidential, only general statements can 

| _ be made here. | og? | 
A eareful 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 
ee _ 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. _ | . | 

a - Instances were found of two factories at different localities 
: making the same line of wares, but one using Wisconsin sands 

oe with good results, and the other pronouncing them worthless. In | 
7: such eases it was found that both had not tried the same Wise 
— gonsin sand, but purchased their supplies from different loca- 

- tions ee | 
| _ 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 | Oo 

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 clay 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. | . 

as 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 
- deseriptions are based partly on the laboratory examination and 

partly on replies received to inquiries. _—. ; | 

ee es Ilinois. — Le 

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, ete. 

Its mechanical composition is | | 

| | - Per cent. 
| Mesh, retained. | | 

(20 cee cee cece caeecceeseaeeeeeeaecaenseetecsanceveusaees 04 | 

Ce 2 56.72 | 
(Cay... cee tee eee tee eee eet tent teen cee eens 31.02 

‘ eke Dotdleoeeseeesesseeeeeessseeeestseeeeeseseeeeeee] 0018 | a 

, Fineness, 181; Specific gravity, 2.62; Porosity, 40.43.
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a The other sample known as No. 4 grade (Lab. No. 55), is finer | 

oe grained and claimed to be excellently adapted for castings of 
malleable and gray iron and brass. | Oo 
Its mechanical analysis gave: | , 

| | ) - | Per cent 
| oe Mesh. | retained. | 

| Qe eee ccecccscsesecccesaeeveeteevecereerevertereereeesf OL 000 | 

oe WOOF ieee cee cece sete cece test seeeeeeeceneessf 80.12 | 
| CLAY cece cee center eteeeterectseeetetee ceed? 19.22 s 

a sae 1 rr ed 

oe _ -Eineness, 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 _ 

oo the more calcareous, 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 clayey matter by percolating surface water. | 

oo The top bed is used for medium and heavy casting and the bottom 

for light gray molding. The mechanical analysis of the two 

: —- yielded. ane : | OO 

he oe | Top bed. | Bottom bed. 
ce , oe | (lab. No. 27.) | (Lab. No. 31.) 

Mesh. | a, to | 
: a Co Per cent. Per cent. | | 

| | retained. — retained. | 

0k cee eeedeateeatetaeeeesssene| 0.0000 | 0.00 | 
| AO Looe ecw ce cate cece teeter en ees 1.12 20 
| CDi ei ce cece veeeeeee sees eeea cen eneed 10.68 280 

LOO Loc cece ce ees cet e tere ee net eeeees 6,82 ro 1 84 | * 
_ YOO cc cee wee cee cere eeecee] 646.38 74 02 

Clay cece cece cece cece cece cepe eee seeeus 82.86 19.50 
| Total... 0... cee cee ccc ee tee ees 99.72 99.26 

: Fineness .... 2... 6... ec cee cee eee 1340 0— 129 oe 
a | Sp. SIAV wo cc eee cece eee cece eee cee eel, 2.56 2.67 oo 

| Porosity 1.0... cee eee cece eee eee enon] 42.09 — 43.58 |
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Partial chemical analysis. 
Gilica (SiOg) ....-e eee eee eee cece ee ee nel” 79.41 57.63 | 

Alumina (Al,O 3) ......c0seeeeeeere ees 12.47 10.03 
Ferric oxide (Fe,O,) .....-.. sence cess .80 88 

Lime (CaO) . 2... cee ccc cece ecco enact | .99 11.16 

Magnesia (MgO). ........ eee ceee ee eees 81 5.63 

Ignition... 2... .... cee cece eee eee oe — —- 8.96 14.66 

eee 

These sands are shipped to a number of Wisconsin foundries. 

Indiana. | oe | 

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. 58). A high grade, fine, strong — | 

a and rich-colored sand, used especially for fine malleable brass or 

~ gray iron. The mechanical analysis yielded: . 
nn nee 

. Per cent. 
| Mesh of sieve. retained. - 

D0 cc ccecuceccecscceeececeenccsesceccenceseceeceeeafeeseneettgeeee | 

(0) ES en 
52.64 

Total ....cc cece cece vets cece cee ccee cece seen eeeeceee 99.94 | 

‘Fineness, 174; Specific gravity, 2.50; Porosity, 42.49. 

2. New Albany, No. 4. This (Lab. No. 52) is claimed tobea - | 

| more open fine sand than the the preceding, and used for malle- | 

able brass, gray iron and high grade stove plate. Its mechanical 

‘eomposition was: | . 

ocean ean 

| | | . Percent | 
Mesh of sieve. retained. | 

AD. oc cece cece cece cece cece tees rene eee ence recess sere sees MW 

oN eee eee eee eet ceee eee eee eeen 200 

Clay... eee ce ceee cee e cece tees cece cern rere cess ecce secs cees 22.80 oe | 

Total ....-cccccecsecececeeesseceteceseseeecsseeeee! 99.04 : 
fp 

A A 
: 

Fineness, 139; Specific gravity, 2.66; Porosity, 41.31.
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7 ln Oe | 8. Indiana No. 1. This is a strong red loam sand (Lab. No. : 
os 49) of medium texture and the following mechanical composi- 

os tion : : . i 

| | | ; oo Percent oe | | Size of mesh. | retained. 

QO... eeee cece cece cece teceeaeeeseeeceeseteecatrneereecdt 04> , 

BD aca e vanadate ceed ceneceee Cage been ep TS 8.12 oe , 100 ee eee eee cece ee ee teee eee cee teteeteettereeeeseee| 20-64 0° — 

o ee Total... eee settee cee teeeeeeee tere eeee eee] 99.70 

| os 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: | Tapes | 

| ee OE Nas - a me -Per cent. - ae Sine of mesh. | retained. 

MD En nn LL 94 
: BO ee cece cece ee cee cee eee ete cee cenetuteteeeeecs 8.54 ca | 100 eee ce cece eee cee eeet tees ster tseresse ese) 99°96 | LOO eee eee cece cece ceee tees seen seer eset nec cece) BA 93 . oe Clay. eee cece cece eee eee cece eee cere sees teen ne en eae 7.94 

| TOAD reece cece e eee eee eee eeeeseee ees! 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: | : 

1: | | Per cent. Size of mesh. ~ retained. 

Olay... ce cece eek eee e ec ree teen tect nese tenneneee es 13.82 | 

| BORD seoseeeeeetene cess eeendignientene ners esie see 99.02 “ 
as = SEER — | 

__- Fineness, 92; Specifie 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 used for various classes of medium and heavy work, where 

large cores are used, such as large pipe, fittings and structural | 

iron castings, etc. It is claimed to have high permeability. A _ 
mechanical analysis gave: | | 

| | Per cent 
Mesh. | | retained. 

| gy | 

0 eee ceececccecenccceccctcssecectececacncesenseeee? =, 960000” 

| YOO Lee cecc cece cece cccecccecccceessccceceercsceescsveesee| 17.70 

Clay ccc ccc cece cece cee cee tees ween eee cane neee sees sees 27.12 © 7 | 

Total 0.02... ..c ccc e eee cece cect cece eececeesescees| 99.98 | 

Fineness, 83; Specific gravity, 2.51; Porosity, 48.70. = |
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| Kentucky. | oe | 

: Several important grades are obtained from the neighborhood 
_ of Newport, Ky. Among these the following may be mentioned. . 7 

| Newport No. 3 (Lab. No. 45). A light yellow open sand, for 
| light machinery and malleable castings. — | | | 

Mechanical analysis: ee oe a 

| Do | Size of mesh. S | Per cent. | 

GO occ cece cece cece cece eee tees tebe eee sete tee eeen ees 84 

WOO coils cc ccee cece cecccccecceeccesseveveeeuseeseun sees 43.56 : 
. a Clay. ccc s ccc cece ccc e cee meee teen eee eect eee ee ee tees tees 35.52 

_ | Dota ees eoebecssssssneecesnsnsseeceesssesey 99.30 | 

Fineness, 137; Specifie 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: 

oS Siuo of mesh, Peremnt. 

AO ec cee cee een tees cee eee ence eee ones eens sane ceetl ones eens scenes 

| Oc .06 

YOO ccc cccc ceca cccu ceca cece cece sees cece seueeueeuneeeeeees 62 | 

| | . Olay eee ee eee eee eee ee 11.92 

| Total «oo. sess cees cere eeeeeee cere cess ereeeseceee| 99.68 | 
| se — a angers saan . 

Fineness, 182; Specific gravity, 2.64; Porosity, 43.26. = 

oe 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. | | Per cont. 

