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INTRODUCTION

Wisconsin has extensive and valuable deposits of marl and dolo-
mite, but pure limestone in commercial amounts is almost unknown
excepting in certain thin beds in parts of southwestern Wisconsin.

The usefulness of the limestones and dolomites of Wisconsin as
building and road materials has been discussed in earlier reports of
this Survey. This volume has as its central theme the chemical com-
position of marls, limestones, and dolomites, and the uses for which
these rocks are suited by virtue of their composition. Special eon-
sideration is given to the possibilities of cement manufacture in this
state. /

Various industries have called upon the Geological Survey for in-
formation on the occurrence of limestone and dolomite of certain quali-
ties. Most of these inquiries have been for pure limestone high in
caleium carbonate. Sugar faectories want this kind of limestone, so
do the sand-lime brick and Portland eement manufacturers. Farmers
have frequently asked whether the rock from a certain outcrop is
a good agricultural limestone. Up to the present time this informa-
tion has been in the files of the Survey or in various Survey publica-
tions. In this volume. all the available facts on this subject are
brought together.

This report is based on (1) unpublished notes in possession of the
Survey, (2) publications of the Survey and other organizations, and
(8) on the writer’s field work during the summer of 1912. A part
of the results of the writer’s field work was embodied in Bulletin 34
of the Survey, entitled ‘‘Limestone Road Materials of Wiseonsin’’
by W. O. Hotchkiss and Edward Steidtmann, which was published
in 1914, 4

Many quarries and some outerops of Wisconsin limestones and dolo-
mites were sampled in the preparation of this report. The samples
were selected with the view of approximating the average composi-
tion of the beds. Before sampling, the beds were classified on the
basis of color, grain, fracturing, compactness, and general appear-
ance. If all the beds of a quarry looked alike, a single sample com-
posed of chips from all the beds in the quarry face was taken. If
they varied, each group of like beds was sampled separately. Samples
were taken by chipping off pieces across the beds. The ideal was to
get equal volumes of rock from equal distances across the- beds.

The samples taken were analyzed by W. Q. Crawford in the chemi-
cal laboratory of the University of Wisconsin. His analyses are in-
cluded in the tables given in this report. The methods of analysis
used were those deseribed by Mr. Hillebrand.!

! Hillebrand, W. F., The -analysis of silicate and carbonate rocks: U. S. Geol.
Survey Bull. 422, 1916. ’



2 LIMESTONES AND MARLS OF WISCONSIN

The dolomites of Wisconsin are the most widely distributed and
most available carbonate rocks. They are the only rocks quarried in
large quantiﬁes for uses in which chemical composition is a factor of
fitness. The high calcium limestone beds of southwestern Wisconsin,
being far less available, have not been quarried speecifically for their
high lime content. The marls also have been used very little because
they are not as available as the dolomites and because of their high
water content.

In this volume special attention is given to the possibility of find-
ing new uses for our carbonate rocks and of extending the uses al-
ready known. Their chief chemical uses at present are for lime,
agricultural limestone, flux, and for making sulphites in the paper
industry. Of these uses, that for agricultural limestone is more likely
to see a marked expansion in the future than any other. The College
of Agriculture has estimated that approximately three-fourths of the
tillable land in Wisconsin needs lime in order to grow the best crops
of clover, alfalfa, and other legumes. To remedy the sourness of our
soils completely would call for a great development of the dolomite
and limestone quarrying industry.

The manufacture of Portland cement from our marls and eclays
is another important question which merits careful study. For many
vears it was held impossible to make cement profitably in Wisconsin.
Owing to changes in the methods of making cement and to changed
economic conditions, the possibility of manufacturing cement from
marl in Wisconsin is again worthy of consideration. The facts avail-
able, though they do not warrant a final opinion on the subject, in-
dicate that further investigation of our cement resources is highly
desirable.

In this volume are given analyses of clays, shales, and marls, some
of which are chemically suitable for Portland cement. The facts
regarding the location and volume of the materials analyzed are given
as fully as known, but in no case are the facts known sufficiently well
to warrant definite consideration of a cement plant. Attention is
also called to certain unexplored areas in which conditions are favor-
able for finding marls and clays.

These are the more important phases of the subjeet discussed in
this volume. Dolomites, limestones, and marls have many important
uses. They are perhaps the most useful of our common rocks. Their
usefulness will no doubt be even greater in the future than at pres-
ent. New uses may be found for them which as yet are barely fore-
shadowed or entirely unknown., It is hoped that the analyses and
other data in this volume will help in extending the use of these im-
portant materials.
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CHAPTER 1

NATURE AND ORIGIN OF MARLS, LIMESTONES, AND
DOLOMITES

NATURE AND ORIGIN OoF MARLS

The marls of Wisconsin are soft unconsolidated muds composed
largely of calcium carbonate, both calcite and aragonite. Minor con-
stituents are sand, clay, organic matter, and magnesium carbonate.
Marls are lake deposits, and are either found in lakes or in swamps
which formerly were lakes, Most marl beds lie within the glaciated
area and have been deposited in lakes of glacial origin. Through
marked changes in climate and drainage, some marls, like those ex-
posed in the Salt Lake basin of Utah, are now dry. Swamp marls
are usually covered with several feet of peat and soil. The vegeta-
tion on the surface is either of the lowly marsh type or consists of
shrubs and trees including alders, cedar, spruce, and tamarack. Wis-
consin marl beds vary in thickness but seldom exceed thirty feet.

Marl is usually gray white to brown in color. Darker colors are
due to organic matter. In addition to the remains of other fresh
water organisms, the shells of snails are usually very abundant. About
one-half of the weight of marl in lakes consists of water. Marl can
be distinguished from other muds by its abundant shells and by its
violent reaction with acids.

Marls develop most favorably in lakes or in portions of lakes in
which very little sand and mud is accumulating. The lime carbonate
of marls represents in part the accumulation of fresh water shells.
The finer grained parts are largely precipitated by chara, a fresh
water plant, and as a result of the consumption of carbon dioxide in the
surface waters of the lakes by myriads of tiny free swimming plants.

GENERAL CHARACTERISTICS OF LIMESTONES AND DOLOMITES

Limestones and dolomites are stratified rocks whose chief mineral
constituents are calcite and dolomite, calcite being the chief mineral
component of the former, and dolomite of the latter. Calcite is a soft,
usually white or grayish mineral which is vigorously decomposed by
weak muriatic acid or even by strong vinegar. One of the decompo-
sition products is the colorless, odorless carbon dioxide gas whose es-
cape causes a brisk bubbling or effervescence. This strong discharge



ORIGIN OF MARLS, LIMESTONES, AND DOLOMITES 7

of gas when the rock is treated with weak muriatic acid distinguishes
caleite from dolomite. Dolomite shows only a very feeble evolution of
carbon dioxide gas when treated with muriatic acid.

Limestones, when pure caleite, consist of about 44 per cent carbon
dioxide and 56 per cent lime. As a rule they contain admixtures of
sandy and earthy matter, such as quartz, opaline silica, flint, clay,
and organic matter. Magnesia may also be present in slight amounts
either as a constituent of calcite or in the mineral dolomite. If more
than 4 per cent of magnesia is present, it usually is possible to find dis-
tinet erystals of dolomite. Some recently deposited limestones, how-
ever, have as much as 10 per cent magnesia, but show no dolomite.
Just how much magnesia a limestone may contain and still be a lime-
stone is a matter of opinion. Limestones containing a few per cent
of magnesia are common. Mixtures of calcite and dolomite inter-
mediate between limestone and dolomite are exceptional. Dolomites
or dolomites with only a little calecite are also very common, but dolo-
mites with a notably greater amount of magnesia than a normal dolo-
mite are uncommon. Dolomites, when pure, consist of about 47.9 per
cent of carbon dioxide, 30.4 per cent lime, and 21.7 per cent magnesia.
They have the same impurities as limestone.

METHODS OF DISTINGUISHING LIMESTONE AND DoLoMITE

A simple means of distinguishing limestone from dolomite is by
noting the effect of a mixture of one part of muriatic acid, such as
any drug store supplies, with ten parts of water on samples of each.
Limestone bubbles vigorously, due to the release of carbon dioxide,
dolomite either feebly or not at all. If the dolomite is porous, it is
more apt to show a slight effervescence than when it is compact. This
test is generally sufficient for all practical purposes.

For a more delicate distinetion of dolomite and calcite when dealing
with intimate mixtures of the two, several methods have been used,
of which three will be described. Calcite and dolomite can usually
be distinguished by polishing a surface of the rock and etching it
with a weak solution of muriatic acid. ~The proportion of one acid to
ten of water previously recommended will do very well. In the course
of a few hours, the dolomite grains will stand out in relief above the
etched calcite. Those dolomite grains which are completely surrounded
by calcite have rhombic outlines, but those bounded by other dolomite
grains are generally irregular in outline. A modification of this method
consists in adding a little potassium ferricyanide solution to the acid.
The calcite will show no change as a rule, but the dolomite, unless
very much weathered, will almost invariably turn blue, due to the
presence of a minute amount of ferrous iron in combination with the
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dolomite. Dolomite grains stained in this way retain their blue color
for many years. In hundreds of tests made by the writer, the calcite
in no case was stained, but the dolomite was stained every time. See
Plate II.

Calcite can also be distinguished from dolomite by staining the
calcite. In this method the rock is polished and treated with Lemberg
solution. The proportions giving best results appear to be 4 grams
AlCl,, 6 grams extract of logwood, and 1200 grams of water. The
mixture is boiled and stirred for twenty minutes and then filtered.
The AICl, of the solution interacts with calcite particles .and causes
a thin film of Al (OH), to be deposited upon the calcite. The
Al (OH), is gelatinous and absorbs the purple colored extract of
logwood dye.. Thus the calcite is differentiated from other minerals.
The reaction takes place in a few seconds. If left longer than one-
half minute in the solution, the calcite will receive too thick a coating
of Al (OH), which is apt to peel off or erack on drying. Dolomite
will react the same as caleite if immersed in the solution twenty minutes
or more.

AccEssory MINERAL CONSTITUENTS OF LIMESTONE

In some recent limestones certain shells or other limy skeletons are
composed of aragonite, a mineral having the same composition as
calcite but different crystal form. Both calcite and aragonite effervesce
strongly when treated with muriatic acid. When powdered, they
effervesce more vigorously than large pieces. Aragonite can be dis-
tinguished from calcite in two ways. When powdered aragonite is
boiled in cobalt nitrate solution, the powder turns violet in about one
minute. With caleite powder, boiling in a cobalt nitrate solution
produces no change. The other test is with a solution of ferrous sul-
phate. Aragonite when heated in a ferrous sulphate solution throws
down green ferrous hydroxide which rapidly turns brown. A similar
treatment of calcite throws out yellow or brown ferric hydroxide.
The reliability of the preceding tests has been brought into question by
recent investigations. Aragonite flies into pieces when heated, but
calcite erumbles into a powder. ' :

Besides the carbonate of calecium (calcite or aragonite) limestones
commonly contain a small percentage of sand and mud and very
rarely gravel pebbles or larger pieces of foreign rocks. Limestones
through increase in amount of sand grains sometimes grade into
sandstones. They also grade into shales by increase in mud content.
In analyses of limestones these sandy and muddy materials are usually
reported as insoluble. The sand grains usually consist of the mineral
quartz, but silicates, especially feldspars, and zircon, are nearly al-
ways present. Other materials commonly present in limestones are
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flint, lime phosphate, pyrite, marcasite, hematite, limonite, and oxides
of manganese.

Flint is an.exceedingly fine grained variety of quartz which usually
is a replacement of limestone. It occurs in nodular or spherical bodies
varying from microscopic size to masses tons in weight, in irregular
lenses which follow the bedding, and as a replacement of shells.
Spherical and nodular flints are often concentric in structure. Some
flints show an abundance of siliceous sponge spicules. Flints may
appear anywhere in a formation. They are commonly more abundant
near the surface. Here the largest nodules are found. The silica of
flints is at least partly derived from the opaline constituents -of cer-
tain plants and animals which lived in the sea, such as diatoms, radio-
laria, and sponges.

Lime phosphates are present in some shells. In a few cases nodular
irregular masses of caleium phosphate of unknown origin were formed
at the same time as the limestone. The content of caleium phosphate
in a limestone is sometimes greatly increased by the solution of the
carbonates by surface waters. Phosphates of this type are quarried
in Tennessee.

Marcasite and pyrite are brass colored sulphides of iron, differing
only in erystal form and in minor properties. In limestone they are
usually present in tiny crystals. Some of the pyrite and marcasite in
limestone was formed at about the same time as the calcium carbonate.
The sulphides are as a rule more plentiful in dark limestones having
considerable organic matter. That pyrite and marcasite have fre-
quently been deposited in their present position by underground water
is shown by their common occurrence along fissures, vugs, and other
openings. Besides iron sulphides, lead, zine, and copper sulphides are
found sparingly in limestones.

Hematite, the red oxide of iron, and limonite, the brown or yellow
hydroxide of iron, are absent or only sparingly present in most lime-
stones. Near the surface some limestones have been partly replaced
by hematite and limonite. In some localities, iron oxides were de-
posited simultaneously with the limestone under exceptional con-
ditions. '

Manganese oxides as a rule are sparingly present in limestones.
Commonly they form delicate fernlike growths, a few inches in
length, usually lying on the bedding planes or in fissures, and evidently
formed in their present position after the limestone was solidified.

NaTUrE AND ORIGIN oF LIMESTONES

Limestones whose origin is known have solidified from materials
which were deposited on the bottom of seas or lakes. Originally, they
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were limy muds or sands, shell beds or coral and algal reefs. Locally
such materials before consolidation may be cast upon the shore by
waves or tides. From the shore they may be earried inland by the
wind and form sand dunes. Such is the case in Porto Rico today.
The sand dunes or other wind deposits of these limy materials may
be swept away by streams and again deposited in stream channels and
on the flood plains of streams, or the streams may carry them back
to the sea from whence they came. The limy materials forming on
the ocean bottom may in time become land. Thus exposed they may
be ground to gravel, sand, or mud by waves, wind, rain, frost, and
changing temperatures. These crushed materials may again come to
rest on the bottom of seas or lakes, in dunes, or in streams. All limy
substances whatever their source, whether formed on the bottom of
seas or lakes or whether they have subsequently been transported by
various agencies, if coherent and stony in nature, are included under
the term limestone.

In the seas of today, lime carbonate muds or oozes are formed by
direct chemical precipitation induced mechanically by wave action,
by the action of ammonium carbonate formed through organic decay,
and by the action of denitrifying bacteria. Bacterial action of
this type is very effeetive in tropical waters. Lime carbonate muds
are also formed by the sinking of the dead bodies of tiny lowly forms
of lime-secreting organisms, such as foraminifera, pteropods, and
globigerina. As previously indicated some lime carbonate muds of
the sea represent limestone ledges, coral reefs, and shell beds ground
up by waves or contributed by streams. The coarser lime carbonate
deposits of the seas are the shell beds chiefly composed of mollusk,
gastropod, and ecoelenterate shells. The coral reefs and coral de-
posits in general are built up largely by the growth of coral and by
the lime earbonate secretions of certain algae. The algae are often
more important in their contribution to coral reefs than the corals
themselves. At the border of coral reefs waves tear down the stony
growth and spread it out on the bottom of the deeper waters about
the reef in layers of coral, sand, and mud.

Coral or algal reefs, though porous and cavernous in structure, are
composed of eoherent rock material. Lime carbonate muds and sands,
however, are changed into coherent rocks through consolidation. Con-
solidation is sometimes due to the introduction of lime carbonate as
a cement. Alternate wetting and drying is favorable to this process.
As a rule consolidation involves reerystallization of the original grains
into a new aggregate of interlocking grains, mostly irregular in out-
line. It involves the elimination of water and the reduction of pore
space. Pressure is favorable to this process. The most compressed
limestone formations, marbles for example, are in general the most
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consolidated. 'Whether comnsolidation through reecrystallization also
takes place without the aid of pressure is an open question. Shell
beds usually solidify by the lithification of lime carbonate mud be-
tween the shells and not by any change in the size or shape of the
shells, In some cases, the shells are replaced by opaline or chalce-
donic quartz soon after deposition.

NATURE AND ORIGIN OF DOLOMITES
Nature of Dolomite

Dolomites are sedimentary rocks, usually stratified, which are com-
posed chiefly of the mineral dolomite. They contain besides dolomite
the same impurities as limestone.

Dolomite is a double carbonate of magnesium and caleium, CaCO;,
MgCO,. A part of the magnesium, always less than 10 per cent, as
a rule less than 1 per cent, is replaced by ferrous iron. When ex-
posed to the weather, the ferrous iron oxidizes to limonite, less com-
monly to hematite; hence dolomites commonly have a buff color on
the exposed surface. Limestone outerops, in contrast with those of
dolomite, usually are white or gray, most limestones being low in
ferrous iron.

Most dolomite was formed in the sea, but the detail of its forma-
tion is still in part an unsolved problem. Two possible ways suggest
themselves, (1) direet chemical precipitation and (2 )replacement of
lime carbonate. Many dolomite formations give no indication as to
how they were formed. This is particularly true of the ancient non-
fossiliferous dolomites. Such dolomites have furnished no positive
evidence of having replaced other substances. Rarely do they show
original caleitic bodies which dolomite could have replaced. So far
no test has been devised or applied which would determine whether
they are a replacpment or a chemical precipitate.

Facits Indicating Origin of Dolomite by Replacement

Many dolomites, other than the pre-Cambrian, have characteristics
which prove that they are replacements of limestone. Dolomites com-
monly do not show well preserved fossils. The remains of lime car-
bonate skeletons in dolomite are often vaguely outlined by a mosaic
of dolomite grains which gives no indication of the sharpness of out-
line and the markings of the original shell. Exceptions to this rule
are found when chert replaces the original shell or when the caleitic
casts of the original shell are still preserved. In still other cases fair
impressions of fossils are preserved when the original cast has been
dissolved out and is represented by a cavity. See Plate IA. The dolo-
mitic walls then preserve the markings of the fossil more or less
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faithfully. In cases where the cast has been removed and the mold
remains, the shell evidently was deposited in dolomite mud. After
the dolomitic mud had hardened and set, the shell was dissolved.
Where the caleitic cast remains, the shell appears to have been de-
posited in a dolomitic mud but has not been dissolved. The charac-
teristies of fossils in dolomite, such as their vagueness of outline and
replacement by dolomite, point to the replacement of ealeite by dolo-
mite. That all limestones have well preserved fossils is by no means
true although a large number of limestones do show them splendidly
preserved. Many fossils in limestones, however, were injured or nearly
destroyed by solution in the sea, by the wear from waves and cur-
rents, or by the feeding processes of other organisms.

Dolomites which still retain many caleitic casts often give unmis-
takable evidence of replacement of calcite by dolomite. The dolomite
grains which border the calcite have sharp cornered rhomb-shaped
crystals which penetrate the walls of the caleitic fossil casts and re-
place them. The cavities within the fossils are usually filled with
dolomite. See Plate 1B.

Limestone formations with very little dolomite usually show rhomb-
shaped dolomite erystals clustered around shells or in the inner walls
of the shells. Worm borings in limestone are often filled with dolomite
and the walls adjacent to the borings, including shells which may be
present, are more or less replaced by dolomite grains with good crystal
outline, where growing singly, or without erystal outline where closely
packed. See Plates II, 111, and IV.

Beds which consist of mixtures of dolomite and original sedimentary
caleite, however compact, do not show a uniform distribution of
dolomite. The dolomite occurs in very irregular patches and masses
which cut across the bedding. Studied in detail the individual grains
of dolomite are seen to replace the original shells if any are present.
In suech mixed beds of calcite and dolomite, the occurrence of the
dolomite is that of a replacement which occurred at or shortly after
the time of deposition, when the beds were still permeated by sea
water. The replacement by dolomite in such beds is indifferent to the
fissures cutting the beds. This type is distinguished from dolomite
in fissure veins and replacements of limestone wall rock adjacent to
fissures such as can be seen in the Joplin zine district of Missouri.

Dolomite Deposited by Underground Waters Versus Marine Origin

Because of the slight amount of dolomite deposition in the seas of
today, it has sometimes been argued that dolomites are formed by the
replacement of limestone through the agency of underground waters.
That underground waters have deposited some dolomite is true, but
it is improbable that they have brought about the formation of most
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dolomites. Dolomite which fills fissures or replaces limestones along
fissures can be credited to the work of underground water. To this
action are also due the dolomite crystals which line various openings
formed by the solvent action of underground water. Not all dolomite
druses lining minor vugs are with certainty aseribed to this cause.
Some vugs of this type may have been lined with dolomite crystals
while still in the ocean. The proportion of dolomite due to the work
of underground water seems to be insignificant. In point of abun-
dance, dolomite formed by underground waters bears about the same
relation to the great dolomite formations that the quartz veins bear to
the sandstone and quartzite formations.

Some of the important facts which show that dolomites were formed
in the sea follow. The marine origin of dolomites is indicated by the
interstratification of limestone and dolomite. Thick formations of
dolomite alternate with thick formations of limestone and thin layers
of limestone alternate with thin layers of dolomite. Such alternation
of formations can not be ascribed to replacement through underground
waters.

Variations in the proportions of limestone and dolomite in the same
formation are known. Dolomite sometimes occurs in irregular patches
scattered through limestone. Such occurrences usually show no rela-
tion to openings along which underground waters are active. For
example, on the shores of Lake Winnipeg, certain beds of light colored
Trenton limestone show dark amoeba-shaped patches rather regularly
spaced. See Plates IV and V and figure 1. The dark patches are
usually about 1.5 inches long and are about 0.25 inch to 2 inches apart.
They are aggregates of dolomite and calcite. Traversing the dark
dolomitic patches are marine fossil worm borings about one-sixteenth
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Figure 1.—Diagrammatic view of dolomite domes. The diagram is based on the
dolomitic domes in the limestone beds in the Galena and Black River formation
northeast of Sun Prairie, Wisconsin. The domes have the same bedding planes
as the adjacent limestones and are not related to fissures or shaly seams. They
contain numerous dolomitized pelecypods, whereas the limestone parts are rich
in bryozoa, brachiopods, and crinoids.
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inch in diameter and about one-half inch or more in length. The sig-
nificant fact in this case is that the dolomite is associated with tiny
marine structures and not with the fissures and larger openings along
which water circulates most freely.
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Figure 2.—Graphic representation of dolomite-calcite ratios from 1,148 analyses of

specimens from all over the United States. Of these 988 were compiled by
Ries in New York Museum Bulletin 44, 1901. It will be noted that about 480
samples were made up of 0 to 10 per cent of dolomite and 90 to 100 per cent
of calcite, and that nearly 300 were made up of 0 to 10 per cent of ecalcite
and 90 to 100 per cent of dolomite. The diagram shows that nearly pure
limestones and dolomites are much more common than mixtures of the two.

The relative abundance of limestone, dolomite, and mixtures of the
two points to the marine origin of dolomite. Limestones with little or
no dolomite are very common. Dolomites with very little calcite are
also abundant. Mixtures of limestones and dolomites are not common,
and appear to be characteristic of certain stratigraphic horizons. See
figure 2.

In Wisconsin, mixtures of limestone and dolomite are found in
the transition beds between the Black River and Galena limestones of
southwestern Wisconsin. If underground waters caused the progres-
sive replacement of limestone by dolomite in any important way, mix-
tures of limestone and dolomite should be common. The average com-
position of underground water probably has not changed very much
throughout geologic time. Such long continued action by underground
waters ought to have left limestones in all stages of change into dolo-
mite.
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The average composition of underground water speaks against its
effectiveness in causing very extensive replacement of limestone by
dolomite. Just what the conditions are under which dolomite ean
develop have not been fully determined. It is known, however, that
solutions high in magnesium salts are more favorable than those which
have a low content of these salts. Since the average underground wa-
ters contain several times more caleium than magnesium, they are not
as likely to bring about the deposition of dolomite as are sea waters.
In fact, caleite is very much more common as an underground water
deposit than is dolomite. The magnesium content of sea waters is many
times greater than that of calecium; hence sea waters are chemically
better fitted to bring about the deposition of dolomite than are under-
ground waters.

Relation of Dolomitization to the Geologic Time Scale

Although dolomite beds are ecommon throughout the entire sucees-
sion of formations exposed on the surface of the earth, dolomite de-
posits appear to be nearly absent on the bottom of our modern seas
and lakes. Direct evidence of present day deposition is very unsatis-
factory. Globular masses of caleite found on the bottom of the Med-
iterranean Sea occasionally have shown rhombs of secondary dolomite.
1t is claimed that dolomite is less abundant in the deep waters than in
shallower depths of this sea. In the Atlantic Ocean, dolomite has been
found at a depth of 150 meters on a steep slope of the Seine Bank north-
east of the Madeira Islands. The dolomite from this locality was found
in fragments of limestone containing a variety of caleium ecarbonate
skeletons including mollusks, snails, echinoderms, foraminifera, corals,
and calcareous algae. The cement between the skeletons contains a
great many dolomite grains of rhombohedral form, portions of the
limy algae are replaced by dolomite. Dolomite is also abundant in
the interior of the shells. The shells are found in various stages of
decomposition. The cement of the rock is interpreted as a chemical
precipitate since it shows no organic structures. Because of the strong
currents of the locality it is thought to have been coherent when first
formed or else it would have been washed away. The dolomite is either
a chemical precipitate or a replacement of calcite. No proof of the
replacement of caleite by the dolomite appears to have been found in
this case.

As has been stated very little dolomite appears to be forming in the
bottom of the seas of today. Less dolomite was formed in the seas of
the recent past than in those of the remote past. The oldest sedimen-
tary series commonly contain more dolomite than the sediments of
intermediate age or of recent origin.
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It is not proven, however, that dolomite deposition has uniformly
declined as time went on. Even the oldest formations show some lime-
stones, and the formations of later age show varying proportions of
dolomite. A survey of the distribution of dolomite deposition through
geologic time over a large area like the United States shows peaks
and lows on a curve which, taken as a whole, declines with time. Dur-
ing the same geologie periods, dolomite deposition was marked in some
parts of the ocean, less vigorous in others, and only limestone was
formed in still other parts. For example, the carbonate formations of
Cambrian time were chiefly dolomites in the eastern states and lime-
stones in the western states.
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CHAPTER II

GENERAL GEOLOGY OF WISCONSIN

The greater part of the visible portion of the earth is made of rock
units or rock substances, each nearly uniform in character and of con-
siderable extent. Each unit is nearly uniform in its constituents, or
consists throughout its extent of one or two dominant minerals. The
essential materials of each unit were formed by the same processes
acting continuously during a certain span of time. It took thousands
of years to form some of these rock units. Rock units formed by sedi-
mentary processes, that is by wind, surface waters, or ice, are called
sedimentary formations. The common sedimentary formations are
sandstones, limestones and dolomites, and shales. The rock units which
solidified from a molten state are called igneous rocks. Granites,
basalts, and gabbros are common igneous rocks.

The size, shape, and position of rock units varies. Sedimentary rocks
are commonly made up of layers. Originally such layers are nearly
flat. By movements of the earth’s crust the layers may become in-
clined or vertical, or may even be completely overturned. By com-
pression roughly parallel to the earth’s surface, the layers may be
buckled into a series of arches and troughs, called folds. The layers
may be sliced by fractures along which they slip upward or downward.
Such slip displacements, called faults, vary in magnitude from a frae-
tion of an inch to several miles. The fractures vary in dip from verti-
cal to horizontal. Their horizontal length may vary from hundreds
of feet to hundreds of miles.

Igneous rocks poured out on the surface of the earth in the form
of lava flows have about the same characteristies of size, shape, and
position as sedimentary formations. When solidified beneath the sur-
face, igneous rocks vary greatly in form and position. Some are tabular
in form, and the position of such ranges from flat to vertical. Others
are elliptical, cireular, or very irregular in their surface shape and
extend downward into the unknown depths of the earth. Below the
surface, the shape of these bodies is known but a short distance.

The distribution of rock units on the earth’s surface depends on their
original shape, size, and position with respect to other units, the dis-
placements from their original position by earth movements, such
as faulting, folding, or tilting, and finally the surface wear which they
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may have received by streams, winds, or glaciers. The distribution
of the rock units which underlie Wisconsin is dependent upon all
these factors.

The rock materials of Wisconsin from the standpoint of position,
age, and unity of character belong-to three great classes: namely, (1)
the pre-Cambrian rocks, (2) the Paleozoie rocks—horizontal sediments,
and (3) the unconsolidated glacial drift and soil—the surface mantle
rocks. See figure 4 and Plate VI,

Tur PrE-CAMBRIAN RoCKS

The pre-Cambrian rocks are the oldest. Wherever the Paleozoic
rocks occur, pre-Cambrian rocks underlie them. The contact between
them shows that the pre-Cambrian rocks were worn down by erosion
to a nearly level surface dotted by low, widely scattered peaks and
ridges before the Paleozoiec rocks were deposited upon them.

The pre-Cambrian by no means consists of a single rock unit, the
result of a single, unbroken geologic procéss. It is made up of a great
variety of rock units formed at various times. Periods of rock forma-
tion were interrupted by periods of erosion when the rocks exposed on
the surface were worn away and carried elsewhere. Periods of quiet
were interrupted by periods of earth movements and voleanie activity.
Thus a great variety of rocks are included.

These rocks fall into two major classes—an older series, the Archean,
and a younger group, the Algonkian. The Archean rocks are chiefly
igneous, that is, they solidified from a molten state. Extrusives are
lava flows poured out on an ancient surface. Intrusives are igneous
rocks which were injected while molten into older rocks. Granites
and porphyries are the chief rocks of this type. The Archean rocks
also include great masses of schists and gneisses. The schists consist
of a compact aggregate of platy and fibrous minerals whose long di-
mensions are parallel. The gneisses, like the schists, are dense compact
rocks and are made up of thin alternating layers of minerals. Usually
these layers are a fraction of an inch in thickness. Gneisses are gen-
erally igneous in origin, but schists are more commonly sedimentary.
The schists result from the recrystallization of minerals under intense
squeezing at great depths within the earth.

The Archean rocks were subjected to intense lateral pressure gen-
erally along roughly north and south directions, thus giving portions
of them a vertical foliated structure. They were deeply eroded to a
nearly level surface before the Algonkian rocks were deposited upon
them., The Algonkian rocks are for the most part very well consoli-
dated sedimentary rocks such as quartzites, slates, iron formations,
and marbles, but they also contain important masses of igneous rocks
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chiefly dark lava flows (basalts) and dark intrusives (gabbros). The
youngest rocks of this group are sandstones and shales, very much
like those of the Paleozoie.

The Algonkian rocks were not formed by a continuous process. Rock
forming processes during the Algonkian were interrupted by several
periods of folding and erosion during which the rocks already formed
were partly carried away and laid down elsewhere. The major facts
regarding the rock sucecession of the Algonkian are shown in figure 4.
The Algonkian rocks were uplifted and their surface eroded to a
nearly level plain before the Paleozoic rocks were laid down upon them.

THE PavLEOZOIC ROCKS

The formation of the Paleozoic rocks began with an invasion of the
sea over Wisconsin. For many millions of years this sea covered part
or all of Wisconsin. Until the sea finally receded for the last time,
there were probably but few times when the whole of the state was dry
land, and only one of these times was long enough to leave very marked
evidence of erosion before the sea covered the land again.

When the sea first advanced over Wisconsin after the wearing down
of the Algonkian rocks, it laid down a series of ripple-marked, cross-
bedded sands with some mud and marl beds which were subsequently
consolidated. They constitute the Cambrian sandstone. This sand-
stone includes a pure white sandstone, red shaly sandstones, green
glauconitic beds, and a thin dolomitic bed called the St. Lawrence
member of the Trempealeau formation. Their deposition was at times
interrupted by a withdrawal of the sea during which erosion of the
previously deposited sands took place. From 700 to 1,000 feet -of
Cambrian sandstone was deposited. All of the state with the possible
exception of parts of the northern portion was once covered by this
sandstone. ’

Following the Cambrian period came the Ozarkian and Canadian
periods (fig. 4), during which some sandstone was deposited. The
most important formations, however, are the Oneota and Shakopee
dolomites. The early geologists, thinking these two formations were
one, gave them the name Lower Magnesian. Owing to the fact that
these formations have not yet been mapped separately, the use of the
name Lower Magnesian is continued in this report to include the two
formations.

The deposition of the Lower Magnesian dolomites was followed by
an interval of erosion during which valleys, some of which were more
than 200 feet deep, were cut into the surface of the dolomite.

The erosion interval came to a close and the greater part of Wis-
consin and possibly all of the state became the site of the deposition
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of sands. These sands are remarkably pure quartz sands in many
places but locally are stained with iron oxides. Dake, who has re-
cently studied this formation in Missouri, thinks that they are marine
aeposits." These sands formed the St. Peter sandstone formation.
It filled the valleys on the surface of the Lower Magnesian dolomite,
in places to a thickness of 300 feet. Where it covers the ridges of
Lower Magnesian dolomite, it is much thinner or in some places en-
tirely absent.

Following the deposition of the St. Peter sandstone, marine sedi-
ments were laid down over a nearly smooth, even surface. The first
to be formed were the Black River formation of shale, dolomite, and
limestone, and the Galena dolomitic limestones. The total thickness
of these formations is about 300 feet.

Deposition of the shale formations of the Richmond group (Ma-
quoketa in southwestern Wisconsin—Richmond in the eastern part
of the state) followed. This shale ranges from 40 to 540 feet in
thickness. After an erosion interval the Niagara dolomite, over 700
feet thick, was deposited. After the Niagara dolomite was laid down,
slight erosion took place, following which a shaly dolomite, the Wau-
bakee formation, was deposited in the vicinity of Milwaukee. The
Waubakee formation in turn was raised above the sea and subjected
to surface wear, but was soon submerged and the Milwaukee forma-
tion was laid down upon its surface. :

Erosion of the Paleozoic Formations

After the Milwaukee formation was deposited, all of Wisconsin
became land and has remained above sea level to the present time. The
formations constituting the Paleozoic system were about 2300 feet
thick when the sea withdrew from Wisconsin for the last time. Some
time during their formation or after they were formed, the earth’s
crust over Wisconsin was slightly bowed upward into a broad north
to south trending very gentle arch. The highest part of this arch
extends roughly through the middle of the state and continues south-
ward into Illinois. East of the crest, the formations are more steeply
inclined than west of it.

The upbowed formations were subjected to the wearing action of
rains, winds, and streams through millions of years. All parts of
the surface were attacked. The crest of the arch was worn more
rapidly than the sides. In the north central part of the state, the
Paleozoic sediments were stripped away and a large V-shaped pre-
Cambrian area, the south edge of which is at Wisconsin Rapids, was

*Dake, C. L., The problem of the St. Peter sandstone: School of Mines and
Metallurgy, University of Missouri Bull. vol. 6, No. 1, 1921,
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¢xposed. Farther south hills of the pre-Cambrian in the Baraboo dis-
trict, at Berlin, Waterloo, and other points were exposed, but they
" were still surrounded by the sediments.

In this wearing down process, the relative resistance of the Paleo-
zoic sediments varied greatly. The Maquoketa and Richmond shales,
nearly all of the St. Peter sandstone, and most of the Cambrian sand-
stone were easily worn down wherever they became exposed. The
Richmond shale underlying the Niagara dolomite was carried off so
rapidly wherever the dolomite was removed that only a narrow belt
having a maximum width of about 4 miles lies exposed on the inner
border of the Niagara dolomite. The St. Peter sandstone bears to the
overlying Black River and Galena dolomite about the same relation
as the Richmond shale to the Niagara dolomite. A great deal of the
Cambrian sandstone along the border adjacent to the pre-Cambrian
of central Wiseonsin is worn down to a monotonous plain, but along
its outer border this plain is broken by numerous hills of the sand-
stone, many of which are steep sided. Certain hard layers of the
sandstone have formed flat benches which are terminated by abrupt
slopes.

The dolomite formations, because of their resistance to erosion, have
formed more or less plateau-like areas, in general highest at their
inner border. The border of each is always marked by a steep slope
which faces the interior of the state. These steep slopes or escarp-
ments are irregularly dissected by valleys, and in the area facing the
escarpment are outlying isolated hills still capped by dolomite.

GENERAL DIsTRIBUTION OF PRE-CAMBRIAN AND PALEOZOIC FORMATIONS

PFigure 3 is a general east-west cross-section of Wisconsin through
Blue Mounds showing the relative positions of the formations which
make up the Paleozoic rocks and their influence on the surface. A
glance at this figure and at Plate VI shows the pre-Cambrian rocks
outeropping in the central part of the state, enveloped by successive
belts of Paleozoic rocks. The oldest of the Paleozoic rocks, the Cam-
brian sandstone, lies next to the pre-Cambrian and on the outer border
of the sandstone is the next younger formation, the Lower Magnesian
dolomite. Each formation of the Paleozoiec rocks in turn has on its
outer border a belt of the next younger formation. The last to be
deposited lies along Lake Michigan. It may be emphasized again’
that this arrangement of outeroppings of the various rock units is
the result of the order in which the rock units were laid down one
above the other, their slight upfolding along a north-south line through
the middle of the state, and their subsequent erosion.
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TaE MANTLE Rock

The term mantle rock is applied to all the loose unconsolidated ma-
terials which cover the hard rocks of the state. The mantle rocks of
‘Wisconsin are classified as glacial and non-glacial. For distribution
of the glaciated area of Wisconsin see Plate VI. In the glaciated area
the mantle rock includes stream-laid sands, gravels, and muds; lake
deposits, including sands, gravels, muds, peat, and marls; unstrati-
fied, unsorted mixtures, called glacial till, consisting of sand, clay,
and bowlders of various sizes; and, locally, residual soil formed before
glaciation. The mantle rock in the unglaciated or Driftless Area on
the uplands is mostly residual soil and slope wash and seattered buff
colored unstratified wind deposited silty clays called loess. In a few
places quartz stream gravels have also been found on ridge summits.
The valley floors are usually covered with stream deposited sands,
gravels, and muds. In the large valleys which head beyond the Drift-
less Area, the stream sediments are largely glacial material.

OuTCcrROPS OF LIMESTONE AND DOLOMITE IN WISCONSIN

In general, limestone and dolomite and all other hard rocks are cov-
ered with a layer of mantle rock. This may be thin or thick. Locally
this mantle rock is lacking and the hard rock is exposed.

Rock outerops are much more abundant in the driftless than in the
glaciated area. In the Driftless Area north of the Wisconsin River,
the Lower Magnesian dolomite and in a few places the (Gtalena and
Black River formations form the eap rock of nearly all the hills. In
many places the harder beds of these formations form steep ecliffs of
bare rock along the tops of the bluffs which border the valleys. These
are especially prominent along the Wisconsin and Mississippi rivers,
but are also well developed along the branching network of small
valleys which dissect this region.

Along the bluffs marking the borders of the Liower Magnesian dolo-
mite formation in the Driftless Area, outerops also oceur, but here the
formation is thin as a result of erosion and a considerable mantle of
residual soil with flint is generally present. In places this condition
prevails for several miles from the border of the formation. Thus along
the marginal bluffs of the formation extending through the northwest-
ern part of Sauk County and through Vernon, Monroe, and Buffalo
counties, it is usually diffieult to find outerops of sound rock. ,

The Galena and Black River limestone beds of the Driftless Area
north of the Wisconsin River outerop near the Mississippi on the top of
the highest ridge of Crawford County.

South of the Wisconsin River in the Driftless Area lies a strip of
closely spaced deep tributary valleys. Near the mouth of the river this
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strip is only about 2 miles wide. Towards the east it widens, being
sbout 14 miles in width north of Blue Mounds. In-this strip the
Lower Magnesian dolomite forms almost continuous outerops along the
tops of the ridges near the river, but commonly comes down to the
valley bottoms near the southern border of the area. The south side
of this dissected belt is marked by the conspicuous elevation known as
the Military Ridge. Outcrops of the (Galena and Black River are
abundant along the northern slopes of this ridge facing the Wisconsin
River. South of the ridge all the steep slopes along the stream valleys
have numerous outcrops of Galena and Black River limestone and in
places other formations are also exposed.* The soil mantle of the
region is usually less than 10 feet thick and locally the Galena and
Black River formations are exposed on the gently undulating uplands
of this region. Many large dump piles of Galena and Black River
rock are found at the numerous mines of the lead and zine region, es-
pecially along the Chicago & Northwestern Railway between Montfort
“and the state line.

Along the Grant, County bluffs of the Mississippi River, the Galena
and Black River formations form almost continuous outerops which are
confined to the upper portions of the bluffs from the mouth of the
Wisconsin River to a point about 6 miles north of Cassville. Farther
south they commonly extend down to the base of the bluffs.

Outerops of the Niagara dolomite are especially prominent along the
east and west sides of West Platte Mound. On top of West Blue
Mound are prominent outerops of chert which is a part of the Niagara
formation. Minor outerops of Niagara dolomite also occur on the
East Platte Mound near Belmont, Sinsinawa Mound and on two mounds
south of Shullsburg, ,

In that part of the glaciated area lying within 15 miles of the Drift-
less Area, the distribution of outerops is much the same as in the Drift-
less Area, only less abundant. Here the preglacial hills are slightly
masked with glacial drift. Outcrops of dolomite are common along
the tops of the bluffs which border the valleys.

The geological map which accompanies Professional Paper 106* shows
the rock outerops and quarries of a large part of the glaciated region.
It covers the area from the Illinois state line northward to latitude
44°, a line passing east and west throngh Oshkosh. From Lake Michi-
gan it extends westward to the 90th meridian, passing through Reeds-
burg.

South of a line extending from Whitewater to the south side of
Milwaukee, outecrops are rare because of the depth of glacial deposits.

1See supplementary maps of Bulletin 14 of the Survey for distribution of
outerops in portions of this region totaling 100 square miles.

* Alden, W. C.,, The quaternary geology of southeastern Wisconsin: U. 8.
Geol. Survey Prof. Paper 106, 1918.
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North of this line, outerops of dolomite are most abundant along the
bluffs which mark the western margin of the Lower Magnesian and
Niagara dolomites respectively. The Galena and Black River dolo-
mite in this region has relatively few outcrops. A large part of this
formation south of Lake Winnebago underlies a lowland with numer-
ous swamps and lakes and areas of undulating plain covered with
fertile soil. Important outerops oceur northwest of Whitewater,
northeast of Sun Prairie, northeast of Watertown, and between Wau-
pun and Fox Lake.

Outerops are abundant along portions of certain rivers. A strip
following the Fox River from Waukesha to Germantown has many
outerops and quarries of Niagara dolomite. Quarries and outerops
are also abundant along parts of the Menomonee, Milwaukee, and She-
boygan rivers, along the Fox River between Menasha and Green Bay,
and the Oconto and Menominee rivers. The bluffs along Lake Michigan
are generally covered with lake clays and other glacial deposits, but in
a few places dolomite is exposed. Places where outcrops occur are at
Wind Point north of Racine, Port Washington, the town of Belgium,
Washington County, and Sheboygan. North of Sturgeon Bay outerops
along the coast are common, especially on the west coast of Door
County, where the Niagara dolomite outerops in bold cliffs. The west
coast of Green Bay is generally low and unfavorable for outerops.

The eastern border of the Lower Magnesian dolomite in the glaciated
area of Dunn, Barron, St. Croix, and Polk counties, although marked
by a distinet line of bluffs, shows relatively few outerops. As a rule
weathering has made the exposed dolomite soft and earthy. Outerops
are abundant along all the stream valleys which traverse the interior
of the area underlain by this formation. They are especially abundant
where the streams which flow westward, like the Kinnikinnie, Apple,
and Willow rivers, cross the western border of the formation. Here
Willow River falls over a prominent precipice of the dolomite onto the
Cambrian sandstone. On the nearly level uplands away from streams
outcrops are scarce,

In Pierce and St. Croix counties the Galena and Black River dolo-
mite outerops along the rim of flat topped, mesa-like hills which form
the highest eminences of the region. They commonly rise above a .
nearly flat surface.

ExpLANATION OF THE GEoLogcic COLUMN

Figure 4, the geologic column of Wisconsin, shows the order in which
the visible rock units of Wisconsin were deposited one above the other.
The vertical order of their ocecurrence also represents the time order
in which they were formed, the oldest being at the bottom. The four
major units—the pre-Cambrian, Paleozoic, Mesozoie, and Cenozoie—
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are not present everywhere. In many places where hard rocks outerop,
there is mo mantle of loose, unconsolidated rock. In north central
Wisconsin only the pre-Cambrian with or without mantle rock is
represented. Other parts of Wisconsin as a rule have three of the
major units, This geologic column is studied to advantage with Plate
VI showing the surface distribution of the rock formations underlying
Wisconsin, Plate VI does not show mantle rock excepting the glacial
drift. It does show the hard rock formations as they would appear if
the mantle rock were stripped away.

The age designations of the formations—Devontan, Silurian, Ordo-
victan, Canadian, Ozarkian, and Cambrian—are standard geologic time
units. Though the utilization of dolomites and limestones has nothing
to do with their age, the age designations are very useful and conven-
ient in comparing the formations of one region with those of another.
In a broad survey of limestone and dolomite formations for materials
of a certain composition, the age designations of mapped formations are
highly useful since a formation of any given age is likely to exhibit
nearly uniform characteristics for long distances. The high calcium
limestones used in the Portland cement industry of the Mississippi
Valley are scarce in rocks of pre-Cambrian, Cambrian, and Silurian
ages. There are some high calcium limestones of Ordovician, De-
vonian, and Carboniferous ages, but none of these are found in
‘Wisconsin.



DOLOMITES AND LIMESTONES OF WISCONSIN 29

CHAPTER II1
THE DOLOMITES AND LIMESTONES OF WISCONSIN

THeE Pre-CAMBRIAN DoLOMITES

So far as known, the pre-Cambrian carbonate formations in Wis-
consin are all dolomites. None have been used for purposes in which
chemical composition is a factor of fitness. None of the known ex-
posures are desirable for such uses since they econtain considerable silica.
In four areas, namely, the Gogebic and Baraboo ranges, near Draper,
and near Winegar, dolomites are known. Only those of the Gogebic
outecrop. The others are known only in drill holes.

The dolomite of the Gogebic district, which lies in Bayfield, Ashland,
and Iron counties, is known as the Bad River formation because of its
prominent outerops on this river near Penokee Gap. It is a member of
a series of formations of which one contains important iron ores. The
outerops are scattered along a belt trending a little north of east be-
ginning in T. 44, R. 5 W. and extending northeastward into Michigan.
Prominent exposures are found in secs. 15 and 16, T. 44 N., R. 5 W.
near the Marengo River, sec. 24, T. 44 N., R. 4 W., and in the SE. Y of
the NW. 1/, see. 14, T. 44 N., R. 3 W. The thickness is in most plarces
only a few feet, but near the Marengo River it is about 300 feet.

In most places the formation is very siliceous, the chief silica-bearing
minerals being chert and fragmental quartz. Minor minerals are
magnetite, tremolite, and chlorite. See analysis 1 (p. 183) for composi-
tion of the soluble portion of the dolomite from an outerop in the
NW. 14 of sec. 22, T. 44 N, R. 5 W.1 ,

In Sauk and Columbia counties lies an area of pre-Cambrian rocks
in what is known as the Baraboo district. The best exposed of this
group of rocks is the great Baraboo quartzite formation which forms
two conspicuous ranges of nearly east and west trending hills. The
one to the south forms the high bluffs at Devils Lake. The other forms
the hills at Ableman, Baraboo, and the Liower Baraboo Narrows.

The Baraboo quartzite is overlain by slates and iron-bearing forma-
tion of which a considerable part is dolomite, but neither- slate nor iron
formation outerop. They are all covered to a depth of 90 to 600 feet
by either Cambrian sandstone, glacial deposits, or non-glacial mantle

Trving, R. D., and Van Hise, C. R.,, The Penokee iron-bearing series of
Michigan and Wisconsin: U. 8. Geol. Survey Mon. 19, p. 131, 1892,
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rock. They occur in the Baraboo Valley which lies between the two
quartzite ranges and extends from the vicinity of Ableman eastward
for more than 20 miles.

Weidman records three analyses of the dolomite in his report on the
Baraboo distriet.* Analyses 2 and 3 are from the Illinois Mine at
North Freedom and analysis 4 (p. 183) is from a drill hole near this
mine. The dolomites of the Baraboo district are ferro-dolomites ; that is,
in addition to the carbonates of calcium and magnesium, they contain
several per cent of iron carbonate. The analyses indicate that dolo-
mites closely associated with the iron-bearing rocks are high in silica.
Farther away from the iron-bearing rocks, the dolomite is lower in
silica. Because of the depth to which these dolomites are buried it is
unlikely that they ever will be used.

In the vicinity of Winegar, * Wisconsin, T. 44 N., R. 6 E., eight dia-
mond drill holes have eross-sectioned the Turtle Range. The drillings
indicate a syncline of pre-Cambrian rocks. On opposite flanks of this
fold which probably trends about N. 80° E. lie quartzite and dolomite.
The thickness of the dolomite is estimated to be about 900 feet. The
middle of the trough is underlain by slate and iron formation. The
minimum drift cover over the dolomite, as shown by the drilling, is
about 175 feet.

Diamond drillings disclosed a dolomite of probable pre-Cambrian age
near Draper in secs. 6 and 7, T. 39 N., R. 4 W. This is a somewhat
mashed siliceous dolomite accompanied by slate and cherty carbonate.
The depth of drift is between 50 and 100 feet. From the meager data
the thickness of the dolomite is computed to be 300 feet.

Tur PALEozoic DOLOMITES AND LIMESTONES OF WISCONSIN

The dolomites of the Paleozoic rocks of Wisconsin will be discussed
under county headings. The counties are treated in alphabetic order.
Under each county or group of counties for which titles appear, all the
dolomite formations oceurring in that particular area are taken under
consideration. It is believed that this arrangement will be found best
for those who may desire to look up the limestones of a particular
region.

Brown Couniy

General geology—The Galena and Black River dolomite belt in the
western part of the county is bounded on the east by a narrow strip of
Richmond shale, east of which the bed rock is Niagara dolomite. See

! Weidman, Samuel, The Baraboo iron-bearing district of Wisconsin: Wis-
consin Geol. and Nat. Hist. Survey Bull. 13, pp. 61, 62, 64, 68, 1904.

2 Allen, R. C., and Barrett, L. P., Contributions to the pre-Cambrian geology of
northern Michigan and Wiseonsin: Michigan Geol. and Biol. Survey Pub. 18, p. 99,
1915.
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Plate VI for the distribution of the hard rock formations as they would
appear if the mantle rock covering them were stripped away. The edge
of the Niagara dolomite is marked by a westward facing siope, aver-
aging 250 feet in height. The county is covered by glacial deposits, so
that outcrops are most common along streams and along the western
edge of the Niagara dolomite.

Galena and Black River dolomite—Outcrops of this formation are
common along Fox River. Exposures of the Galena dolomite are abuu-
dant along Dueck Creek. The outcrops are similar in nature to those at
Kaukauna (p. 71).

The Big Suamico River has likewise laid this formation bare in a
number of places a.ong its channel. The largest outcrop of this kind is
at Flintville. It is not like those at Kaukauna and Duck Creek. The
lower seven feet of the outcrop consists of shale and dolomite beds inter-
layered. Above them lies a three-foot bed of massive dolomite similar
to those at Duck Creek and Kaukauna.

Large quarries in the Galena dolomite are located at Duck Creek and
De Pere. A few descriptions of quarries are given below.

Buckley describes the beds of the Chicago & Northwestern Railway
Company’s quarry at Duck Creek as follows:

Top of section.

15 inches. Considered one of the best beds of the quarry (for build-

ing stone). Below this bed is 14 to Y% iuch of clay.

34 inches. Sometimes runs solid, while at other times it is split into

~ two or three courses.

16 inches. Soud bed.

19 inches. Works into good 18-inch coursing.

28 inches. This bed is split up into any desired thickness.

11 inches. This bed is shelly and w orthless.

15 inches. In places shelly and worthiess, in others Sllltdb]e for

building stone.

The beds in the other quarries of the Duck Creek district are very
similar to those of this quarry. At the M. Brunette quarry about 40
feet of rock is exposed. No great variation of the beds can be noted
except that the lower beds are thinner and less suited for dimension
stone than the upper. For composition of Duck Creek stone see analy-
sis 62 (p. 186). The thickness of beds represented by this analys1s is
not given.

Niagara dolomite.—Outcrops of the Niagara dolomite are not com-
mon. The escarpment marking the western edge of the formation is
most favorable for exposures. The beds outeropping, known as the
Mayville beds, belong to the lowest part of the formation. The average
thickness is 60 feet, but as a rule only a small part of the beds is ex-
posed in any one place.

* Buckley, E. R., Building and ornamental stones of Wisconsin: Wisconsin Geol. and
Nat. Hist. Survey Bull. 4, p. 275, 1898.
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The striking characteristics of these beds, in Chamberlin’s words*

e ‘‘thick bedding, uneven structure, and the rough, craggy, pitted
surface of the weathered ledges.”” He recognizes the following five
distinet types of beds in the lowest part of the Niagara:

Top of section.
L. 0-12 feet. Same as III.
II. 4-14 feet. Compact, cherty dolomite, excellent as a building
stone.
II1. 5-10 feet. Broken fragments of dolomite cemented with yellow-
ish green marly clay.
1V. 6-12 feet. Hard, heavy bedded dolomite—(no good for qulck
llme)
V. 4-10 feet. Shaly impure dolomite.

Quarries in the Niagara limestone are located at Greenleaf and in the
townships of Morrison, Denmark, and Preble. '

Lime kilns have been operated for local consumption by Fred Bena,
town of Preble, and Wm. C. Trilling, town of Morrison.

Buffalo County

General geology.—Buffalo County has an abundance of Lower Mag-
nesian dolomite which caps nearly all the high ridges and uplands.
The lowlands are underlain by the Cambrian sandstone. The loose
mantle rock of the county consists of residual soil, wind deposits, slope
wash, and stream deposits. Scattered occurrences of glacial debris have
been noted in the towns of Maxville and Nelson.

Lower Magnesian dolomite—The principal exposures of the Lower
Magnesian dolomite are found along the tops of the bluffs which face
the Mississippi River. Away from the river, the soil mantle becomes
deeper, outcrops are less common, and the beds at the surface are
usually more decayed.

Following is a partial list of dolomite quarries in Buffalo County :
Alma Fred Gleiter, John F. Harry, John Dinger, Rudolf

Mueller & Sons, and John Eberle
Fountain City Badger Stone Company, H. F. Murr, and Richard

Krause
Cochrane A. Krause
North of Fountain City the beds exposed are as follows:
Top of section Feet
1. Soil-covered Slope. . ... 40

II. Thick-bedded, fine-grained Lower Magnesian dolomite with
many small cavities lined with calcite. Flints in lenticular
nodules, also in honey-combed forms lining eavities. Analy-

SIS 11 (. 384 e 40

* Chamberlin, T. C., Geol. of Wisconsin vol. 2, p. 338, 1877.
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II1. A bed of white, fine-grained dolomite from II, 2 feet thick,
analyzed separately. Analysis 12 (p. 184).

IV. Dolomite, thick bedded without flint. Sandy seams near bot-
tom. Analysis 13 (p. 184 ) oo 40

V. Soil-covered SUrface..........o e 250

The beds of this quarry are higher in carbonate than the average
Lower Magnesian dolomite. They would make fair lime and a very
good agricultural limestone. ‘

The beds at Cochrane are about the same in thickness and quality as
at Fountain City. An excellent quarry site is located about 114 miles
north of Cochrane.

The beds of Lower Magnesian dolomite in the Eberle quarry on the
hill just north of Alma are described as follows:

Top: of section Feet

1. Residual soil and dolomite fragments... . ... 4

I1. Fine-grained, compact, thin-bedded dolomite with flint nodules
and lenses parallel to bedding. Analysis 14 (p. 184)........... 10

TI1. Massive, compact dolomite—almost without bedding. Analy-
SIS 15 (P I84) o e 12

IV. Thick-bedded dolomite, mostly coarse grained. Analysis
16 (Pe dBA) e 12

The upper 22 feet, groups II and 111, are pure enough to be a fair
" lime rock. They would make very good agricultural limestone.

Calumet County

General geology.—The northwest portion of this county is underlain
by Galena and Black River dolomite. A strip of Richmond shale lies
southeast of this and along the Liake Winnebago shore. All the rest of
the county is underlain by the Niagara formation.

Galena and Black River dolomite—These formations underlie a
gently undulating and level area deeply covered by glacial debris and
lake clays, and probably do not outerop.

Niagara dolomite~—The chief outcrops of this formation are along
or near the cliffs which border Lake Winnebago.

The largest quarries in the Niagara dolomite are at High Cliff, Hay-
ton, and Brillion. The lower beds along the lake are usually flint bear-
ing, coarse grained, thick, gray, and rough in exterior. The upper beds
are generally a very pure dolomite, sandy and porous in grain and
well suited for lime. Analysis 141 (p. 188) shows the compos1t10n of
the lower 20 feet of the formation at High CIliff.*

The Western Lime and Cement Company’s quarry at High Cliff is
located in sec. 36, T. 20, R. 18 E. At High CIliff there is an abrupt
rise of 200 feet above the lake. The quarry stone (about 10 feet thick)

! Chamberlin, T. C., op. cit., p. 338.
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outcrops in flat layers near the top of the bluff. It is cut by vertical
mud seams and fissures. The underlying beds are so full of flint as to
be worthless for lime. The stone is a finely crystalline white dolomite.
Analysis 144 (p. 188)* shows the composition of the quarry beds. The
face of the quarry is 600 feet long by 10 feet high.

The foot of clay on top is removed by hand. The stone is drilled by
steam and blasted with dynamite. It is then sledged and sorted for size
only.

At the Western Lime and Cement. Company’s quarry at Hayton, the
section of Niagara dolomite is as follows:

Top of section Feet
LS00l e Thin
II. Top layers, shelly, bluish, stained with iron. Not used for

T o 5

III. Hard bluish-gray dolomite..............oo oo 12

IV. Hard white, coarse erystalline dolomite reported as the best

quicklime beds of the quarry...................... .. 5
V. Soft white, granular dolomite. Analysis 142 (p. 188)............ 12

The Western Lime and Cement Company’s quarry at Brillion is also
located on the Niagara dolomite. Considerable lime has been produced
here. The quarry face is over 14 mile long. The beds are deseribed as
follows:

Top of section Feet
L S0l e A few

II. Top layers, fine grained, slightly earthy. Uniform in quality
as a lime maker. Analysis 187 (p. 188) oo 25

III. Coarse-grained rock—not strongly coherent. Reported as

making a faster slaking lime than II. Analysis 138 (p. 188) 10

IV. Coarser grained than ITI. Analysis 139 (p. 188) ..o 4
V. Reddish, cherty dolomite. Red iron oxide along bedding
planes. Chert in bands and nodules parallel to bedding.

Used for crushed stone. Analysis 140 (p. 188)..... ... 10

Two other analyses of Niagara dolomite have been published before.
Analysis 136 (p. 188)* from Brillion is of a high-grade dolomite similar
to that of the Western Lime and Cement Company’s beds. Analysis
143 (p. 188),2 is from the lower shaly beds of the Niagara dolomite in
the NE. 14 see. 11, T. 19, R. 18 E.

Columbia C’bunty

General geology.—The northwestern part of this county is underlain
by the Cambrian sandstone (Pl VI); the southwestern by Cambrian
sandstone and Lower Magnesian dolomite. Along the Wisconsin River,

* Emley, W. E., Manufacture of lime: U. S. Bur. of Standards Tech. Paper 16,
p- 123, 1913.

*U. 8. Geol. Survey Twentieth Ann. Rept., Pt. 6 cont., p. 462, 1899,

? Chamberlin, T. C., op. cit., p. 338, 1877.
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the Trempealeau dolomite in the upper part of the Cambrian sandstone
forms prominent benehes. The eastern end of the Baraboo Range is
the most striking topographic feature of the town of Caledonia. East
of the Cambrian area there is a northwest facing escarpment formed
by the Lower Magnesian dolomite, which underlies much of the south-
eastern part of the county. This escarpment is deeply indented by
stream valleys. Numerous hills capped by Lower Magnesian dolomite
lie to the northwest of the escarpment. The eastern part of the county
is underlain by strips and patches of St. Peter sandstone and Galena
and Black River dolomite. The ledge rock is in most places buried by
loose glacial debris and soil.

Trempealeaw dolomite.—Localities where the Trempealeau appears
at the surface are listed because they might in some cases serve as
sources for agricultural limestone.

1. In sec. 31, T. 13, R. 12 E., town of Randolph. There are two quar-
ries on the walls of a ravine at the head of Duck Creek. The quarry on
the west wall of the ravine shows the following section :

Top of section Ft. In.
I. Fine-grained, yellow-brown rock, only slightly sandy.
Insoluble residue 69.03 per cent.......oooooiiiiieeiee 10 0

1. Fine-grained, compact, yellow and purple blotched—not
in distinct layers, but occasionally finely laminated.
Insoluble residue 44.53 per cent. Carbonate content
about 45 per cent. No good for lime. A local soil
neutralizer, if nothing better can be obtained as

CheaDLY . oo 6 0
II1. Fine-grained, milk-white, clayey, sandy rock without-
CATDONALE - oo e e 6
IV, SImilar t0 Il oo 11 0
V. Compact, fine crystalline, vugs lined with dolomite. In-
soluble residue 41.73 per cent. ..o 4 0
VI. Greensand 1aYers ..o e 2 0

9. In the railroad cut at Rio in the northwest corner of the town of
Otsego, T. 11, R. 11 E., 4 feet of red and yellow mottled Trempealeau
beds are overlain by 18 feet of sandstone.

3. Kingsleys Bluff in the NE. 4 of sec.. 26, and the SE. 14 of see. 23,
T. 10, R. 8 E., near Lodi, has the following section :

Top of section Feet
I. Drift-covered SIOPe. . ..o 20
II. Lower Magnesian dolomite. ..o 5
I11. Drift-covered slope without exposure...........ooeee 100
TV, SANASTONE oo oeeeeeceacem e e e mem s e er e oo 5
V. Trempealeau dolomite, yellowish, regular bedded, fine
grained. Analysis 5 (P 188) s 10

1TIrving, R. D., Geol. of Wisconsin, vol. 2, p. 586, 1877.
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VI. Flat, drift-covered slope. No exposure...............___ 40
VII. Cambrian sandstone............. e 40
VIII. Sandy slope without exposure........................._____ 90
Total ... 310

Lower Magnesian dolomite.—Most of the outerops of the Lower
Magnesian occur along the esearpment deseribed above.

The J. E. Johnson quarry is located in the SW. 14, NE. 1 see. 36, T.
10, R. 8 E. 1t is easily accessible and contains a large quantity of stone.
The beds consist of 10 feet of thick bedded, compact dolomite, free from
flints. Analysis 17 (p. 184). ‘ ' ‘

The Thompson quarry is situated on a bluff in the S. 15 of SW. 1 of
SE. 14 of sec. 34, T. 10, R. 8 E. The supply here seems to be limited.
Its quality is about the same as at the Johnson quarry. »

In the high prairie ecountry of southern Columbia County the forma-
tion is 120 to 140 feet thick, the uppermost layers being cherty or en-
tirely replaced by chert, ‘

Galena and Black River dolomite—The principal exposures of the
Galena and Black River dolomite occur along its outer or western
margin, although some outcrops and quarries are located on nearly level
areas away from the border of the formation.

The old city quarry of Columbus, in the NE. 14, SW. 1}, sec. 22,
T. 10, R. 12 E., is in this formation. The beds exposed in the quarry
are described as follows: '

Top of section Feet
Lo S0l o 2
II. Thin-bedded dolomite. Analysis 65 (p. 186).. ... 10

- I11. Thin-bedded, brittle, fine-grained dolomite similar in appear-
ance to the glass rock of the lead and zinc region. Analysis

64 (p. 186) . o 4
IV. Thick-bedded, blue, fine-grained, clayey dolomite. Analysis
63 (P- 186) o 4

At the quarry in the SW. 1 of.sec. 27, T. 10, R. 12 E. the section is
about the same as at the city quarry. The quarry is easily aceessible,
although located in a field about 14 mile from the public road. The
quality of the stone is about the same as at the city quarry.

Crawford County

General geology.—The Lower Magnesian dolomite caps the bluffs and
uplands along the Kickapoo Valley and throughout the eastern part of
Crawford County. Some of the ridges have a thin coating of St. Peter
sandstone which as a rule forms unimportant outerops and has little
effect on the soil, being covered in most places by wind-deposited clays.
The valleys in this portion: of the county are underlain by Cambrian
sandstone. In the western part of the county, the ridges are capped
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with the Galena and Black River dolomite and the St. Peter sandstone.
Here the valleys are usually underlain by the Lower Magnesian dolo-
mite. Prominent outcrops of both carbonate formations are found
along the Mississippi near Prairie du Chien. The Galena and Black
River dolomites are found only on the highest spurs. »

Lower Magnesian dolomite—The bedding of the Lower Magnesian
dolomite where well exposed along the Mississippi is very regular and
uniform. Certain beds form vertical cliffs, 40 feet or more in height,
which the eye can trace for many miles up and down the towering
bluffs which follow both sides of the river. A section 207 feet thick
on a bluff facing the river in the SE. 14, sec. 6, T. 7, R. 6 W., was meas-
ured by Moses Strong.!

Quarries are numerous. At Prairie du Chien the city quarry, located
at the mouth of the gully directly east of town, shows 52 feet of dolo-
mite. The section follows:

Top of section Feet
1. Porous, coarse crystalline dolomite with flint layers................ 20
II. Compact dolomite with flint nodules. ..o 7
III. Banded dolomuite. oot 5
1V. Dolomite with quartz openings parallel to bedding........coceceenc 4
V. Coarse, porous dolomite known as ‘‘lead layer’’ by local
TOLVE:0 0 103§ OO 31
VI. Compact dOLOTILE .o .eoiiiiciemeioceeeanem e nran e em e eneoon 13

At Dé Soto a quarry owned by O. G. Lewis, cashier of the bank of
‘De Soto, is located about 14 mile south of the village. Here the Lower
Magnesian dolomite appears about 300 feet above the Mississippl
River. The lower portions of the bluff are Cambrian sandstone. The
thickness of dolomite in the Lewis quarry is 35 feet. The section
follows: .

Top of section Feet
1. Fine-grained, buff, flinty rock. Analysis 20 (p. 184)............ 12
1I. White, fine-grained dolomite. Analysis 19 (p. 184). ... 5
III. Fine-grained, compact dolomite. ~Upper layers finty.
Analysis 18 (P. 184) oo e 18

The average rock from this quarry is too high in impurities to be
suitable for quick lime. As an agricultural limestone, it would be sit-
isfactory for local uses. AR

The quarry owned by Lawyer and Carrol at Bridgeport shows about
35 feet of Liower Magnesian dolomite. It is an old quarry, having fur-
nished some of the stone used in the old capitdl buidding at” Madison.
The lower 21 feet consist of coarse, sandy, rotteit dolomt and Miht diid
would be undesirable for quick lime or‘>€{gﬁ@u¥€ﬁi‘ﬁ1{'>ﬂﬁlﬁiﬁitéﬁ°i!'I;ﬁe
upper 14 feet are thick bedded, comipaet, st 62 'fai-qaalits ad a0l
neutralizer. 1ot snimoleh vhise 5 oatiuoloh sieb

el S0 oot lpsiag T siotehinss

! Strong, Moses, Geology of Wisconsin, vol. 4, p. 611;:,,1%9{2.“;‘1‘;15 . T

aAT0inn
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In the Kickapoo Valley, Lower Magnesian dolomite can be obtained
from the tops of the bluffs which overlook the valley. On the ridges
and uplands away from the valleys, outerops are scarce. The rock is
rotten to considerable depths. Residual flint bowlders are almost the
only solid rocks near the surface, ~

About 174 miles northwest of Wauzeka there is a small roadside
quarry in the Lower Magnesian dolomite. The rock is soft and
crumbling.

Farther north, around Soldiers Grove, the Lower Magnesian dolo-
mite exposed is soft and decayed. At the Clayson quarry, east of
Soldiers Grove in sec. 26, about 10 feet of Lower Magnesian dolomite is
exposed about 40 feet above a creek bottom, where the Cambrian sand-
stone can be seen. The composition of the 10-foot section exposed is
shown in analysis 21 (p. 184). This rock is rather high in impurities
for quick lime, but would make good agricultural limestone.

On the east side of the road one-half mile north of the Clayson quarry
Is another quarry in the Lower Magnesian dolomite. The ledge is
about 6 feet high by 40 feet long. The composition is shown in analysis
22 (p. 184).

This rock is too impure for quick lime and inferior to the Clayson
quarry rock as a soil neutralizer.

Galena and Black River dolomite.—This formation caps the ridge
from a point between Bridgeport and Prairie du Chien northward to a
point a few miles north of Seneca. An isolated patch also occurs on the
uplands in the northwest part of the town of Utica. Outcrops oceur
along the edges of the high bluffs.

On top of the first bluff north of the road leading east of Prairie
du Chien is an outerop of thin bedded, white, fossiliferous limestone.
It is hard to reach, being off the road and about 500 feet above the
city. The section is 10 feet thick, fine grained to glassy in texture, and
similar to the transition beds found at the base of the Galena south of
the Wisconsin River in the lead and zine district. Analysis 66 (p. 186).
Although higher in calcium earbonate than most of our carbonate for-
mations, it is still too high in magnesium carbonate to be used for Port-
land cement, beet sugar factories, or sand lime brick. It would make
a fairly hot quick lime and would be a good agricultural limestone.

Dane County

General geology.—The principal valleys of Dane County, including
the Four Lakes region, the Wisconsin Valley, and the Black Earth
Valley, are underlain by the Cambrian sandstone. The first hard rock
bench. which rises above the sandstone areas is underlain by the Men-
dota dolomite, a sandy dolomite in the upper part of the Cambrian
sandstone. Typical outerops of the Mendota dolomite occur on Lake
Mendota at Maple Bluff.
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The next bench above the Mendota dolomite is underlain by the
Lower Magnesian dolomite. It eaps most of the bluffs along the Wis-
consin River. It outcrops in many places along the bluffs which border
the Black Earth Valley from Mazomanie to Madison. It underlies most
of the uplands in the northern part of the county.

The high uplands of the southwestern part of the county and certain
ones east and northeast of the Yahara Valley are underlain by the
Galena and Black River dolomite. The edge of these uplands is usually
marked by a steep slope, the lower part of which is underlain by the
St. Peter sandstone. Some of the valleys in the southwestern part of
the county are underlain by the St. Peter sandstone.

At Blue Mounds the cap rock is a flint formation, a remnant of the
Niagara formation which erosion has failed to remove. The gentle
slope of the mound near the top is underlain by the Maquoketa shale.

The edge of the heavy glacial drift sheet extends from the northwest
corner of the town of Roxbury southward. It crosses the Chicago,
Milwaukee & St. Paul Railway about one mile east of Cross Plains and
from there swings southeastward through Brooklyn on the southern
border of the county. The region to the west of the glacial drift is
mostly covered by residual soil resulting from the decay of the under-
lving formations.

Mendota dolomite.—The Mendota dolomite extends over a large part
of the Yahara Valley. It is absent elsewhere in the county. To the
west the Trempealeau formation replaces it at the same level.

The Mendota dolomite averages about 30 feet in thickness, of which
the lower 20 feet are heavily bedded, dark yellow in color, and break
with a shell-like fracture. In seams and patches it is stained by iron
oxides. It contains 3 to 10 per cent of insoluble clayey material. Al-
though not a high grade dolomite and therefore not suitable for com-
mercial lime and other uses in which a nearly pure dolomite is desir-
able, it has been used as a local agricultural limestone. Cost should
determine whether this or the Lower Magnesian dolomite should be
nused.

On the north shore of Lake Mendota in the NW.14 of sec. 1 of the
town of Madison the Mendota dolomite was quarried for part of the
stone used in the construction of the old capitol at Madison. The beds
are about 21 feet thick, of a brown color and flinty matrix. On solution
they leave about 15 per cent of sandy residue.