Clay oo. ccc cece cece cccceeseteseceeteeteteeecessseeeeees| 22,12 | 

| a EY | - 

| Fineness, 140; Specific gravity, 2.60; Porosity, 40.11. oe 

| | 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). Itis.a 

medium grade sand, used in the manufacture of small gears, _ | 

medium weight malleable iron and heavy brass, car journals, 

_ te. The mechanical analysis yielded: 7 | 

| . Percent _ 
| | Size of mesh. retained. | 

0 ee ee bece cece cece ccee cece tees tees ceneceeaeeeeteaee[eeee tea ceeees | 

: LOO 0.0 n coc c cece cet ccc ene cee e cece rene eee rete cece tees 43.42 7 

Clay... cece cc ccc ccc cece cece cect ceesceesseecesecesceees| 24,52 . 

Total... ceeeeeereeereeeereeeteteeereeeseeeeeeecee | 99.52 oo 

Fineness, 110; Specific gravity, 2.59; Porosity, 46.45. :
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os The only sand shipped into Wisconsin from this state, so far : 
Pp 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 general heavy work. The mech- _ 
anical analysis yielded: _ Se | ee 

- | oe i | a | Per cent a os 
Size of mesh. | retaine qos | 

| D0 ee ccec cece ceceecseccececseucceceessenceeccecesseses} 6,00 — oe 
ee 4O ive ecc cece cece ceeecsseessececscecccceesceevsscesceee? 8.20 ee 

CO ieee ee cece cece tert veeeteestecsrscesesevseetersssssee| 19,96 

ae WOO} eee cc eccc cece cece ceseccceccseceecteccccsesececeee{ BL.72 / 
| ay. eee cece cece cece tess tess ttecssersssessseseeef 10:30 | 

| | TOOL oe eesceeeceeeesssseessenteenneeesceee cot 99.14 ae 

| Fineness, 49 ; Specific gravity, 2.65; Porosity, 33.91. See 

| | | — Ohw. — | | 

| _ Several grades of Ohio molding sand are shipped into Wis- 
ae 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- i 
wie ee. chanical composition: = | oe : 

| oe ee a | | Percent | | oe | Size of mesh. os retained. 

7 Dee eee cee cecceucee seve cacecncceueucceecetesaececsbececaeeseeenes 

ee MAY ee cee cee tee e cece eee eee nett enna eee teen aes 24.16 | 

; ae Bit senna pone eeclsegel 99.78 7 | 

‘Fineness, 140. ae oe ae



_-s THE MOLDING SANDS OF WISCONSIN. = 9870 

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 : 

| Size of mesh. | Per cont. 

QO oe eeeeceeecece sees cece seseveseseusseseesasetesserseee{ BAO 
MO oe eee cece cece cece cece ceee cone seen eeeneeensereunratees 1.36 | | 
GO Lo cece cee cece cece tect ceeccesesesececsecess| L152 | 

| Olay... eee ee eee cece cee ee cece eee eee nee tee tn ey 7.50 
oe Total ss rerseeecseeseeeseeeeecesteeeesesesee sen 99.58 . 

Oe Fineness, 74; Specifie gravity, 2.58; Porosity, 42.79. | | 

oO 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 a 
following mechanical analysis shows it to be the finest grained | 
of the series examined. It was: oo 

. | Per cent. oo a Size of mesh. retained, 

Dee cee cee cece sete esse sees eseeseerestesacsutsesesbeeeeeececcccce | 

- Oleg IIIc 77.50 
AY. ee cece cece cee cece cece eens cece ence cone eees 22.40 © 

Total ee seoeseeeeeenssseeeeecetessseeeeen] 100.36 ee 

___. Fineness, 139 ; Specific gravity, 2.59; Porosity, 42.66. | ee a 

| .
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me DETAILED ACCOUNT OF WISCONSIN MOLDING SANDS EXAMINED, | 

Altoona, Eau Claire Co.—A loamy sand (Lab. No. 21) is found 

a on 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 castings, sleigh shoes, repair cast- 

| ings, and sash weights. For all except the last, seacoal facing is 

Cc used. The mechanical analysis yielded: on | 

eS Size of mesh, a Percent 

a ieeertttree ueeeen 0 dd 
GQ ieee cece cece eee eee eee te enee cena ee en eee eee 2.82 | 

: BO occ cece cee ceed cece eee rene eee teen tees rane scene tees . 1.44 

- Boo couunanitcuncannnss 51.96 
CUA ee cece eee eee eee nee e cee n ene s cone ceee an eeerceeeeees 84.46 —. 

| Oo titel cose bese ae sheeted Late 99.74 ) 

a Fineness, 119; Specific gravity, 2.67; Porosity, 46.83. , 

oe - -In addition to this occurrence, sand is also dug by William 

| Crandall for use in the local 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. | | 

eae 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, | : | 7 

ee Berlin, Green Lake County—This is probably the most im- 

| portant molding sand producing locality in the state. The out- 

eee _-- 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 _ | 

| -gand 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: OO | 

Size of mesh. | 1 | 7 19 | 24 28 

AO. ccc cece eee 3.26 36 1.76 1.46 .o4 
GO... . cee eee 23 .82 6.56 10.44 — 9.78 8.50 | 
BO... cee eee eee 8.32 3.52 4.50. 3.52 5.34 
100........ 2.22008. 26 .04 21.22 14.52 14.86 | 19.14 

~—100+.............. 37.32 64.84 45.42, 47.48 60.64 | 
Clay ............. 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. | 1038. | 108. | | 

| Specific ovavity ...].... ccc celee ce cece ec lececeecace| 2.57 2.60 
POrOSILY.. 1... ese feeee sees eefee ee cece ee | 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. i 

| An attempt was made to ascertain 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 | 

- gand at Berlin are: Berlin Sand Co., James Ferguson, White & | 
Traugott, T. W. Wendt, S. Wilcox & Co., W. Michaels, T. Mich- | 
 aels, and H. 8S. Spencer. 

a 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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- | a Evansville, Rock Co. 7 

| ee | Core sand is dug for local use on the property of W. Blakely. | 

oe ‘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 > 

ss W.-H. Hatfield. | | : Oe 

re es Fairwater, Fond du Lac Co. — ee Me, 

- a / Molding sand is dug on the property of John Riemer, in sec- 

- tion, 31, N. W. % of S. W. %, or about 244 mi. from Fairwa- 

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- 

. __ eretions. The deposit is fairly uniform in character, as shown 

eS by the following analyses of which No. 12 represents the run of | 

the bank, and No. 11 selected material. i | 

oe Size of mesh. i ne 

(Egg a8 oe Seo eh SPER ARS oun enefesas ee euch eo” 
QTd iiecscccessceesecseceeel 4.86 | 7.76 

| GO ccc ccc eee cece cance ne cee ease eeee eens 34.46 32.82 
BO. cc cece cece cece cece eee eee ete rene eens 8.06 7.24 

| LOO... cece cece cece cece eee cece rete ee es eees 29.38 30.06 : 

FOO ica cece ueecedeetaeecsee see sobs cees 29,58 21.96 | 
oe - i a .16 32 pe . 

: otal. .cccccesceceecerecseecssecsreseceeees| 99,50 100.16 
— AmeneSS 2... cee eee ease ete ee ee cee eeeees 66 68 

| | Specific gravity... ..... ccc cece eee ee eee | 2.63 | 2.61 

ae | Porosity ...... 0.0 cece cece eee eee tee e eee: 33.90. | 82.00 7 

eS - 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, RS oe | ahh: a 

Fort Atkinson, Jefferson Co—A coarse sand for local use is | 

ie obtained on the property of H. H. Curtis. This cannot be used | 

wf - without seacoal ‘ Bel as ett nS woe 

oe 7 Green Bay, Brown Co.—A medium texture sand for general Cj. 