The Mendota is also exposed in several railroad cuts on the north
side of sec. 22 in the town of Madison. On the SW.14 of see. 23 on the
point of a low ridge, the lower 10 feet of the Mendota are exposed.
The rock is a dark yellow to brownish rough textured, concretionary
dolomite with many patches of red iron oxide. Its composition is
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shown by analysis 6 (p. 183).* It is higher in carbonates than the
average Mendota.

About 10 feet of Mendota are exposed on the south shore of Lake
Monona, near the southeast corner of sec. 25.

On the west shore of Lake Kegonsa near the center of sec. 26, town
of Dunn, 12 feet of Mendota dolomite are exposed at the base of an
18 foot section of sandstone.

Lower Magnesian dolomite—Small quarries are common wherever
this formation outerops. In recent years this rock has been used for
crushed stone only. Up to a few decades ago, it was used as a local
source of lime.

The composition of the Lower Magnesian dolomite varies greatly.
No section of beds 4 feet or more in thickness can be found free from
notable amounts of impurities. The chief impurities are clay, flint, and
sand. Flint occurs in abundant nodules and irregular layers. Some
nodules are a foot or more in diameter. In the deeper layers they are
usually 2 or 3 inches across and are arranged parallel to the bedding.
A great deal of flint also occurs in tiny spherical globules about 4
inech in diameter, which are scattered through the dolomite. Some
beds consist chiefly of flint globules rather than of dolomite.

The Lower Magnesian dolomite of Dane County is too impure to
gerve any of the purposes of a high grade dolomite. It can be used
as a local soil neutralizer.

Stone from the old Williams quarry on the south line of the town
of Madison in see. 33 was formerly used for lime. The quarry shows
the following section.

Top of section Ft. In.
I. Concretionary and irregularly bedded, yellowish dolo-
mlte e e e e et e e mem e e eaemecmsenmeiamen 10 0

11. Flint layer, sometimes forming a continuous nodular-
surfaced layer, at others occurring in a row of sepa-
rate nodules; internally the flint is brown and white
banded, and jaspery; externally it has a soft white
opaline coating...............__.. ... ... 3
ITI, Compact, heavily-bedded, flinty-textured gray dolomite
containing a few geodic cavities lined with dolemitic

crystals. Amnalysis 23 (p. 184)2 . ... -4 0
IV. Flint layer like T1. .o e 2
V. Very heavily bedded dolomite like I..............._..._.._..__._ 5 0

West of Madison, the Lower Magnesian dolomite has been quarried
by the city of Madison, E. F. Paunack, and the David Stephens es-
tate. The beds at the city quarry are about 20 feet thick and have
about 3 feet of clayey soil covering them. The layers contain a great

* Irving, R. D., Geol. of Wisconsin, vol. 2, p. 543, 1877.
*Idem.
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deal of flint in the nodular and coneretionary form. Clay and sand
are other impurities present. The beds at the other quarries are
about the same as at the city quarry.

The Wiesenburg and Dahnke quarry is located about 350 feet west
of the station at Middleton. The stone has been used for ‘crushed rock
on roads. The dolomite is very impure as shown by the section below.

Top of section Ft. In.
T3 ) Several
II. Sandy dolomite.. . ... 6 0
III. Caverrious flinty layer ... .. 1 0
IV. Sandy dolomite... ... 3 0
V. Fractured, brecciated dolomite....... ... 1 0
VI FLNY e 1 6
VII. Loose Sand.........o. o 2
VIIL FUNE e 1 0
IX. Flint and dolomite...... ... 1 0
X, Green Clay. ..o 1
XI. Dolomite with flint lenses.. ... ... ... 2 0
XII. Fine-grained dolomite with dome-like structure, ripple
marks, and sun eraeks......_...____.._._ ... 0
XIII. Dolomite, flint, and sand grains.:...._._..___..._..._._......._ 6

The O’Malley quarry, SE. 14 of sec. 10 in the town of Westport,
seems to have beds which are somewhat purer than the average Liower
Magnesian dolomite. The beds are described as follows:

Top of section Feet
I. Thin bedded to shaly yellow dolomite. ... . 6
I1. Three heavier layers of same ... 214

II1. Broken yellow dolomite with much oolitic flint and ecalcite
in geodes. ..o S IO 4

IV. Very heavy layers, interstratified with two or three thin
cream-colored layers of dense, granular dolomite.........._...._. 10

The Veerhusen quarry in the NE. 14 of the SW. 1 of sec. 25, town
of Westport, is on top of a narrow ridge of Lower Magnesian dolomite.
The following section was reported from there.!

Top of section Feet
L. Rough, brecciated, yellow, fine-grained dolomite, with 3 per
cent impurities................_____... 8

II. Very heavy layers, some 4 to 5 feet thick, pale yellow color,
close ‘textured, granular dolomite. On solution leaves a

large amount of gray sand. ... ... 15
III. Greenish sandy layer; a specimen left 14.17 per cent of very
fine gray sand........... 1

IV. Thinner-bedded dolomite, like II, but fine grained, of green-
ish tint, and profusely marked with dendrites of manganese
OXIA® 814

Irving, R. D., Geol of Wisconsin, vol. 2, p. 602, 1877.
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Heiny’s quarries in the Lower Magnesian dolomite, NW. 1 sec.
35, town of Springfield, show the following section.

Top of section ) Feet

I. Concretionary and brecciated yellow dolomite....................... 5
II. Heavily-bedded white layers—much flint—formerly burnt for

LI e et een e smae et n e emn e 10

IIT. Soil-covered S1OPe ..o e 25

IV. Irregularly thin bedded, porous white and yellow mottled
dolomite with geodie cavities and 6+ per cent of insoluble
INETEAIONTS oo e e 15

Galena and Black River dolomite—This formation is mostly an im-
pure dolomite with 5 or more per cent of clayey impurities. Certain
beds northeast of Sun Prairie in the town of Bristol range from cal-
citic dolomites to dolomitic limestones. All of them are too high in
magnesia to serve as high grade limestones and can not be used for
. Portland cement.

The Kelly quarry is located on a hill top in the SE. 34, NE. %4, sec.
4 of the town of Oregon. The dolomite at this place is 12 feet thick
and rests on the St. Peter sandstone. The average composition of the
beds is shown by analysis 67 (p. 186).

The O’Brien quarry is located in the SE. 14 of sec. 7 of the town
of Fitechburg. About 27 feet of soft, earthy buff Galena and Black
River is exposed.

Top of section Feet

I. Soil and weathered rock ... e 6
II. Decayed thin-bedded dolomite................ . e 10
ITI. Thin-bedded dolomite............ooooooiieemeoe oo 5
IV. Massive-bedded, buff, fine-grained, dense dolomite..................... 12

The average composition of the beds is shown by analysis 68 (p. 186).

The Galena and Black River quarries northeast of Sun Prairie
show thick, fairly compact buff colored dolomite beds, capped by thin
bedded layers of shaly limestone with dolomitic domes near the base.
The domes are of a darker color than the limestone and measure about
214 feet in height and 3 to 5 feet at the base. The large quarries
in the N. 15 of sec. 34 in the town of Bristol have about 10 feet of
the lower buff dolomite below 8 feet of dolomitic limestone. The upper
dolomitic limestone layers are 14 to 84 inch thick and are separated
by very thin, fragile, dark brown shaly layers. The composition of
the limestone layers is shown by analysis 70 (p. 186).

The buff colored dolomite, as shown by analysis 692, is a calcitic
dolomite (p. 186).

*Irving, R. D., Geol. of Wisconsin, vol. 2, p. 601, 1877.
* Idem,
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Through the courtesy of the late J. E. Thompson, chemist for the
Northwestern Iron Company at Mayville, analyses 71-77 (p. 186)* of
the Galena and Black River dolomite from the town of Bristol are
given. They all appear to be from the lower buff dolomite beds. In
composition they are impure calcitic dolomite.

Gravels—Gravels are not uncommon throughout the glaciated part
of Dane County and in the stream valleys leading away from the mar-
gin of the glacial drift. The chief stone in the gravel is dolomite. It
is possible that on some farms selected dolomite gravel could be used
more cheaply as a local soil neutralizer than could rock from more
distant dolomite ledges, or commercial limestone hauled from the
nearest station.

Dodge County

General geology.—The eastern part of Dodge County is an upland
underlain by the Niagara dolomite. Along its western margin are
steep bluffs which are very prominent from Iron Ridge northward.
Along these bluffs, outerops are common. Directly west of the bluffs
is a narrow belt of Richmond shale which has but few outerops. A
broad strip running north and south through the country is underlain
by the Galena and Black River dolomite. Most of this area is gently
rolling or level and has many excellent farms. The hill tops of the
western part of the county are underlain by Lower Magnesian dolo-
mite, most of the hill sides, valleys, and lowlands by the St. Peter
sandstone. In the southwestern part of the county, the pre-Cambrian
rocks, at this place known as the Waterloo quartzite, come to the sur-
face in a number of isolated patches.

Lower Magnesian dolomite.—Near the center of the southeast quar-
ter of sec. 19 of the town of Elba about 21 feet of Lower Magnesian
dolomite are exposed. The beds are mostly cavernous, flinty, frag-
mental, and in part sandy. North of this locality the formation out-
crops here and there, showing beds of about the same character as
shown in the town of Elba. The only use for which their composi-
tion fits them is agricultural limestone. The beds containing the least
flint should be selected for this purpose.

Galena and Black River dolomite.—The formatlon is entirely dolo-
mitic. The caleitic layers common at the base of the Galena of south-
western Wisconsin are not represented here. The beds as elsewhere
in the state are clayey. They are not used for lime. Good agricul-
tural limestone for local use can be obtained from them.

* Analyses 71 and 72 are from the SE. sec. 26 73 and 74 from the SW. SW. sec.

26, 75 from the SW. NW. sec. 34, 76 from the NE NE. see. 34, and 77 from the
SE NW. see. 34.
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Quarries of the Galena and Black River are located at Beaver Dam;
northwest of Juneau in the vicinity of Waupun; between Beaver Dam
and Fox Lake; between Fox Lake and Waupun; at Richwood; and
in the SE. 1} sec. 20, NW. 1 sec. 28, and the SW. 3} sec. 36, T. 9,
R. 15 E. '

At the Cowen quarry on the creek in the SW. 14 of NW. 1/ seec. 28,
T. 9, R. 15 E., 6 feet of Galena and Black River dolomite are ex-
posed. The beds are dense and fine grained. The composition of an
average sample from these beds is shown by analysis 78 (p. 186).

The Herman Tezloff quarry, in the SE. 14, sec. 20, T. 9, R. 15 E.,
shows 27 feet of Galena and Black River dolomite. The upper 15
feet consist of a rotten, buff colored dolomite with small cavities lined
with calcite and occasional crystals of zine sulphide. The lower 12
feet are thick bedded and only slightly decayed. The composition of
an average sample from the lower 12 feet is shown in analysis 79
(p- 186). The composition of these beds is about the same as those
of the Cowen quarry. They are high in carbonate as compared with
most of the Galéna and Black River and compare favorably with some
Niagara dolomite beds.

Analysis 80 (p. 186)2 indicates the average composition of 15 feet
of dolomite in a quarry in the SE. 1} of see. 20, T. 9, R. 15 E.

Two analyses of samples from a quarry near Richwood in the SE.
NE. sec. 24, T. 9, R. 14 E. are on file. Details are lacking as to the
beds which were sampled. See analyses 81 and 82 (p. 186).> A see-
tion of this quarry beginning at the top follows:

Feet
80 44351 O 2-5
Buff dolomite, much weathered ... ... .. ... 9
Bluish gray massive bedded dolomite.....................iiiiiei. 16

This quarry was operated in 1920 by the Mayville White Lime
‘Works. ‘

Niagara dolomite.—Scattered outlying ledges occur in the town of
Ashippun. Those in sees. 6 and 7 outerop on the steep slope of an
escarpment 50 feet high. About 26 feet of typical Niagara dolomite
are exposed. Their degree of purity is probably similar to that of the
beds at Mayville which are deseribed below. :

At Iron Ridge about 35 feet of Niagara dolomite overlie a bed of
iron ore. At the quarry of the Northwestern Iron Company at this
place, the composition of an average sample of the dolomite is shown
by analysis 145 (p. 188).* This sample is less pure than the average
Niagara dolomite, but is probably typical of the basal beds.

! Wyandotte Portland Cement Company.

? Chamberlin, T. C., Geol. of Wisconsin, vol. 2, p. 309, 1877.

* Thompson, J. E., personal communication,
*Idem.



DOLOMITES AND LIMESTONES OF WISCONSIN 45

At the quarry of the Mayville White Lime Company in see. 1, T. 11,
R. 16 E,, the following beds are exposed :

Top of section Feet
I. Buff weathered rock. Analysis 154 (p. 188) . cooeoeiininniaecne 20
II. Porous white dolomite, used for lime. Analysis 153 (p. 188).... 4
II1. Very hard, thick-bedded stone, not used for lime because of its
hardness. Analysis 152 (p. 188) oo 4

TV. Cavernous, buff-colored dolomite full of caleite vugs. Said to
make a quick-slaking lime. Only burned in winter. Analy-
SIS 156 (P 188) oot 10

Groups II and IIT are nearly pure dolomite and should be very
useful for any purpose in which a high grade dolomite is either de-
sirable or satisfactory.

A bed of dense, bluish, fine grained dolomite 1 foot thick near the
middle of the quarry face was analyzed separately because it looked
different from any other bed in the quarry. It turned out to be more
impure than the average quarry sample. See analysis 155 (p. 188). No
151 (p. 188)* is another analysis from this location.

The Western Lime and Cement Company’s quarry at Nasbro, 2
miles north of Knowles, shows about 25 feet of Niagara dolomite beds.
These are used for lime. The upper 15 feet are soft, broken, and
weathered. Analysis 158 (p. 188) shows the composition of an average
sample from this upper group. Analysis 157 (p. 188) shows the com-
position of the lower 10 feet of beds. The lower group is hard and
fresh. The analyses indicate that this quarry contains good lime rock
and agricultural limestone.

Other analyses of Niagara dolomite from Knowles are numbers 146,
147,2 1482 149,* and 150° (p. 188). ‘

The composition of the lowest shaly layers of the Niagara dolomite,
about 10 feet thick in the NW. 14 of NE. 14, see. 27 of the town of
Williamstown, is indicated by analysis 159 (p. 188).°

Lime has been produced from the Niagara dolomite by the following :

Mayville White Lime Company, Mayville '

Western Lime and Cement Company, Knowles and Nasbro

Standard Lime and Stone Company, Knowles.

Gravels.—Dodge County has some gravel deposits. Where farmers
who need dolomite as a soil neutralizer are located farther tham an
easy haul by wagon from a dolomite quarry, they may find it less

* Thompson, J. E., personal communication,

. 8. Geol. Survey, Twentieth Ann. Rept., Pt. 6 cont. p. 462.

? Thompson, J. E., personal communication.

* Buckley, E. R., Building and ornamental stones of Wisconsin: Wisconsin Geol.
and Nat. Hist. Survey Bull. 4, p. 332, 1898.

* Personal letter from Northwestern Iron Company, Mayville, Wisconsin.

® Chamberlin, T. C., Geol. of Wisconsin, vol. 2, p. 338, 1877.
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expensive to crush gravel: Gravels in Dodge County usually contain
75 per cent or more dolomite. It would be necessary, of course, to
select limestone gravel. In some gravel pits there is a good deal of
oversize gravel, from which limestone cobbles could be selected.

Door County

General geology.—The Niagara dolomite underlies all of the county
except the southwestern part where there is a narrow fringe of Rich-
mond shale along Green Bay. Plate VI. Outcrops are common
throughout most of the county. North of Little Sturgeon Bay lime-
stone bluffs rise from the waters edge, in some places as precipitous
cliffs undercut by waves. The slope on the Lake Michigan side is
more gentle and marked by very low bluffs. North of Sturgeon Bay
the glacial drift is thin and full of dolomite bowlders.

Niagara dolomite.—This formation along Green Bay as far north
as Little Sturgeon Bay is characterized by thick bedding, uneven
structure, and a rough craggy pitted surface on the weathered edges.
North of Little Sturgeon Bay the beds are mostly white, dense, hard,
exceedingly fine grained, and somewhat brittle. Their thickness is
about 100 feet. Typical outerops of these beds occur at the western
gateway of Sturgeon Bay and along the coast to the northward. On
the north shore of Sturgeon Bay, they are quarried by Louis P. Nebel,
Leathem D. Smith Stone Company, and by Jno. M. Laurie; on the
south side of the bay, west of Sawyer, by the Sturgeon Bay Stone Com-
pany and the Green Stone and Quarrying Company.

Lime has been produced by Chas. Copiskey, Baileys Harbor, and
by Louis Nebel, Sturgeon Bay.

About 60 feet of rock is quarried in the Leathem D. Smith quarry
northwest of Sturgeon Bay in the NE. 14 see. 13, T. 28, R. 25 E.
The rock has been used for road material, foundations, concrete, rip
rap, and other building purposes. The description and eomposition
of the beds follow:

Top of section Feet

I. Coarse grained, compact, without openings. Analysis 160
(P A8 e 15

II. Very fine grained, brittle, broken into polygonal blocks.
Analysis 161 (p. 188 ) e 15

ITI. Laminated, blue and gray with pink mottling. Analysis 162
(P 188 e 30

The lower 30 feet of the Leathem D. Smith quarry shows the purest
dolomite. The high carbonate content, 97.85, recommends it for any
use in which a pure dolomitic rock is desirable.
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The east coast is underlain by coral-bearing beds of the Niagara
dolomite, 150 feet thick. These are above the beds which outerop on
Sturgeon Bay and from there northward along the west coast. The
lower portion of the coral beds is usually rough, heavy bedded, coarse,
erystalline, granular, and rather soft. Clay layers and bands of flint
rodules or fossils replaced by flint are present in some places. The
irregular hardness of the rock gives it a craggy pitted appearance
on the weathered surface. In color, it is usually blue, white, yellow,
in places marked with red, pink, and purple.

The upper portions of the coral beds are generally of a buff color,
thin bedded, fine grained, compact hard, but occasionally earthy.
Flints in the form of nodules and as replacements of shells are com-
mon. The coral beds are not used much for either construction or lime.

Vertical cliffs of the coral beds are exposed at the entrance of Porte
des Morts. Nearly their full thickness is exposed at Baileys Harbor.
Other exposures are found south of Jacksonport in sees. 5 and 9, near
the city of Sturgeon Bay, and in sec. 17 of the town of Forestville.

Fond du Lac County

General geology.—The eastern part of Fond du Lac County is under-
lain by the Niagara dolomite, west of which is a narrow strip of Rich-
mond shale. The central portion from Fond du Lac to Ripon is under-
lain by a broad area of the Galena and Black River dolomite. West
of Ripon, narrow belts are underlain by the St. Peter sandstone, Lower
Magnesian dolomite, and the Cambrian sandstone. See Plate VI for
distribution of formations.

A prominent escarpment, rising about 150 to 200 feet above the
region to the west, marks the margin of the Niagara dolomite. The
central area of the county underlain by the Galena and Black River
dolomite is a level to gently rolling area, in part an old lake plain,
the floor of a lake of which Liake Winnebago is a remnant. The Lower
Magnesian dolomite underlies hill tops in the northwest corner of the
county. - »

A partial list of quarries in Fond du Lac County follows:

Oakfield, Standard Lime & Stone Company

Hamilton, Western Lime & Cement Company

Marblehead, Western ILime & Cement Company, Eden Independent
Lime & Limestone Company

Malone, Lime Rock Crusher Company

Waupun, Stoddart, Boyd & Stoddart

Peebles, Chicago & Northwestern Railway

Ripon, Kroll Quarry.
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Lower Magnesian dolomite—Analysis 24 (p. 184) represents the
composition of an outerop of Lower Magnesian dolomite in the NW. 14
of NE. 1} of sec. 20, Ripon. It was formerly used as a local source
of quick lime. Beds V and VI (below) in the Kroll quarry at Ripon
belong to the Lower Magnesian formation, analysis 25 (p. 184).

Like the Lower Magnesian dolomite throughout the eastern and
southern part of the state, that of Fond du Lac County is impure
and flinty. It has too high a content of insoluble matter to be a first
class agricultural limestone or lime rock. For local use as a soil neu-
tralizer it is said to have given very beneficial results.

Galena and Black River dolomite.—Nearly all of this formation is
covered by soil, glacial drift, and lake clays. Small exposures oceur
along Silver Creek in and near the city of Ripon, on a road 2 miles
southeast of Ripon, and about 14 ‘mile to the west of Waupun. It is
quarried about 21% miles west of Brandon, at the Kroll quarry west
of Ripon, and a short distance northeast of Waupun.

This formation is in general a clayey dolomite. Locally its fossils
are largely replaced by quartz. The carbonate is practically all dolo-
mite and the rock will serve any loeal purpose for which an impure
dolomitic rock ean be used.

The Kroll quarry is located on a high hill west of Ripon in the E. 14
of the NW. 14 sec. 20. The section in descending order follows:

Top of section Feet
L Glaeial il ..o about 2
II. Thin bedded—buff dolomite. Analysis 83 (p. 186)......_...__. 6

II1. Thick-bedded buff and blue dolomite. Analysis 84 (p.186) ... 8

IV. Alternating beds of flint, clay, and dolomite. No analysis....__. 10
V. Fine-grained dolomite. Analysis 25 (p.184)......._.._ . 2

VI. Alternating bands of clay, sandstone, and dolomite..........___.. 3

Nos. IT to IV ineclusive are Black River beds; V and VI belong to
the Lower Magnesian formation.

Thwaites studied this quarry section at a later date and reports
the following beds :?

Top of section . Feet .
I Glaeial t110 oo 2-3
II. Gray, thin-bedded dolomite. ... .. 5.0
III. Bluish thin-bedded dolomite......... ... ... 4.5
1V. Grayish-blue dolomite ... ... ... ... .8
V. Glacial sand and gravel, maximum.. ... S 2
VI. Hard gray rather thin-bedded dolomite....................____.._. 5.3
VII. Blue, heavier-bedded dolomite with fossils. Sandy base... . 6.5

! Chamberlin, T. C., Geol. of Wisconsin, vol. 2, p. 284, 1877.
? Thwaites, F. T., A glacial gravel seam in limestone at Ripon, Wisconsin: Jour.
Geology, vol. 29, pp. 57-65, 1921.
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VIII. Sandy buff dolomite, forming a parting...................... 5
IX. Gray dolomite with layers of gray shale and sandstone.
Irregular beds, the bedding in general dipping at low
angles t0 the east. ..o 40.0
LIS 1721 B (101 N PO USSP 63.0
No. IX in the preceding section belongs to the Lower Magnesian
dolomite. The dolomites overlying No. IX are a part of the Black
River formation. ‘
Rock from this quarry has been used as crushed rock and also as
an agricultural limestone.

Niagara dolomite—Fond du Lac County has some of the largest
Niagara dolomite quarries in the state. Most of the quarries are lo-
cated along the escarpment marking the western margin of the forma-
tion. '

The beds exposed at Oakfield and Peebles are characterized by
thick bedding, uneven, coarse grain, and a rough appearance on the
weathered surface. The beds at the Chicago & Northwestern Railway
Company’s quarry at Peebles are as follows:

Top of section Feet
B DR 71 KU O OO Thin
II. Cavernous, flinty dolOMIte . oo 15
I1I. Compact dolomite ........ VUSRS 3
IV. Hard, dense, flinty dolomite. ... 15

The rock in this quarry has a higher content of flinty impurities than
most ledges of the Niagara dolomite in this part of the state.

The Western Lime and Cement Company’s quarry at Hamilton has
the following beds:

Top of section ) Feet

5 SOV Thin
II. Soft, medium-grained rock with irregular billowy bedding.

Analysis 165 (P. 188 ) i 25

III. Thin-bedded, fine grained, bluish-colored dolomite with shaly
partings. Analysis 164 (p. 188). Also see analysis 163
[ T 1 Lo O U 20
The beds in the Western Lime and Cement Company’s quarry at
Marblehead are as follows: '

Top of section ‘ Feet

T. Analysis 169 (P. 188) oot 10
I1. Analysis 168 (p. 188) .ccoieiiiis e en e 10
TIT. Analysis 167 (P. 188) oot e e oo 15
TV. Analysis 166 (. 188) oo 25

! Chamberlin, T. C., Geol. of Wisconsin, vol. 2, p. 345, 1877,
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For analyses of Niagara dolomite beds at Marblehead, Oakfield, and
Taycheedah by W. W. Daniels, see analyses 170,* 171,2 and 172 (p. 188)
respectively. Details regarding the beds which these analyses rep-
resent are lacking. They all show the high carbonate content char-
acteristic of most of the Niagara dolomite quarries in this county.

The Niagara dolomite of Fond du Lae County has been used exten-
sively for quick lime and crushed rock. The beds at Marblehead, Oak-
field, and Hamilton have produced a very good dolomitic lime.

Grant County

General geology-—Grant County has a belt of narrow, steep ridges
and branching valleys along the Wisconsin River, extending south-
ward to the Military Ridge. This belt is related to the exposure of
the soft easily eroded Cambrian sandstone in the river valley and
adjacent tributary valleys, and to the even more readily eroded St.
Peter sandstone which outerops some distance south of the river. At
the mouth of the river where the Liower Magnesian dolomite covers
the Cambrian sandstone, valleys are fewer in number and relatively
short.

Along the Wiseonsin River valley and its tributaries, the first or
lowest rock terrace is generally underlain by the Trempealeau dolo-
mite. The next highest is formed by the Lower Magnesian: dolomite.
A third terrace is formed by the upland of which Military Ridge is
a part. This upland is underlain by the Galena and Black River
dolomite.

The Mississippi River flows in a deep trench bordered on the Wis-
consin side by an almost unbroken line of bluffs capped by the Galena
and Black River dolomite in the northern part of Grant County and
farther south entirely composed of this formation. Wind blown de-
posits of yellowish brown silt called loess sometimes 30 feet or more
in thickness and in places standing in vertical eliffs facing the river
overlie the top of the Galena and Black River formation in most
places along the river. '

South of the Military Ridge Grant County has broad uplands with
rather gentle undulations due to erosion by the Fever, Platte, and
Grant rivers, each with numerous tributaries. The streams have cut
through the Galena and Black River formation into the St. Peter sand-
stone and even into the Lower Magnesian dolomite for short stretches.
Farther south these streams have fewer tributary valleys and run in
narrow deep valleys with but little bottom land.

* Buckley, E. R., Building and ornamental stones of Wisconsin: Wisconsin Geol.
and Nat. Hist. Survey Bull. 4, p. 335, 1898.

? Daniels, W. W., personal.

! Chamberlin, T. C,, Geol. of Wisconsin, vol. 2, p. 338, 1877.
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The uplands have but few outerops of dolomite. Along all the
stream valleys they are very abundant. The county has many mine
dumps from which dolomite can be obtained. In the southwestern part
of the county the uplands are surmounted in one place by a mesa-
like hill, namely Sinsinawa Mound. It is eapped by Niagara dolo-
mite. The lower gentler slopes are underlain by the Maquoketa shale.

Grant County is in the Driftless Area and has no dolomite gravels.
It is probable that bench gravels could be found along the Mississippi
and its branches in Grant County. Such gravels would consist largely
of hard, non-carbonate bearing rocks. Gravels in the stream beds of
Grant County are largely composed of flint from the Lower Magnesian
and Galena and Black River dolomites.

Lower Magnesian dolomite—The thickness of the Lower Magnesian
dolomite in Grant County varies between 100 and 250 feet. Flint is
common in nearly all beds and usually occurs in nodules parallel to
the bedding.

In the valley of Grant River in the NW. 1/ of sec. 22, T. 4 N, R. 4
W., the formation is somewhat shaly. A 3 foot layer of this shaly
type of dolomite had the composition given in analysis 26 (p. 184).

The Lower Magnesian dolomite is well exposed on the east side of
the valley at the mouth of Green River. The description of the beds
follows:

Top of seetion Feet
I. Fine grained, sandy; stratification quite regular. No flints.

See analysis 27 (P. 184) oo 12

I1. Same as I. Analysis 28 (p. 184) oo 12

III. Same as above, but with flint nodules. Analysis 29 (p.184).... 16
IV. Mixture of chert and dolomite. ... 3
V. Earth-covered Slope.....oooo e 116
VI. Dolomite with chert nodules near top. Analysis 30 (p.184)._.. 14
VII. Sandy dolomite and oolitic dolomite. ... ..t 16
The upper groups of beds are unusually pure dolomite and compare
favorably with the Niagara dolomite in purity.” Before any com-
mercial utilization of these based on their purity is undertaken,
thorough exploration should be made to determine the extent of beds
having this composition. As a rule, the Lower Magnesian dolomite
varies greatly in composition.
On the Mississippi River north of Bagley, Wisconsin, the section is
as follows:*?

Top of section Ft. In.
I. Sandstone (St. Peter) ..o 30 0
I1. Debris concealing contact. ........cooeovereiemreeeeee e 30 0

* Strong, Moses, Geol. of Wisconsin, vol. 2, p. 673, 1877.
* Grant, U. 8., and Burchard, E. F., Lancaster—Mineral Point: U. 8. Geol. Survey
Folio 145, p. 3, 1907, :
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III. Lower Magnesian dolomite

Dolomite—hard porous ... 1 0
Sandstone, white, very soft..._.___........_______ 2 0
Dolomite, hard, fine grained, thin bedded, grading

into sandy beds...............___..__ 30 0
Siliceous dolomite, hard and quartzitic 4
Sandstone, thin bedded, yellow....................._.... . 8 0
Shale, blue, with l-inch band of white, siliceous

00lite ..o 1 2
Dolomite, very massive, hard, with large concretions 20 0
Shale, blue, with some sand.................___.______..___.. 1 0
Dolomite, white, fine grained, thin bedded............._.. 2 0
Chert in irregular, wavy beds ... 2 0
Shale, 8aNAY . oo 1 0
Dolomite, irregularly bedded, with small concretions.

At base is a thin layer of calecareous sandstone._._._.... 20 0
Shale, blue, with sandstone interbedded, and at bot-

tom a fine-grained, white, conglomeratic dolomite.... 2 0
Sandstone, pure white. coarse grained, friable........_... 6 0
Siliceous dolomite, very irregularly bedded, weather-

ing rough, and containing a large proportion of

Chert o 20 0

The preceding section has a somewhat high percentage of sand-
stone. This sand is in lenses rather than in continuous beds. Such
sandstone beds were also found along the north and south road about
2 miles southwest of Fennimore. The upper 50 to 60 feet in this
vieinity usually contains many sandstone lenses.

Galena and Black River limestone and dolomite.—The lower part,
the Black River limestone, is about 50 feet thick. Its upper part is
usually a thin bedded impure limestone of which the topmost 2 to 4
feet, the glass rock, is usually a nearly pure limestone, showing no
dolomite crystals, but containing about 4 per cent of MgCO,. The

‘Galena is about 250 feet thick. Its lower 20 feet are usually a thin

bedded shaly dolomitic limestone with 10 or more per cent magnesia.
The balance of the formation is an impure, porous, rough weathering,
clayey dolomite with little flint excepting in a few feet of beds usually
about 90 feet above the base of the formation.

The following section of the Galena and Black River is derived from
exposures along the Boscobel Fennimore road at the place where it
descends into the valley of Crooked Creek.* It is uncertain whether
the term limestone means limestone or dolomite in this section.

*Grant U. 8., and Burchard, E. F., Lancaster-Mineral Point: U. 8. Geol. Survey
Folio 145, p. 5, 1907.
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Top of section Feet
Galena
9. Limestone, cherty _
8. Limestone, fine grained................_.........______ 15
7. Limestone, somewhat crystalline ... . 20
Black River
6. Shale and limestonme bands._..__.__ ... ... 2
5. Limestone—magnesian; in medium beds..........ccocoeeeeieicenncene. 12
~ 4. Limestone, thin bedded................... ... 25
3. Limestone (magnesian) ... 10
2. Shale, thin, sandy. . ... 14+
1. St. Peter sandstone massive.

The dolomitic limestones from the transition between the Galena
and Black River outerop on Platte River in the NE. 14 of sec. 8, T.
3 N, R.1 W. The beds are as follows:

Top of section Feet
1. Galena—thin-bedded dolomitic limestone with clay and shale

partings. Analysis 87 (p. 186) oo 12

I1. Black River—the main glass rock. Analysis 86 (p. 186)............ 3

II1. Thin-bedded dolomite below glass rock. Analysis 85 (p.186).... 3

The beds at the quarry of the Lancaster Park Association in the
NW. 14, NW. 1} sec. 3, T. 4, R. 3 W., represent the same transition beds
as those of the Platteville quarry. The beds are deseribed as follows:
Top of section Ft. In.

Group = I. Analysis 90 (p. 186)
1. Blue and buff dolomitic limestone with clay

CTEY: 114 1 SOOI 8 0
2. Clay and dolomitiec limestone, alternatmg
ETT: 411 SO, 5 0
Group ITI Analysis 89 (p. 186)
3. Clay e 3
4. Fine-grained limestone........................_. 2
5. ClaAY oo 1
6. Fine-grained limestone. .. ... ... .. 4
7. Green elay.. ..o 2
8. Limestone and brown shale ............................ 6
9. Brown shale ... . 5
10. Limestone—analysis 91 (p. 186) ... 8
11. Brown shale, oil rock, and limestone........_. 6
Group ITI. Analysis 88 (p. 186)
12. Thick-bedded blue dolomitic limestone........ 6 0

At Cassville the Galena and Black River beds are exposed at the
E. Rockefeller quarry. The section includes the transition beds be-
tween the Black River and Galena. A description of the beds follows:

Top of section Ft. In,
1. Flinty dolomite with calcite-lined openings................... 30 0
11.. Open-weathered buff dolomite............occoooo . 6 0

I11. Buff dolomite bed, compact. -Openings along bedding 2 6
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IV. Clay bed. oL 3
(Buff dolomite with calcite-lined cavities.............._._. 5 0

V. {Blue, coarsely erystalline dolomite.___._.______......_.. 2 0
[ Analysis 92 (p. 186)

V1. Clayey blue dolomite.. ... 1 0
VIL Clay bed. .o 4
VIII. Oil rock Seam. ... 2

IX. Thin, white, wavy, dolomitic limestone beds interlay-

ered with thin clay partings. ... 16 0

X, No 0uterOP. .o 6 0

XI. Blue medium-grained dolomite outeropping in creek

bed e 2 0

The transition between the Black River and Galena probably comes
at VII and VIII of the preceding group of beds.

Other quarries in the vicinity of Cassville are owned by Bernhart
Bros., Henry Johnson, and J. Rush Okey.

The Schumacher quarry is located east of Potosi station on the
north side of the Potosi road. The beds belong to the upper part of
the Black River. Descriptions follow:

Top of section Feet
I. Alternate layers of coarse and fine-grained dolomitie lime-

SbOme e 7

IT. Thin-bedded dolomitic limestone, analysis 94 (p. 186).......__. 20
IT1. Blue and buff thick-bedded dolomitic limestone, analysis

93 (P 186 e 20

Use of mine tailings for correcting soil acidity.—At the lead and zine
mines in the southwestern part of the state large quantities of dolomite
waste are produced which have been suggested as a source of lime for
correcting soil acidity. W. W. Weir of the Wisconsin College of Agri-
culture studied this problem several years ago, making greenhouse
and cooperative tests in the fleld. All of these experiments indicate
that there is no danger from the possible poisonous effect of the lead
or zine, or the development of sulphuric acid through the oxidation of
the sulphide. Quantities as large as four or five tons per acre have
been used without injurious results and in fact with marked benefit
to the clover and alfalfa. .

Mr. Weir, however, was not able to make tests of material from all
of the tailing piles, so there is still a possibility that there might be
a limited amount of this material that would be injurious to soils.
It would be wise for farmers to try out the material on a small plot
before covering a large acreage. There is no better way to determine
the value of this material than by field trials.

There are, however, some disadvantages associated with the use of
this material. It is usually too wet to distribute well and is ordinarily
so coarse that an unusually heavy application would be necessary,
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making its shipment to any distance very expensive. Moreover, much
of the limestone is of a low grade, being mixed with ore and shale,
which reduces the carbonate content. But this material can be used
to advantage in the immediate neighborhood of the mine where farm-
ers can haul it directly to their fields and apply heavier applications
than would be necessary if the material were more finely ground. The
piles of better grade, if dried and ground, would furnish excellent
material for shipment.

Green County

General geology—The eastern part of Green County lies within the
area of old glacial drift. The western part is in the Driftless Area.
Here the only loose materials covering the rocks are residual soils, wind
deposits, slope wash, and stream deposits. The margin of the gla-
ciated area is shown by a red dashed line on Plate VI of this report.

Galena and Black Riwver dolomite—This formation underlies all the
uplands and ridges of Green County. Many outerops are found along
the tops of the bluffs which flank the valleys. Wherever examined the
Galena and Black River formation of Green County is an impure
clayey dolomite. Limestone beds or dolomitic limestones are probably
lacking. No analyses are available, but it seems likely that the dolo-
mite is all too impure to be used for purposes for which a high grade
dolomite is desirable. .

Numerous quarries in the Galena and Black River formation are
located near Brodhead. Near Monroe, the rock is much weathered and
outerops are scarce. Quarries are located near Martintown, Attica,
and Brooklyn. ‘

Green Lake County

General geology.—Nearly all of the western portion of this county
is underlain by Cambrian sandstone. The eastern portion is under-
lain by strips of Lower Magnesian dolomite, St. Peter sandstone, and
Galena and Black River dolomite trending northeast, and by outlying
patches of Lower Magnesian dolomite. In the vieinity of Berlin,
Utley, Marquette, and in the northwestern part of the town of Seneca,
knobs of old voleanic rocks project through the sedimentary rocks.
See Plate VI for distribution of formations.

Lower Magnesian dolomste—Most of the outerops of this formation
oceur along the escarpment which marks the western boundary of the
formation. It is known to outerop in the following places:

The southeastern, part of the town of Kingston

The southwestern and eastern parts of the town of Manchester

The western part of the town of Mackford
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The western and northern parts of the town of Green Lake
North of Green Lake in the town of Princeton

The town of Brooklyn

The southeastern half of the town of Berlin.

Quarries of the Lower Magnesian dolomite are located at Markesan,
about 14 mile north of the village of Green Lake, southeast of Green
Lake, and about 2 miles southeast of the village of Princeton.

The composition of the Lower Magnesian dolomite varies greatly.
In most places it is flinty. In many places it consists of alternate
layers of sandy and clayey dolomite, or of horizontal gradation of one
into the other. Analyses are not available, but it is certain that it does
not contain lime rock of good quality in large enough amounts to open
up a commercial quarry.- By selecting the better beds a good supply
cf agricultural limestone for local purposes can be obtained.

Galena and Black Riwer dolomite.—Outcrops of this formation oecur
in the towns of Mackford and Green Lake and in the southeastern part
of the town of Brooklyn. The beds are thin and the dolomite is gray
to buff in color. No analyses are available.

Iowa County

General geology.—All of this county is in the Driftless Area. The
residual soil and wind deposits which cover the hard rocks in most
places are generally less than 15 feet in thickness except in the Wis-
consin River valley where the stream deposits reach a thickness of
300 feet. The broad upland south of Military Ridge, which is fol-
lowed by the Chicago & Northwestern Railway, is underlain by the
Galena and Black River dolomite. This upland .is deeply dissected
by narrow valleys along whose margins outerops are common. The
steep sided cap of Blue Mounds is composed of flint which has re-
placed the Niagara dolomite. The gentle slope below  this is under-
lain by Maquoketa shale. '

The Wisconsin River valley and its tributaries for some distance
south are underlain by the Cambrian sandstone. The first hard rock
escarpment is generally formed by the Trempealeau dolomite, a group
of beds about 30 feet thick in the upper part of the Cambrian sand-
stone. The next higher escarpment is formed by the Lower Magnesian
dolomite, which in turn disappears under a narrow belt of St. Peter
sandstone farther south. The plane of contact between the St. Peter
sandstone and the Lower Magnesian dolomite has undulations some-
times of more than 200 feet and in places the dolomite appears on a
hill top and the St. Peter sandstone in a nearby valley. The beds of
the two dip at a low angle to the south. The St. Peter sandstone is
also exposed in some of the deep valleys south of the Military Ridge.
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Trempealeaw dolomite~—Sliters quarry south of Spring Green is
in the NW. 1/ see. 30, T. 8, R. 4 E. The Trempealeau dolomite exposed
here is an earthy buff colored rock about 14 feet thick, which has been
used locally as a building stone. Analysis 7 (p. 183) shows the com-
position of the dolomite at this place.

Lower Magnesian dolomite.—No analyses of Lower Magnesian dolo-
mite from this county are on file. Here as elsewhere in the southern
part of the state it is an impure sandy to clayey dolomite, containing a
great deal of flint. Outcrops are abundant along the high bluff fae-
ing the Wisconsin River and for some distance south along the valleys
tributary to the Wisconsin River.

Extensive outerops of the Lower Magnesian dolomite oecur along
the streams in secs. 2, 3, and 10, T. 4 N., R. 2 E. near Mineral Point.
About 30 feet can be seen in one cliff. The upper 10 feet consist of
rough weathering, hard, more or less broken beds; the lower part is
more regular, less rough weathering, and in heavy beds; some flints
cceur in both parts of the cliff. Near the northeast corner of see. 24,
T. 5 N;, R. 2 E,, on the east bank of the creek and 214 miles north of
Mineral Point is the following section of the upper part of the Lower
Magnesian.® It is notably sandy. '

Section of the Lower Magnesian dolomite north of Mineral Point :

Top of section Ft. In.
1. Sandstone, crumbling, not elearly in place; regarded

as base of St. Peter sandstone...........___.._._..______. 5 0

II. Fine-grained dolomite ... ... . ' 6

IIT. Sandstone ..o S 4 0
IV. Fine-grained dolomite in undulating beds 1 to 3 inches

ek e 1 8

V. Sandstone ... 1

VI. Fine-grained dolomite ... 1

VII. Sandstone, commonly pure, but in places with blue
elay cement ... 2

VIII. Soft calcareous shale or shaly dolomite......................_....

IX. Sandstone ...,

X. Soft calcareous shale or shaly dolomite..................._._._.
XI. Sandstone ... 2

XTII. Coarse dolomite....... ...

Along the road which runs through sec. 14 and into see. 10, T. 6 N.,
R. 2 E., the following section oceurs :2

SHOHWNO

* Grant, U. 8., Report on lead and zine deposits of Wisconsin: Wisconsin Geol.
and Nat. Hist. Survey Bull. 14, p. 27, 1906.
*Idem, p. 28.
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Top of section ' Feet
I. Sandstone—St. Peter ..o 70
II. Sandstone and dolomite apparently interbedded; at top is

siliceous oolite; regarded as- Shakopee (upper part of

Lower Magnesian dolomite) ... 40
ITI. Sandstone emeeemmemmeemmeemmeenoneaaeeneeaseeeneas 60
IV. Dolomite with some greenish shale and a few thin seams

of black shale....................

Galena and Black River dolomite.—The total thickness of the Gtalena
and Black River dolomite is approximately 300 feet, of which in the
neighborhood of 50 feet belong to the Black River, the lower beds of the
formation. In places the Black River seems to be entirely dolomite, or
nearly all dolomite. The upper 10 or 12 feet are quite generally either
a dolomitic limestone or a nearly pure limstone with some shaly admix-
ture. The so-called ‘‘glass rock’’ beds, from 2 to 4 feet in thickness,
commonly a limestone with little or no dolomite, occur in the uppermost
layers of the Black River. The typical glass rock is to the eye grainless,
of a hornlike consistency, very brittle, of a light gray brown color on a
fresh surface, and has but few fossils. The basal beds of the Galena,
including approximately the lower 15 to 20 feet, are about 2 or 3 inches
thick, of a wavy form, and separated by thin partings of clay and
brown oily shale. They are very fossiliferous. The fossils are well
preserved, and most of them are either calcite casts or are flint replace-
ments of the original shells. In composition these beds are a dolomitie
limestone. The dolomite content is variable and is clearly a replace-
ment of the original calecite. Above these basal beds of the Galena is a
clayey dolomite. Between the Black River and Galena there is in many
places an oily brown shale several feet thick, known as ‘‘oil rock.”’

Flint, excepting as a replacement of fossils, is not visibly important
in the Galena and Black River. Scattered flint nodules are quite com-
mon about 90 feet above the base of the Galena and have also been
seen occasionally at other levels.

The purer beds of dolomite are a potential source of agricultural
limestone, as are the tailings piles. See page 54.

The city quarr}?of Mineral Point exposes about 46 feet of beds, as
follows:

Top of section Feet
31 A OO about 5

I. Rotten, buff dolomite.............. et eeeoeetete e s e eneees e neannen e ene e )
II. Thick-bedded buff and blue beds......coooiieee 12
III. Blue, thin-bedded, hard, brittle, compact beds high in calcite.... 14
IV. Buff and blue thick-bedded dolomite.......c.coooooriiiiiii 15

Analysis 95 (p. 186)* is representative of the glass rock beds in sec. 36,
T. 5, R. 2 E., which are similar to Group III above. It is doubtful

* Strong, Moses, Geol. of Wisconsin, vol. 2, pp. 561, 681, 1877.
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whether these beds would uniformly show this low content (3.98 per
cent) of magnesium carbonate.

At the W. B. Huxtable quarry in the NW. 14, NW. 14 of sec. 5,
T. 4, R. 3 E. there is a 50 to 60 foot face of dolomite similar to that at
the city quarry.

Jefferson County

General geology.—The eastern part of this county is all underlain
by the Galena and Black River dolomite. The western edge of this
formation forms a fairly distinet esearpment east of the Rock River
valley. The lowlands along the Rock River and its tributaries extend-
ing north and south through the central part of the eounty are under-
lain by the St. Peter sandstone, which is nearly all covered by glacial
drift. Some of the isolated uplands along this central belt are capped
by the Galena and Black River dolomite. In the western part of the
county the underlying rocks are the St. Peter sandstone, Lower Mag-
nesian dolomite, and the Cambrian sandstone.

Lower Magnesian dolomite—Along the stream below the lower bridge
in the village of Waterloo are weathered outerops of the Lower Mag-
nesian dolomite. It consists of a coarse, cherty, buff, sandy dolomite in
medium beds of rough, uneven texture, owing to irregular cavities and
granular porous spots and to the presence of flint nodules. The beds
belong to the upper part of the formation.

Galena and Black River dolomite.—Most of the outerops of this dolo-
mite are along the terraces which border the Rock River. Many small
quarries in this formation dot the low bluff of the towns of Sumner and
Oakland. It has been quarried about 2 miles southeast of Fort Atkin-
son, in the city of Jefferson, along the Rock River in the town of Aztalan,
in the southeastern part of the town of Waterloo, and in the vieinity of
Lake Mills. Most of these quarries are small and only a few are being
worked from time to time.

At the John Luneck quarry west of the Crawfish Rlver in the NE. 14
see. 20, T. 7, R. 14 E. about 11 feet of dolomite are exposed. The glacial
drift is only a few feet thick. The lower 5 feet of beds are of a bluish
color and rest on the St. Peter sandstone. Their ecomposition is indi-
cated by analysis 97 (p. 186). These beds are separated from those
overlying them by a thin seam of oily shale. The upper 6 feet of beds
are fine-grained, fossiliferous, brittle layers. The composition of an
average sample is shown by analysis 98 (p. 186).

On a hill about 1 mile northeast of Lake Mills, on the road to Milford,
there is a small outerop of much-weathered dolomite.

In the SE. 14 sec. 35, T. 8, R. 13 E. there is an extensive quarry in
the Galena and Black River dolomite on the farm of Wilbur Stiles.
The quarry face is about 1,000 feet long and 13 feet high. The glacial
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drift on top is only a few feet thick. The lower 4 feet of beds consists
of dense, fine-grained dolomite above which there is a bed of shaly dolo-
mite with oily seams. Analysis 99 (p. 186) indicates the composition of
the lower beds. The upper 8 feet of the quarry consists of thin-bedded,
brittle, fine-grained, compact dolomite. The compositiBn is shown by
analysis 100 (p. 186). ‘

The Sam Fease quarry is located in the NE. SE. sec. 10, T. 5 N,
R. 14 E. The quarry face is about 200 feet long and 20 feet high. The
drift cover is about 4 feet in thickness. The lower 10 feet of the quarry
face consists of 10 feet of porous, coarsely crystalline, stratified dolo-
mite. The upper 10 feet is composed of the same material with flint
nodules and lenses. See analysis 96 (p. 186).

Gravels,—dJefferson County has extensive gravel deposits. Their chief
constituent is dolomite. In some cases it may be good economy to grind
selected dolomite gravel for soil neutralizer. This may be cheaper than
to haul ground dolomite from distant ledges, or to haul ecommercial
agricultural limestone from the nearest station.

Kenosha County

See page 78 for discussion of Racine and Kenosha counties.

Kewaunee County

General geology.—The Niagara dolomite underlies all of this county
except a narrow fringe along Green Bay, which is underlain by Rich-
mond shale. See Plate VI. Quterops are not plentiful except on Green
Bay and along stream valleys. In the kettle moraine area through the
central part of the county, the chances of finding outerops are poor.
Here the glacial drift is thick and the surface is pitted with kettle-like
depressions.

Nwgare dolomite—Coral-bearing beds (see p. 10 for general de-
seription) are exposed on Searboro Creek in the town of Casco, in, sec.
28 of the town of Pierce, in sec. 14 at the mill on the Kewaunee River.
In the southern part of the county the coral beds are overlain by the
Racine beds, which have been used for lime, road making, and other
purposes. The name, Racine beds, is applied to them because of their
characteristic development near Racine. Their chief outerop is in
sec. 14 of the town of Kewaunee. Here they have been quarried for
quick lime, road material, and other purposes.

The Western Lime and Cement Company’s quarry, in the SW. 14
sec. 14, T. 23, R. 24 E., shows about 10 feet of coarse, crystalline,
marble-like dolomite, having the composition shown in analysis 173
(p. 188). The composition indicates that this is a good rock for lime,
agricultural limestone, or other purposes for which a rock of high
dolomite content can be used.
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La Crosse County

General geology.—The northern part of this county is underlain by
the Cambrian sandstone on which there are outliers of Lower Magnesian
dolomite. In the southern part the high ridges with steep or precipitous
sides are capped by Lower Magnesian dolomite. See Plate VI. In
places these ridges widen out into table lands covering many square
miles of farm lands. The hills and ridges of Cambrian sandstone are
generally low and gently rounded. Escarpments are usually formed
by the Lower Magnesian dolomite or by the Trempealeau dolomite beds
in the upper portion of the Cambrian sandstone. The Trempealeau
beds are sandy, with about 30 per cent of impurities, but in the sand-
stone region they may serve as a valuable souree of soil neutralizer.
The valleys and low-lying areas are all covered with slope wash. The
sands and gravels which fill the valley of the Mississippi River are
of glacial origin.

Lower Magnesian dolomite.——The largest exposures of the Lower
Magnesian dolomite are along the tops of the bluffs east and south of
La Crosse. On Grandfather Bluff east of Lia Crosse about 150 feet of
Lower Magnesian dolomite overlies the Cambrian sandstone. The
lower 100 feet of the dolomite has been quarried by the Lia Crosse Stone
Company.

The beds from the top down are as follows:

Feet

I. Soil and unexposed ToeK.. ...

II. A weathered, porous, soft, flint-bearing dolomite. Ias been
, used for crushed roek................... 30

II1. A very compaet, dense, white dolomite quarried for build-
ing stone. Analysis 35 (p. 184) oo 20

IV. Bed with green spots 1 inch in diameter. Amnalysis 34
(Pr L84 e et 2

V. Dolomite, flint nodules arranged parallel to the bedding
near top of bed. Analysis 33 (p. 184) ... 10

VI. Light-colored, dense dolomite with wavy structure parallel
to bedding. Analysis 82 (p. 184) ..o 2
VIL Dense dolomite ..o 4
S0il-covered SlOPe. . i 10
Dolomite. Analysis 31 (p. 184)............. e n et meeean 10
VIII. Soil-covered slope ... e 12
Dolomite .o 10
Cambrian sandstone............. .. 20

In the vicinity of La Crosse quarries have been operated by Wm.
Hass, Lia Crosse Stone Company, Geo. Holtzhammer, Peter and John
Dagendesh, N. Kaiser, H. Stransch, Ole Wold, and L. Kriebach.

At Onalaska, north of La Crosse, dolomite quarries have been opened,
but most of them have been idle in recent years. Owners of quar-
ries in Onalaska are Wm. Kenyon and J. W. Ranney. Dolomite quar-
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ries have been operated at Holmen, West Salem, Midway, and Mindoro.
Lime is reported- to have been burned in the SE. 1} of sec 26 of the
town of Greenfield.

Lafayette County

General geology—-All of this county is in the Driftless Area. The
residual soil and wind deposits which cover the hard rocks in most
places are generally less than 15 feet in thickness. A very large part
of the county is underlain by Galena and Black River dolomite
(PL VI). In the southern part this formation is covered in places by
the Maquoketa shale. This shale also appears on several hills north-
west of Belmont. West Platte Mound is capped by Niagara dolomite,
about 100 feet of which is exposed in nearly vertical cliffs. Near the
Illinois boundary in the town of White Oak Springs is a small mound
capped with the Niagara. The St. Peter sandstone more commonly
constitutes the floor of the valleys, but also forms a low cliff along the
sides of the valley.

Galena and Black River dolomite and limestone—J. D. Whitney’s
report on the lead region of Wisconsin, published in 1862, contains a
description of the upper beds of the Black River dolomite, the so-called
blue beds at Quimley’s mill on the Shullsburg branch of the Fever
River near Benton. Whitney’s* deseription follows:

Feet

A. Very fossiliferous, thin bedded and sometimes rather shaly

and argillaceous layers of dolomite; ecolor bluish gray, but
bleaching to a dirty white on exposure. Thickness not en-
tirely exposed, but about............... 12
B. Gray and light yellowish gray, somewhat magnesian layers,
with a finely crystalline texture; in rather irregular layers,
about 2 inches thick ; not valuable as a building stone, but
preferred for burning lime. (See analysis 108, p. 187)........ 5

C. (a) Pure limestone, very compact, brittle, breaking with a
conchoidal fracture; color dark gray; very uniform
both in texture and color; rather heavy bedded, but
not so much so as the division next below (C. b) ; lay-
ers from 6 to 8 inches thick, but not very regular; fos-
sils few in number, comparatively, and eonfined to the
partings between the beds. (See analysis 107, p. 187) 5
Between C. (a) and C. (b) is a thin layer of shale
crowded with fragments of fossils, trilobites, brachio-
pods, Bryozoa, ete.

C. (b) Very heavy bedded and regularly stratified layers of
rock, of the same color and texture as the division next
above (C. a); layers 18 to 24 inches thick; numerous
specimens of Strophomena Alternata between the lay-
ers; the lower portion graduates by a succession of
shaly beds, 6 or 8 inches in thickness, into the buff
limestone ‘¢ (dolomite)’’ below...oooooooo 5

* Report on the geological survey of the State of Wisconsin 1862 vol. 1, p. 163.
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D. Buff ‘‘limestone,”” a blue and buff dolomite, somewhat
argillaceous, in layers 12 to 13 inches in thlckness with .
numerous fucoidal markings, otherwise unfossﬂlferous ex-
tensively quarried as a building stone. ...l 8
Buff and blue dolomite, more shaly and less thickly bedded
than the division above, hence of much less‘ value as a
quarry stone, gradually sloplng down to the branch and
not Well eXPOSed. . oo e e -9

Analysis 107 represents a high grade limestone which might be of

interest to Portland cement manufacturers and other users of high
grade limestones. The fact that the bed is only 5 feet thick and under
cover of dolomitic limestone would probably make quarrying too ex-,
pensive to make its use as a high grade limestone. a paying proposition.
The Galena and Black River formation at Darlington is an impure
dolomite, which has been used for lime. The J. H. Wall quarry at:
Darlington exposes the following section:

Top of section ' ' Feet
1 13 OO O about 2
1. Porous, cavernous, fine grained rotten dolomite ..................... 15
II. Medium grained, buff fossiliferous dolomite. Analysis 101
(P 186 e e 2
II1. Buff, coarser grained dolomite. Analysis 102, (p. 186)......_. 4
111a. Same as III. Analysis 103 (p. 186) ceooooeems 2
1IV. Alternating layers of dolomite and brown oily shale. Analy-
818 104 (. 187 ) oo 6
V. Brittle dense, fine grained, thin bedded dolomite. Analysis
B0 T - O S St 15
V1. Buff and blue, fine-grained, compact, but shghtly earthy dolo-
mite. Analysis 106 (p. 187) e 50

The purer beds of dolomite throughout the county as well as the
tailings piles (p. 54) should be considered as a source of agricultural

limestone.
Manitowoc County

General geology—All of this county is underlain by the Niagara
Golomite. Most of the surface of the eastern part of Manitowoe County
is a level monotonous plain. Here the Niagara dolomite is mostly
buried under lake clays. Hummocky ridges of coarse glacial debris
cover most of the Niagara dolomite beds of the towns of Schleswig,
Eaton, Rockland, and Maple Grove. .

Niagara dolomite—Large quarries are operated by the Western
Lime and Cement Company at Grimms and Quarry ; the Allwood Lime
Company; north of Manitowoe, in the NW. 14 NW. 14 sec. 36, T. 20,
R. 23 E.; the Rockwell Lime Company in the NE. 14 NE. 1/ sec. 35,
T. 20, R. 23 E.; the Standard Lime & Stone Company at Quarry ; and
the Valders Lime and Stone Company near the center of see. 32, T. 19,
R. 22 E.
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The lower 20 feet of the Western Lime and Cement Company’s
quarry at Grimms is full of cavities lined with calcite.. The beds are
massive, 12 or more feet thick, and contain many corals. Lime from
these beds is said to slake more rapidly than that from the upper 6
feet of the quarry. The composition of the upper 6 feet is given in
analysis 174 (p. 189), that of the lower 20 feet in analysis 175 (p. 189).

At Quarry the Western Lime and Cement Company has used the
upper 6 feet of broken beds for quick lime only and the lower 12 to
15 feet for crushed rock. The composition of the dolomite in the
Standard Lime & Stone Company’s quarry at Quarry is given in
analysis 176 (p. 189). '

Numerous outerops of Niagara dolomite occur at Cooperstown, about
15 miles northwest of Manitowoe. The dolomite has been used for
local building purposes and for quick lime. Analysis 177 (p. 189) is
from the Maribel Springs Company property at Cooperstown.

At Cato Falls on the Manitowoe River outerops of thin, wavy bedded, -
uniform Niagara dolomite appear. Two miles down the river from
this locality similar, thin broken ledges form a wall along the bank
of the stream 15 feet high. A short distance farther down stream, there
are several outerops. one of a flinty dolomite, the other consisting of
20 to 25 feet of fragmental dolomite overlain by 12 feet of flinty rock,
the hardness of the latter giving rise to rapids. South of the Mani-
towoe River outcrops are scarce, the formation being covered in most
places by glacial drift.

Marinetie and Oconto Counties

General geology.—The northwestern part of Marinette and Oconto
counties is underlain by granite, quartzite, and trap rocks belonging
to the pre-Cambrian. Southeast of this area of hard rocks are four
roughly parallel strips of Paleozoic rocks, trending northeast. Be-
ginning with the one farthest northwest, they are the Cambrian sand-
stone, Lower Magnesian dolomite, St. Peter sandstone, and Galena and
Black River dolomite respectively. For distribution of these forma-
tions see Plate VI. The soil and glacial drift are deep in these coun-
ties and most of the rock outerops are found along the streams which
tiow across the formations into Green Bay, and along the low bluffs
which mark the western margins of the two dolomite formations.

Lower Magnesian dolomite—Outcrops of Lower Magnesian dolomite
oceur at Oconto Falls, on Jones Creek a few miles north of Stiles,
about 5 miles north of Stiles, on the south side of the Peshtigo River,
from the mouth of Little River to the vicinity of Potato Rapids, and
at Grand Rapids on the Menominee River.
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A thickness of about 25 feet of Lower Magnesian dolomite outerops
at Oconto Falls. Excepting for 2 feet of shale, the beds offer vigorous
resistance to the wear of the stream. A deseription of the beds taken
from Chamberlin' follows:

Top of section Feet
I. Gray, buff, cherty dolomite, in part granular crystalhne
and in part earthy, cavities from size of pea to walnut
lined with quartz erystals. Beds up to 2 feet thick.

Weathered surface is granular and sandy................... 51

I1I. Beds same as I but studded with quartz lined cavities...... 11.7
III. Thick bed of impure, conglomeratic dolomite having an al-
most flinty hardness and fracture. Fragments of sili-
ceous dolomite embedded in dolomitic sand and mud.
Breaks off in large sections 20 feet in length, which

tumble down into the chanmel... ... 4.7
1V. Hard, impure dolomite, dark gray mottled, with lighter
hues—in places studded with quartz erystals. Regular

beds. Many vertical fiSSUIes.....o.ooooimeimiiaiiamaiines 9.7
V. Softer than IV, fine, uniform, crystalline grain—in thin
layers—Dbluish cast on fresh, slightly shell-shaped fraec-
ture. Stained with purplish brown spots, but weathers

gray. Analysis 36 (p. 184) ... 4.7

VI. Green and purple shale and sandy, clayey dolomite ... 2

VII. Yellow, or gray dolomite—rough, irregular granular and
earthy texture with crystal lined openings. Almost no

bedding ..o 6
VIII. Two thin layers composed of small green spherules em-
bedded in gray earthy and erystalline dolomite....... ... b
IX. Nodules of chert and dolomite up to 2 feet to 3 feet across 2.2
X. Dolomite with small chert spherules......................___.__. 1.3
XI. Dolomite with tiny chert spherules and abundant green
SPOES oottt e 28
XTII. Dark gray, very impure dolomite, with seattered chert
spherules. Small cavities lined with quartz or calecite...... 5

From the Lower Magnesian, lime in small quantities has been
burned at a quarry in the SW. 14 SW. 14, seec. 34, T. 29, R. 18 E. Quar-
ries are also loecated about 1 mile southeast of Coleman, and in out-
lying patches of this formation i n the town of Beaver,

Galena and Black Rwer dolomite—Quterops of this dolomlte are
known in the SW. NW. see. 3, T. 26 N., R. 20 E.; SW. SW. 5, T. 27,
R. 21 E.; at the lower, and the second series of rapids of the Menominee
River; on the Little Suamico River; and along Green Bay south of
Pensaukee. The exposures at the last two loecalities are. similar to
those on the Big Suamico River near Flintville in Brown County. ?
They consist of massive dolomite :and of alternating beds of shale
and dolomite. At the second series ® of rapids of the Menominee River

* Chamberlin, T C., Geology of Wisconsin, vol. 2, pp. 281-283, 1877,

* Idem, pp. 281- 284
“Idem, p. 313.
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a portion of the rock exposed is a deep blue, thick bedded, erystalline
dolomite, wearing smooth and breaking into rectangular blocks. Other
portions are quite irregular in texture, being composed of combined
earthy, crystalline, and shaly material.

In Oconto County, the Galena and Black River dolomite has been
quarried for lime by L. Drews west of Sobieski, and by John Grosse
at Little Suamico. Several quarries are loeated about 114 miles south
of Porterfield, in Marinette County, south of the Peshtigo River.

No analyses of the Galena and Black River dolomite of these coun-
ties are on record. Descriptions indicate that it is similar to the
dolomite of Duck Creek, a rock which is too high in elayey material
to make good commercial lime, although it may be satisfactory for
local use. The best beds would make a very satisfactory soil neutralizer.

Milwaukee County

.General geology.—The greater part of this county is underlain by
the Niagara ‘dolomite. North of the ecity of Milwaukee there is a
small area underlain by the Milwaukee formation. See Plate VI.

Niagara dolomite—This formation is the only source of high grade
dolomite low in impurities. The prineipal exposures of the Niagara
dolomite are along the Menomonee and Milwaukee rivers.!

Three distinet phases of the Niagara dolomite are common in this
part of the state. The commonest phase is hard, well bedded, compact,
and fine grained. The other phases consist of (1) massive coarse or
fragmental moundlike masses without stratification or with obscure
stratification which grades into (2) well defined beds of soft porous,
granular dolomite.

The largest outerops of Niagara dolomite are along the bluffs of the
Menomonee River between Milwaukee and Wauwatosa. Here also
are some large quarries. Going westward from the mouth of the Mil-
waukee River, the first outerop is on the north side of the Menomonee
River at the foot of Washington Avenue in the city of Milwaukee.
This was formerly Moody’s quarry. The rock face is about 20 feet
by 60 feet long. Here the rock is of the massive type; only a slight
trace of bedding is visible at the west end. In places it is slightly
broken, perhaps by blasting, but as a whole it is hard, massive, coarse
grained, pure dolomite.

The next exposure up the river is about 114 miles to the west of
Moody’s quarry on the west side of the river at the National Soldiers
Home. Here a drift covered slope about 80 feet high rises above the
valley floor. On its northeast side the lower 35 to 40 feet outerop

* For a map showing the distribution of dolomite outerops see U. S. Geol. Survey
Folio 140, by W. C. Alden.
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on a vertical face. It is a section of a dolomite coral mound, uneven,
gray in color, and massive without stratification.

Story Bros. quarry is on the south side of the river about 2/3 mile
northeast of the exposure at National Soldiers Home. Here the dolo-
mite exposed is even-bedded, coarse-grained beds alternating with fine-
grained omes. At the quarries of Manegold Bros., and the Monarch
Stone Company about 24 of a mile to the northwest, the stone exposed
is of a similar quality.

To the east of Wauwatosa are the old Busack and Schoonmaker quar-
ries. At the Busack quarry to the west, the beds are mostly heavy,
well defined, and somewhat clayey. The rock is rather fine and even
grained and has a shell-like fracture.

At the east end the upper layer becomes irregular in bedding, and
rather soft and granular in texture. In the Schoonmaker quarry the
bedding is mostly obscure or lacking. The rock is generally a mas-
sive, coarse grained, hard, bluish gray dolomite. In places it consists
of dolomite fragments cemented by dolomite. In the eastern part of
the quarry the upper part of the section is clayey, porous, and weak.

The Wauwatosa Stone and Coal Company’s quarry is located In
Wauwatosa. Here the core of a coral reef is exposed. It is sur-
rounded by beds which dip away from it at angles as steep as 45°.
The rock is Niagara dolomite, cavernous, and porous with numerous
caleite crystal aggregates up to 2 inches in diameter. The west face
of the quarry, 26 feet high, was sampled. Its composition is shown
by analysis 178 (p. 189).

Zimmerman’s quarry is located in the valley’ of the Menomonee
. River about 3 miles northwest of Wauwatosa. The dolomite at this
place is buff colored, thin bedded, only slightly fractured, even
grained, and shows minute pores filled with a pitchy asphalt. It is
said that the rock in sight is 70 feet deep, 1500 feet long, and 300
feet wide. The thickness of the loose soil and glacial drift overlying
it is uncertain.

The quarries reporting production in 1921 were the G. D. Francey
Coal, Stone and Supply Company, Milwaukee; F. Hartung & Son,
Wauwatosa ; and the Wauwatosa Stone Company.

Waubakee dolomite—Four miles northwest of the city of Milwaukee,
sec. 1 of the town of Wauwatosa, the Waubakee beds are exposed. They
rest on top of the Niagara dolomite. The rock is a hard, brittle, light
gray dolomite, distinguished by numerous minute, angular cavities
that give to it a very peeuliar porous structure. It is thin bedded
and breaks readily into thin plates parallel to the bedding. .In eross
section the plates comsist of thin laminae of alternating dark and
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gray color. Analysis 179 (p. 189)" gives the composition of an average
sample.

Another outerop of the Waubakee beds is reported on the Milwaukee
River a short distance above the Washington Street bridge. It shows
the same peculiar porous laminated structures as in sec. 1 described
above, but is less shaly and shows more red iron oxide. Its composi-
tion is given in analysis 180 (p. 189).2

Midwaukee formation—The Milwaukee formation (Hamilton cement
rock of older reports) occupies a limited area adjacent to the lake and
north of the city of Milwaukee. It overlies the Niagara dolomite and
is the youngest of the stratified sedimentary rocks of the state. It
was laid down as a marine deposit during the Devonian period.

It is a bluish gray, or ash colored clay bearing dolomite which
weathers to yellow and buff colors owing to its iron content. The
rock in places has many angular cavities, in which oceur erystals of
iron sulphide, caleite, and rarely zine blende. Sometimes the fossil
forms are more or less replaced by iron sulphide. Some layers are
uniform in texture, others are irregular and lumpy. The composition
varies but slightly. The beds are generally thick but in places some-
what shaly. ‘

The most extensive outerops are on the Milwaukee River in the
vielnity of Washington Street bridge, extending above and below in
secs. 4 and 5, T. 7, R. 22 E. The rock nowhere rises to more than 30
feet above the river and in most places about 15 feet. The beds are
gently folded.

A few feet of the Milwaukee formation are exposed in see. 11, town
of Granville in a railroad eut just south of the station of Brown Deer.
It is also said to occur in the bed of the Milwaukee River opposite this
place. The beds are about the same as near the Washington bridge
although more weathered.

The most northwesterly exposure occurs in secs. 9 and 10 of the
town of Granville. It lies in the brow of a hill, the remainder of
which is underlain by Niagara dolomite. The Milwaukee formation
at this place is a soft, granular, buff, impure dolomite.

On the lake shore at Whitefish Bay there is a small outerop of the
Milwaukee formation a little above the water level. The layers are
compact, but uneven. Angular cavities about an inch in diameter are
common, some of which contain black tar.

The composition is shown by analyses 216 to 225 inelusive (p. 190).»
The first nine are from stone ecollected on the Milwaukee River near
the Washington Street bridge. The last one is from the outerop on

* Chamberlin, T. C., Geol. of Wiseonsin, vol. 2, p. 390, 1877.

? Idem, p. 390.
* Idem, pp. 396, 399,
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Whitefish Bay. The rock averages about 21 per cent impurities of
which silica and ‘alumina are the most important. Iron, most of it in
the form of iron sulphide, is nearly as important as alumina. Silica is
the most abundant, averaging about 17 per cent. The rock is a limy
dolomite, the calcite averaging about 12 per cent. The calcite lines
and fills small cavities.

The Milwaukee formation was used as a natural hydraulic cement
until it was displaced by the superior qualities of Portland cement.
"The average tensile strength of cement made from this rock at the end
of seven days is said to have been about 64 pounds to the square inch.*
The Milwaukee formation is too impure for lime or for any purpose
in which a nearly pure carbonate rock is desirable. Its local use for
agricultural limestone ought to be practical unless the content of iron
sulphide might have an injurious effect.

© Monroe County

GQeneral geology.—Except for outliers of Lower Magnesian dolomite,
the northern part of the county is underlain by Cambrian sandstone.
The high ridges and broad uplands of the southern part are ecapped
by Lower Magnesian dolomite. Escarpments are formed by the Lower
Magnesian dolomite and by the Trempealeau dolomite bed in the
upper portion of the Cambrian sandstone. The Trempealeau bed is
sandy with about 30 per cent of impurities, -but in the sandstone
region it might serve as a valuable source of agricultural limestone.
The valleys and low lying areas are all covered with slope wash.

Lower Magnesian dolomite—Dolomite quarries have been operated
near Sparta by August Schmeichel, John Nichols, A. E. Smith, and
J. J. Ewers. Dolomite quarries have also been worked at Tomah and
Rockland.

The J. J. Ewers quarry is located in the NE. 14 NE. 14 see. 19,
T. 18, R. 4 W., on a high steep sided hill. The rock quarried was rolled
to the bottom of the hill and hauled to Sparta for road building.

The beds of the quarry are deseribed as follows:

Top of section Ft. In.
.I. Soil and dolomite fragments.............coocooo 4 0
II. Porous, weathered dolomite with flints..........._.......... 2 0
III. Compact dolomite ... ..o 3 0
IV. Shaly, erumbly, sandy layers ... 3 0
V. Flint bed. ..o eeen 4
VI. Thick bedded dolomite...............oo oo 3 0

Lime has been burned for local uses at the following places In

Monroe County. Quarries of Lower Magnesian dolomite are probably
located at each kiln.