- work is dug on the property of H. W. Woodruff. | | | 

io Janesville, Rock Co.—The sands obtained around Janesville |
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are mostly adapted to heavy work and cores. The three follow- | 

ing samples illustrate well their general characters: | 

| Size of mesh. 30 - — 44 25 

| QO... eee cccce cece ceeees A — . 1.66 been cece cesenees 
4O. oe cece ene cee cece 16.54 7.70 — 4.00 
GO... wee eee eee eee 56.24 — 25.20 | 28 .72 | 
80.00. cece eee cece eee 5.60 8.12 8.48 a 
TOO... cc eee e eee eee 5.20 17.68 | 22.54 . | | 
WOOF... cee eee cece ee eee 2.60 21.42 91.92 
Clay .. -- ce eee eee ee. 13 .34 18.20 14.84 | 

: Total... cccceesceeeeeee | 99.92 100.04 99.82 
Fineness .............6. 40 70— : - 78 | 

 Specifie gravity ........ 2.58 2.73 eeveeba cesienee: 
, Porosity........-...-.-- 40.41 32.91 Peveeree eer ee ee 

| | 30. Sand for cores and heavy work. | | 
41. Sand for heavy work. 
26, 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 coal. This | 
mixture is then used for castings weighing from 2 up to 60 | 

pounds. | ae 

_ A sand known as the Silverton sand, and obtained in Kenosha ns 

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: . | | 

oe : . Per cent. | Size of mesh. retained. | 

QO. ececetecece cece ceuecesceueceeecaussuuceas seeaeuss 1.32 — | 

BO occ ce cece envecseusectneerceeveceuaeseeeereeneees 5.62 | 

Cay... cece ccc eee cece eee ene cece teen nent eens eeen ceee 24.02 | 

. a Total .. 0.0. ccc ccc cee e cece cece sees sens dese senecece 99.02 | 

ss Rineness, 63; Specific gravity, 2.55; Porosity, 39.52. me 
: | 16 oo oe
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a - 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 = 

ss sufficiently clayey for brick making, at others it forms a loamy = 

sand of the proper quality for molding. Such a sand (Lab. No. ae 

| 23) is much used locally and has the following composition : fe 

. oo CEE, a 7 «J. Per cent. , 
. - - - Size of mesh. oe retained. | - 

Rag SES ee Be Les vag east ebee|s BB | 

BO biel cess crcecertevsvecsaeseterseeeecccsereeeeeh 204 00 | 
OO vic ccc cece cece cee cesecevesetevecenevaceenceeseeeeeeee], 8.34 Ook 

oe Clay... cscs cccccececeec cess ceen sees seeeeeeseseueee eens 18.10 — oe 

Bota ec ce eee eee e ee cee teen nee teas ees 99.40 

Fineness, 86; Specific gravity, 2.65; Porosity, 40.37. 2 

wo - The sand varies somewhat even in the same pit. For core_ ee 

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- 

| | - aeter is well shown by the high percentage retained on the 40 

. and 60 mesh as shown. below: oe ee 

- es | So pei ees Per cent. . 
nes oe es Size of mesh. | | “betained. . 

8D iv ceca ceusatteceetsaectesecsstsststesssstssecees| 10,66 
. AO oes cccccccccccuuete cee euae sete seeeeeee nets ceae eee: 21.98 

, GG ocscecgevctecdneccceseeccasutesedeve seuwasbapoceeacs 6.50 

| | WOOL o.oo ecco cccccccuccnereencecevceecevueueeete teenage 4.12 | 
| Clay oc. cee ee cece cece cece cree cece cece teen nee e teen eee tees 3.66 | | 

oe ” Wotals..ccccecccececcccecccceceectcecetctcessceses] 99.76 | 
| — Bimeness .... oe eee cee cee ete eee teen ence cen cees 3g 

| ‘The finer sands used by Madison foundries are obtained mostly 

— from Berlin. — le ee ee ee aoe |
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oy Marinette, 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. 
i) 

Size of mesh. . | a 

QO eee cece cece cece cece ececeseeussecercestvesenesen{ 2.08 

(a nnn eS 29.10 

ROMA cove eee eresseesteetete tens cene ener erence] “99.54 an 
a | 

Fineness, 92; Specific gravity, 2.50; Porosity, 39.18. 
Menomome, 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. oo 
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 : oo | | 

oe : | gs Per cent. kee Size of mesh. retained. | 

© Qe eie cece eee eesceessesseasceesessaeesaeeaeeesedd 0 Bho 
, + SASASESESEDSRSSISESERERIEETESERI DSRS EEESE SESE EE REESE 5.44 | 

0 eee cee eee nnn ng 3.74 ae 
0) Es 9.16 | | 

Mota cee ects ceee cess sete eetsereeseereees| 99,30 a 

_ Fineness,-106 ; Specifie gravity, 2.63 ; Porosity, 44.95. — a
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os : Milwaukee, Miwaukee Co—This is the great foundry center _ 
oe of Wisconsin, for the number of these establishments located 

| ; here is not only very great, but some of the individual works hke _ | 

_ 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 obtamed. 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 | 
Oo two of these: oo oe 

J, A eore sand from South Milwaukee, which indicates 

| their coarseness. a | 

oe II. Core sand from the pit of the Milwaukee Sand & Gravel — 

| Co. | oes | = ee | 

Pre er eer ener en nee ad 

a an Size of mesh. OE, II. 

oo Weve ceccseccceseseseeeeeceecseeeeseenees{ 6.90 | 3.56 
oe MO cc cc cece cee cee eee e ee eeeneeeeee 11.44 5.47 

| GO. ce ccc ccc cece ac ee ccc cece esessssecece| 20.96 28.41 | 
| BO. ccc ccc cece cece cece rete tere eens eeee cece: 3.76 10.61 | 

: 100.21. lec cces acer ccceeecectsecesecaee| 14.10 OIG 
Pee WOOF cc ccc cece cece cece cece wevcvcescvcee 12,47 22.75 

ay eee cece cece eens crereeeeeerecreseene) 18.52 | tre | ; 

Oe A . pee 99.95 (98.55 
aan Fineness ..... 0... 0 cece cece sweet eee cceeesee| OF 62 

| Sp. QTAV coc eee e cece cee cece eeeeeevecese} 2.6L | 2.64 
| POrOSity 0... cee cece cece ee cece ee be eene aces 38.83 87.47 | 

Neenah, Winnebago Co.—There are several producers of mold- 

ae - ing sand in this vicinity, whose names, together with the known 

cages of the sands produced are as follows: = ne a 
ES. Govert—Sand for general grade of machine casting, faced 

| - with sea coal. eee | : 

Gilbert Jones—Fine sand for light casting. — | oR :
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- Neenah Sand Bank Co.—Sand for general work. on coe 

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. | 7 

| The following analyses will give some idea of the character of = 

the sands obtained in this vicinity. | , 

ee eee 

Size of mesh. Lab, No. Lab, No. | Lab. N OO | | 

0 oovcccccccccecsecececssecleccccccccccses[eeessecesececefecsestenseeee 
MOL cc ce ccc cee cece eee 2.02 D6 1.296. | 

. COL ccc ccc cece eee eee 20.78 | 1.8 4.260 | 

. ! es 7.32 2.12 1.40. | | 

| MOO. ee ene eee 15.96 1.00 5 64 : 

100. 2... eee eee eee eee} 38.7088.70 | 61.74 52.04 aa 

Clay .... cee cees cece ceeees 14.54 _ 380.66 | 35.14 | 

Total SINE] 99 .32 99.88 . 99.74 
Fineness .... 2.2.26. cece eee 90 121 | 131 | | 

Specific gravity ............ 2.61 2.67 2.59 | 

Porosity ........cc0 cece eens 44.76 44.07 44.62 

- No. 26, Collins pit, Neenah. _ , 
No. 34, Brass sand. Pendleton pit. : oe 
No. 35, Medium sand, same pit. 

No. 26, Collin ’s pit, Neenah. — | 7 

| No. 34, Brass sand, Pendleton pit. | | 

~ No. 85, Medium sand, same pit. | | 

|  Pardeeville, Columbia County—Molding sand is dug on the 

| Charmely property 4% mile north of the station and along the _ 

oe 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 occur 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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e ae See oe Sizoof mesh.  —_—- 7 4 an) 10 woe 

0 eeccesevcenscesucce| ceccececceccce 1.80  |.....c.eee cece, | 
MOL ace ee eens cece cece scce 36 9.08 5.92 eee 
GO. cece eee cece eee cee 23.76 35.68 42.00 

/ BOL cece eee cece cece eee 9.50 7.94 11.64 as WOO avec cece cece eee 35.76 13.90 92,58 a . oe WOOL. eee c cece eee e eee. 30.22 19.78 12.76 a . © Olay wie. —.8606~«dE Ok 50 | 
ae Total cece] 99.06 | 99.98 «=| 99.06 : _ Fineness .. .........0.......] 82 | 6 | 62 a 

| | Racine, Racine Co.—This is next to Berlin, the most. important oe 
| _ molding-sand producing locality in Wisconsin. ‘The sands are _ | 
Le 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. Soa aa 
- The sands range from core sands to those of moderately fine a 

grain, but none are as fine as those obtained from Indiana, Ken- a 
_ tucky or Ohio. — A en ae 