* Chamberlin, T. C., op. cit.,"p. 405.
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1. About 7 miles southeast of Tomah on the northern line of outerop
of the Lower Magnesian dolomite on the SW. 1} of sec. 31,
T. 17, R. 1 E.

2. On an isolated outlier of dolomite about 6 miles southwest of
Tomah in the SW. ¥/ of see. 22, T. 17, R. 2 W.

3. In the NW. 1/ of sec. 12, T. 16, R. 3 W.

4. At the foot of a high isolated, outlying bluff capped with Lower
Magnesian dolomite in the SW 1/ of sec. 28, T. 18, R. 4 W.

Oconto County

See description of Marinette and Oconto counties (p. 64).

Outagamie County

General geology—This county is underlain by roughly parallel belts
of Cambrian sandstone, Lower Magnesian dolomite, St. Peter sand-
stone, and Galena and Black River dolomite. These belts trend north-
east and occur in the order named going from northwest to southeast.
See Plate VI.. The western margin of each of the dolomite belts is
marked by a northwest facing escarpment. The greater part of this
county is covered by glacial deposits. Excepting for the esearpments,
the surface is nearly level.

Lower Magnesian dolomite—The most conspicuous outerops of
liower Magnesian dolomite are along the steep slopes marking its
western limit. Chamberlin measured 60 feet of these beds from scat-
tered outerops in the town of Hortonia.® The lower 10 feet of the
gection are sandy and cherty. The beds overlying them are mostly -
dolomite with minor amounts of clayey and siliceous materials.

To the south of the small stream running from east to west through
the town of Ellington, outerops of Lower Magnesian dolomite become
less abundant as one follows the bluff eastward.

A few feet of Lower Magnesian dolomite are found on top of
North and South Mosquito Hills near New London. They are weak,
sandy beds, and unlike the Lower Magnesian beds on the opposite
side of Wolf River.

The Outagamie Limestone Company operates a quarry in the SW, 1
SW. 1/ see. 33, T. 24, R. 17 E., on a spur of the Soo Railway. The
quarry face is 22 feet in height. The dolomite is yellowish-gray in
color and except for the upper 4 feet is free from weathering. Analysis
37 (p. 184) was made from a general sample.

Many of the beds are undoubtedly suitable for local agricultural
limestone. Quick lime was formerly produced by the following :

* Chamberlin, T. C., Geology of Wiseonsin, vol. 2, p. 277, 1877,
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Drephal Bros. & Litzkow Company, Shiocton
Frank Fuller, Hortonville

G. L. Maas, Black Creek.

No production has been reported in recent years.

Galena and Black River dolomite.—Outerops of this formation are
common in the stream channel of the Fox River below Appleton.
Before dams were built across the river, it formed a number of rapids
over the heavier and more resistant beds. The outerops at Kaukauna,
Chamberlin states are typical of the Galena dolomite along the Lower
Fox River. His deseription of them is in part as follows: ‘‘ The layers
vary from 6 to 30 inches in thickness. The rock is of a dull bluish
green or gray hue and is characterized by very thin shaly partings
between some of the layers, and by thin irregular clayey laminae
through the body of the rock, not sufficient however to impair its
strength or power of resisting atmospherie influences as bowlders
which have been exposed since the drift are still sound. Aside from
these laminae the rock has a crystalline character, impervious and
compact in general, though it contains a few cavities, some of which
are lined with caleite and ocecasionally pyrite.’”

Quarries in this formation are located at Appleton and Kaukauna.
The Lindauer quarry is located on the north side of the Fox River at
the northeast end of Kaukauna. About 10 feet of Galena and Black
River dolomite are exposed. Where fresh, it is a coarsely crystalline,
bluish rock. Analysis 109 (p. 187) gives the average composition of
these beds.

The rock is too impure for quick lime but would make a fair agricul-
tural limestone for local purposes.

Ozaukee County

General geology.—The Niagara dolomite underlies all of the county.
The Milwaukee formation underlies a few square miles in the south-
east corner and a narrow strip along the lake shore extending from
Port Washington several miles to the northward. See Plate VI. Out-
erops are scarce because of the covering of glacial drift.

Niagara dolomite—Quarries in this formation are located along
Stoney Creek in the town of Fredonia, at Druecker, a few miles north
of Port Washington, at Grafton, Cedarburg, and on the lake shore
near Belgium. The following firms have produced lime or stone:

Auschuetz & Company, Cedarburg

John F. Groth & Son, Cedarburg

Independent Lime & Stone Company, Druecker

Milwaukee Falls Lime & Stone Comipany, Grafton

Lake Shore Stone Company, Belgium.

*0p. cit., p. 312.
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About 30 feet of Niagara dolomite are exposed in the Milwaukee
Falls Lime Company’s quarry at Grafton. The rock is used for lime.
The upper 20 feet are soft and fine grained. Their composition is
shown by analysis 182 (p. 189). Analysis 181 (p. 189)* probably rep-
resents a picked sample. ’

Analysis 183 (p. 189)2 represents the ‘composition of six layers of
the Independent Lime and Stone Company’s quarry at Druecker,
known as the Druecker quarry. As is true of most Niagara dolomite
in Wisconsin, this rock is low in impurities, a high grade dolomite
useful for any purpose in which a pure dolomite is either desirable or
satisfactory. '

Waubakee dolomite—Beds of the Waubakee formation are exposed
about 1 mile above the village of Waubakee in the town of Fredonia
in the bed of the Milwaukee River. North of the river a quarry shows
the following section:

Top of section : Ft. In.
I. Light gray thin bedded, shaly dolomite, analysis 184
[ R U 2 0
II. A layer of hard dolomite containing caleite lined cavities )
5 to 6 inches in diameter. Analysis 185 (p. 189)¢ ... 10
ITTI. Alternating thin and thick layers similar to No. I. Some
) layers marked with a dark rusty coating...................... 2 2
IV. Similar to No. IT.o o, 1 21
V. Moderately thick beds somewhat shaly._ ... ... 1 0

In the bed of the river a little above this locality is an outerop of
dark, carbonaceous, soft dolomite. An average sample from this out-
crop had the composition indicated by analysis 186 (p. 189).%

The Waubakee rock is not as pure as most of the Niagara dolomite ;
hence it is not desirable as a commercial lime. As a local agricultural
limestone it would serve very well.

Pepin and Pierce Counties

General geology.—The lowlands of Pepin and Pierce counties are
underlain by the Cambrian sandstone. See Plate VI. These lowlands
include the deep narrow valleys of Pepin County and a broader belt
of lowland which extends northward through the eastern part of
Pepin and Pierce counties, thence through Dunn and St. Croix County.
West of this belt rises an escarpment about two hundred and fifty
feet high whose front is cut by many valleys. This esecarpment is
capped by the Lower Magnesian dolomite which - extends westward

* U. 8. Geol. Survey Twentieth Ann. Rept., Pt. 6 con., p. 463, 1899,
2 Chamberlin, T. C., Geol. of Wisconsin, vol. 2, p. 381.

*Idem, p. 393.

*Idem, p. 393.

®Idem, p. 393.
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as a broad undulating table land through St. Croix and Pierce coun-
ties. Only a few deep valleys like that of the St. Croix cut through
the dolomite and into the Cambrian sandstone below. This tableland
area has a rich clayey soil and is a good farming region.

The Lower Magnesian uplands in the western part of Pierce County
are the base of another escarpment whose lower slopes are underlain
by the St. Peter sandstone and whose top eap rock is the Galena and
Black River dolomite. This escarpment is very prominent about 3
miles northeast of Prescott.

Lower Magnesian dolomite—The outerops of this formation are
most numerous along the Mississippi River and for a few miles up
its tributaries. On the tablelands away from the river outcrops are
scarce. The cover of soil and glacial debris is quite general. Along
~ the bluffs which mark its eastern front, outcrops are also quite scarce.
The dolomite along this front is generally deeply decayed, and quar-
ries which have been opened usually show a clayey, soft buff colored
rock.

Along the bluffs flanking the Eau Galle River at Spring Valley
outerops of Lower Magnesian dolomite are common. A large quarry
south of Spring Valley in see. 27 formerly supplied flux for the iron
furnace which was operated there about 15 years ago. The quarry
is now operated as a source of agricultural limestone and crushed stone
by the Wissota Sand and Gravel Company. About 72 feet of very
thick bedded, flint bearing, slightly cavernous dolomite beds are ex-
posed in the quarry. About 50 feet below the quarry floor is the top of -
the Cambrian sandstone. Two analyses of these beds are on record,
analyses 38" and 39 (p. 184).

Analysis 38 was from selected material used for flux. The run
of the quarry is shown better by analysis 39.. The dolomite has a
considerable content of flint and would not do where a high grade car-
bonate rock is wanted. As an agricultural limestone for local use
it serves very well.

This formation has been quarried on the hills overlooking Lake St.
Croix between Prescott and the Kinnikinnic River. In one of the .
gorges on the south bank of the Kinnikinniec River north of Prescott
in the SW. 14 of see. 13 of the town of Clifton about 68 feet of this
dolomite is exposed. The description of beds follows:

Top of section Feet
I. At head of gorge. Compact hard dolomite. Analysis 42
(P I8 ) e 40

II. Thick bedded dolomite, wavy contact with overlying beds,
marked by occasional round bowlders of dolomite from 1
inch to 1 foot in diameter. Analysis 41 (p. 184) ... 20

! Lewiston, A., personal communication.
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III. Thin bedded, dense, fine grained dolomite with flint nodules.
Analysis 40 (p. 184) e 8
The lowest beds of the quarry are purer than the average Lower
Magnesian dolomite. In view of the variability in the composition
so common in beds of the Lower Magnesian dolomite, it is uncertain
whether this degree of purity would hold for any distance beyond the
cuterop. ’

Galena and Black Rwer dolomite and limestone.—This formation has
been quarried in many localities in the viecinity of River Falls, Ells- -
worth, Beldenville, and Prescott.

Dill’s quarry, about 3 miles northeast of Prescott, exposes 15 feet
of Galena and Black River dolomite on top of a flat topped hill which
rises about 100 feet above the surrounding country. The beds are
the lowest in the formation and rest on the St. Peter sandstone. They
are clayey and probably contain about 10 per cent of impurities, but
would furnish a very good supply of local agricultural limestone. )

The Thomas Walker quarry is in the Galena and Black River dolo-
mite which caps the bluffs east of River Falls. The section exposed
is as follows:

Top of section Feet
Soil
I. Thin bedded, brittle frost broken limestone, analyses 112 and
B G TR (U 6
II. Thin bedded cream colored dolomite, analysis 111 (p. 187) ... 4
II1. Thick bedded, buff dolomite, analysis 110 (p. 187)............ about 4

The facts of ownership, location, thickness of beds of quarries in
the Galena and Black River dolomite near Ellsworth follow:

Owner or name Thickness
of quarry . Location - of beds

Campbell Quarry—'4 mile north of railway station on east

side of track.. ... 12 feet

J. Holman—1% mile north of Campbell Quarry...................... 12 feet

City Quarry, Ellsworth—14 mile west of railway station.......... 11 feet

Jasper Miller—5 mile west of Ellsworth......._..... .. .. . 12 feet
The beds at the city quarry near Ellsworth are as follows:

Top of section Feet

Soil

I. Thin bedded, bluish dolomitic limestone. Beds have about
the same appearance as the glass rock beds of southwestern
WISCOMSIM oo et e e e e e e e ean e e emenaean 4
II. A shaly bed . - 1
. I1I. Thick bedded dense fine grained, bluish dolomitic limestone.
Analysis 114 (P. 187 ) oot
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The only unusual feature of this analysis is the high content of cal-
cite. The rock, however, has too much magnesia to be a Portland
cement limestone, and it is not suitable for any other uses of a nearly
pure calcite rock. The 4 feet of glass-rock-like beds, Group I, which
overlie Group III are probably lower in magnesia than Group III.
The slight thickness of these beds and the small area over which they
are laid bare on the surface make it improbable that they could be
used profitably as a source of high ecalcite rock. Furthermore it is
unlikely that they average low enough in magnesia. In southwestern
Wisconsin where similar glass rock beds are exposed they vary greatly
in their magnesia content and are not a reliable source of low mag-
nesia limestone.

Notes on dolomites of Pierce County by W. J. Getb.—The notes
below on limestone and dolomite outerops located in Pierce County
were contributed by W. J. Geib of the Soil Survey Division of this
Survey. The percentages of equivalent calcium carbonate which he
reports for various samples represent the pounds of dry calcium car-
bonate which would have the same neutralizing effect on soils as 100
pounds of the sample under consideration. Since the samples col-
lected by Geib contain considerable magnesium carbonate in the form
of dolomite which neutralizes more acid than the equivalent weight
of calecium ecarbonate, the caleium carbonate equivalents which he
reports are all high. Many of them run over 100 per cent, that is 100
pounds of the rock analyzed has more neutralizing value than 100
pounds of dry calcium carbonate. In a pure dolomite the carbon di-
oxide content is 47.9 per cent. If this amount of carbon dioxide were
combined with lime, 108.8 parts of lime carbonate would result. In
other words 100 pounds of dolomite have as much neutralizing effeet
as 108.8 pounds of pure calcium carbonate. The calcium carbonate
equivalent in this case is 108.8 per cent. Geib’s notes follow:

1and 2. On farm of Olaf Neyaggen. Location of outcrop in SE. 1
of SE. 14, sec. 7, town of Spring Liake. This is in the bed of a dry run
and on an adjoining slope about one-eighth of a mile from a publie
road. There is no road to this outerop at present, but one could be
made without difficulty. The rock is quite accessible although there
is a covering of about 3 feet of soil immediately above the top of the
rock in the stream bank. Quarry tests were taken, one in the bed
of the stream and the other on the adjoining bank. Both tests were
96 per cent plus—calcium carbonate equivalent.

3. Quarry from which limestone was taken for use in the iron
furnace at Spring Valley. It is located in the NE. 14 of sec. 27, town
of Spring Lake. The quarry is located at the top of the hill which
is about 150 feet above the valley bottom. There is a spur of the rail-
road running into the base of this quarry and the rock has been blasted
along the hillside for fully one-quarter mile. By constructing a chute
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this rock ean be very easily lowered to the railroad or to the wagon
road. There is an unlimited supply of rock available here. Calecium
carbonate equivalent—97.55 per cent. :

4. Quarry known as the Tuttle Hill Quarry owned by Wm. Brant.
It is located in the SE. 14 of sec. 36, town of Spring Lake, near the
top of Tuttle Hill beside the public road. Rock has been taken from
this quarry and crushed for road building material and the rock
crusher is now installed at this quarry, but no rock for agricultural
use has been pulverized. It would be very easy to get large quan-
tities of rock from this quarry as it is on a good public road and
comparatively little stripping would be necessary. Calcium carbonate
equivalent—100.98 per cent.

5. This is on the farm of Henry Thompson, town of Gilman in the
SW. 14 of the SE. 1 of sec. 25, adjoining the farm of Albert Hurtgen.
It consists of a small hill in which the lime rock is close to the sur-
face. It is about one-eighth of a mile from the public road and quite
accessible. Probably no more than one foot of stripping would be
necessary. Caleium carbonate equivalent—103.2 per cent.

_ 6. This is located on the public road adjoining the farm of Albert
Hurtgen in the SW. 1/, sec. 25, town of Gilman. The outerop is not
at all conspicuous and one must dig in the bank on the south side of
the road to find the rock. It would probably be necessary to strip about
3 or 4 feet of soil before much of the rock would be available. Being
on a public road, however, the place is easily accessible. Calcium
carbonate equivalent—98.9 per cent.

7. Dolomite on the farm of N. Halvorson in the NW. 14 of the
SW. 14 of sec. 23, town of Rock Elm. This is nearly 34 of a mile
from a public road and it is along a deep gulech which is quite inac-
cessible altough about eight years ago considerable rock was hauled
from this place for building purposes. There is a private road within
14 mile of the outcrop. There is considerable rock exposed in the
bed of this dry run and much more could be uncovered in the bank
of the river. Calcium carbonate equivalent—104.2 per cent.

8. Farm of Fred Hague in the NE. 14, sec. 33, town of Salem. The
outerop is on the top of a hill nearly 200 feet high, overlooking the
valley of Rush River in which the soils are mostly acid. In quarrying
this rock it would be necessary to convey it down the hill in a chute and
grind it at the base of the hill. There is a large exposure and by
blasting, no stripping would be necessary. Much of the rock would
roll down the hill and at present large quantities of limestone are
scattered on the steep slope. The hill borders a public road. Cal-
cium carbonate equivalent—104 per cent.

9. Outerop on the farm of A. Schraum in the NE. 14, sec. 6, town
of Salem. The rock here is exposed on a steep hillside immediately
bordering a public road. There is considerable overburden. The
outerop extends for several rods and is about 15 feet high. It is
from 5 to 25 feet above the public road. At the base of the hill there
is a strong spring of excellent water. Calcium carbonate equivalent—
100 per cent.

10. On the land owned by Nels Madson, located in SE. 14 of the
NE. 14, sec. 5, town of El Paso. This quarry is located immediately
adjoining the public. road and also forms one of the banks of the
Rush River. It is accessible but there is about 4 or 5 feet of stripping
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except where the rock is exposed in the vertical wall. The outerop
is about 60 feet long by 10 to 20 feet high. Calcium -carbonate
equivalent—98.8 per cent.

11. On the farm of Joe Young on the SE. 14, sec. 16, town of El
Paso. This is on a good public road immediately ad,]ommg Rush
River. It is in the form of a big bluff 100 or -more feet high by 14
of a mile long. This rock could be easily blasted down the hill where
a crusher could be placed on the public road. The one objection to
this location is that there is no farm land nearby in the valley of the
Rush River where the rock could be used. The rock would therefore
have to be hauled up a long hill before it could be delivered to farms
where it could be used. Calcium carbonate equivalent—100 per cent.

12. According to the atlas, this is on land owned by Hugh O’Connell
in the SE. of the SE. 14 of sec. 15, town of El Paso. This is on County
Highway C near the top of the long hill east of Rush River. The
crusher could be installed in the public road and all the rock.taken
from the rock wall along the side of the road. A large quantity of
rock is available. The road taps considerable farming country which
is in need of limestone and which could be easily reached from this
point. Calcium carbonate equivalent—102.5 per cent.

13. Land owned by Albert Sperger, located in the S. 14 of the NE. 14
of sec.. 25, town of Rock Elm. This outcrop is on a public road near
the top of a long hill. A crusher could be placed in the public road
and the rock easily obtained. Only a small amount of stripping would
be necessary and the debris -could be used in widening the road bed.
Caleium carbonate equivalent—102.5 per cent.

14. Land owned by Albert Sperger in the NE. 7} of the NW. ¥4,
sec. 30, in the town of Eau Galle in Dunn County. This deposit is
about one-fourth mile from the public road and is much more difficult
to get out than the deposit just above described. It occurs in the
bank immediately adjoining a dry run and the rock taken from there
has been used for building purposes. There is an old road leading
to it, but this has been long neglected. Calcium carbonate equivalent
—98.3 per cent.

15. Farm of Charles Fedderby of Elmwood, Wisconsin, located in
the SW. 14 of the SW. 14 of see. 2, town of Rock Elm. This outerop
is on a public road near the top of a long hill leading out of Elmwood.
There is considerable rock exposed here, but there is an overburden
of about 3 or 4 feet. Calcium carbonate equivalent—101.2 per cent.

16. Outcrop located on the west side of Cady Creek in the town
of Spring Lake, SW. 14 of the NW. 14 of sec. 14, on a steep hillside,
14 mile west of the wagon road. No sample was taken of this rock.

17. Located in the SW. 14 of the SW. 1/ of sec. 24, town of Spring
Lake. Outcrop is on a high hill and a chute would be necessary to
get the rock down to the public road. The outcrop is within 13 of
a mile of the road. No sample was taken from this outecrop.

18. SW. 14 of SE. 14, sec. 26, town of Spring Lake. This outerop
is on a high hill within 14 mile of the public road but has not been
opened and is too near the large quarry in sec. 27 to need considera-
tion at this time. No sample was taken from this outerop.

19. SW. 14 of the SE. 14, sec. 3, town of Spring Lake, immediately
adjoining the public road near the top of the hill. This is a large
exposure and the crusher could be located at the side of the road and
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large quantities of rock can be secured by- blasting. The stripping
varies from 3 to 5 feet. Caleium carbonate equivalent—97.3 per cent.

20. The N. 1% of sec. 9, town of Spring Lake. Outerop oceurs along
the public highway half way up a large hill. It is easy to get at as
the rock can be blasted from the road side. Calcium carbonate equiva-
lent—86.5 per cent.

21. Land owned by Charles Tewn, located near the center of sec. 6,

town of Spring Lake, 1§ mile from the railroad and 14 mile from the
depot in Spring. Valley. The rock is exposed about half way up the
hill and can be gotten out quite easily as some quarrying was done
here not very long ago. About 2 to 4 feet of stripping would be
- necessary. Calcium carbonate equivalent—100.5 per cent.
22. Land owned by Vern Brownlee of Maiden Rock. Quarry is
* located near the top of the hill on the road leading out of Maiden
Rock to Plum City in the town of Maiden Rock about one-fourth mile
from the village. This rock forms a high face bordering the public
road and considerable rock has been taken out for building purposes.
Calecium carbonate equivalent—98.1 per cent.

Polk County
See description of St. Croix and Polk counties (p. 81).

vRacine and Kenosha Counties

General geology.—Racine and Kenosha counties are underlain by
the Niagara dolomite.

The surface of the eastern part of these counties is level. The
western portion is covered with a thick mantle of glacial drift. Its
surface is undulating, even hummocky in places, and is dotted by
numerous lakes, ponds, and swampy stretches.

Niagara dolomite—OQuterops of this formation occur along Root
River in the vicinity of Racine. The beds consist of a conglomeratic,
massive, coarse-grained dolomite grading into even-bedded, compact,
hard, fine-grained phases. These characteristics are peculiar to the
highest beds of the Niagara dolomite, known as the Racine beds because
of their occurrence near Racine.

Two analyses of Niagara dolomite are on record. They are from
the old Horlick and Beswick quarries. See analyses 187 and 188 re-
spectively (p. 189).) They indicate a high degree of purity, about
98 per cent total carbonates.

The most important quarries are those of the Consumers Company.
at Ives, and the Racine Crushed Stone Company in sec. 6 on the Root
River northwest of Racine.

The beds in quarry No. 2 of the Consumers Company at Ives are
fine grained, compact, and even. The quarry face is about 100 feet
high. The rock appears to be very pure.

! Chamberlin, T. C., Geol. of Wiscongin, vol. 2, p. 381, 1877.
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Gravels—Gravel beds are common in Kenosha and Racine counties.
Dolomite is their chief constituent. Wherever gravel beds are nearer
to fields requiring agricultural limestone than dolomite outerops and
quarries, it may be cheaper to crush selected dolomite gravel than
to haul the ground stone from greater distances.

Richland County

General geology.—All of this county is in the Driftless Area. The
surface is deeply dissected by valleys separated by narrow ridges.
In the western and northwestern parts there are some fairly broad
uplands. The lowlands are underlain by Cambrian sandstone, the
uplands by Lower Magnesian dolomite. Some of the higher portions
of the upland still retain a covering of St. Peter sandstone.

Trempealeau dolomite—Beds of this formation are found 40 feet
below the base of the Lower Magnesian limestone where they form
benches and projecting ledges. Little data is available regarding the
composition of this formation, but it is usually too impure for chemi-
cal uses.

Lower Magnesian dolomite—This formation outerops along the
edges and upper portions of the bluffs flanking the valleys throughout
the county. In the past, lime kilns have been operated at the following
places: in the NW. 1} of see. 19, town of Eagle; in the NW. 14 of sec.
19, town of Orion; and in several places in the vicinity of Richland
Center.

The calcium carbonate equivalent (p. 75) of a sample from the
quarry in the NE. 14 SE. ¥, sec. 15, T. 10, R. 1 W. is 101.25 per cent.
This indicates that the rock is chemically very satisfactory for use as
agricultural limestone. As the Lower Magnesian dolomite occurs
in every town in the county, the problem of securing agricultural lime-
stone should be relatively simple.

Rock County

General geology.—The eastern part of this county is underlain by
the Galena and Black River dolomite, which has but few outerops, be-
ing covered by soil and glacial drift in most places. West of the
Rock River all the uplands are underlain by the Galena and Black
River dolomite. The border of these uplands is dotted by outcrops
and quarries. Most of the lowlands west of the Rock River are under-
lain by the St. Peter sandstone and locally by the Lower Magnesian
dolomite. The Cambian sandstone underlies a narrow belt in the Rock
River valley from the north county line to a point about 4 miles north
of Beloit.
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The margin of the last glacial drift sheet extends across the northern
part of the county through Johnstown Center. It crosses the Rock
River about 2 miles north of Janesville and from there swings north-
west along the Chicago & Northwestern Railway. South of this line
the glacial drift consists of a level ontwash border south of the young-
est drift and of a level outwash plain along the Rock River and Turtle
Creek. Elsewhere there is a thin covering of older drift.

Galena and Black River dolomite—This formation is the only dolo-
mite which outerops. Most of the outerops are along the west side of
the Rock River valley, in the miniature canyon of Turtle Creek in the
town of Brandon, and on the edge of the hill tops in the western part
of the county.

The Arthur Spencer quarry is in the SW. 14 NE. 14 sec. 4, town of
Magnolia. The beds are as follows:

Top of section Fect
I. Weathered broken dolomite, analysis 117 (p. 187) ... 6
I1. Buff and blue beds alternate, analysis 116 (p. 187).................... 1114

II1. Blue and gray dolomite, analysis 115 (p. 187) ... 8

Peck’s quarry is located in the SW. 14 NW. 14 sec. 34, T. 1, R. 12 E.
The face of the quarry is about 22 feet high.

Top of section Feet

L SO0l e 2

II. Thin bedded, broken dolomite...............oooooooioooiiio 12

IT1I. Blue beds, analysis 119 (. 187) oo 4
IV. Thin bedded, buff colored fossiliferous dolomite, analysis 118

(P AT ) e 5

V. Dense and fine grained..............._____._ -2

The Chas. Samp“qu:‘zrry is, located in the SW. 14 NW. 14 sec. 26,
T.1, R. 12 E. The beds are as follows:

Top of section Feet

I. Buff thin bedded dolomite.......................__ ... 8
II. Buff thick bedded dolomite..........coooooeeioiiie 10
III. Brittle fine grained dense bed, analysis 120 (p. 187) ... 2
IV. Buff thick bedded coarser grained dolomite..........__...._.._...__..._. 3

At the quarry on the Chicago & Northwestern Railway about 214
miles north of Beloit the lowest beds of the Black River dolomite,
known as the lower buff, and the group which overlies them, the lower
blue beds, are exposed. The lower buff beds are thick bedded, coarse
grained, and somewhat shaly at the base with a few feet of sandy
beds grading into the St. Peter sandstone. For composition see analysis
121 (p. 187).* The blue beds are about 23 feet thick and include thin
bedded impure dolomite of varying earthy and crystalline grain inter-

. * Chamberlin, T. C., Geol. of Wisconsin, vol. 2, p. 298, 1877,
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leaved with shaly partings, the whole having a bluish green or gray
color. They are very fossiliferous. For composition see analysis 122
(p. 187) .t

On the line between sees. 26 and 27 of the town of Beloit at the old
(larpenter quarry, the lower portion of the upper buff beds which
overlie the lower blue bed: are exposed. A ravine below the quarry
has gullied into the lower blue beds. The strata in the quarry include
19 feet of fine-grained dolomite of earthy or sub-erystalline texture.
For composition see analysis 124 (p. 187).2 They are overlain by about
3 or 4 feet of uniform earthy dolomite with a shell-like fracture. It
sparkles with tiny crystals and is lined and spotted with a peculiar red
stain. Analysis 123 (p. 187)® gives the composition of this bed.

The Andrew Barren quarry is near the Monroe branch of the Chi-
cago, Milwaukee & St. Paul Railway in the SE. 4 34, T. 3, R. 12 E.
The beds are described below :

Top of section Feet

I. Buff thin bedded dolomite, analys1s 127 (p. 187) ool 17
I1. Bluish, fossiliferous dolomlte with thin clay seam, analysis

126 (p. 18T e e 12

III. Buff dolomite, analysis 125 (p. 187 ) oo 10

A few details regarding other quarries in Rock County are given
below :

Name of . Thickness of Galena-
quarry Location Black River dolomite
MeGavock NE.14 NW.34 sec. 34, T.1, R. 12 E.._____. 35 feet
Stout NW. 142 T.2 R 12E. . 24 feet
Rieck 114 miles north of Janesville near Rock
River . oo 38 feet
Wille SE. 14 NW.1416, T.4,R. 12 E..._.......... 20 feet

This county has no high-grade dolomite and no limestone. The dolo-
mite is all earthy and usually has more than 4 per cent of impurities,
but is satisfactory for local use as agricultural limestone. .

Gravels—Gravel is abundant along the stream valleys which extend
southward from the margin of the last glacial drift sheet. Their chief
constituent is dolomite. Most fields are near enough to dolomite ledges
to have a good supply of agricultural limestone close at hand. In some
cases it may be found cheaper to grind selected dolomite gravel for
this purpose.

St. Croix and Polk Counties

General geology.—The greater portion of St. Croix County is under-
lain by the Lower Magnesian dolomite. This formation also extends

* Chamberlin, T. C., Geol. of Wisconsin, vol. 2, p. 298, 1877.
*Tdem, p. 298.
*Tdem, p. 298.
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northward into Polk County. The low-lying lands are underlain by
Cambrian sandstone. The edge of the Lower Magnesian beds next to
the sandstone forms an almost unbroken escarpment, along which out-
crops are common. In the southwestern part of St. Croix County cer-
tain high, flat-topped hills are capped by the Galena and Black River
dolomite. The lower slopes of these hills are underlain by the St. Peter
sandstone.

The northwestern part of Polk County is underlain by black trap
rocks belonging to the pre-Cambrian. Splendid outerops of these rocks
occur at the Dalles of the St. Croix River. They form uplands as con-
trasted with the lower-lying area of Cambrian sandstone.

The southern part of St. Croix County is covered by older glacial
drift which has been considerably eroded. Much of the drift which
remains consists of gravel in which dolomite pebbles are abundant.
The northern part of St. Croix County and all of Polk County except
the extreme southeastern corner are covered by the most recent glacial
drift, called the Wisconsin. The Wisconsin drift is thicker than the
older drift, and the surface covered by it has many lakes and swamps.
The gravels of this drift within these counties are generally composed
of hard pre-Cambrian rocks. Dolomites are generally subordinate.

Lower Magnesian dolomite.—One of the largest outcrops of this
formation in St. Croix County is at the falls of the Willow River, west
of Burkhardt. About 130 feet of beds are exposed below the falls The
lower 80 feet are described as follows:

Top of section Feet

I. Dense, thick-bedded, buff-colored dolomite, analysm 51 (p.185) 50

II. Cream colored, thm-bedded fine-, gramed dense dolomite,

analysis 50 (p 184 ) e 10
ITI. Thick-bedded, compact, dense dolomlte analysis 49 (p.184).... 20

The lowest beds are only a few feet above the Cambrian sandstone.

The MeDonald quarry is in the NE. 1}, sec. 26, T. 31, R. 18 W,
About 5 feet of very tough, compact, thick-bedded Lower Magnesian
dolomite are exposed here. Their composition is given in analysis
52 (p. 185).

A quarry on the roadside about 1 mile west of Glenwood shows about
20 feet of flinty, thin-bedded Lower Magnesian dolomite. An average
sample gave analysis 46 (p. 184).

For two analyses of a quarry owned by G. W. La Pointe near Wilson
in the SW. 14, SW. 14, sec. 36, T. 29 N,, R. 15 W, see analyses 47 and
48 (p. 184)." Details regarding the beds are lacking. The analyses
show a higher content of carbonate than is common in the Lower Mag-
nesian dolomite in this area.

! Daniels, W. W., personal communication,
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About 14 mile west of Little Falls (Polk County) the Apple River
has eut a gorge which is about 40 feet in depth. The dolomite beds
outcrop about 35 paces north of the public road. The composition of
" the lower 8 feet of these beds is given in analysis 43 (p. 184). Analysis
44 (p. 184) gives the composition of the 30 feet of beds above the pre-
ceding.

Analysis 45 (p. 184) gives the composition of an average sample from
the G. Wall quarry south of Osceola.

Facts regarding other quarries and exposures in St. Croix County are
tabulated below :

Owner or name Feet of
of quarry Location dolomite
East of Prescott road, NW. 14, sec. 5, town
103 A 0 2 U 8
Levi Oakes SE. 1 sec. 2 T. 30, Ro18 W 10
On Apple Rlver near Star Prairie in sec. 1,
T, 31, R. 18 W eee 70
Rose Lake, sec. 18, town of Stanton........... ?
On railroad at WALSOTL ooooereeoeooeeeeeeeeeeoeeeeeeeeeee 95 (flinty)

Galena and Black River dolomite—This dolomite is quarried on top
of a high mound east of Bass Lake in the town of St. Joseph, St. Croix
County. The beds are described below :

Top of section ‘ Feet

. Broken, thin-bedded dolomlte fine-grained, brittle rock.......... 4
II Shaly AOLOTIEAC DOAS oo ooooeeoeeemoeeeeemeere oo eeeeerenmmerresemaeeseee 4
III. Fine-grained, thick-bedded, buff dolomite .......covrirccconccee 4

The composition of an average sample of the above section is given
in analysis 130 (p. 187). This rock is classified as a caleitic dolomite.
It is far too high in magnesia to serve the purposes of high calcitic rock.
The content of insoluble matter is high. About the only use based on
composition for which this rock is desirable is as a local agricultural
limestone.

A high mound 1 mile southeast of Burkhardt is capped by 10 feet of
(Galena and Black River dolomite similar to that of the quarry east of
Bass Lake.

At the Ryan quarry in the NE 1 sec. 30, T. 28, R. 19 W. about 12
feet of Galena and Black River dolomite are exposed on top of a bluff
about 100 feet high. The beds are as follows:

Top of section Feet
3101 USRS Less than 3

I. Thick-bedded dolomite, analysis 129 (p. 187 ) ... ooreieeeeene )

II. Thin-bedded, eream-colored dolomite, analysis 128 (p. 187)........ 7

Number 129 is calcitic dolomite. Number 128 is dolomitic limestone.
Both are high in insoluble matter. The only apparent use of this rock,
based on composition, would be for local agricultural limestone.
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Saul County

General geology.—The Baraboo ranges form the most prominent sur-
face feature in Sauk County. They consist of two lines of hills which
trend nearly east and west and unite at their western extremity along
a roughly half circular loop in the town of Westfield. To the east they
Join to form a rather sharp wedge beyond the eastern boundary of
Sauk County in Columbia County. The Baraboo Valley lies between
these two ranges. The ranges themselves are unbroken except in four
places: Devils Lake, the Lower and Upper Narrows of the Baraboo
River, and on Narrows Creek 2 miles west of Ableman. The Baraboo
ranges are underlain by Baraboo quartzite which in' places is still
capped by the Cambrian sandstone. This quartzite is a highly resistant
portion of the pre-Cambrian which was once completely buried under
the Cambrian sandstone and other rocks. The portions now exposed
have been laid bare by erosion.

All the low-lying portions of Sauk County are underlain by the Cam-
brian sandstone. It also underlies all the hills north of the Chicago &
Northwestern Railway except the quartzite ranges and nearly all of
the towns of Honey Creek and Sumpter. Although hilly, these towns
have but few heights which reach the level of the Lower Magnesian
dolomite, :

The eastern part of Sauk County from the mouth of Dell Creek on the
Wisconsin River southward to the Prairie du Sac dam 2 miles north of
Prairie du Sac is glaciated. Here a deep mantle of loose glacial debris
including clays, sands, and bowlders of all kinds is very common. The
Driftless Area to the west has many more outerops. Here the surface
mantle is composed chiefly of residual soil, wind deposits, lake beds,
and stream-laid sediments. The floor of the Baraboo Valley from about
2 miles west of Baraboo to the Upper Narrows at Ableman is mantled
with lake clays. Below the Prairie du Sac dam a deposit of stream-laid
sands and gravels over 200 feet at its greatest depth fills the Wisconsin
River valley between the high bluffs on each side.

Trempealeau dolomite—The Trempealeau dolomite consists of a
group of sandy and clayey dolomitic beds in the upper part of the Cam-
brian sandstone, usually 35 to 40 feet below the top of this formation.
It is about 60 feet or more in thickness, but of this thickness less than
20 feet is strongly dolomitic. The formation wears away more slowly
than the Cambrian sandstone beds directly above and below ; therefore,
like the Lower Magnesian dolomite, it is the protecting cap of benches
and forms prominent vertical cliffs.

The Trempealeau dolomite, being an impure formation, is not a good
lime maker, although it has been used locally for that purpose in the
past. Where no other lime rock can be had, it can be used locally as
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an agricultural limestone. In the Cambrian sandstone country of the
non-glaciated part of Wisconsin the decayed rock is a valuable source
of clay for improving sandy roads.

Ferry Bluff at the mouth of Honey Creek in the SW. 1/ see. 20, T. 9,
R. 6 E., shows about 36 feet of Trempealeau dolomite, beginning 92 feet
below the top of the hill. The lower 3 feet contain 26 to 34 per eent of
clayey impurities. The remainder of the beds is covered with earth.

North of Spring Green about 214 miles, in the SE. 14 of sec. 36, T. 9,
R. 3 E., the Trempealeau beds 45 feet thick are exposed 110 feet below
the top of the hill. .

On Mill Bluff, in the NW. 14 NE. 1 see. 17, T. 9, R. 6 E., about 90
feet of Trempealeau dolomite is exposed. The beds are overlain by 80
feet of sandstone. The cap rock of the hill consists of about 29 feet of
Lower Magnesian dolomite. Both the Trempealeau and the Lower
Magnesian dolomite form bold vertical cliffs which ean be seen for many
miles. Analysis 8 (p. 183) gives the composition of the Trempealeau
beds. '

These beds can be traced along the bluffs of the Wisconsin River to
the western boundary of the county. A few of these beds are found on
the isolated bluff on Otter Creek in the town of Sumpter near the farm
of Ex-Governor Philipp. They appear about 45 feet from the top.

Mendota dolomite—The Mendota beds are exposed at Cahoon’s
quarry in see. 10 of the town of Baraboo and at Eiky’s quarry in
sec. 25 of the town of Greenfield. At Cahoon’s quarry 10 or 15 feet of
earthy, porous, finely erystalline, and rough-surfaced dolomite caps a
small ridge. The beds of Eiky’s quarry are similar to those of
Cahoon’s quarry. Their thickness is about 25 feet. The individual
layers run from 1 to 6 inches in thickness and are rough textured,
brown, and slightly earthy. The composition of the dolomite is given
in analysis 9 (p. 183).2

Lower Magnesian dolomite—Quarries in the Lower Magnesian dolo-
mite have been opened in the towns of Washington, Bear Creek, Spring
Qreen, Franklin, Westfield, Honey Creek, Troy, Prairie du Sae, and
Sumpter.

The beds of Lower Magnesian dolomite capping the precipitous bluff
known. as Mill Bluff in the NW, 14 NE. 14 sec. 17, T. 9, R. 6 E,, are as
follows:

Top of section Feet
I. Red residual soil with dolomite fragments, analysis 57 (p. 185) 4
II. Rotten dolomite below I, analysis 58 (p. 185) oo 2

*Irving, R. D., Geol. of Wisconsin, vol. 2, p. 594, 1877.
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ITI. Dense, buff dolomite, analysis 59 (p. 185). The carbonate con-
tent of these beds is higher than that of the average run of
Lower Magnesian dolomite. They make a very good local

agricultural Limestone ... ... ... 9
IV. Coarse-grained, rotten dolomite with thin flint seams parallel
to bedding. No analysis..___.._.___.._........ 29

Ferry Bluff at the mouth of Honey Creek in the SW. 14, sec. 20, T. 9,
R. 6 E., has the thickest section of Lower Magnesian dolomite in this
part of the state, about 74 feet. The description follows:

Top of section Feet
I. Fine grained dolomite—top about 310 feet above Wisconsin
River ... - e eeeennns 3
I1. Soil covered SlOPe. ... 12
II1. Dolomite like Y. 2
IV. Soil eovered slope. ..o 4
V. Dolomite like Y. 6
VI. Fine grained, dense dolomite, analysis 54 (p. 185)............. 17
VII. Thin bedded fine grained dolomite, analysis 55 (p. 185)........ 6
VIII. Thick bedded dolomite, analysis 56 (p. 185) . o ooooreeeeenre 24

The composition of beds I, ITI, and V is given in analysis‘53 (p.
185.)

Shawano County

General geology—This eounty is underlain by the hard erystalline
rocks of the pre-Cambrian in its northwest part. To the southeast
of this area are nearly parallel strips of Paleozoie rocks trending north-
east. Starting at the boundary of the pre-Cambrian rocks and going
southeast, these strips of sedimentary rocks are as follows: the Cam-
brian sandstone, Lower Magnesian dolomite, St. Peter sandstone, and
Galena and Black River dolomite. See Plate VI for the distribution of
these formations.

Dolomite outerops are secarce in Shawano County, for the mantle
rock. of soil and glacial debris is deep in most places. Most of the
outerops are along the low bluffs marking the western margins of the
dolomite formations, and in the stream channels. The escarpment
at the western margin of the Lower Magnesian dolomite is more promi-
nent than that of the Galena and Black River formation.

Lower Magnesian dolomite.—Several outerops oceur in the towns
of Lessor and Hartland and at several points between Angelica and
the Oconto River. In the SE. 14 sec. 34 of the town of Westcott, this
formation caps a bluff whose lower layers are composed of the Cam-
brian sandstone. About 18 feet of dolomite beds are exposed. Their
deseription follows:!

* Chamberlin, T. C., Geol. of Wisconsin, vol. 2, p. 281, 1877.
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Top of section Ft. In.
Lo 801l e
II. Rather thin bedded, shaly, sandy dolomite................_. 4 0
IT1. Bluish, irregular dolomite containing geodes of quartz 3 0
IV. Compact, flinty dolomite ... .. 1 0
V. Grayish, white dolomite.... ... e 8
VI. Flinty dolomite........_........ 1 6
VII. Light gray dolomite.........oooooooooooo 3
VIII. Layer with spherules of flint like fish roe...........___. 2 0
IX. Coneealed layers .. ... 3 0
X. Layer with flint spherules like fish roe...................____ 3 0

XI. Light colored dolomite partially exposed......................
XII. Slope concealing dolomite.....................________.

The Lower Magnesian dolomite has been quarried and burned for
lime by Henry Perschbacker near Advance, the Wussow Lime Kiln
Company near Bonduel, and by Bert L. Darling near Pulsifer.

No analyses of the Lower Magnesian dolomite of Shawano County
are available. The descriptions of certain ledges in the county and
the general character of the Liower Magnesian dolomite indicate that
without careful selection it would not make a high grade commercial
lime; but it would be satisfactory as a local source of agricultural
limestone. ’

Galena and Black Riwer dolomite.—Scattered and meager exposures
of the Galena and Black River dolomite are found in the towns of
Lessor, Maple Grove, and Angelica. As a source of local building
material they have been useful. No analyses of these ledges are avail-
able. In general it is inferior to the Niagara dolomite as a source of
pure dolomite, dolomitic limes, or agricultural limestone. Certain
beds are usually satisfactory for the local production of lime and soil
neutralizer. The average ledge has between 5 and 10 per cent im-
purities.

Sheboygan County

General geology.—All of Sheboygan County is underlain by Niagara
dolomite. The mantle rock is of glacial origin. Most of the surfaee is
gently undulating or nearly level. A low wave cut ‘bench follows the
Lake Michigan coast. Parts of the towns of Rhine, Greenbush, and
Mitchell show the rough kettle type of surface. Hills of glacial debris
are also numerous in the town of Sherman. South of Plymouth and
east of the Chicago, Milwaukee & St. Paul Railway the surface is quite
level, being partly underlain by red lake clays. A large marshy tract,
the Sheboygan Marsh about 20 square miles in area, lies to the north-
west of Glenbeulah. It is underlain by peat and marl. The Sheboygan
River flows in a deep valley with steep sides from the vicinity of
Sheboygan Falls to Liake Michigan. _
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Niagara dolomite—Sheboygan County is underlain by the upper
beds of the Niagara dolomite. They are buff, blue, or gray, thick
bedded, rough on weathered surface, and generally low in impurities.
They are a good source of rock for any purpose in which a high dolo-
mite content is desirable or satisfactory, such as quick lime, agricul-
tural limestone, flux, and paper mill dolomite.

Outcrops of dolomite are scarce in this county. In the western
part, the dolomite is nearly all buried under hummocky ridges of
glacial drift. Along Lake Michigan, thick deposits of glacial clays
cover the dolomite in most places. The most favorable places for out-
crops are in the wave cut bluffs along Lake Michigan and in the stream
bottoms. Outerops of dolomite are known at Lighthouse Point near
Sheboygan. Old quarries are located in the NW. 14 of SE. 14 of sec. 9,
and in the N. 14 see. 7, T. 15, R. 23 E., and on the rapids of the She-
boygan River at Sheboygan Falls.?

The principal lime quarries in Sheboygan County are the Sheboygan
Lime Works, the Falls Lime and Stone Company of Sheboygan Falls,
and the Garden City Land and Lime Company of Elkhart Lake in sec.
18, T. 16, R. 21 E.

At the Sheboygan Lime Works in the NW. 14 SE. 14 sec. 9, T. 15,
R. 23 E., over a hundred feet of beds are laid bare. For analyses of
these beds see analyses 189,2 190,% 191, and 192 (p. 189). The insol-
uble matter is exceptionally low, making the total carbonate about 98
per cent. This is a very high grade rock for any purpose in which a
nearly pure dolomite is either. desirable or satisfactory, such as agri-
eultural limestone, lime, and flux.

The beds at the quarry of the Falls Lime and Stone Company at
Sheboygan Falls are described below.

Top of section Ft. In.

I. Grayish, sandy dolomite, analysis 197 (p. 189) ... 6 0
I1. Very fine grained dense bluish stone, analysis 196 (p.

180 ) ettt n 1 6

III. Gray dolomite, analysis 195 (p. 189) ..o 5 0

IV. Light colored coarse grained rock, analysis 194 (p. 189) 4 0

An additional analysis of the Niagara at Sheboygan was furnished
by the Northwestern Iron Company of Mayville (analysis 193, p. 189).

All of Sheboygan County is glaciated and many of its gravel beds
have 75 per cent or more of dolomite. Where local soil neutralizer is
needed, it may be found in some cases that the cheapest source is
selected dolomite gravel from local pits.

* Chamberlin, T. C., Geol. of Wisconsin, vol. 2, p. 378, 1877.

:U. 8. Geol. Survey Twentieth Ann. Rept. Pt. 6 cont., p. 464, 1899,

* Emley, W. E., The manufacture of lime; U. S. Bur. of Standards Tech. Paper
16, p. 122, 1913. :

* Figcher, Jacob, personal. Analysis 191 represents the upper 20 feet and 192
the next 48 feet below.
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Trempealeau County

General geology.—This county is underlain largely by Cambrian
sandstone. Some of the highest hills and ridges are capped with thick
bedded, compact Lower Magnesian dolomite. About 90 feet from the
top of the Cambrian sandstone occurs a group of shaly dolomitie
layers about 80 feet in thickness, called the Trempealeau ‘dolomite.
Like the Lower Magnesian dolomite, this formation has buff colored
cliffs bordering 'flat benches and uplands, which are covered with a
fertile soil.

Trempealeaw dolomite—North of the village of Trempealeau the
Trempealeau formation forms steep slopes and cliffs about 85 feet
high. They are covered by 90 feet of sandstone upon which rest 35
feet of Lower Magnesian dolomite. Analysis 10 (p. 183) gives the
composition of the Trempealeau beds.

Lower Magnesian dolomite.—The hill north of the village of Trem-
pealeau is capped by 35 feet of Lower Magnesian dolomite of which
the lower beds are sandy. Flints appear to be absent. No analysis
is available.

Dolomite quarries are owned by the following:

Near Arcadia  George Ziegler, Wenzel Kreibich, Herman Schreiber,
John Rohn, Gustav Rube, George Motzko, Christ
George, Martin Rebhahn, John Roesch, Frank Katz-
bahn, Kube Bros.

Near Galesville Nicholas Perkins, L. S. Keith, Christ Johnson

Near Dodge C. George

Trempealeau Trempealeau Lime Products Company, Lehman Bros.

Vernon County

General geology.—All of this county is in the Driftless Area. Deep
valleys dissect the surface. The high ridges and gently rolling up-
lands are mostly underlain by Lower Magnesian dolomite. See Plate
VI. Some of the highest ridges still have beds of St. Peter sandstone
covering them. On the St. Peter sandstone are a few small remnants
of Galena and Black River dolomite. The lowlands are underlain by
Cambrian sandstone.

Trempealeau dolomite—About 40 feet below the base of the Lower
Magnesian dolomite are found the Trempealeau dolomite beds, aver-
aging about 60 feet in thickness. Little information regarding them is
available. Wherever they have been studied, as in the adjacent por-
tions of Sauk and Iowa counties, théy have been found to be very im-
pure, usually containing about 35 per cent of sandy matter. Where
the Lower Magnesian dolomite has been stripped away as in the eastern
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part of this county and in the adjacent parts of Juneau County, they
may be of value as agricultural limestone. The Trempealeau beds
form flat-topped benches usually covered with good soil. The steep
slopes of the benches are sometimes precipitous and often show out-
crops of the dolomite. '

Lower Magneswn dolomite—This formation outerops along the sides
and upper portlons of the bluffs which flank the valleys. Along the
Mississippi River, the Lower Magnesian dolomite consists of two well-
defined parts. The lower part is 30 to 40 feet thick and is made up of
a soft easily quarried rock which makes good building stone and flag-
ging. Above this is a thick layer of what some quarrymen eall ‘‘Nig-
gerheads.”’ Tt is a very dense, resistant stone, which forms the tops of
the bluffs along the Mississippi River from a short distance below
Lynxville in Crawford County northward to Prescott in Pierce County.
These upper layers are generally the purest, although locally they con- -
tain thin flint layers and nodules.

Towards the eastern part of the county, outerops of Lower Magnesian
dolomite beeome less numerous and occur along the edges of the bluffs
which overlook the valleys underlain by Cambrian sandstone. The soil
covering becomes deeper and weathering extends to considerable depth
below the surface.

The following is a list of dolomite quarry owners and of the locations
of the quarries. Some of these quarries may be abandoned now:

Viroqua Isaac Mornson, J. A. Moen

Genoa Geo. Flick, A. J. Latimer, Chas. Hoover, John Mec-
Donald

Near Stoddard Jae. Strock

Stoddard Jacob Beans, John Brittlich, H. Seidal, Ludwig
Scheuck

La Farge Village of Lia Farge

Large outerops of Lower Magnesian dolomite occur in the village of
Springville of the town of Jefferson, and along the banks of the stream
below the village. Extensive quarries were formerly operated here.
The dolomite beds are 1 to 4 feet thick, of a light yellow color, and are
handsome building stone.

Along Coon Creek in the town of Hamburg there are many outerops
of the lower beds of the Lower Magnesian dolomite. As a rule these
are not so pure as beds higher up. They may be useful, however, as a
local agricultural limestone.

Walworth County

General geology.—The Niagara dolomite underlies the eastern part of
Walworth County. The western portion is underlain by Galena and
Black River dolomite. Between the two is a narrow strip of Richmond
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shale, which is entirely covered by soil and glacial drift. Outerops of
the dolomite formations are also scarce because of the deep drift cover.

In the town of Spring Prairie there are a number of quarries of
Niagara dolomite. Details regarding them are lacking. They are lo-
cated in the lower part of the Niagara dolomite. The lowest beds of
this formation in the southern part of the state are commonly flint
bearing.

Galena and Black River dolomite—This dolomite is quarried at
. Whitewater and in the town of Sharon. The quarries in the town of
Sharon were not examined. ]

At the Whitewater city quarry 17 feet of Galena and Black River
dolomite are exposed. The lower 2 feet consists of a blue, fine-grained
dolomite, having the composition indicated by analysis 131 (p. 187).
The composition of the upper 15 feet is shown in analysis 132 (p. 187).

The Galena and Black River dolomite of Walworth County as indi-
cated by the analyses on record has about 8 per cent of impurities. It
is too impure to serve the purposes of a high-grade dolomite. It ean
be used as a local agricultural limestone.

Gravels.—Gravels are found throughout Walworth County, but are
especially abundant along the margin of the last drift sheet, which is
marked by a belt of undulating drift hills extending across the towns
of Richmond, Darien, Sharon, Delavan, Walworth, and Linn. See
Plate VI. In some cases for local supplies of agricultural lime it may
be cheaper to crush selected dolomite gravels rather than quarried
dolomite. ‘

Washington County

General geology.—Portions of the western part are underlain by
Galena and Black River dolomite and Richmond shale. The Niagara
dolomite underlies the rest of the area. Outcrops of dolomite are scarce
due to the thick covering of glacial drift. No outerops of Galena and
Black River are known, and outerops of the Niagara dolomite are
nearly all confined to stream valleys.

Niagara dolomite—Quarries in this formation are located at South

Germantown, Rockfield, Kewaskum, West Bend, and Hartford. The
following firms have produced lime:

. Rockfield Products’ Comp‘an};, Rockfield
Western Lime and Cement Company, South Germantown
Peter Pastors, West Bend.

No analyses are available, but the Niagara dolomite of this county
can be used for any purpose requiring a dolomite high in magnesia.
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Waukesha County

General geology.—The eastern part of the county is underlain by
the Niagara dolomite. See Plate VI. A narrow strip to the west of
this is underlain by Richmond shale. The extreme western part is
underlain by Galena and Black River dolomite, which is completely
covered by glacial drift.

Niagara dolomite—Outerops of Niagara dolomite are common in the
western part of the county in spite of the thick glacial drift. In the
southwest quarter of sec. 10, town of Bagle, the lowest beds of the for-
mation are exposed. Chamberlin says that Hinckley quarry' shows
4 feet of thin-bedded, impure dolomite overlain by 9 feet of thicker-
bedded, coarse, cavernous dolomite which weathers to a very rough,
ragged exterior. He also reports that outerops of flint-bearing dolomite
are found in secs. 11 and 14 of the town of Ottawa. In sec. 11 one
outerop had 3 feet of moderately hard, compact dolomite with some
shaly, rotten dolomite layers beneath.

Lee Bros. quarry, opened in 1848, is located in secs. 23 and 26 in the
town of Genesee. The depth of the beds averages about 15 feet. Their
composition is shown by analysis 200 (p. 189).2 The total carbonate is
low for Niagara dolomite and the beds would not be suitable for high-
grade lime or any other purpose in which a pure dolomite is desirable.
Analysis 201 (p. 189)? of stone from the same quarry shows about the
same amount of impurities as analysis 200.

Near the village of Delafield the Niagara dolomite beds are about the
same as in the town of Ottawa. In the SE. 1} of sec. 20 of the town
of Delafield a few feet of cherty erystalline dolomite are exposed. These
were formerly burned for lime. Analysis 198 (p. 189)* is from the
upper layer of this outerop and analysis 199 (p. 189)° from the lower
layer. ’

South of Pewaukee Lake in the SW. 1/ sec. 24, town of Delafield,
the Niagara dolomite beds are close textured and cherty. The chert
is distinetly arranged in layers parallel to the bedding.

At the old Pelton quarry near Pewaukee the lower layer is almost
entirely composed of large Pentamerus shells embedded in white dolo-
mite. The composition of this bed is shown by analysis 207 (p. 189).°

Weaver’s quarry is located in the SE. 14 NW. ¥}, sec. 35 of the
town of Lisbon northeast of Pewaukee. About 8 feet of very fine-.
_grained, dense, and brittle Niagara dolomite beds are exposed here.
The eomposition is shown by analysis 208 (p. 189).

! Chamberlin, T. C.; Geol. of Wisconsin, vol. 2, p. 342, 1877.

? Hunkel, Carl .

* Buckley, E. R., Building and ornamental stones of Wisconsin: Wisconsin Geol.
and Nat. Hist. Survey Bull. 4, p. 314, 1898,

* Chamberlin, T. C., op. cit., p. 338, 1877.

* Idem, p. 338.

*Idem, p. 381.
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About 250 paces northwest of the Weaver quarry there is an outerop
of porous, decayed dolomite, whose composition is indicated by analysis
209 (p. 189).

The Templeton Lime and Stone Company’s quarry in the NW 14,
NE. 14, see. 26, T. 8, R. 19 E. exposes about 30 feet of Niagara dolo-
mite. A description of the beds follows:

Top of seection Ft. 1In.
L. Buff colored, mostly fine grained. Some porous and
. cavernous. Analysis 212 (p.189).. ... 15 0
II. Thick-bedded, fine-grained, dense, bluish dolomite.
Analysis 211 (p. 189) e, 15 0
IIl. Very fine-grained, light-colored, dense bed. Looks dif-
ferent from other beds. Analy51s 210 (p. 189) ... 4

The Waukesha Lime and Stone Company’s quarry is located 14 mile
north of Waukesha. About 30 feet of gravel overlies the Niagara dolo-
mite in places. About 20 feet of dense, fine-grained Niagara doloniite
is exposed. The lower 15 feet is bluish in color and its composition is
indicated by analysis 213 (p. 189). Analysis 214 (p. 189) represents the
composition of the upper 5 feet which is bleached and slightly weath-
ered. The beds chosen for analysis 215 (p.189-) are not known.

The section of the R. H. Gumz quarry west of Lannon follows:

Top of section Feet
I. Buff-colored dolomite—slightly decomposed. Contains small
vugs of caleite. Native copper reported from clay seams

parallel to bedding. Analysis 205 (p. 189) ..o .25

I1. Very compact, hard, bluish dolomite. Analysis 204 (p. 189).... 15

See also analyses 202t and 203% (p. 189) and analysis 206 (p. 189) of

samples from other quarries near Lannon.

Following is a partial list of the dolomlte producers of Waukesha
County :

Lannon B. Cawley, Davis Bros. Stone Company, Froem-
ming Bros., Schneider Stone Company, Lake
Shore Stone Company, H. Harmon & Sons
Menomonee Falls Albert Droose
‘Waukesha Waukesha Lime and Stone Company, John Boeger
Gravels—Gravel pits are numerous in Waukesha County. The chief
constituent of these gravels is dolomite. Where fields requiring agri-
cultural limestone are nearer to gravel pits than to dolomite outcrops,
it may be found cheaper to crush selected dolomite gravel for this
purpose.

* Thompson, J. E., personal communication.
*U. 8. Geol. Survey Twentieth Ann. Rept., Pt. 6 cont., p. 463, 1899,
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Waupaca County

Lower Magnesian dolomite—OQuterops of this formation occur in the
eastern part of the town of Caledonia and the southeastern part of the
town of Mukwa.

The quarry in the NE. 1} of the SE. 14 sec. 27, T. 21, R. 14 E. has a
25-foot face in dolomite of good quality either for concrete aggregate
or agricultural limestone.

Analysis 60 (p. 185) was furnished by the Independent Lime Com-
pany, who operate a quarry near Readfield.

Winnebago County

General geology—Winnebago County is underlain by four roughly
parallel strips of sedimentary rocks, trending northeast. Starting at
the northwest, these strips oceur in the following order: Cambrian
sandstone, Lower Magnesian dolomite, St. Peter sandstone, Galena and
Black River dolomite. For distribution of these formations, see
Plate VI.

Most of the eastern part of Winnebago County is level, being eov-
ered by lake clays. Outcrops are searce in this part. ' The remainder
of the county is level or gently rolling. The only prominent rise in
the surface is the escarpment which marks the western edge of the
Lower Magnesian dolomite south of Lake. Poygan.

Lower Magnesian dolomite. —Oﬁtérops oceur along its western mar-
gin. Tt also crops out in a few places where the surface is nearly level.
Quterops oceur at several points west of Rush Lake, in sec. 15 of the
town of Nepeuskun, northwest of “Winneconne, near the village of
Eureka, and in the NW. 1} of sec. 26,»town of Poygan.

The Lower Magnesian dolomite whidh outerops west of Rush Lake
and to the northwest of Winneconne is exceedingly variable in com-
position, grain, hardness, and bedding,; and would not make good
commercial lime, but might, if the best beds were selected, be used as a
local agricultural limestone. Near the village of Eureka 32 feet of
Lower Magnesian dolomite are exposed. The section is as follows:

Top of section Fect
1. Thin bedded, even grained dolomite of medum hardness.
. Contains cavities lined with quartz erystals...o...« ... 10
11, Soft impure, shaly layers............ 16
111, Thlck bedded compact, even grained dolomite of medium '
BATANESS et 6

Southwest of Eureka a ledge of Lower Magnesian dolomite. shows
' the following layers according to Chamberlin.*

t Chamberlin, T. C., Geol. of Wisconsin, vol. 2, p. 276, 1877.
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Top of section Feet
1. Heavy, irregular beds of impure dolomite containing many
quartz geodes; texture varying; bedding, uneven and some-
what undulatory ; rock on weathering has rough, rugged sur-
face. Thickness ... ..., e 10
2. Reddish shale, variegated with gray and green, the lower por-
tion mostly soft, breaking and erumbling easily. Some parts
sandy. Upper portion more limy and containing many quartz
geodes. The layers irregular and somewhat undulating.
PRICKIESS oo e 15
3. Very heavy beds, nearly uniform in thickness. Horizontal.
Almond sized but irregular eavities common, a few of them
geodes. Texture granular, medium hardness, dirty gray or
buff on surface, but mottled bluish on the interior. Has been
used for construction of locks in Fox River. Thickness ex-
POSEA o 6

At the old lime kiln quarry in the NW. 14 of see. 26 in the town
of Poygan the beds of Lower Magnesian dolomite are deseribed as fol-
lows by Chamberlin :

Top of section
Thin bedded, wavy bedded dolomite. Layer variable in its

CharacteriStiCs ... e 3 feet
Soft, earthy granular dolomite. Beds below medium in

PhiCKNeSS .o e 16 feet
Yellowish gray dolomite.....................___ ... . 1 foot
Rotten dolomite ... e 8 inches |

An analysis of a sample from this ledge showed the constituents ii-
dicated by analysis 61 (p. 185).2

Galena and Black River dolomite—The beds of this formation in
the Robert Lutz quarry at Oshkosh are about 37 feet thick. They
are as follows:

Top of section Feet
L 00l e

II. Dimension StONe. ... .. 12

ITI. Thin bedded frost broken dolomite...............oooooooeiiimoieeee a few
IV. Fine grained, bluish colored dolomite with flint nodules and

numerous caleite lined ecavities ... ... 15

V. Shaly, bluish dolomite with fossils. ... ... 10

An average analysis of this section is given in analysis 133 (p. 187).
West of Neenah and Menasha a series of quarries has been opened
of which the most important are the G. H. Salter quarry and the city
quarry of Neenah. The former quarry is below the general level of
the country and the roek quarried has to be hoisted to the erusher.
The section quarried is as follows:

* Chamberlin, T. C., Geol. of Wisconsin, vol. 2, p. 285, 1877.
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Top of section ] Feet
I. Fine grained buff, thin bedded dolomite with flint nodules.
Analysis 134 (p. 187 ) oo 6

II. Dense thick bedded, bluish dolomite. Lowest beds are sandy,
marking transition into St. Peter sandstone below. The
sandy portions have a high content of iron sulphide in con-
cretions and also in fissures. Analysis 135 (p. 187)....._.... . 12

The upper beds of the quarry show a high carbonate content similar
to the Niagara dolomite, but the lower beds have the impurities char-
acteristic of the Galena and Black River dolomite elsewhere.

Following is a partial list of the dolomite producers of Winnebago
County :

Menasha, J. C. Jorgensen

Oshkosh, Lutz Stone Company, Last Stone Company

Winneconne, H. E. Gilbert

Poygan, Winnebago County
Omro, G. Ulrich

High Calcium Limestones of Wisconsin

Those interested in high calcium limestones are referred to page 97
for a list of all the analyses of high calcium limestones of Wisconsin
now on file. The high calcium limestones occur in the upper part of
the Black River and in the lower part of the Galena formation of the
lead and zine district of southwestern Wisconsin including Grant,
Jowa, and Lafayette counties. Some ‘are also known at Ellsworth in
Pierce and near Sun Prairie in Dane County. About 30 feet of beds
in this group range from dolomitic limestones to limestones. The low-
est layer of the group is about 40 feet above the bottom of the Black
River formation. The purest of these beds is the ‘‘glass rock’’ at the
top of the Black River. The entire group of beds is high in clayey
matter. Usually 10 per cent or more insoluble matter is present. Only
a few feet of the entire group as a rule has little or no dolomite. The
composition of the beds varies from place to place as the magnesium
carbonate is due to an irregular replacement of the original limestone
by dolomite.

The high calcium limestone beds are usually covered by dolomite
beds, so quarrying for the limestone beds on a commercial scale would
entail mining underground or the expense of stripping.

Two places are known in the lead and zine region where high calcium
limestones occur near the railroad. One is in sec. 36, T. 5, R. 2 E.
The description of these beds is given under the diseussion of Iowa
County of this report (p. 58).
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The other locality where high caleium limestone is found near the
railroad is about 1 mile west of Buncombe along the road north of the
Fever River. Here about 15 feet of thin-bedded limestone of the lower
part of the Galena crops out in a steep cliff. The cover of earth and
dolomite is considerable here and becomes greater as the beds are fol-
lowed into the hill. The limestone beds have thin, shaly partings. No
analysis is available.

Other localities where high-caleium limestones outcrop in southwest-
ern Wisconsin are listed below. See Supplementary Maps to Bulletin
14 of this Survey. Analyses are not available. The thickness of the
high caleium limestone is also uncertain, but probably does not exceed
25 feet in any case.

NE. 14 of NE. 14, sec. 32, T.2 N, R. 1 E.

NE. 14 of SE. 14, sec. 15, T.2 N,, R. 1 E.

Along Block House Creek, S. 15 of NW. 14 and N. 1% of SW. 1,
sec. 34, T.3 N, R. 1 W. '

NW. 14 of NW. 1/ sec. 14, T.2 N., R. 1 E.

NW. 1 of NE. 14, see. 23, T. 2 N., R. 1 E. on Rowe Creek.

NW. 14 of SW. 3, sec. 24, T. 2 N,, R. 1 E.

Along creek in SW, 14, sec. 4, T.4 N,, R. 3 E.
On Shullsburg Branch NW. 14 of NE. 14, sec. 9, T. 1 N,, R. 2 E.

Nine high-caleium limestones have been discussed in the preceding
pages: analysis 70 (p. 42), 87 to 91 inclusive (p. 53), 94 (p. 54), 95
(p. 58), and 107 (p. 62).

RS o
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CHAPTER 1V

USES OF MARLS, LIMESTONES, AND DOLOMITES BASED ON
THEIR CHEMICAL COMPOSITION

The uses of marls, limestones, and dolomites discussed in this report
are based on their composition and are therefore distinet from strue-
tural uses which depend only on strength, color, hardness, and other
physical properties.! The composition of both limestones and dolomites
makes it possible to use them in the making of lime, and as agricultural
limestone on acid soils. Both are used by paper makers and for ﬂuxing
certain ores. As a flux, limestone is commonly preferred. Most so-
called natural cements were made from impure dolomites. Natural
cements are now used very little in the United States. Only high-grade
limestones or marls very low in magnesia are desired for making Port-
land cement and lime for sand lime brick. Sugar factories also use
only very pure limestones. These various uses are taken up in detail
farther on. Marl, because of its water content, is used very little ex-
cepting for agricultural limestone and for Portland cement.

LiME AND LaimE HYDRATE

The Manufacture of Lime and Lime Hydrate

Lime and lime hydrate are made by driving off all or nearly all the
carbon dioxide, water, and other volatile constituents from limestone or
dolomite by means of heat. The heat applied should be sufficient to do
this work, but not high enough to cause a chemical union of the lime
and magnesia of the limestone with the impurities such as silica, iron,
and kaolin. When this takes place, the lime is said to be overburned.
has a yellow color, and does not slake well. The amount of heat which
should be applied in order to get the best results varies with the com-
position, grain, and pore space of the stone. It should be the minimum
amount. From experimental evidence it has been assumed to be 722
B. t. u. per pound of calcium carbonate and 464.3 B. t. u. per pound of
magnesium carbonate. One B. t. u. represents the amount of heat re-
quired to raise the temperature of one pound of water at a temperature
of 39° F. one degree Fahrenheit.

! Buckley, E. R., Building and ornamental stones of Wisconsin: Wisconsin Geol.
and Nat. Hist. Survey Bull. 4, 1898; also Hotchkiss, W. O., and Steidmann, Edward,
The limestone road materials of Wisconsin: Wisconsin Geol. and Nat. Hist. Survey
Bull. 34, 1914,
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The lime produced by burning simestone or dolomite consists chiefly
of the oxides—lime and magnesia. - The lime from an impure limestone
or dolomite may contain free sitica and alumina. The latter in most
cases is probably present as a silicate. Iron oxides may also be present.
As already stated, overburning may cause the lime and magnesia to
combine with the impurities and thus to form a slag. The active con-
stituents of the lime which make it commercially useful are the oxides
of lime and magnesia.

Lime is usually burned in vertical kilns built of stone or of steel and
stone. Four principal types of lime kilns are in use.  The one most
commonly used is the flame or patent kiln, which consists of a vertical
shaft usually about 30 feet high, and about 5 to 8 feet in diameter,
either rectangular, circular, or elliptical in cross-section. It is charged
from the top and is continuous in operation. The distinctive feature
of this kiln is that only the flame and not the fuel come in direct con-
tact with the lime and rock.

A pot kiln is a vertical shaft which is continuous in operation. Tts
peculiar feature is that fuel and stone are dropped in it in alternate
layers. The field kiln is the only kiln which is intermittent in opera-
tion. It is fired until a charge is completely burned, when it is emptied
and recharged. In all these kilns wood is the fuel commonly used in
Wisconsin. In 1918, 56.4 per cent of the kilns of the United States
used coal, 12.4 per cent wood, 9.6 per cent coke, and 4.8 per cent pro-
ducer gas.

The rotary kiln is a gently inclined hollow cylinder built of steel
plates and lined with a refractory material. In all essentials it is like
the Portland cement kiln. The stone is finely ground, and the charge
fired with ground coal. The temperature used is about 800° C. whereas
it is about 1425° C. in the cement kiln, The product is a lime flour and
not lump lime. In 1918' there was an increase of 42 per cent in the
number of rotary kilns in the United States despite the decrease of 20
per cent in the total number of kilns. This increase seems to indicate
that the rotary kilns are beginning to be recognized as a very efficient
type. They burn the small sizes of stone which choke the draft in up-
right kilns, and produce a good quality of lime, especially for hydrated
lime. ‘

Lime is put on the market either as lump lime or ground lime. Since
lump lime falls to a powder when air slaked, the market has been preju-
diced against fine lime. When lime is exposed to the air it first absorbs
water and forms a lime hydrate and then the water is replaced by the
carbon dioxide of the air. In this last step the lime goes back to the
composition of limestone or dolomite. When this condition has been
attained, the lime is said to be air slaked. A considerable expansion of

" * Mineral Resources of the United States: U. S. Geol. Survey, 1918, Pt. 2, p. 854
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volume takes place in this process; hence the lumps fall to pieces. It
has been found, however, that finely ground lime keeps better than
lump lime, since it does not permit such ready access of air. A thin
film of air-slaked lime forms on the surface of a pile of fine lime and
protects the interior from the action of the atmosphere.

Hydrated lime is lime which has been mechanically slaked. It is pre-
pared by adding to ordinary lime just sufficient water to assure com-
plete slaking, which leaves the product a fine dry powder. Any lumps
which do not slake are removed by screening. In composition it is
essentially a hydrate of calcium and magnesium oxides. The water con-
tent varies from 24.3 per cent for pure ealecium hydrate to 11.3 per cent
for impure dolomitic hydrate. If properly screened, it usually con-
tains less impurities than the lime from which it was made.