, Three analyses given below, will indicate something of the | 
mo _ grades dug near Racine. oe Be | | 

me No. 29 isa very fine core sand. | , 
No. 32, a fine-grained molding sand, for small castings; No. 33, 

ee a coarse sand for heavy castings, = | —o 

| ere ‘Size of mesh. fo 20 32 | 330 vo 

soe. | MO. ec eee eee cece eens? . 1.04 ae 10 12 
eon a ©, 0 a 411.74 | 8.54 24 .68 
os BOL cece eeeeeeeeeeseessef = 5.80 | 1.88 11.78 | | 

| | 1 28.48 [| 7.22 — 26 .60 a YOO ee ccc ee pee ee reas 46.08 | 47.46 19.20 
Clay eee eee ees 6.60 | 39.44 16.300 

Mota eeeeeeeeeeeeeeel = 99.74 | 99.74 99.28 
| Fineness .............000006| 86 {186 86 | 

oo - Specific gravity ............] 2.60 |. 2.65 2.58 | 
| Porosity ..........ceeeeeeeee| 37.66 44.4 — 41.16 aoe |
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The Racine sands are used for a variety of light and 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: © | pk | 

. | Percent — | 
| Size of mesh. | | oy retaine a : 

WD eee cece cece cece cece tees seen esteeeseneeeceersees| 1276 20... 
AOL eee cece ceeee cee cece seseeeeecesecesscrsseeserses| 35.06 a | 

| Clay 2... cece cee cece cece cece cee cu ce cece cece cece cece sees 40 

| Total...... cc cece cece cece cece cece cecseeecsescsee| 99.28 

Fineness, 63; Specific gravity, 2.61; Porosity, 32.50. | 

Waukesha, Waukesha Co.—G. 8. Atkinson, supplies a core _ 
sand to the Waukesha Malleable Iron Co., of Waukesha, asre- 
ported by them. = oy
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| INDEX. 

Absorption, dry pressed brick, 182. Analysis of clays—con. | | 
soft mud bricks, 180. Milton, 141. Oe, oe 
stiff mud bricks, 179. Milwaukee, 72. | | 
test, 178. .  Pittsville, 120. 7 oo 

_ gee Physical test. Platteville, 175. . . ma 
i _ Affeldt’s brickyard, 75. Port Washington, 82. | 

Air shrinkage, 24, 45. _ Racine, 62. 
f see Physical tests. Shawano, 101. : | PO Albany, N. Y., molding sand, 224, Sheboygan, 85, 174. 
. . Alf & Son, 153. _ Sigel Station, 118. 

| Algoma, clays, 98. Springvale, 123. | 
Alkalies, source and effect on clays, 18. Stevens Point, 125. _ 
Allis-Chalmers Co., 244. Superior, 104, 105, 168. 

_ Altoona molding sand, 238. Tramway, 162. . . | 
Analysis, of chemical clays, 10, 13. Viroqua, 146. 

cream-burning clays, 105. Whitewater, 57. : a 
fire clay, 13. Analysis, mechanical, of molding sand, 

. kaolin, 18. 200, 203, 204. | 
molding sand, 220. Antigo, brickyards, 103. oo Bene 
paving-brick clays, 39. clays, 103. a 

. rational, 13. Antigo Clay Co., 103. 
red-burning surface clays, 170. Arcadia, brickyard, 149. 
residual clays, 184. oe clays, 149. 
slip clays, 172. . Art pottery, 108. | | ; 
ultimate, 11. Athens Brick & Tile Company, 158. 

Analysis of clays from various localities, brickyard, 158. | . 
, Arcadia, 150. clays, 158. . 

Burlington, 64, 173. Atkinson, G. S., 247. 
ss Durand, 158. os 

. Hau Claire, 129. Ball clays, 40. 
: - Edgar, 160.. . Barkhausen Brick Co., 94. — 

- Grand Rapids, 116. Barrow, W., brickyard, 138. 
Green Bay, 95. Beaver Dam Brick Co., 144. _ 
Haleyon, 111. Beaver Dam, brickyard, 144. 

a Hewitt, 153. clays, 143. : 
. Iron Ridge, 145. Beck & Co., 244. es Ma, 

| Kenosha, 60, 178. 7 Beloit molding sand, 238. . 
| Manitowoc, 89, 90. _  - | Benner, R. C., 174. | | | 

ae Marshfield; 151. Berlin, clays, 147. 
| Medford, 132, 174. Berlin, molding sand, 208, 224, 238. 

: Menomonie, 164. Berlin Sand Co., 239. Do , 
Merrillan, 113. - Bertel’s brickyard, 88. 

po Milladore, 91, 114, 116. sO Black River Falls, clay, test of, 189. | 

| 

| 
: .
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. ‘Blakely, W., 240. - . Brickyards at, various places——con. 

Blanchardville, clays, 1388. , Menomonie, 162. 

ae Bliesner, W., brickyard, 141. Merrill, 166. 

a Bloating, cause of, 20... Merrimac, 78. 

Boardman, brickyard, 98. Milwaukee, 73. | a 

| pe Boetcher, A., brickyard, 166. Monroe, 53, 139. . 

| - Bolland on molding sand, 221. Neenah—Menasha, 86. | 

Bonding power, molding sand, 217. Neillsville, 158. | 

| ae Borden, L. B., 189. | . - New: London, 91, 93. . 

| oo Boulder clay, 49. |. North Point, 60. 

Brick, burning, 45. - : - Plattéville, 187. : : 

Oo |  eolor, 14. - | |” Portage, 75. . ee | 

. see Physical tests. . Port Washington, 81. . 

drying, 44. | ne Reedsburg, 142. | 

| dry press, 48. | | Richland Center, 141. | ° me 

table of tests, 192. . |. Ringle, 1380. oe 

molding, 44. PE foe . St. Croix Falls, 164. | 

paving, 190. _ | Schleisingerville, 79. | . 

| — gee Paving brick. Co Sheboygan, 85, 1738. 

shrinkage, 45. . - Sigel Station, 117. . 

see Physical tests. a | Stevens Point, 123. | | | 

- goft mud, 43. Surings, 101. ; 

| table of tests, 192. | Viola, 141. 

. | stiff mud, 43. - Viroqua, 145. — . ? 

- table of tests, 192. | Watertown, 68. 7 

tempering, 43. . '“Waupaca, 154. 

‘gee Brickyards, Clays, Physical tests. Wausau, 160. | . 7 . 

| Brickyards at various places. Whitewater, 55. _ a — 

a Antigo, 103. | | Whittlesey, 166. | 

Arcadia, 149. -Brickyards of various owners. 

— . Beaver Dam, 144. = | H. A. Affeldt, 75. oo 

Burlington, 62. ee {| Antigo Clay Co., 103. Do 

| Cedar Bend, 60. — | _ |. Athens Brick & Tile Co., 158. 

Chippewa Falls, 165. : Barkhausen Brick Co., 94. 

Cuba City, 186. — Co | W. Barrow, 138. a 

. Durand, 156. we {| Beaver Dam Brick Co., 144. 

Bastwin, 88. — . > | Bertel’s, 88. 

Edgar, 159. . | Bliesner, W., 141. 

| Edgerton, 54. . 4 Boardman, 98. 

— Elkhorn, 57. a — Boetcher, A., 166. 

: - Fond du Lac, 147. - |. Burlington Brick & Tile Works, 173. > - 

- ‘Forestville, 102. Burnham Bros., 73. — 

Fort Atkinson, 70. — | | H. D. Buss, 78. | 

| Grand Rapids, 118. a _ W. 4H. Carter, 86. | 

Granville, 71. . - Central Wisconsin Pressed-Brick Co.; 

Lope 7 Green Bay, 94, 154, 173. — : 150. | | | 

| | Horicon, 77. | "| Chase Brick Co., 73. : 

| Independence, 149. 4 Chippewa Falls Brick Co., 165. 

Janesville, 141. — | : 7 L. H. Cordes & Co., 68. | : 

Jefferson, 65. 7 . | Graney, W. J., 58, 173. Te 

| ‘Kaukauna, 94, | J. Davelaar & Sons, 73 

Kenosha, 58, 173. a - Dombruck, August, 164. a 

7 _ Kewaskum, 79. — | | Door County Mfg, Co., 102. 

| ‘Lancaster, 138. : | Dorchester, J. T., 156. 

a La Crosse, 148. Oo Duck Creek Brick Co. 94. So 

. Lake Shore, 60. | | SO Douchateau Bros., 154. 

_ Madison, 64. : | | WHiserman, A. H., 154, 173. 

Manitowoe, 90. - : Elkhorn Brick and Tile Company, 57. | 

— . Marshfield, 150. ey . Excelsior Brick Co., 162.
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Brickyards of various owners—con. ‘Brickyards of various owners—con. : 
Fort Atkinson Brick Mfg. Co., 70. Stevens, D., 64. | 

' Foster, S., 145. Stevens Point Brick & Construction 

> Freeze, F., 54. - : Co., 123. | 7 
Garske’s, 160. F. Storm, 98. 