Qualities of Limestone and Dolomite for Lime Burning

The chief property of limestone and dolomite which determines fit-
ness for lime burning is chemical composition, although size of grains
and porosity affect the cost of burning considerably. Experience has
shown that a fine-grained, dense stone can be burned at a lower tem-
perature and with less heat than one which is coarse grained and
porous. Coarsely crystalline stones, especially if very pure, are apt to
fall to pieces in the kiln, thus reducing the production of lump lime.
The same is sometimes true of porous stones, but in this case, the fall-
ing to powder is thought to be due to the rapid expulsion of water which
may fill the voids. Laboratory tests made by the U. S. Bureau of
Standards seem to contradict the results of practice. Bleininger and
Emley* found that ‘“all naturally porous stones lost their carbon
dioxide at a lower temperature (about 900° C. or 1652° F. )} than the
denser materials.’’

It is suggested by the Bureau? that the discord between laboratory
and practical results may arise from differences in the size of stone
used, the quantity of material, and similar factors.

Every gradation from limestone containing nearly 100 per cent cal-
cium carbonate to dolomite containing 54.35 per cent caleium carbonate
and 45.65 per cent magnesium carbonate is believed to exist. In most
cases, however, rocks of this type are composed of calcium carbonate
with less than 15 per cent of magnesium carbonate or of nearly pure
dolomite with less than 10 per cent of calcium carbonate in excess of
the caleium carbonate required to satisfy the dolomite ratio. Most of
the commerecially important limestones used for burning lime have at
least 97 per cent of carbonates. The other constituents are chiefly

* Bleininger, A. V., and Emley, W. E., Burning temperatures of limestone: Trans.
Nat. Lime Mfgrs, Assoe. 1911, p. 77.

> Emley, W. E,, Manufacture of Lime: U. 8. Bur. of Standards Tech. Paper 16
1913.
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silica, alumina, and iron oxides. These may be regarded as im-
purities. The silica is usually presert as quartz and in combination
with the alumina, probably as kaolin. The iron is usually present as
the ferrous carbonate and the ferriec oxide. All of these accessory
constituents may occur in other combinations than those given.

The chemical composition of l'mestone and dolomite affects the
cost of burning and the texture, composition, plasticity, sand-carrying
capacity, hardness, strength, spreading quality, time of set, and con-
stancy of volume of lime. Lime has the same constituents as the lime-
stone from which it is made minus the carbon dioxide; hence the
chemical composition of the lime depends upon the composmon of
the limestone from which it is made.

Water, magnesia, and the impurities affect the cost of burning. If
for instance the limestone or dolomite contains much water, this water
must be evaporated in the kiln. Consequently, some heat which should
be active in driving off the carbon dioxide will be spent in evaporating
the water. -In this way the amount of lime produced per unit of heat
is less than it should be. In other words, the efficiency of the kiln
iz reduced. The greater the proportion of impurities, the more easily
is the lime overburned, and therefore too large a proportion of im-
purities will cause a diminution of kiln capacity. Experience has
shown that it generally takes less heat and a lower temperature to
burn a magnesian than a high caleium stone.

The texture of the lime is determined chiefly by the water content
and impurities of the limestone. The driving out of a large content
of water by the heat of the kiln tends to break the lumps of lime into
pieces. When the proportion of silica is high enough, lime orthosilicate
(2Ca0 Si0,) may form in the kiln.' On cooling slowly to 675° C.
(1247° F.) this substance increases considerably in volume. This
causes the lime to fall to pieces, a phenomenon known as ‘‘fire
slacking.”’

The effects of the various constituents of limestone on the physical
properties of lime will be considered in order. On the basis of cal-
cium and magnesium content, limes have been classified as:* '
ngh ‘caleium limes—containing O per cent—> per cent magnes1a
Magnesian lime—econtaining 5 per cent—25 per cent magnema
Dolomitic lime—containing 25 per cent—45 per cent magnes1a
Super-dolomitic lime-—containing more than 45 per cent magnesia

A dolomitie lime will slake more slowly, generate less heat, com-
bine with less water, undergo less inerease in volume, set more slowly,
and shrink less on setting than a high calcium lime. These are gen-

* Day, A. L, a.nd Shepherd, E. 8., The lime silica series of minerals: Jour. Am.
Chem. Soe., p. 1089, 1906,
* Mineral Resources of the United States: U. 8. Geol. Survey, p. 1556, 1913.
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eralizations, however. The properties are decidedly influenced by the
unpurities, the temperature of burning, and many other factors. The
high ealeium lime will take up more sand and spread more easily
than dolomitic lime. In slaking, however, the high caleium limes
need more vigorous stirring and ecloser attention than the cooler dolo-
mitie limes. If not properly handled, the high caleium lime is easily
cverheated in slaking and then becomes lumpy and hard to work.
Very few experiments have been made to give all these properties,
such as time of set and spreading quality, a definite meaning. No
standard tests have been adopted. Though it ean be said that one kind
of lime has a certain quality to a greater degree than another, there
are almost no quantitative measurements on record which give a
preecise idea as to the relative qualities of various limes.

One of the fundamental steps to such measurements would be to
have the limes burned under standard conditions. If their qualities
are to be correlated with their chemical composition, all other factors
which affect the physieal properties, such as overburning in the kiln
and time of burning, must be eliminated. The U. S. Bureau of
Standards is now engaged in making such investigations and their
results may be expected to furnish buyers and sellers of lime with
standard tests which in the future may figure in determining the
value of limes. '

The impurities of limestones, the sandy, clayey, and iron com-
pounds, are of very little value in lime, and most of them are decidedly
injurious. They may interact with the lime during burning and form
silicates, thus reducing the output of lime and increasing the per-
centage of inert materials. Emley' states that a limestone should
have no more than 21% per cent of silica and oxides of alumina and
iron, and concludes that the presence of a small amount of silica
tends to decrease the plasticity, sand carrying capacity, and yield
of a lime, but has no apparent effect on hardness or strength. The
same is said of iron, except that large amounts of it, 25 per cent,
show a marked inecrease in both strength and hardness. It may be
said, however, that it is difficult to find a natural limestone or dolo-
mite with so high an iron content and which at the same time is free
from silica and other impurities. Of course iron affects the color,
therefore an iron bearing lime can be used only where a white color
is not needed. Alumina is said by Emley to increase the strength,
hardness, plasticity, and sand-carrying capaeity of a lime and to im-
prove the color. This laboratory result probably has little value in
practice, since a limestone containing a high pereentage of alumina

* Emley, W. E., Manufacture of Lime: U. S. Bur. of Standards Tech. Paper 16,
p. 9, 1913.
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almost always has a considerable content of silica as well, and the
deleterious effeet of the silica would probably offset any benefit that
might come from the alumina. The alumina is usually present in the
form of kaolin which has about the same effect as the oxides of silica
and iron. Gypsum is reported to have a bad effect even when only
1 per cent is present.

The Uses of Lime and Hydrated Lime

Mortar and plaster.—The uses of lime and hydrated lime especially
in the building trades are nearly identical. As shown on page 109, for
certain uses dolomitic and high calcium limes may be used inter-
changeably. For some other uses one is more desirable than the other.
High caleium lime produces more mortar per unit of weight than
a magnesian lime.

Actual tests made by the U. S. Bureau of Standards show that dolo-
mitie mortar is stronger than a high calcium mortar. It was found,
however, that the most important element in the strength of a mortar
was not its composition but its manner of preparation. For instanece,
the strength of a lime sand mortar was changed 25 to 30 per cent
by different methods of adding water or by using different kinds of
sand. For most ordinary buildings, however, the relative strength of
the mortars need not be considered. Whether a dolomite or high
caleium is to be preferred for mortar depends entirely on the relative
cost of the two at the particular’ place where they are to be used,
and the experience of the workmen in handling them.

A good plastering lime ought to spread easily, not erack on shrinking,
pot or ‘‘pit’’ and if used for the finishing coat must have a good color.
Pitting is believed to be due to impurities in the lime and to particles
of unslaked lime which were ‘‘burned’’ in slaking. It is therefore
important to get a pure lime and the dolomitic white limes are con-
ceded to be better suited for plastering than the high caleium limes.
Hydrated lime is probably more convenient and economical to use
than quick lime. It is also purer than the lime from which it was made.

Hydrated lime has the advantage of being already slaked and is
ready for use. Lime, especially high calecium lime, may be spoiled
in slaking if not properly stirred. Sinee lime hydrate is stirred me-
chanically, all elements of carelessness or misjudgment are eliminated
in its manufacture and a perfectly correct product is obtained. It
does not heat on storing. It will, however, spoil or air slake as easily
as quick lime of the same fineness. Being like flour in consistency, a -
thin outer film of air slaked material will form an impervious cover-
ing which prevents air from entering the interior of the pile.
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The only disadvantage which hydrated lime has for the consumer
is that 15 to 25 per cent of it is water, on which he must pay the
freight. To the manufacturer it has the advantage of being an article
which can be stored when the market is dull. It also enables him to
use some grades of stone which fail to make good lump lime because
of their dark color or because they fall to pieces. In 1919 there was
in the United States an increase of 25 per cent in the production of
hydrated lime, and but 4 per cent increase in total lime produced.

Portland cement.—Hydrated lime is added to Portland cement mor-
tars in order to make them impervious to water. Lazell has shown
that (1) hydrated lime up to 15 per cent does not affect the strength
of the mortar even when the test specimens are stored under water,
(2) this amount of hydrated lime will materially increase the im-
permeability to water of even a one to five cement-sand mortar, (3)
the addition of hydrated lime increases the plasticity of the mortar
and makes it easier to work. Quicklime will give the same results but
hydrated lime is more convenient to use.

Sand-lime brick.—Sand lime bricks are made by compressing mix-
tures of sand and hydrated high caleium lime by means of hydraulic
pressure. The bricks are then treated with high pressure steam which
causes chemical combination between the sand and lime. The mag-
nesian limes make a weaker brick. Impurities in the lime are gen-
erally not harmful unless they check the slaking of the lime. Kaolin
up to 21% per cent seems to be beneficial.*

Distillation of wood.—The produects of the destructive distillation of
wood are gas, pyroligneous acid, tar, and charcoal. From the pyrolig-
neous acid are prepared wood aleohol, acetic acid, and acetone. In
all of these processes, lime is essential. The crude acid is first dis-
tilled with lime. Wood aleohol is distilled off in this process, whereas
acetic acid and acetone are held in the still in chemical combination
with the lime. Acetone is produced either by dry distillation of the
residue in the still, or it may be treated with sulphuric acid and the
acetic aeid distilled off. The wood aleohol is purified by again treat-
ing it with lime and then redistilling it. In this last process, only a
high ecaleium quicklime can be used. For the others either a high
calcium quicklime or the hydrated lime may be used. Magnesia and
impurities are not harmful but are useless.

Paints.—Finely ground lime, air slaked lime, levigated chalk, and
chemically precipitated calcium carbonate are used in the paint in-
dustries. In addition to fineness of grain, color and purity are important

*For a thorough presentation of the properties of sand lime brick and their
method of manufacture, see S. V. Peppel, The manufacture of artificial sand
stone or sand-lime brick: Geo. Survey of Ohio, Bull. 5.
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properties. Air slaked and hydrated lime are preferred because of their
white color and fine grain.

Cold water paints consist chiefly of hydrated lime, pigments, and
cagein ground together. The hydrated dolomitic lime is probably
to be preferred to the high caleium lime because of the better spread-
ing quality of the magnesia.

Glycerine, lubricants, and candles.—Most of the common fats con-
sist of glycerine with some organie acid. The glycerine is liberated
by treating fats with a pure, high calcium quicklime. Quicklime is
preferred to hydrated lime because the heat produced by slaking helps
the process of breaking up the fats. The calcium takes the place of
the glycerine, the glycerine is liberated, and the calecium and the acids
form an insoluble soap. This soap is mixed with heavy mineral oils
and is sold as a lubricant for heavy machinery, or for use at high
temperatures. The calecium soap may be broken up with sulphuric
acid. The produects are solid calcium sulphate and the liquid organic
acids. The organic acids are used in the manufacture of soap and
allied produets.

Tanning.—Lime water is used for loosening the hair from hides.
For this purpose only a very pure caleium quicklime or hydrated lime
is used. Iron oxide is objectionable beecause it may become mechani-
cally fixed in the grain of the hide and cause stains. Magnesia is of
no use in this process.!

The paper tndustry-—Grease and some colors are removed from
rags used for paper pulp by boiling them with lime. The lime forms
an insoluble soap with the grease.

Wood pulp consists of macerated cellulose or wood fiber from which
all intercellular, resinous, starchy, or siliceous materials have been
removed. These undesirable materials are removed either by boiling
the wood with caustie soda or by boiling it with a liquor containing
sulphur dioxide gas and calcium bisulphite or caleium and magnesium
bisulphite. When the wood is boiled with caustic soda, the latter is
converted in part into sodium carbonate. The sodium carbonate is
recovered or reconverted into caustic soda by treating the liquor with
lime. The reaction is Na,CO3+Ca(OH),—CaCO,;-}2Na(0H.,).

The bisulphites of calcium and magnesium are made by conduecting
sulphur dioxide gas up through a tower containing limestone or dolo-
mite fragments. A porous stone is preferred. A standard amount
of water permitted to trickle downward through the tower takes up
the calecium and magnesium bisulphites formed by the interaction of
limestone and sulphur dioxide or of dolomite and sulphur dioxide »
and a certain excess of sulphur dioxide gas. ’

* Mineral Resources of the United States; U. 8. Geol. Survey, 1913, p. 1592,
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The. reactions between the limestone and the. SO, may be repre-

sented as follows: .
(a) CaCO;+80,—CaS0;+CO;. The CO. escapes from the top
of the tower.
{(b) MgCO;+8S0,=MgS0,+CO..
‘When the sulphites of calcium and magnesium are dissolved in water

containing an excess of SQO,, they are called bisulphites, and are rep-
resented as CaH,(S0,). and MgH,(S0;)..

Another process of making the bisulphites of lime or of calclum
and magnesium is to conduet SO, into a tank containing water and
either a high calcium lime or a dolomite lime.

The magnesium sulphite is not objectionable. In fact it is said to
be desirable. It is a more soluble sulphite than caleium sulphite, and
hence a more effective liquor can be made with magnesium sulphite
than with ealcium sulphite. Magnesium sulphite gives pulp a better
color, makes it softer to the touch, and causes it to felt together better
when made into paper.

Another use of lime in the paper industry is as a carrier of chlorine.
In this form it is used for bleaching paper.

Qlass making.—Calcium oxide is an important constituent of plate,
sheet, and bottle glass. It acts as a flux. Magnesia raises the melting
point of the glass, and is not used very much unless special optical
properties are desired. The calcium oxide may be introduced in the
form of quicklime or hydrated lime, but ground limestone is more
commonly used. For white glass the content of oxide of iron must
be less than 0.3 of 1 per cent.

Ceramics.—Dolomitic limes are used as fluxes in the manufacture of
pottery and porcelain. The natural carbonate is used more than the
oxide since it is cheaper. The carbonate is preferred when a porous
ware is desired. For wares burned at moderate temperatures, calecium
oxide tends to bring the points of vitrification and fusion close to-
gether, whereas magnesia tends to separate them, to lower the tempera-
ture of vitrification, and to decrease the change of shape due to burn-
ing. If the ware is to be burned at a higher temperature, magnesia
has little effect on the points of vitrification and fusion, and inereases
the shrinkage. For glazes, magnesia is generally undesirable. By
absorbing SO, from the kiln gases, it causes the production of a scum.
Only small quantities of carbonate are used; hence a small percentage
of impurities is not harmful. '

Water softemng.——ngh caleium lime is used in ‘softening water
which has ‘“temporary hardness.’”’ Temporary hardness is due to
the presence of calcium carbonate held in solution by carbon dioxide
gas. Hot quicklime reacts with this excess of earbon dioxide and forms
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the insoluble calecium carbonate. The removal of the carbon dioxide
causes the lime and magnesia carbonates in the water to be thrown
down. The magnesia in the quicklime has no effect; hence it is desir-
able to use a high calcium-lime.

Soda ash and caustic soda.—Soda ash is the trade name for carbon-
ate of soda. It is made by saturating a solution of common salt with
ammonia and the mixture is treated with CO,. When the solution is
evaporated, the soda ash is obtained by ecrystallization. The ammonia
iz recovered by treating the mother liquor with lime and then distill-
ing it. The lime replaces the ammonia, and its compounds, and thus
the gas is set free to distill off. In this process both the lime and the
carbon dioxide of the limestone are used. Dolomitic limestone is be-
lieved to be unsuitable for this industry.

Caustic soda is made by dissolving soda ash in water and adding
lime. The lime replaces the soda and forms insoluble caleium carbon-
ate; the soda goes into solution as the caustic soda. In this industry,
a very pure, high calcium lime is used. Magnesia takes no part in the
process, and impurities are apt to interact with the caustic soda to
form gelatinous substances which do not settle clear. Quicklime is
preferable to hydrated lime because it hastens the reaction.

Bleaching powder—Bleaching powder is an oxychloride of lime
formed by the action of chlorine gas on a hydrated high calcium lime
of great purity. Magnesium is very objectionable sinee it combines
with chlorine and forms magnesium chloride, a compound which ab-
sorbs water. Bleaching powder containing magnesium chloride is weak,
sticky, and hard to handle.

Calcium carbide.—Caleium carbide, the source of acetylene gas, is
formed by heating a mixture of coke and very pure, high calcium lime
in the electric furnace. The cost of the process makes a very pure lime
desirable since only the calcium oxide enters into combination with
the coke to form the desired produet.

Illuminating gas and ammonia.—Illuminating gas is purified of
useless and harmful ingredients, such as carbon dioxide, hydrogen sul-
phide, and hydrocyanic acid by passing through layers of moist,
slaked lime. Only the caleium oxide is effective in this process; hence
a pure high calcium lime is preferred.

Before reaching the lime purifiers, the crude gas is forced through
water, which takes out ammonia, and some ammonia compounds. The
ammonia is driven off or distilled off by heat and is recovered by
cooling. The ammonia compounds in the water are broken up with
pure, high calcium quicklime and the ammonia set free is distilled off
and recovered.
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Calcium cyanimide and calcium nitrate—Caleium cyanimide and
caleium nitrate are used as artificial means of converting the nitrogen
of the air into plant food. The calcium cyanimide is a compound of
calcium, carbon, and nitrogen formed by treating a fused mixture of
pure, high caleium lime with nitrogen. The nitrogen is obtained from
the fractional distillation of liquid air. '

When air is permitted to pass through the heat of an electric are,
the nitrogen and oxygen combine to form the oxide of nitrogen, which,
when passed into water, forms nitrie acid. In this form, the nitrogen
would be a deadly poison to plant life. When the nitric acid is per-
mitted to act on lime, which is the cheapest base obtainable, lime
nitrate is obtained. The lime is in itself a fertilizer for certain plants.
For this purpose lime, hydrated lime, or limestone could be used. The
impurities remain inert but are not harmful. It does not seem to be
certain whether or not magnesium nitrate, which would form with
dolomitie limes, is injurious to plants.

Agricultural lime.—Lime and hydrated lime ean be applied as a
plant food to some soils which are very deficient in lime; as a neutral-
izer of acids which have a very harmful effect on the growth of certain
valuable plants such as red clover and alfalfa; as liberators of certain
fertilizers in the soil which by their action become available to plants;
and as improvers of soil tilth on clayey, sticky soils which are not easily
penetrated by air.

The action of lime and hydrated lime is drastic. If their addition to
the soil is not followed up by liberal applications of fertilizers, they
tend to convert the fertilizers present into ammonia and other easily
dissolved produects which are removed from the soil by rain water or
may escape into the air as gases. Ground limestone or dolomite is. used
most commonly on soils. Lime is quicker acting and 100 pounds is
about equivalent to 200 pounds of limestone. The cheapness and milder
action of the limestone make it more desirable. This is discussed at
length later.

Spraying.—Finely powdered, hydrated lime is used as an insecticide
for spraying vegetation. The impurities and magnesia are not objec-
tionable, but caleium oxide is the only useful constituent.

Sugar making.—In the manufacture of sugar both carbon dioxide
and calecium oxide are used ; hence sugar manufacturers buy limestone
and burn their own lime. A very pure limestone low in magnesia and
impurities is used.

The juice extracted from beets and cane contains impurities which
if allowed to remain would discolor the sugar. It also contains organic
acid which changes sugar into uncrystallizable glucose. Lime is added
to the juice. It neutralizes the acids and impurities by forming in-
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- soluble compounds Wwith them. It also forms an insoluble compound
with the sugar. At this juncture carbon dioxide is forced into the juice.
This precipitates the calcium in solution and the calcium combined
with the sugar as calcium carbonate and leaves a clear sugar solution
which can be filtered off. Magnesium is ohjectionable since it is more
soluble than calcium carbonate in sugar solutions. Some of it remains
with the sugar solution until it is precipitated on the tubes of the evap-
orating pans, thus making it necessary to clean these pans more fre-
quently. When silica is present in the lime, it is thrown out as a
gelatinous precipitate, which clogs the filter presses.

Summary of uses of lime.—~—The following is a tabulation® of the uses
of lime. The letter ¢ indicates high caleium lime; m indicates magne-
sian lime. Brief notes on the most important uses are given in the
preceding pages.

Chemical Uses of Lime

Agricultural industry—
as a soil amendment, c.m.
as an insecticide, c.m.
as a fungicide, c.m.

Bleaching industry—
Manufacture of bleachmg powder
Chloride of lime, c.
Bleaching and renovatlng rags, jute ramie, and various paper
stocks, c.m.

Caustic alkali industry—
Manufacture of soda, potash, and ammonia, e.

Chemical industries—
Manufacture of ammonia, c.
Manufacture of caleium carblde caleium cyanlmlde and caleium
nitrate, c.
Manufacture of potassium dichromate and sodium dichromate, c.
Manufacture of fertilizers, c¢.m.
Manufacture of magnesia, m
Manufacture of acetate of lime, e.
Manufacture of wood alcohol, c.
Manufacture of bone ash, e.m.
Manufacture of calcium light pencils, c.
In refining quicksilver, c.
In dehydrating alcohol, e.
In distillation of wood, c.

Gas manufacture—
Purification of coal and water gas, c.m.

Glass manufacture—
In most varieties of glass and glazes, c.

* Mineral Resources of the United States: U. S. Geol. Survey, 1911, p. 650.
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Milling industry—
Clarifying grain, c.m.

Misecellaneous manufactures—
Rubber, e¢.m.
Glue, c.m. _
Pottery and porcelain, ec.m.
Dyeing fabrics, c.m.
Polish.ng material, c.m.

Oil, fat, and soap manufacture—
Manufacture of soap, c.
Manufacture of candles, c.
Manufacture of glycerine, c.
Renovating fats, greases, tallow, butter, c.m.
Removing acidity of oils and petroleum, c.m.
Lubricating greases, c.m.

Paint and varnish manufacture—
Cold water paint, c.m.
Refining linseed oil, c.m.
Manufacture of linoleum, c.m.
Manufacture of varnish, c.m.

Paper industry—
Soda method, c.
Sulphite method, m.
For strawboard, c.m.
As a filler, e.m,

Preserving industry—
Preserving eggs, c.

Sanitation—
Disinfectant, deodorizer, c.
Purification of water for cities, c.
Purification of sewage, c.

Smelting industry—
Reduetion of iron ores, c.m.

Sugar manufacture—
Beet root, c.
Molasses, c.

Tanning industry—

Tanning cowhides, c.

Tanning goat and kid hides, ¢.m.
Water softening and purifying, e.

The Present State of the Lime Industry in Wisconsin

The rise of the Portland cement industry has led to a decline in lime
production in Wisconsin. The outlook at present for hydrated lime is
more hopeful than for lump lime. This is because hydrated lime is
rapidly coming into use in connection with cement because of its advan-
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tage for water proofing and increasing plasticity. In 1919 ‘Wisconsin
produced 100,120 tons of quicklime and 23,470 tons of hydrated lime,
an increase in total production over 1918 of 13 per cent. More than 95
per cent of the production came from one formation in the eastern part
of the state, the Niagara dolomite.

Wisconsin probably has over 150 lime kilns, of which perhaps more
than half did not produce during the past 5 years. In 1918, the kilns
reported as active included 35 flame kilns, 6 pot kilns, and 1 field kiln.
The total number reported was 117, which did not include some of the
kilns which produce occasionally for local purposes.

Most of the flame kilns in use are about 30 feet high measured from
the grates. At the fires they are between 5 to 8 feet square. Nearly all
burn wood. The lime output varies from 1.5 to 2.5 tons per cord of
wood. A few kilns have been fired with coal gas. The continuous
kilns are usually drawn about every 4 hours and yield 16 to 20 barrels
per draw. The yield per kiln per day varies from 10 to 20 tons. No
technical means of measuring temperatures are in use. Firing is con-
trolled by the judgment of skilled operators. ‘

AGRricULTURAL UseE oF MARL, LIMESTONE, AND DOLOMITE

The chief purposes for which limestones and dolomites are applied to
soils.are (1) to supply plant food, and (2) to neutralize the injurious
acids of many soils.

Uses as Plant Food

. The chief plant foods which they supply are caleium and magnesium.
Some have a small percentage of phosphorus. Both calcium and mag-
nesium are essential to crops, but the amounts required are in most
cases small. Clovers use an exceptionally large amount of “ealeium.
Most soils have enough of these elements to supply the demands of
growing crops.

There are no published investigations of a comprehensive nature re-
garding the lime content of Wisconsin soils. That some of our soils
need limestone as a plant food is certain. It is true of many sandy soils
of the Driftless Area. Phosphorus is a highly important plant food.
Unfortunately our Wisconsin limestones and dolomites have a very low
content of this desirable element. In over 200 analyses, the content of
phosphoric acid (P,0,) varied from about 0.01 to 0.2 per cent. None
of them can be regarded as having any value as sources of phosphorus.
In the decay of limestone to soils, there is a tendency for a large part
of the phosphorus to remain in the soil, whereas the carbonates of lime
and magnesia are largely removed by solution. Henee soils derived
from limestone not infrequently show about the same, or even a higher
percentage of phosphorus than the parent material. For information
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on the amounts of caleium, magnesium, and phosphorus used by various
crops see ‘‘Soil fertility and permanent agriculture,”’ C. G. Hopkins,
Ginn & Co., New York.

The chief dolomite formations of Wisconsin are mot alike in their
phosphorus content. The Niagara dolomite has the lowest content, the
Galena and Black River has the highest, and the Lower Magnesian dolo-
mite holds an intermediate position.

Uses as Neutralizers of Acids in Soils

The application of lime carbonates and dolomite to soils for overcom-
ing a condition known as soil acidity is of great value in growing cer-
tain crops. The use of marl, limestone, and dolomite for this purpose
in Wisconsin is increasing under the leadership of the College of Agri-
culture.?

Soil acidity is due to acid whose exaet nature is not fully known. It
is common in new soils rich in decaying vegetation, in peat bogs, in
sandy soils, and in soils that have been cropped for a long time. It is
usually accompanied by a low content of lime, magnesia, and phos-
phorus in forms usable by plants. It hinders or even prevents the
growth of certain crops, and favors that of others.

The most baneful effect of soil acidity is that it stunts or even inhibits
the growth of alfalfa and red clover, the most efficient of the nitrifying
plants. Plants which do better in acid soils are radish, flax, black-
berry, black raspberry, and cranberry. For carrying out the most
profitable methods of crop rotation and for getting the nitrogen content
of soils renewed by growing alfalfa and red clover, it is vitally impor-
tant to overcome soil acidity.

Soil acidity can be detected by means of blue litmus paper which
can be purchased from any reliable druggist. Soil which is naturally
wet from rain or thaw can be slit open by a knife. The litmus paper is
inserted in the slit and the soil is pressed against the paper. The con-
tact of the soil and litmus paper should be maintained for five minutes.
If the blue paper turns red in spots or over the whole end, the soil
is aeid.

The test can also be made by fashioning a ball of wet earth and then
breaking it in half. The blue litmus paper is laid on one of the freshly
broken surfaces. The other half of the ball is covered over it, and the
-two halves are pressed together.

* For valuable information on soil acidity and its remedy the reader is referred to
Whitson and Weir’s ¢¢Soil acidity and liming’’, Bull 230, and ‘‘Testing soils for
acidity’’, Bull. 312, by E. Truog. These bulletins can be obtained on application
to the Agricultural Experiment Station, Madison, Wisconsin. Most of the facts
in this report dealing with the properties of limestones and dolomites as soil
neutralizers are taken from them.
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In case dry soil is tested, the soil sample is put in a clean dish and
moistened with soft water to a stiff mud. With a clean stick separate
the wet soil into two portions. On one portion a piece of blue litmus is
placed, which is then covered by the other portion. In all these tests
the soil must not be contaminated with materials that might change its
reaction with litmus paper, the soil must be damp preferably from rain
or thaw, and the paper must be in direct contact with the soil for at
least five minutes. '

If a soil effervesces when treated with muriatic acid, carbonate of
lime may be the cause of the reaction, in which case the soil cannot be
acid. The bubbling may be caused, however, by the escape of air. If a
soil is first soaked in water until the air is expelled and then treated
with muriatie acid, effervescence shows that the soil is not acid. The
lack of effervescence does not prove the soil to be acid, since in many
of our Wisconsin soils the ealcium is not in a form acted upon by
muriatic acid.

The growth of certain weeds on soils is a good indieator of soil -
acidity. Weeds of this character are the sheep sorrel or sour sorrel,
horsetail rush, corn spurry, and wood horse tail. These weeds may be
found in all kinds of soils, because their seeds are widely scattered.
When they take possession of fields, it usually means that the soil is
acid and that for this reason other weeds do not thrive. Soils on which
red clover and alfalfa no longer thrive should be tested for acidity.

The preceding tests and indications give no clue as to how acid the
soil is. Truog has devised an ingenious method by which the amount
of acidity can be measured. It is based on the principle that a moist
acid soil of known weight when in contact with zine sulphide generates
hydrogen sulphide gas in proportion to the acidity. This gas when
brought in contact with lead acetate paper blackens the paper. The
darkened paper is compared with the color of standardized paper and
the amount of acidity can be read directly.: See Truog’s Bulletin 312
of the Agricultural Experiment Station of the University of Wisconsin
for details of method and results.

Truog states that three-fourths of the soils of Wisconsin are acid.
The residual soils of southwestern Wisconsin, despite their origin from
the decay of limestones, are frequently acid. Percolating waters have
removed most of the lime which would neutralize acids. Nearly all the
sandy soils of Wisconsin are likewise acid, because their original con-
tent of lime is low. The glacial soils of eastern and southern ‘Wisconsin,
although generally quite well supplied with lime when first cultivated,
have in many cases, after years of cropping, become acid. Marshes
which are underlain by limestones like those of the southeastern part
of the state are as a rule not acid. The red clay soils along the eoast of
Lake Superior and in the Fox River valley as a rule are not acid. These
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soils ‘are marly clays which were deposited in lakes. Newly broken
marsh soils are frequently acid from -the. decaying vegetation which
they contain. This is particularly true of those which are underlain
by sandstones or granites, rocks which liave a low content of lime in a
form which would overcome acidity.

The remedy for soil acidity is to add a neutralizer to the soil. A
neuralizer is a substance which will react with the acid, the reaction
producing new substances which are not acid. Fresh unleached wood
ashes have this property. The cheapest material which can be used is
limestone or some of the substances derived from limestone like quick-
lime, hydrated lime, air-slaked lime, the lime refuse from tanneries,
beet sugar and glue factories. Ground shells and marl are also good
for this purpose whereas gypsum or land plaster is not.

In 1917 a state law controlling the sale. of agricultural limes was
adopted.” The law reads as follows:

The term agricultural lime as used herein shall include all quick-
lime, both lump and ground, ground limestone, ground or pulver-
ized oyster shells, sulphate of lime or land plaster hydrated lime,
gas lime, marl and all similar products, provided that nothing herein
shall be construed as prohibiting persons engaged in quarrying
and grinding limestone, within the state of Wisconsin, from selling
their own products at the place where ground and quarried with-
out complying with sections 1494¢, 1494d and 1494e. Every manu-
facturer, person or firm who shall sell, offer or expose for sale or
for distribution in the state of Wisconsin, any agricultural lime to
be used as a fertilizer or soil improver, shall furnish with each ship-
ment or lot or shall affix to each package or bulk of agricultural
lime a statement clearly and truly certifying the kind of lime, the
number of net pounds in each shipment or lot or package, the name
of the manufacturer, place of business, and for all quicklime,
hydrated lime, gas lime, marl, limestone, clam and oyster shells,
the following statement of analysis: (1) The maximum approxi-
mate percentage of water. (2) The minimum neutralizing value
expressed as the percentage of caleium carbonate. (3) In the case
of marl and ground limestone and clam and oyster shells, the addi-
tional analyses concerning fineness as follows: (a) Percentage
not passing ten-mesh sieve. (b) Percentage passing ten-mesh
sieve, but held on sixty-mesh sieve. (c) Percentage passing sixty-
mesh sieve,

In the case of sulphate of lime or land plaster the maximum per-
centage of water and the minimum percentage of sulphur trioxide

Approximate water content as used in this section is to be taken

to mean within five per cent. Neutralizing value is to be deter--

mined as follows: A determination of the carbon dioxide con-
tent is to be made directly on ground limestone, clam and oyster
shells and marl.

In the case of quicklime, hydrated lime, gas lime, and other partily
slaked and carbonated material, the oxide and hydrate are to be
changed to the carbonate and then a determination of the carbon
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~ dioxide content is to be made in the same way as:with ground lime-

stone. The carbon dioxide value is then to be calculated over to
its chemical equivalent as caleium carbonate and from this value
the neutralizing value of the dry material compared to pure dry
caleium limestone is to be caleulated and expressed in terms of
per cent.

Rock sold as limestone may contain as much as 45 per cent mag-
nesium carbonate; that is, it may be a pure dolomite. According- to
Whitson and Weir dolomite is just as beneficial as limestone. In fact,
a pound of pure dolomite has the power of neutralizing a’little more acid
than a pound of pure limestone. In addition:to the carbonates of lime
and magnesia, limestones usually contain sand, clay, moisture, and
other impurities. In buying limestone, the aim should be to select one
with a high content of carbonates.: If’possible, the carbonates ought to
constitute-20.per cent or more of the tock. The earthy or sandy ma-
térials which make up the remainder of the rock have no effect on soil
dcidity. Rock from any of the Niagara limestone quarries of the east-
ern part of the state is the most uniform in quality of any limestone or
dolomite in the state, and averages the best, although locally good lime-
stone or dolomite ecan be obtained from other formations. The car-
bonates in the Niagara formation usually exceed 95 per cent. The
Lower Magnesian dolomite is exceedingly variable in composition.
Usually it has a high percentage of sandy and earthy constituents.
The Galena and Black River dolomites are more uniform in composi-
tion, but on the average are inferior in quality to the Niagara lime-
stone. Their content of earthy constituents averages about 10 per cent.
The glass rock beds of the Black River formation in the lead and zine
region of the southwestern part of the state have a high content of
lime carbonate, and are of good quality. Mine tailings from this dis-
triet have been successfully used (p. 54). Locally the Mendota dolo-
mite and dolomitic phases of the Cambrian sandstone may be used if
they are the most available. They are likely to have about 30 per cent
of insoluble matter.

As to what kind of limestone to use, no fixed rule can be laid down.
The cost per unit of carbonates, not the cost per ton, should be con-
sidered. A fairly close estimate of the cost per unit of ecarbonate can
be gotten by dividing the cost per ton by the percentage of carbonates.
Thus if the cost per ton is $5.00 and the percentage of carbonates is 95,
the cost per carbonate unit is approximately $5.00--95 or $0.052+.
If the cost per ton is $2.00 and the percentage of carbonates is 50, the
cost per carbonate unit is about $0.04. In making such calculations,
cost per ton should include not only the cost of the raw material, but
expense of transportation and application as well.
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Marl and ground shells have the same effect as limestone, They
usually have a high content of moisture unless artificially dried. In
buying these substances, the same rules should be followed as in buying
limestone. They should be bought on the basis of carbonate content.