Gminer, C., 154. Whitewater Brick and Tile Company, | , 

_ Grabowskie, Ed., 103. 55. | 
| Grand Rapids Brick Company, 117. Whitet Brothers, 54. 

Green Bay Brick Co., 94. Wisconsin Brick and Tile Company, 

| Grindell Brick Co., 137. 71. . 

Gunther Bros., 81. Wisconsin Red Pressed Brick Co., 162. 

| Halbersleben, 142. Zerrener Bros., 91. — | . 
Christian Hansen, 94. A. Zimbal & Sons, 85. 

H. G. Hass, and Bro., 147. QO. Zimbal Brick Co., 178. 

,  €. Heise, 101. F. Zurheid Brick Co., 85. 
| Heister, Bauman, & Schober, 53. Brownrig, J. W., 73. 

’ Hertsfeldt, J.. 149. - Bruns, C., 241. 

| Hill, T., 159. - | Buckley, E. R., quoted, 49, 50, 52, 93, — 
: John Hockey, 94. 112, 127, 146, 171. oo 

Janesville Red Brick Co., 141. Burlington Brick and Tile Company, 62,. 
Jefferson Brick and Tile Company, 65. 173. . | 
Kemmeter Brothers, 65. Burlington, brickyard, 62. 

| Kempner’s, 136. clays, 62. 
Kierweg & Heck, 98. molding sand, 239. 

. P. W. Kortemeyer, 79. slip clays, 173. . 

- Kraatz Brick Co., 73. Burnham Bros., 73. . 
‘Kuster, Bauman & Schober, 139. Buss, H. D., brickyard, 78. 4 , 
John. van Laanen, 94. B. Y. No. 1 molding sand, 237. - | | 
Langenberg Brick Co., 123, 166. Brickyards at various places. . 

| ‘Charles Larsen, 99. 

J. N. Lessig « Son, 118. " | 
| D. Mader, 148. Calcite in clays, 10. 
| Manitowoc Clay Co., 88. Carbon, effect on clay, 20. 

Menomonie Hydraulic Pressed Brick| Carter, W. H., Brickyard, 86. 

~  Co., 162. a | Case Threshing Machine Company, 221, 
Merrimac Brick Co., 73. Cedar Bend, brickyard, 60. 

| | Miller, Chas. & Sons, 78. Central Wisconsin Pressed-Brick Ca, 
| Myers’, 108. 150. | 

Myers, M. J., 148. Charmely, molding sand, 245. 

- Myers, P., 166. Chase Brick Co., 73. ‘ | 
S. Nelson, 101. | Chemical analysis, see Analysis. 
Pahl’s, 145, Viroqua. China clays, 41. 

Pahl’s, A., 93. Chippewa Falls Brick Co., 165. 
Pahl, E. & A., 149. Chippewa Falls, brickyard, 165. | 
Pahl and Sherry, 141. clays, 165. SO 

: Pluck, J. W., 77. Cincinnati shale, distribution, 49. . 
Reformity Brick Yard, 154. Oakfield, 83. * 
John Rhodes, 94. origin, 4. 4 . 
River Falls Brick Co., 156. Stockbridge, 87. / . 

_. Roffers & Albers, 94. Clays, analysis of, 10-13. - * 

. Rosenheim, 81. ‘analyses, 13. * 

Sanborn’s, 75. . chemical analysis, see Analysis, . 
| P. Scharf, 88. | ball, 40. 

Schnell Bros., 148. - boulder, 5, 49. * 

‘ Schoengarth, A. A., 158. color, 5, 87. | * 
J. Schramke, 81. concretions, 6. j a 

Sheboygan Brick & Tile Co., 85. -eream-burning, analyses of, 105. , ae 
- S$mith Bros., 155. occurrences of, 53. 

The Standard Brick Co., 73. physical properties of, 103. ~ mo
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| | Clays, analysis of, cream burning—con. , Clays, analysis of, cream burning—con. 
table of tests, 105. tile, 38. 

Sl tse uses of, 108. white-burning, of refractory character, | 

| a defined, 1. 171. oe 

. earthenware, 40, 171. Wisconsin slip, 172. 

effect alkalies, 18. Clays, account of, from yarious places. 
carbon, 20. | Algoma, 98. ie 

dron oxide, 14. | Antigo, 98. Ot 

lime, 16. | Arcadia, 149. | . 
magnesia, 18. ; Athens, 158. . . | 

silica, 14. Beaver Dam, 148. | . 

| | sulphates, 20. Berlin, 147. noe 
7 titanium, 19. | eos Black River Falls, 189. 7 a 

| water, 19. a Blanchardville, 138. a | 
a estuarine, 4,51. | Burlington, 62. | : 

| oe fire, 40. Chippewa Falls, 165. | | 
: fusibility, 26. ae , Clintonville, 158. 

Oo - glacial, 48. - Cuba City, 136. . oes 
ew kinds, 38, 41. Dedham, 103. 

| hollow ware, 39. a Durand, 156. | os : 
| lake, 50. . ‘Hastwin, 88. | 

leaching of, 6. | Eau Claire, 127. a 
ws ~ . marine, 4, 49. - Hdgar, 159. 

me minerals in, 7, 10. , |. Hdgerton, 54. | | 
so mmining of, 42. _ Blkhart, 86. 7 

| - molding, 48. | | Elkhorn, 57. Oo 

: »paper, 41, 171. : | Elisworth, 156. | - 

| --paving-brick, 39. ae | Endeavor, 82. , | 
«gee Paving brick, - Fennimore, 138. Ss 
epressed brick, Fond du Lae, 147. | 
physical properties, 21, 29. | | Forestville, 102. an 
«physical tests, see Physical tests. _ Fort Atkinson, 69. . 
-plasticity, 22. . Grand Rapids, 116. 
» pottery. | Granville, 70. 

-.. practical tests on, 189. «| Green Bay, 94, 154. | 
es -vprimary, 2: PS |. Haleyon, 111. . 

| properties, examination, 7 Hewitt, 152. | | 
co . ' ed and brown-burning, 109. | ~ Horicon, TT. eS 

7 table of tests, 168, —-. |. Independence, 149. 

des _-ved-burning surface, physical tests of. Tron Ridge, 144. | 

ee : 168. - Janesville, 141. ae 
. table of tests, 168, Lo Jefferson, 65. no : : 

: | yegidual, 1098. Kaukauna, 938. : 
; geology of Wisconsin, 47. Kewaskum, 78. oo 

occurrences of, 110. , |. Kenosha, 58. 
. table of tests, 168. Kewaunee, 98. 

see Residual clay. : a La Crosse, 147. 

secondary, 3. | Lake Ennis, 110. 
states see State Lancaster, 188. oS 

oe . shrinkage, 24. Leslie, 189. - 

| oo slaking, 37. | + Madison, 64. an 
oe slip, 171. ns Manitowoe, 88. | oS 

| slip see slip clays. | Marshfield, 150. 
a ss goftening by weathering, 6. | Mazomanie, 142.- | a 

; | | _ tempering, 43. | | Medford, 181. | os 
/ tensile strength, 22. | Menomonie, 162. | | 

ae etexture, 37. Merrill, 166. ~ a r
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Clays, account of, from various places— | Core sand, 224. 

con, | - analysis, 222. - 
Merrilan, 112, 189, : | see Molding sand. : 
Merrimac, 73. Cordes, L. H. & Co., 68. . 

Milladore, 90, 113. | Covert, F., 244. 
| ' Milton, 139. | Crandall, William, 238. 

Milwaukee, 71. Craney, W. J., brickyard, 58, 173. 

: ~ Monroe, 53, 139. oo Cream-birning clays, analyses of, 105:. 
| Neillsville, 158. clays, occurrences of, 53, 104. 

Neenah—Menasha, 96. . physical properties of, 106. 
New London, 91. summary of properties of, 107. 

Oakland, 83. table of tests, 160. 
Pittsville, 119, 189. uses and properties, 108. * 
‘Plain, 143. Crushing fest, 176. oe 
Platteville, 137, 189. see Physical tests. | po 
Plymouth, 85. ne Cuba City, brickyard, 136. ee 
Portage, 75. _ elays, 136. to . 

Port Washington, 81. , . Curtis, H. H., 240. _* " 
. Racine, 60. _ A Czaplewiski, J., 126. ° 

: Reedsburg, 142. 3 Davelaar, J. & Sons, 73. 
' «Richland Center, 141. Dedham, clays, 103. a 

Ringle, 130. Dolomite in clays, 10. 
_ River Falls, 156. Dombruck, August, brickyard, 164. . 

Schleisingerville, 79. nue Door County Mfg. Co., 102. 

Schulz’s Spur, 167. Dorchester, J. T., brickyard, 156. 

Shawano, 99. . Douchateau Bros., brickyard, 154. 

Sheboygan, 83. Drain-tile clays, 38. _ 

Sigel Station, 117. Dry-press process, 44. . 

South Centralia, 116. Duckereek Brick Co., 94. | oe 
Springvale, 122. oN Durand, brickyard, 156. . 

Spring Valley, 156. , clays, 156. | oo | | 
St. Croix Falls, 164. ‘| Dye’s special sand, 231. - 
Stevens Point, 123. : Earthenware clays, 40, 171. - | 
Stockbridge, 87. EKastwin, brickyard, 88. we 

Surings, 101. “ | clay, 88. 
Superior, 103, 167. | Eau Claire, clays, 127. | . | 
Tomah, 148. ° Eau Claire, white clay, near, 171. ; 

_ Tramway, 161. Hdgar, brickyard, 159. oo : 
Viola, 141. . , clays, 159. | 

Viroqua, 145. Edgerton, brickyard, 54. . 

Watertown, 67. clays, 54. . 

Waupaca, 154. Hiserman, A. R., brickyard, 154, 173. 

| Wausau, 160. Elkhart, clays, 86. | 
Whitewater, 55. Elkhorn Brick and Tile Company, 57. | 
Wittlesey, 166. Elkhorn, brickyard, 57. 

| Clintonville, clays, 153. | clays, 57. 
Collins molding sand, 245. Elisworth, clay, 156. 

: brick, 14. 7 Endeavor, clay, 82. 
see Physical tests. Estuarine clays, 51. 

Color of clays, 5, 37. Evansville, molding sand, 240. : 

effect of iron, 15. Examination of clay properties, 7 = ' 

effect of lime, 17. Excelsior Brick Co., 162. ’ 
effect of titanium, 19. Fairwater molding sand, 240. * 

| Common brick clays, 38. Feldspar in clays, 8. _ . 
' Coneretions, 6. Fennimore, clay, 138. 7 | _ 

Cone, Orton, 29. Ferguson, James, 239. en oe 
Seger, 28-25. : Fire clay, 40. fot | 
tests, 36. : ao analysis, 13. . Oe | |



OBA a INDEX. a CO 

: Wire clay—con. oe | Hewitt, clays, 152. | 

a in Wisconsin, 40. Hill, T., brickyard, 159. | 

properties, 40. Hockey, John, brickyard, 94. — 

Fireproofing, 190. Hollow-ware clays, 39. , oe 

- Wire shrinkage, 17, 25, 46. Hopper, C. V., 176. Hog 

Flood plain clays, origin, 5. Hord, C. W., 216. a 

Fond du Lae, brickyard, 147. | Horicon, brickyard, 77. : Po 

clays, 147. | clays, 77. | : 

Forestville, clays, 102. Hornblende in clays, 10. | 

| brickyard, 102. | | . a a 

| | Fort Atkinson Brick Mfg. Co., 70.. cl, , 

Fort Atkinson, brickyard, 70. | / : . . 

| clays, 69. Independence, brickyard, 149. Oo 

molding sand, 240. | clays, 149. | ot 

Foster, S., brickyard, 145. | Indiana molding sand, 231. ot 

Freeze brickyard, 54... | Iron in clays, 9. | en | 

| Fusibility, of clays, 26. oe | Iron oxide, effect of, 14. - 

_ Wusing point, of clays, 27. a Ridge, clays, 144. — 

: Gallup, F.. L., 196, 224. Janesville, brickyard, 141. 

. Garden City Sand Co., 238. |. clays, 141. 

Garnet in clays, 10. | | ‘molding sand, 240. 

Garske’s brickyard, 160. | oo Janesville Red Brick Co., 141. . . 

. Gerbsch, R., 161. . | Jefferson Brick and Tile Company, 65. ro, 

Glacial clays, geology, 48. . Jefferson, brickyards, 65. 

Glenwood, clays, 171. — we | clays, 65. — | 

. Gminer, C., brickyard, 154. — Joint clay, 137... | 

Goodrich farm, 140, . Jones, G., 244. . 

oe Grabowskie, Ed., brickyard, 103. oe 7 

| Grand Rapids Brick Company, 117. mT . . 

Grand Rapids, brickyard, 118. —S*Y| Kaolin, analysis, 13. ~ 

clays, 116. | in the central residual area, 171. 

oo Granville, brickyard, 71. _ color, 19._ | 

elays, 70. oe . origin, 3. 

| ss @reen Bay Brick Co., 94. : Karmash & Sauerwein, on molding sand, 

prickyards, 94, 154, 173. | 189. | a 

oo elays, 94,154.  .. | Kaukauna, brickyard, 94. ; 

. molding sand, 240. clays, 93. | 

slip clays, 173. . Kemmeter Brothers, 65. 

. @rindell Brick Co., 1387. — Kempner’s brickyard, 136. Oo 

=  @robschmidt, W., 244. Kenosha brickyards, 58, 173. 

Grog, 26. . oo, _ clays, 58. . 

Gunther Bros. brickyard, 81. - molding sand, 241. | 

Gutknecht, W., 244. | | slip elays, 173. - . 

‘. Gypsum in clays, 10.— . Kentucky molding sand, 234. , 

, Sys | Kewaskum, brickyards, 79. | 

Halcyon, clays, 111. - clays, 78. 

. Flalbersleben’s brickyard, 142. ‘Kewaunee, brickyard, 98. 

. a Hamilton Co., molding sand, 237. — clays, 98. Oo 

Fiansen, Christian, brickyard, 94. _| Kierweg & Heck, brickyard, 98. ge 

Hass, H. G. & Bro., brickyard, 147. Kilns, kind of, 45. . | 

. _  -Hatfield, W. H., 240. | |'King, F. H., 211. 
-Hazen, C. E., 238. | - ‘| Knevel, W. H., 135. | 

Weise, C., brickyard, 101. Kortemeyer, P. W., brickyard, 79. 

_— Herrick molding sand, 236. oo Kraatz Brick Co., 73. | 

Hersey, clays, 171. oe Kuster, Bauman, and Schober Brick- 

a Hertzfeldt, J., brickyard, 149. _ > yard, 58, 189. |
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La Crosse, brickyards, 148. . Merrimac Brick Co., 73. —— . | 
clays, 147. a Merrimac, brickyard, 73. , 

molding sand, 241. | a clays, 73. 

- Lake clays, 4, 50. | Mica in clays, 8, 18, 20. | 
Lake Ennis, clays, 110. Michaels, T., 239. 
Lancaster, brickyard, 138. Michaels, W., 239. 

clays, 138. ; . Michigan molding sand, 235. 

Langenberg Brick Co., 123, 166. Milladore, clays, 90, 113. . 

Larsen, Charles, brickyard, 99. Miller, Charles & Sons, brickyard, 78. 
Leaching of clay, 6. Miltmore quarry, 224, 241. 

Leighton, n., 196, 224. Milto, clays, 139. | | . | 

Lenher, Victor, 117. Milwaukee, brickyards, 73. . . 

Lessig & Son brickyard, 118. clays, 71. | 

Life, molding sand, 215. molding sand, 244. . 

Lime, effect on clays, 16. Milwaukee Sand & Gravel Co., 244. / . 
. Loess clays, 136. Mineralogy, molding sand, 225. 

Loess, Platteville, test of, 189. Minnesota molding sand, 236. 
Lund, G., 244. | Mitchell, A. S., 91, 114, 123, 125, 158. |. 

| — Mitchell, Nash, 119. . 
a - Modulus of rupture, 177. . 

Mackie, S., 238. Monroe, brickyards, 53, 139. . . 
Mader, D., brickyard, 148. | clays, 139. 

Madison, brickyard, 64. Morris, C. S., 147. 
clays 64. Myers’ brickyard, 103. 

molding sand, 208, 242. Myers, M. J., brickyard, 148. 
Magnesia, effect on clays, 18. Myers, P., brickyard, 166. — 8 a 
Manitowoc, brickyard, 90. Molding sand, analysis, 200. 

Manitowoc Clay Company, 88. bonding power, 217. | 

clays, 88. chemical analysis, 220. . 
Maquoketa shale, 39, 135. fineness, 214. 

calcite in, 10. life of, 215. 

distribution, 49. — mineralogy, 225. ° 

map of, 49. | permeability, 209. . 
origin, 4. porosity, 214. 
shrinkage, 25. refractoriness, 216. . 

test of, 189. ‘residual, 226. . 
‘Marine clays, 49. sedimentary, 220. | Oo | 
Marinette molding sand, 243. specific gravity, 214. . | 

Marshfield, brickyard, 150. tensile strength, 217. | , oe 
clays, 150. texture, 202. 

"Massillon, Ohio, molding sand, 237. value of, 228. - | 
Mead, J. H., 189. Molding sand of various localities. . 

Meadow, W., 62. Albany, N. Y., 224. 
Mechanical analysis, molding sand, 200, Altoona, 238. 

203, 209. Beloit, 238. 

Medford, clays, 131. Berlin, 224, 238. mo, 

- glip clays, 174. . Burlington, 239. 
Menasha, see Neenah—Menasha. Evansville, 240. 

Menomonie, brickyards, 162. . Fairwater, 240. a 
clays, 162. — . Fort Atkinson, 240. oy 

Menomonie ‘Hydraulic Pressed Brick Co., Green Bay, 240. . 

162, 224, 243. - | Indiana, 206, 231. . . 

molding sand, 2438. — | Janesville, 240. : | 
— Merrell, F. H., 90, 118, 122, 125, 152. Kenosha, 241. oe, 

Merrill, brickyards, 166. Kentucky, 234. 
clays, 166. . | La Crosse, 241. . 

Merrillan, clays, 112. . Madison, 242.: | 
-shale from, test of, 189. Marinette, 248. Co , co | |
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cee Molding sand of various localities—con. | Physical test of clays from various le | pe ty Menomonie, 224, 243. calities : | oe Michigan, 235. Antigo, 103. | Ba, ‘Milwaukee, 244, Arcadia, 149. | . - Minnesota, 236. Athens, 159. . : _ Neenah, 224, 244, © | Beaver Dam, 143. | a os os Ohio, 236. oe - Blanchardville, 188 | : | Pardeeville, 245. | Burlington, 62. : _ Racine, 246. : . | Chippewa Falls, 165. | | | Silverton, 241,00 | - Clintonville, 153. a , ‘Superior, 224, 247. . ; Cuba City, 136. - : Valparaiso Ind., 2338. | Durand, 157. oe oo Waukesha, 247. | Eau Claire, 128, 129, 130. | | a oo Edgar, 160. | oe Natzen, L., 244. Edgerton, 54. | . — Neenah-Menasha, brickyards, 86. Hikhorn, 57. . ) — clays, 86, ae Ellsworth, 156. t - : | molding sand, 224, 244. Endeavor, 82. oe ’ | 
: _ Neenah Sand Bank Co., 245. | Fond du Lac, 147. | | Neillsville, brickyard, 158. : Fort Atkinson, 69. : 

| clays, 158. | Grand Rapids, 116, 119. | | _ Nelson, S., brickyard, 10r. - Granville, 70. | a 
. New Albany, 231, Haleyon, 111. 

_ Newberry, 8. B., 116. Green Bay, 95, 96, 155. | 7 . New London, brickyards, 91. Hewitt, 152. - | 
. clays, 91. Horicon, TW, | : Newport, Ky., molding sand, 234. Iron Ridge, 144. | . _ ‘Newport Sand Company, 229. | Jefferson, 66. | | | | s.orth Point brickyard, 60. | : Kaukauna, 98. | | 

| | Be Kenosha, 58. | | 
Oakfield, clays, 83. oe Kewaskum, 79. . 
Obert, H., 244. : | _ Kewaunee, 98. . Ohio molding sand, 236. _ La Crosse, 148. , Onondaga Vitrified Brick Co., 189. Lake Ennis, 110. | nS Organic matter in clay, 20. . Madison, 64. 

| Orton cones, 29. Manitowoc, 89. - 
| Quartz in clays, 8. Marshfield, 151. | : - Mazomanie, 142. oa : . Pahl’s brickyard, 145. | : Medford, 181. | Pe Pahl, A., brickyard, 93. | Menomonie 163, 164. : . Pahl, BE. & A., brickyard, 149. Merrillan 1 12. 

Pahl and Sherry, 141. 7 Merrimac, 74. . 
| Paper clay, 41. Milladore, 91, 114, 115. | - _ Pardeeville, molding sand, 245. Milton, 139. | Paving-brick clays, 39. | | Milwaukee, 79. a 

| _ analysis, 39. ous nroe, 538, 189. | | a Paving brick, 188, 190. | Neenah Wenosha. 86. | - 
_ , venat we Boag | Neillsville, 158. a | - Fenaieton, hK., ° 

i . Permeablity, molding sand, 209. . | Ahaha en 92. | a | Physical tests, absorption, 178, 184 Pittsville, 110, 120, 121, 122. | erushing strength, 176, 183. Plein. 143 2 os - | 

ve cream-burning clays, 108, | Platteville, 187, ae : : _ Maquoketa shale, 135. | a Pl mouth ? 85 
_ -red-burning surface clays, 168. P ta 3 an 76. | | 

residual clays, 110. an Pert Ww ehtn ston, 81. - 
transverse strength, 177, 184. or b 142, | | 
summary of, 176-189. Reedsburg, : | : °
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Physical test of clays from various lo- Reformatory Brick Yard, 154. 

 galities—con. Refractoriness, molding sand, 215. | 

_ -Ringle, 181. | * |Reiske, A. J., 244. | 

a Schleisingerville, 80. Residual clays, 109. 

- Schulz’s Spur, 167. | analyses of, 134. 

Shawano, 100. geology of, 47. . 

Sheboygan, 84. . occurrences of, 110. 

: Sigel Station, 118. origin, 2. 

: Springvale, 122. plasticity, 132. - 

Stevens Point, 110, 124, 125, 126. summary of propercies, 132. | 

Stockbridge, 87. table of tests,—. | 

| - §uperior, 103, 168. Residual molding sands, 226. 

| . Surings, 101. Rhodes, John, brickyard, 94. 

| Tomah, 149. Richland Center brickyard, 141. - - 

” . . Tramway, 162. — clays, 141. an 

| . Viola, 141. Riemer, J., 240. | 

) Viroqua, 145. Ringle, brickyard, 130. 

. Watertown, 68. | clays, 130. | 

7 Wausau, 160. River Falls, clays, 156. 

ye ‘Whitewater, 55. River Falls Brick Co., 156. 
} Whittlesey, 166. Rockton, Ill., molding sand, 206, 224, — | 

: | Pittsville, clays, 119, 190. 230. 
Plain, clays, 143. Roffers & Albers brickyard, 94. 

Plasticity, 22. Rosenheim, brickyard, 81. 

red-burning surface clays, 168. Rupture, modulus of, 177. 
| ’ . yesidual clays, 132. : . 

see Physical tests, and tables. 

_ Platteville, brickyard, 137. St. Croix Falls, brickyard, 164. 

loess, test of, 189. St. James molding sand, 235. | : | 

slip clays, 174. . Sanborn’s brickyard, 75. 

clays, 137. Scharf, P., brickyard, 88. 

Pluck, J. W., brickyard, 77. Schleisingerville, brickyards, 79. 

Plymouth, clays, 85. clays, 79. | 

Porosity, molding sand, 209. Schnell Bros., brickyard, 148. — : 

Portage brickyards, 75. Schoengarth, A. A., brickyard, 158. . 

clays, 75. Schramke, J., brickyard, 81. | 

Port Washington, brickyards, 81. Schulz’s Spur, clays, 167. 
- . @lays, 81. Scott, W. G., 202, 221. oe | 

Pottery, art, 108. Sediméntary clay, 3. ; 

Pottery clay, 189, 171. Sedimentary molding sand, 226. 

_. Pressed-brick clays, 38. Seger cones, 28. . 

gee Green Bay, Menomonie, Milwaukee | Shale, origin, 7. 

Pyrometer, 25. table of tests,_———__——_——_p. —. 

.  Pyroxene in clays, 10. Shale, Cincinnati, see Cincinnati Shale. | 

Shale, Maquoketa, see Maquoketa shale. . 

Shawano, clays, 99. 

Racine, brickyard, 60. Shearer, J. S., 208. 

. clays, 60. Sheboygan Brick & Tile Co., 85. _ 
7 molding sand, 246. Sheboygan, brickyards, 85, 173. 

Red and brown-burning clays, 109. clays, 83. 
Red-burning surface clays. analyses, 170. slip clays, 173. 

table of tests, 168. Sherman, G. A., 125. . 

see Physical tests, . Shrinkage, 24. 
physical tests of, 168. _eream-burning clays, 106. | 

plasticity, 168. fire, 46. 

| _ Reedsburg, brickyard, 142. residual clays, 132. Ce ee 
clays, 142. . see clays, physical tests, and Tables — |
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. - Shrinkage—con, _ | Tile—con. . 
ae of tests. Granville, 71.. - re . 

. Sigel Station, brickyard, 117. Jefferson, 67. ca 
aaa clays, 117. . Oakfield, 83. mo . 

_ Silica, effect on clays, 14. Plymouth, ' 86. . 
| Silverton molding sand, 241. Port Washington, 81. 

|  S$laking of clays, 37. Stockbridge, 88. 
Slip clays, 41, 108, 171. © | | Whitewater, 55. 

analyses, 172. | _| Titanium, effect on clays, 19. a 
a Burlington, 173. a  |Tomah, clays, 148. : OC 

| Green Bay, 173. . -l Tramway, clays, 161. | 
| Medford, 174. | - Transverse strength, 177. | . | | 

Platteville, 174. | oe | | i 
Sheboygan, 85, 173. : . foo, | 

Smith, B.-G., 90. | U. S. Cast Iron Pipe & Foundry Co., | 
. Kenosha, 60, 173. a 247, : | . 

Smith Bros., brickyard, 155. | . . : - oe 
oo Soft mud bricks, 43. ae | CS a ° 

oe see clays, Physical tests. Valparaiso, molding sand, 203, 233. | 
table of tests, 192. _. ‘Van Hagen, L. F., 176. 

oo Soluble salts, amount of, 21. ‘Van Laanen, John, brickyard, 94. 
- South Centralia, clay, 116. ‘| Viola, brickyard, 141. 

| ‘Specific gravity, molding sand, 214. clays, 141. , 
Spencer, H. S., 239. = > Viroqua, brickyards, 145. | 

_.. ‘Spring Valley, clays, 156. clays, 145. . . 
a Springvale, clays, 122. Viscosity, 27. . | 

Standard Brick Company, 73. —_ Vitrification, 27, 45. | | 
. Steam Shovels, use of, 42. . . . ' 

| Stevens’ brickyard, 64. . Walsh & Son, 239. , 
| | Stevens Point brick and Construction | Wanatah molding sand, 233. 

| Co., 123, 124, | : 7 Water, effect on clay, 19. 
. Stevens Point, brickyards, 123. | - see Physical tests, and tables of tests. . 

a clays, 123. oO | Waterford, Ill., molding sand, 206, 229. 
Stiff mud bricks, 44. | | Watertown, brickyard, 68. 

. table of. tests, see Clays, Physical clays, 67. a 
os tests: — _ | Waukesha Malleable Iron Co., 247. 

| Stockbridge, clays, 87. Waukesha molding sand, 247. | 
Stoneware clays, 40.. oe Waupaca, brickyard, 154. - 

- Storm, F., brickyard, 98. — | clays, 154. — | | 
. Sulphates, effect on clays, 20. a Wausau, brickyard, 160. . oe 

| | Superior, clays, 108, 167. clays, 160. | a | | | - molding sand, 224, 247 Wells’ property; ‘90. oo 
Surings, brickyards, 101. _ oo Wendt, T. W., 239. - 

a —elays, 101. | _ | Wheeler, referred to, 39. | | 
. White & Traugott, 239. a 

Temperatures, determination of, 28. White-burning clays of refractory char- 
Tempering clays, 43. ae --acter, 171. a . - 
Tensile strength, 22. Whitefield, W. V.,-238. - 

- , cream-burning clays, 106. Whittet Brothers, brickyard; 54. 
LO - molding sand, 217. _+ | Wisconsin Red Pressed Brick Co., 162. - 

‘residual clays, 132. | Wisconsin slip clays, 172. . : | | 
. table of tests, 192. Woodruff, H. W., 240. 

“ Terra cotta clays, 40, 138. | Whittlesey, clays, 166. : a, 
7 Texture of clays, 87. 2} | Wilcox & Co., 239. | : 

Tile, 108. | Wilhelm, H., 244. | | 
_ Burlington, 64, . . | Willard, H. H.. 142. : . - 

Elkhorn, 57. oe Wisconsin Brick and Tile Company, 71. |
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_ Whitnall & Racemaker, 244. a | 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 | 
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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. 

oe, 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.— Tho bulletins so designated consist of original con- 

tributions to the geology and natural history of the state, which are of 
_. . geientific interest rather than of economic importance. | 

7 _ EHeonomic Series.— This series includes those bulletins whose interest 
- is chiefly practical and economic. a 

: 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: a 

Bulletin No. 1. Heonomic Series No. 1. 

: On the Forestry Conditions of Northern Wisconsin. Filibert Roth, 
| Special Agent, United States Department of Agriculture. 1898. Pp. vi, | 

| 78; lmap. Out of print. | 

| . Bulletin No. II. Scientific Series No. 1. 

| On the Instincts and Habits of the Solitary Wasps. George W. Peck- 
ham and Hlizabeth 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. Ill. Scientifie 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. | 

oo | oo Bulletin No. IV. Economic Series No. 2. oe 

On the Building and Ornamental Stones of Wisconsin. Ernest Robert- 
son Buckley, Ph. D., Assistant Geologist Wisconsin Geological and , 
Nacurai History 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 cents. 

|



: 7 Bulletin No. V. Educational Series No. 1. | | a 
| The Geography of the Region About Devil’s Lake and the Dalles of the Cone. 

| Wisconsin, with some notes on its surface geology. Rollin D. Salisbury, oe 
A, M., Professor of Geographic Geology, University of Chicago, and Wal- | | 

a 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. — a Ba 

| Cs Bulletin No. VI. Economie Series No. 4e | | ce 

| oo 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. 7 

| Bulletin No. VIII. Educationaé 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. Out of print. ' | ae | 

: | a Bulletin No. LX. Economic Series No. 5. | 

, - Preliminary Report on the Lead and Zinc Deposits of Southwestern Wis- 
consin. 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. ae 7 7 | 

oo Bulletin No. X. Economie 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. AL. Economic Series No. 7. - 

: Preliminary Report on the Soils and Agricultural Conditions of North oe 

oy Central Wisconsin. Samuel Weidman, Ph. D., Geologist, Wisconsin | 

, Geological and Natural History Survey. 1903. Pp. viii, 67; 10 plates, | 

| including soil map. Sent, paper bound, on receipt of 10 cents; cloth bound, | 

— 90 cents. : | | 

vo . Bulletin No. XII. Scientific Series No.3. 

, The Plankton of Lake Winnebago and Green Lake. C. 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, 26 cents. | | 4 

vo oe Bulletin No. XIII. Economie Series No. 8. ee | 

i | 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. Economie Series No.9. a : : 
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. 7 — a CO 

| a Bulletin No. XV. Heonomic Series No. 10. 

The Clays of Wisconsin and Their Uses. Heinrich Ries, Ph.D., Assist- 
| _ant Professor of Economic Geology, Cornell University. 1906. Pp. xii, 

| 259; 30 plates, including 2 maps; 7 figures in text. Sent on receipt of 18 
cents. . | os | 

| 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. — | 

7 XVIII. The Roads of Wisconsin, W. O. Hotchkiss, B. S., Economic 
Geologist, Wisconsin Geological and Natural History Survey. - 

| | | | 2. Brenniat Reports. | | 

& os - 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. | 

| Second Biennial Report of the Commissioners of the Geological and 
Natural History Survey. 1901. 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. co 

: Oo 3. HyproGrapuic Maps. | | | 

| . 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. E., Assistant Professor of Topographic and Geodetic Engineering, 

| _ University of Wisconsin. | | 

a The maps are as follows: == | os a 
ne Size of Piate, Scale, Inches Contour In- 

. Inches. per mile. terval, Feet, 
. No. 1. Lake Geneva..... ..............--. 17.5x10.8 2 10 " 

- No. 2, Elkhart Lake........................ 15.5xI3.1 5 10 ‘ 
No. 38. lake Beulah.... .................... 22.5x20.0 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.... 22.8x16.8 4 10 . 
No. 7. Green Lake..................02.2+062 26.0x17.8 3.2 20 
No. 8. Lake Mendota.................... .. 23.7x19.5 6 5. . 
No. 9. Big Cedar Lake.....................: 18.0x13.5 2.9 10 
No. 10. Lake Monona ....................... 17.6x17.3 4 5 

ee In all of these maps the depth of the lakes is indicated by contour oe 
| 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 _/ 
_ had either mounted in a manilla cover, or unmounted. | 

All correspondence relating to the Survey should be addressed to 

: a H. A. Brrex, Director, | 
- . | | Madison, Wis. oe
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