The amount of limestone or similar material to use per acre, Truog
says, depends on the acidity of the soil, the kind of soil, the lime re-
quirements of the crops to be grown, and the kind and quality of the
lime. - He has devised a chart from which the amount of limestone, ete.,
needed under various conditions can be obtained. The maximum
amount recommended by him is 5 tons to the aecre. This is on very
strong acid soils of good quality and for crops having a high lime re-
quirement. Such crops include alfalfa, sugar beets, tobacco, canning
peas, cabbage, and most garden crops. Half the amount of quicklime
is used in place of limestone.

According to Whitson and Weir, two tons of damp ground lime-
stone, 20 to 30 per cent of which will pass 2 60 mesh sieve, can be
applied per acre. Most crops are not injured by an overdose of lime-
stone or dolomite. The U. S. Department of Agriculture claims that
the only crops positively injured by liming are radishes, flax, black-
berry, black raspberry, and cranberry.

The more caustic forms of lime, such as quicklime, hydrated lime,
and some forms of lime refuse should be used cautiously. This is
especially true of quicklime. Their action is more drastic than that of
the natural carbonates. Quicklime causes rapid decomposition of or-
ganic matter and fertilizers in the soil. This at first causes a spurt in
the productiveness of the soil, but if it is not followed up by liberal
applications of manures or other fertilizers, excess of fertility will be
followed by exhaustion. Quicklime and hydrated lime improve the
tilth of sticky, clay soils.

LiMESTONE AND DoLoMITE As FLUXES

Fluxes serve two purposes in smelting operations. When mixed with
an ore they lower the melting temperature of the ore, and combine
with its impurities to form a slag. The slag being lighter than the
metals rises to the surface as a liquid and leaves the metals in a nearly
pure state. Limestones are used as fluxes in iron blast furnaces, in
the basic Bessemer process of steel-making, and in lead and copper
smelting. In all of these operations a pure high calcmm limestone is
preferred. When this cannot be obtained, magnesian limestones are
used in the iron blast furnaces. In copper smelting, the magnesia con-
tent of the slag should not exceed 12 per cent and even 4 per cent of
magnesia usually has bad effects.
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The objection to magnesia is that it makes a very sticky or viscous
slag, which requires a great expenditure of heat to maintain in a
condition of fluidity sufficient to permit it to flow readily from the
furnace. Alumina has a similar effect and the presence of both alumina
and magnesia is highly undesirable. Clayey iron ores, therefore, cannot
very well be smelted with a magnesian limestone. A small content of
silica is not objectionable, but it lowers the effectiveness of the lime-
stone. The chief impurity in iron ore usually is silica and the lime-
stone is generally added to the ore in such proportions as to form the
lime meta-silicate, as this has the lowest formation temperature of any
compound of lime and silica. If silica is the only impurity in the ore,
1.6 pounds of limestone are necessary to combine with 1 pound of
silica to form the lime meta-silicate slag. If the limestone has 2 per
cent of silica, a ton of it would contain 40 pounds of silica. To slag
this off, 64 pounds of the lime carbonate is necessary—therefore out of
every ton of rock 104 pounds are not only useless but consume heat,
and as they occupy space in the furnace, they reduce thereby the fur-
nace capacity.

LiMESTONE AND DOLOMITE AS NATURAL CEMENT MATERIAL

Natural cements include all those cements which are obtained by
burning impure, clayey limestones at a low temperature, about 900 to
1000° C. Their composition and physical properties are extremely
variable. As a rule they set more quickly than Portland cement. Much
more sand can be used with Portland cement than with natural cement.
They have the property of setting under water but have a lower ten-
sile strength than Portland cement.

‘The raw material may be either soft or hard, porous or compact,
dry or moist. A hard, dry, compact material is preferred. It can be
burned with less expenditure of heat and does not tend to check the
draft of the kiln. The carbonates in these cements may range from
the pure or nearly pure calcium carbonate to one in which the weight
of magnesium carbonate is about four-fifths of the weight of the cal-
cium carbonate. The kind which has a high magnesium content is
generally less desirable.

Their tensile strength being less than that of Portland cement, they
have declined in importance as construction materials since Portland
cement has come into vogue. In 1919 natural cements were but 0.6
per cent of the total cement production. They usually are cheaper
than Portland cement. Natural cement averages two thirds the price
of Portland cement. As to whether Portland or natural cement is to
be used depends on the tensile strength required, the cost of each and
of sand. Where great ultimate strength is necessary, or where variable -
strains must be provided for, Portland cement is preferred.
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‘LIMESTONE AND MARL IN PoRTLAND CEMENT

The uses of limestone and marl in Portland cement are discussed
in detail in Chapter V.

DorLoMITE oS A SOURCE oF MAGNESIA

Nearly all magnesia is obtained from the carbonate of magnesia,
magnesite. It is a produet of great value. Its chief uses are for mak-
ing magnesia brick for furnace linings; Sorel cements, very desirable
for floorings; stuceo; and magnesium hydrate. It is also used for mak-
ing metallic magnesium, magnesium alba, and the sulphates and
chlorides of magnesium. Most of the magnesite used in the United
States has been imported from Greece. Chewelah, Washington, is now
an important producer of magnesite. Some is also produced in Cali-
fornia. )

Before the war magnesite was laid down on the Atlantic seaboard
at $15.00 to $18.00 per ton. During the war the priee rose to $100.00
a ton. Dead burned magnesite is now $38.00 a ton at Chewelah, Wash-
ington, and $58.00 to $64.00 a ton at Chester, Pennsylvania. Chicago
prices are $57.00 a ton. On'the Atlantie seaboard it is now $61.00 to
$63.00 a ton. In Pennsylvania‘the value of one ton of dead burned
magnesite is 37 to 39 times that of a ton of raw dolomite. In Pennsyl-
vania the manufacture of magnesia alba is an established industry.
Magnesia alba is a basic carbonate of magnesia and is used as a fire
retarding paint and as a non-conductor of heat in coverings of steam
pipes and in other heat insulators. It is also used in face powder gnd
as an absorbent for making dynamite. It is made by the Johns-
Manville Company of Milwaukee. In view of the great usefulness of
magnesia produets, the industry of making them from dolomite seems
to have very attractive commercial possibilities.

Schurecht has recently reviewed and studied the processes of mak-
ing magnesia produets from dolomite.! For references see his paper.
Some of these processes seem to be based on the apparently erroneous
conception that the magnesium carbonate of dolomite is dissociated at
a lower temperature than the calcium carbonate. Some of the methods
outlined by Schurecht are essentially as follows:

1. Add 8750 parts MgCl, to 1250 parts of caustic dolomite. This
forms soluble CaCl, and a precipitate of Mg (OH).. Remove soluble
CaCl, by filter press and obtain 1000 parts of Mg (OH), in press.

2. Calcine dolomite between 500° and (ij" C. This dissociates Mg0
which can be removed either by air or water currents. The idea back
of this is probably wrong. :

Schurecht, H. G., Jour. Am. Ceramie Soc; July, 1921.
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3. Add a 10 to 15 per cent sugar or molasses solution to milk of
dolomite. The Ca(OH), goes into solution and the Mg (OH), remains
solid. The sugar and lime are recovered by passing CO. through the
solution. , -

4. Crush calcined dolomite to 8 to 40 mesh size and leach with cold
water. This dissolves Ca0 but leaves Mg0 as a residue. Leach until
residue contains 3 to 10 per cent Ca(OH),.

5. Treat dolomite with H.SO,. MgSO, is filtered from the less sol-
uble CaSQ, precipitate.

6. Hydrated calcined dolomite is treated with H.SO,. Forms fine-
grained CaSO, and leaves bulkier Mg (OH), which can be separated
by screening.

7. Dolomite is calcined and hydrated and the hydrate leached until
low in Ca(OH)..
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CHAPTER V

LIMESTONE AND MARL IN PORTLAND CEMENT
GENERAL CHARACTERISTICS OF PORTLAND CEMENT

Portland cement is one of the hydraulic cements. All cements of
this class set and harden under water. Portland cement is made by
heating a finely ground mixture of clayey and limy materials contain-
ing definite proportions of lime, alumina, and silica, and minor amounts
of magnesia, alkalies, and iron oxides to a temperature of incipient
fusion. The clinker thus formed is ground very fine and is usually
mixed with about 2 per cent of powdered gypsum to produce the com-
mercial Portland cement.

The setting, hardening, and strength of Portland cement depend on
the compounds which it contains, its fineness of grain, and the manner
in which it is mixed with water. The water used must be free from
strong acids, chlorides, sulphates, alkalies, and tannic acid. The com-
pounds present in Portland cement depend on the composition of the
raw materials, their fineness of grinding before they are put in the
kiln, the temperature to which they are subjected in the kiln, and the
length of time they are kept at high temperatures in the kiln.

Turg CueMmicAr. CONSTITUENTS OF PORTLAND CEMENT

The composition of a cement, although important, is only one of the
factors which determine its quality. A Portland cement may show
the same chemical analysis as the best Portland cement made, yet be
worthless. The quality depends on the compounds or physical con-
stituents of the cement. The formation of these compounds depends
on the composition as shown by the analysis and upon the heat treat-
ment.

The commercial Portland cements of the United States have an ap-
proximate composition within the following limits:?

Lime ...
Magnesia

* Burchard, E. F., Cement: U. S. Geol. Survey Mineral Resources of the Umted
States 1911, Pt. 2, Nonmetals, pp. 485-519.
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. Sulphur trioxide.............. e 1- 1.75
Loss on ignition............... ... ... 0.5- 3.
Insoluble residue ... 0.1-1

Below is an analysis of cement made by the Universal Portland
Cement Company at Buffington, Indiana, as reported in a cireular of
this company :

Siliea ... e 23.62
Alamina ... . 8.21
Ferrie oxide............... . 2.71
Lime o 61.92
Magnesia ... ... 1.78
Sulphur trioxide........ ... 1.32
Sulphur as sulphides............_............. ... none
Lioss on ignition ... ... .52

The Bureau of Standards of Washington has prepared excellent
Portland cement from pure mixtures of lime, alumina, and silica.
They differed from commercial varieties only in their much higher
clinkering temperature—1650° C. Commercial clinker is usually made
at about 1425° C.

The average of seven typical Portland cements tested by the U. S.
Geological Survey! had the following composition :

S10s e 21.86
AoOs e 7.19
FesOs oo 2.99
Ca0 e e 62.42
MO e 2.58
SO: e 1.48
Undetermined ... 1.47

Meade says that the 2&¥ cent s111ca. should lie between 2.5 to 5. The
per cent alumina

high alumina cements are apt to be quick setting. They also clinker
at a lower temperature than the high lime cements. High lime cements
are harder to burn and are slower in setting and hardening. Since the
quality of cement depends as much on the best treatment as on com-
position, only general characteristics due to composition are given
here. :

Iron in cement materials reduces the clinkering temperature. Iron
free cements are white. High iron cements make hard clinker—harder

Si0,
m should be less than

to grind. Eckel says that the ratio

3.5 and more than 2.
According to standard specifications magnesia should be lower than
5 per cent in the finished cement. The clinkering temperature is low-

1Humphrey, R., and Jordan, W., Portland cement mortars and their constituent
materials: U, 8. Geol Survey Bull 331, 1908,
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ered by magnesia. Studies by the Bureau of Standards discussed far-
ther on show that cement with as much as 7.5 per cent magnesia has
essentially the same cementing value as one containing less than 4 per
cent. '

-Alkalies are nearly absent from most Portland cements. Most raw
cement materials contain less than 2 per cent alkalies. The potash is
volatile and much of it goes up the stack. Soda is less volatile. Alka-
lies in the form of carbonates and hydroxides when added to cement
give it a rapid set. Cements from alkali waste are said to be unsatis-
factory in some cases, and the fault seems to be traced to their high
alkali content.

The maximum permissible percentage of sulphur trioxide is 2 per
cent. Most of the sulphur volatilizes on burning and true Portland
cement has been made from gypsum and clay. The resultant cement
had only 1.83 per eent sulphur. Just what are the injurious effects, if
any, of higher sulphur content does not appear to be clearly stated by
cement technologists.

PorTLAND CEMENT MIXTURES

A Portland cement mixture when ready for burning should contain
about 75 per cent of lime carbonate, about 20 per cent of silica, alumina,
and iron; the remaining 5 per cent or so contains any magnesia, sul-
phur, and alkalies that may be present. For methods used in calculat-
ing the proper mix the reader is referred to Meade* and Eckel.?

THE RAw MATERIALS OF PORTLAND CEMENT

The raw materials used in the manufacture of Portland cement are
(1) cement materials proper, including cement rock, limestone, marl,
shells, slag, shale, and clay, (2) fuels for drying the raw materials,
burning the cement, and for power, and (3) retarders.

A cement rock is a clayey limestone containing in the proper propor-
tions all the ingredients necessary for the manufacture of Portland
cement. Limestone or marl, which supply lime, are mixed with clay or
shale, which supply alumina and silica. Some mills use slag from iron
furnaces. This material supplies lime, alumina, and silica, but is too
low in lime for a perfect cement.” Limestone is added to supply the
deficiency. ‘ ) '

Harmful physical constituents in Portland cement materials are
hard, gritty substances, such as flint, quartz, and feldspar, in amounts
greater than 1 or 2 per cent. They make fine grinding very costly.’

* Meade. R. K., Portland cement, pp. 69-93, Easton, Pa., The Chemical Publish-
ing Co., 1911.

’Eck’el, E. C., Cements, limes and plasters, pp. 356-372, New York, John Wiley
& Sons, 1922,
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Flint nodules are commonly present in the chalk deposits which are
- used very extensively by the English cement industry. They are me-
chanically separated from the easily pulverized chalk before final grind-
ing. Unless the hard objectionable substances are easily separated, it
is too expensive to remove them.

Limestone is preferred to marl as a source of lime for Portland
cement. The cost of excavation per barrel of eement is about the same
for both. A cubic yard of marl makes 1.5 to 3 barrels of cement; a
cubic yard of limestone in the quarry makes 9. This difference is due
to the marl being less compact and containing about 50 per cent of
water. Besides water, marl usually contains organic matter. Some
users of marl complain of the irregularity of the deposits, that silt and
sand are sometimes found to be interlayered with marl when least ex-
pected. It would seem, however, that the latter difficulty could be
avoided by thorough prospecting before using. There is no reason why
the composition of a marl deposit should not be known as thoroughly in
advance of excavation as a limestone deposit. It has also been found
difficult or impossible to dredge marl during the winter months whereas
quarrying limestone is not hindered to the same extent.

The slurry from marl eontains 42 to 62 per cent or more water and
requires about 130 to 220 pounds of kiln coal per barrel. The B. t. u. of
the coal used ranges from 9,000 to 14,000. The amount of coal used in
the kiln varies with the length of the kiln. The limestone slurry con-
tains 32 to 35 per cent water and burns with about 120 pounds of. coal
per barrel. The dry process kiln uses 90 to 100 pounds of coal per
barrel. Gypsum is commonly added to finished cement in amounts up
to 3 per cent for the purpose of retarding the set.

Every barrel of cement requires about 450 pounds of limestone and
150 pounds of clay or shale. A limestone deposit sufficient for a pro-
duction of 1,000 barrels per day for 50 years should contain 50,000,000
cubic feet. About 12,500,000 cubic feet of shale would be needed. If
the marl were used, it would take about 250,000,000 cubic feet, or a
deposit 5,000 feet square and 10 feet deep.

OvuTLINE OF PrOCESS oF MANUFACTURING PORTLAND CEMENT

Two types of processes are used in the manufacture of Portland
cement, the dry process and the wet or slurry process. In the dry
process the raw materials are dried before grinding preparatory for
the kiln. In the slurry process the raw materials are ground wet and
then stirred into a thin paste or slurry. The slurry is then pumped
into the kiln,

The dry process is generally used at present. Some of the more re-
cently erected mills use the slurry process. The advantage of the dry
proeess for mills using limestone is said to lie in the low total fuel cost
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despite the fact that the limestone and clay or shale are both dried be-
fore grinding. This advantage is particularly great when a short kiln
is used for burning the clinker. In the long kiln now in use, heat
which was largely wasted with the short kiln is used to dry the wet
materials. The advantages claimed for the wet process are (1) elimina-
tion of the dust nuisance in grinding, (2) grinding wet material re-
quires 4 less power, (3) more thorough mixture of shale and lime-
stone, and (4) better means of maintaining uniformity of composition
of the cement mixture. ,

The process of cement making may be divided as follows: (1) ex-
cavating the raw materials and moving them to the mill, (2) grinding
and mixing them in the proper proportions and transferring them to
the kiln, (3) the kiln treatment involving evaporation of the water,
burning the organic matter and sulphur, the removal of carbon dioxide
from the carbonates, and the chemical combining of the lime, alumina,
silica, ete., into new compounds, (4) the cooling and grinding of the
clinker. In the latter process about 3 per cent gypsum is added.

Limestones and shales are quarried. Clay and sometimes shale are
taken up by steam shovel without preliminary blasting. In a few cases
limestones and shales are mined underground.! Most mills are near the
limestone, but in some cases the mills are 20 or more miles from the
quarries. The way in which the rock is handled depends on the topog-
raphy and the distance of the mill from the quarry.

Marl is excavated by steam shovel if the deposit is sufficiently dry.
Usually a stripping of a few feet of peat has to be removed. If wet,
the marl is usually taken out by a dipper dredge mounted on a barge.
The marl is loaded on cars or barges and taken to the mill or is deliv-
ered directly to a pug mill which mixes the marl with water and forms
a thin slurry which is pumped to the mill,

In dry methods of preparation the raw materials are generally dried
to remove any natural moisture they may contain. Usually the mate-
rials are first crushed and partly reduced separately, then dried, and
finally mixed and pulverized. Some mills report that 98 per cent of
their ground rock passes a 100-mesh sieve and that about 90 passes
200 mesh. Dry grinding is said to cost 10 to 20 per cent more than wet
grinding.> In the eastern states the cost of dry grinding the raw ma-
terial was about 12 cents per barrel in 1921. After grinding the ma-
terial goes to the rotary kiln where it is burned to clinker. Dried and
pulverized coal is blown into the lower end of the kiln by means of com-
pressed air.

* For methods of quarrying see O. Bowles, Rock quarrying for cement manufac-
ture: TU. 8. Bur. of Mines Bull. 160, 1918. )

2 Meade, B. K., Cost of dry grinding of cement material: Concrete-Mill Section,
vol. 18, No. 5, p. 135, 1921.
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The rotary kiln is a cylinder construected of steel sheets, lined with
refractory brick, and inclined at a pitch of 0.50 to 0.75 inches to the
foot. The length is 60 to 260 feet. In recent years the tendency has
been towards building kilns between 150 and 200 feet in length. The
diameter of the kilns varies from 6 to 11 feet. The kiln is rotated at
such a speed as to require 1.5 to 2 hours for the material to pass through
the kiln. The materials are only partially fused. The chemical reac-
tions which the kiln operation tends to bring about are favored by fine-
ness of grinding of the raw material, high temperature, and by the
length of time the material is exposed to the high temperatures.

The hot clinker is cooled, crushed, and ground to a fine powder.
Either the clinker or the ground cement must be seasoned before using
in order to slake any free lime that may be present. Gypsum is usually
added to the clinker before crushing as this insures more thorough mix-
ing and pulverizing. After the final grinding and seasoning the cement
is ready for use.

Tue PrysicalL CoNsTITUENTS OF PorTLAND CEMENT

Portland cement consists essentially of certain silicates and alumi-
nates of lime. Other constituents such as iron oxides and alkalies in
the amounts commonly present in Portland cement do not influence the
properties of finished cement in any important way; nor do they enter
into the constitution of these compounds in any important way. The
same compounds are formed when these aceessory materials are absent.
Iron oxides and alkalies in Portland cement materials do, however,
affect considerably the cost of making Portland cement.

Rankin® finds that the average gray Portland cement on the market
contains about 36 per cent 3Ca0.8i0,, 33 per ecent 2Ca0.8i0,, 21 per
cent 3Ca0.Al,0,, and 10 per cent of minor constituents. The maximum
amount of 3Ca0.Si0, is about 40 per cent. '

It has been found that the 3Ca0.8i0, is the most important strength-
giving compound of cement. Cement experts believe, however, that it
is nearly impossible to increase the amount -of this constituent in
cement.

Tt HypraTION OF PORTLAND CEMENT

The 3Ca0.Al,0, of Portland cement hydrates to a gelatinous form
and then crystallizes as a hydrated tricaleium aluminate.? It sets and

* Rankin. G. A., Chemistry of Portland cement: Concrete-Mill Section, vol. 8,
No. 3. p. 15, 1916. Rankin, G. A., The constituents of Portland cement clinker:
Jour. Ind. & Eng. Chem., vol. 7, No. 6, p. 466. 1915. Bleininger, A. V., and Emley,
W. E., Burning temperatures of limestone: Trans. Nat. Lime Mfgrs. Assoec., 1911.
Day, A. L. and Shepherd, E. 8., The lime silica series of minerals: Jour. Am.
Chem. Soc., 1906. :

*Klein, A. A,, and Phillips, A. J., Hydration of Portland cement; U. S. Bur. of
Standards Tech. Paper 43, 1914,
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hydrates almost immediately. Much heat is evolved in the process. Its
tensile strength is never beyond 100 pounds to the square inch. It is
largely responsible for the early strengths of cement.

The dicaleium silicate (2Ca0.8i0,) hydrates to a very porous col-
loidal hydrated silicate and crystallized lime hydrate. It sets so
slowly that test pieces are hard to get. At the end of a year it has a
tensile strength of 600 pounds to the square inch and 5.5 per cent water
of hydration, Seven-day test pieces crumbled. At 14 days it had a
tensile strength of 60 pounds to the square inch.

Tricaleium silicate (83Ca0.8i0,) forms a colloidal hydrated silicate
and hydrated lime, the latter largely crystalline and scattered through

the dense mass of colloidal silicate. Its set and strength are about the

same as that of Portland cement as a whole. Hydrated tricalcium sili-
cate is largely a dense, and semivitreous colloid which is poorly adapted
to withstand temperature and moisture changes. In this respect it is
believed to be improved by the more porous hydrate of dicalcium sili-
cate.

ErrEcT OF MAGNESIA IN PORTLAND CEMENT

Bates® found that magnesia up to 9.5 per cent in cement did not
cause compounds to form other than those ordinarily present. Below
this amount it appears to replace lime without any deleterious effect on
the cement. With less than 9.5 per cent magnesia, the clinker was
black, glistening, and coke-like; with 9.5 per cent magnesia, monticel-
lite (MgOCa08i0,) formed in small amounts. With 14 per cent or
more magnesia, spinel. (MgOAl1,0,) forms in addition to monticellite.
Both these compounds are non-hydraulic and inert materials in cement.
When 9.5 per cent magnesia was reached, the clinker began to ‘‘ring
up’’ because of the fusibility of the material. Up to about 9.5 per cent
magnesia, the cement formed seemed to be as good as one having less
than 4 per cent. Larger amounts were not as desirable.

Porasg rroM CEMENT DusT

Sinece 1914 the United States has produced some potash from cement
dust. The first one to point out the volatilization of potash and soda
from cement materials during the clinkering process seems to have
been W. F. Hillebrand. In 1920 cement plants in the United States
produced 1,141 tons of potash (K,0), which was 2.4 per cent of the
total produection.’

The average raw cement material of the United States is said to con-
tain about 0.8 per cent K,0. Few of the materials used run over 2 per
cent K,O. The amount of potash volatilized varies from 25 to 95 per

tBates, P. H., Properties of Portland cement having a high magnesia content:
U. 8. Bur. of Standards Tech. Paper 102, 1918.
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cent of the total. A high recovery is obtained by making a high lime
mix, by hard burning, and by the addition of chlorides or fluorides to
the raw mix. The potash in the dust is not all water soluble, which is
said to be due in part to recombination with fuel ash., The recombined
potash is slowly soluble in water. It is held by some that the slow solu-
bility of the potash in the dust is an advantage to the farmer. The
dust usually contains about 10 per ecent K,O and 90 per cent inert
material. ‘

It has been estimated that the potash escaping from the kilns varies
from 0.35 to 5.14 pounds per barrel of cement produced with an aver- -
age for the plants of this country of 1.93 pounds. On the basis of 100,-
000,000 barrels per year, the potash formed amounts to nearly 200,000,-
000 pounds or nearly 100,000 tons. Fully 90 per cent of this is recov-
erable.
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CHAPTER VI

'THE MARLS OF WISCONSIN
. INTRODUCTION

The available facts regarding the marls of Wiseonsin have been put
together in view of the renewal of public interest in the cement manu-
facturing possibilities in. Wisconsin and because of the increased agri-
cultural use of marl. A part of the information given herewith is
taken from unpublished notes by E. R. Buckley and J. L. Nelson on
marl studies which they made in 1900 for the Geological Survey.
Buckley and Nelson began their work when the public was keenly in-
terested in the cement question. It was still incomplete when eco-
nomic developments made the cement question a dead issue for many
vears. The facts collected by Bugckley .and Nelson cover the area and
volume of a considerable number of marl deposits located in the north-
eastern part of the state. '

During the summer of 1922 C. S. Corbett sampled a number of marl
deposits in the southeastern part of the state. In these investigations
a large number of 18-foot auger borings through marl deposits
were made and the results carefully recorded. Chemical analyses were
‘made of some of the marl samples. These are included in this report.

Many of the marl deposits studied proved to be small and of insuffi-
cient volume to have cement possibilities. Many more deposits are still
unstudied and it is possible that some have favorable characteristies.
These oceur in the glaciated region of the eastern part of the state.

- The most attractive area seems to lie within a triangle whose corners
are at Madison, Fond du Lae, and Racine. ‘

Marls were deposited and are still being deposited in lakes. Through
changes in drainage the lakes in which some marls formed are now ex-
tinet or are nearing extinetion. The best marl deposits from the cement
standpoint are those which underlie a thin stripping of muck and
which can be drained. Marsh marls in general are usually better than
Jake marls.

Marl has been excavated for agricultural use in a large number of
counties.!

! Whitson, A. R., Richards, G., and Ullsperger, H. W., Liming Wisconsin soils:
TUniversity of Wisconsin Exp. Sta. Bull. 361, 1924,
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The following data on marl deposits are arranged by counties in
alphabetical order: '
CoruMBIA COUNTY

‘Swan Lake~—About 5 acres of marl are reported in and around
Swan Lake, a few miles east of Portage. The depth of marl in the
marshes is said to be 8 to 34 feet, and in the lake 17 to 40 feet. An
analysis of a sample of this marl is given as number 226 (p.191) 2

DaneE CouNTY

Lake Mendota.—Where the water is 25 feet or more in depth, the
bottom of Lake Mendota is composed of marl. In many tests W. O.
Hotehkiss has found the marl to be quite uniformly 40 feet thick. Only
one analysis of the marl is now available. See analysis 227 (p. 191.)*

Lake Wingra—Lake Wingra is situated on the southern outskirts of
the eity of Madison. There are large marl deposits both on the bottom
of the lake and along its margins. In some places these deposits reach
a thickness of 26 to 30 feet. No estimate of the amount of marl can be
given, but it is probably in excess of 5,000,000 cubic yards.

Door CouNTY

Clay Banks—See figure 5 for distribution of marl and location of
borings. The log of the borings is given below. The borings indicate
that there is at least 40,000 cubic yards of marl.
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FIGURE 5—MARL BORINGS IN TOWN OF CLAY BANKS, DOOR COUNTY.

No. 95—6 inches black soil, 4 feet marl, almost wholly decomposed,
light gray, resting on gravel bed.

No. 96—Boring in bottom of creek, 4 feet solid light gray marl. See
analysis 228 (p. 191).2

No. 97—6 inches soil, 4 feet marl. Top 6 inches dry, powdery, and al-
most white. Wet underneath.

1 Reported to Wisconsin Geol. and Nat. Hist. Survey by C. C. Wayland, Portage,
Wisconsin. Vietor Lenher, analyst.

*Birge, B. A., and Juday, C., The inland lakes of Wisconsin: Wisconsin Geol.
and Nat. Hist. Survey Bull. 22, p. 171, 1911, Vietor Lenher, analyst.

i Unpublished notes by E. R. Buckley and J. L. Nelson. W. 8. Ferris, analyst.
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No. 98—12 inches marl with considerable admixture of soil.

No. 99—Boring near outside boundary, 1 foot marl under 5 feet black
soil.

No. 100—Marl taken out of ditch, 3 feet deep.

Clark’s Lake—Marl occurs all over the bottom of Clark’s Lake, sit-
uated in T. 29 N., R. 27 E. and in the township south. -See figure 6 for
location. Around the shores a thin deposit of marl covers the rocky
and sandy bottom. At the north end around the inlet there are about
100 aeres of marl from 10 to 20 feet deep, covered by water from 6
inches to 5 feet deep. The borings indicate that there is at least
1,000,000 cubic yards of marl. The rest of the lake has rocky or sandy
shores excepting around the outlet and in East Bay, where there is a
large swamp which was not investigated. The deepest part of the
lake has 35 to 40 feet of water.

The logs of the borings are given below. The locations of the bor-

" ings are shown by figure 6. The numbers on the figure correspond to
- the numbers of the bore holes in the log.

Sec T

R27E

TSN RZ7E

\

FIGTRE 6.—MARL BORINGS ON CLARK'S LAKE, DOOR COUNTY.

Sec,. I Jec &

7

No. 86—12 inches water, 3 feet vegetable mold, 8 feet marl of a dark
gray, almost blue color. Is wholly decomposed and solid. Rests
on hard pan.

No. 87—1 foot water, 17 feet dark gray, decomposed marl with some
vegetable matter on top. For ecomposition of marl see analysis
- 229 (p. 191)

No. 88—5 feet water, 20 feet compact, decomposed marl

No. 89—5 feet water, 20 feet compact and decomposed marl. 90, 91, 92,
93, and 94, borlngs in shallow water with rock bottom on Whlch
rests a very thin layer of marl. ,

* Unpublished notes by E. R. Buckley and J. L. Nelson. W. S. Ferris, analyst.
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Jacksonport—Marl underlies 40 acres on the S. %% of NE. 1/ of sec.
10, T. 29, R. 27 E. It seems to lie at a uniform depth of 10 feet on a
bed of gravel. The marl extends northward along the creek valley ‘
under the swamp land for over a mile. It seems to be uniform in qual-
ity and appearance. The borings indicate that there is at least 400,000
cnbie yards of marl. ' :

The log of the borings of this marl area follows:

For location of borings see figure 7.

)

N 44 Sec /0

729N RZ7E

FIGURE 7.—MARL BORINGS NEAR JACKSONPORT, DOOR COUNTY.

No. 76—1 foot black soil, 1 foot clean raw marl, wholly decomposed.

No. 77—1 foot soil on top, 10 feet clean, compact, light gray, decom
posed marl. For composition of marl see analysis 230 (p. 191).

No. 78—Boring in creek bottom, 10 feet clean marl.

No. 79—1 foot soil, 10 feet marl, clean, compact. See analysis 231
(p. 191).

No. 80—Boring on edge of lake, 3 feet marl, clean, compact, light gray.

No. 81—18 inches black soil, 6 1nches coarse shelly marl on gravel bed,
near edge of deposit.

No. 82—6 feet solid marl under 1 foot black soil.

No. 83—10 feet solid marl under 2 feet soil.

No. 84—12 feet marl under 2 feet soil.

No. 85—16 feet marl under 2 feet soil. Marl light gray with brown
tinge. Marl in this deposit seems especially uniform in quality
and appearance.

Iumgaroo Lakes, Batleys Harbor.—For location of the marls of
Kangaroo Lakes see figure 8. The borings indicate that there is at
least 100,000 cubic yards of marl.

The inlets of the lakes are spring fed and the marl seems deepest
near them.

The log of the borings is given below. Where borings occur out in
the lake with none on the shore, it indicates that the marl runs out in
gravel or mud at the edge of the lake. No marl underlies the lands
beyond the limits of, the lake shore. For location of borings see fig-
ure 8.
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FIGURE 8 —KANGAROO LAKES, BAILEYS HARBOR, DOOR COUNTY.

No. 48—Borings at east end of bridge, at edge of water. 1 foot marly
sand, marl very little decomposed. Rock bottom.

No. 49—Rock and sand shore between 48 and 49 with thin spots of
marl and sand now and then. No. 49, 18 inches marl on bed of
stiff blue clay and gravel. Marl well decomposed but contains
some vegetable mold and a few shells, and is gray in color.

No. 50—18 inches marl, 70 per cent decomposed. Marl contains con-
siderable vegetable mold, some shells. Has coarse and gritty ap-
pearance. Rests on bed of white sand.

No. 51—4 feet marl. Decomposed, contains some vegetable mold, and
some shells. Rests on bed of sand.

No. 52—18 inches marl on rock bottom. Marl 50 per cent decom-
posed on top, more decomposed at bottom. Apparently extends out
to considerable depth. Will not bear weight. Contains lots of
vegetable mold.

No. 53—12 inches marl. Little decomposed, 50 per cent mold. Color
dark gray.

No. 54—4 feet marl, 50 per cent decomposed, gray in color. Hard bot-
tom. Boring 6 rods from edge of lake in grassy swamp.

No. 55—9 feet vegetable mold with 30 per cent of undecomposed marl.
Blue clay at bottom. '
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No. 56—Between 55 and 56 mostly bowlders and black mold, wet.
Some marl. Boring at 56, 5 feet marl, 50 per cent decomposed,
6 inches soil on top, rock bottom. Marl is gray and has some vege-
table mold.

No. 57—3 feet marl, 6 inches soil. Marl 70 per cent decomposed. Con-
tains a few shells and a little vegetable mold. Rock bottom. Bor-
ing is in wild rice swamp extending out 20 rods from shore.

No. 58—5 feet marl, 50 per cent decomposed. Contains some vegetable
mold. Rests on clay bottom.

No. 59—15 rods from shore, 4 feet marl, 50 per cent decomposed. Con-
tains some mold. Rests on rock bottom.

No. 60—4 inches marl on rock bottom. Marl is little decomposed.

No. 61—2 feet marl, 30 per cent decomposed. Contains some vegetable
mold. ' :

No. 62—Boring 20 rods from shore. 1 foot marl. Contains some vege-
table matter on top. Marl is 60 per cent decomposed.

No. 63—6 feet marl on bed of clay, 60 per cent marl, 40 per cent vege-
table mold. Marl partially decomposed, of a dark gray color.
3 inches soil on top.

No. 64—6 feet marl, 70 per cent decomposed. Contains 20 per cent
vegetable mold. 6 inches soil on top. Vegetable mold well deeom-
posed.

No. 65—Boring in small creek. 5 feet of marl on bed of mold. Marl
well decomposed. Contains a few shells. 10 feet mold. Marl
light gray in color.

No. 66—Boring 10 rods from shore and 30 rods south of mouth of small
inlet. 8 feet of well-decomposed marl, light gray in color.

No. 67—Boring 40 rods from shore, 8 feet marl, mold on bottom.

No. 68—8 feet marl on rock bottom, 90 per cent decomposed. Light
gray color. Compact at bottom. :

No. 69—Boring 10 rods from shore, 8 feet marl muech decomposed.
Rests on mold bottom. Marl light gray.

No. 70—Boring . 10 rods from shore, 6 feet marl, 90 per cent decom-
posed. Rests on rock bottom. Bay all underlain by marl.

No. 71—Boring at middle of bridge. 2l% feet water, 314 feet marl.
Lots of large shells on top: Marl is well decomposed. Rests on
mold bottom. Color of marl light gray.

KewAUNEE COUNTY

Alaska Lakes—See figure 9 for location of the marls of Alaska Lakes,
Kewaunee. The numpbers refer to positions of borings.

The marl of these lakes is nearly all under water. The greatest depth
of water is about 35 feet. Most parts of the lakes are very shallow with
a white marl bottom. The marls seem to be underlain by sand.

The lakes cover 160 acres and 40 acres, respectively. In each there is
a small island which is all marl. The level of Lake Alaska No. 1 can
be lowered 18 feet at the mill outlet. If the outlet of No. 2 were eorre-
spondingly lowered, about two-thirds of the marl deposits of both
lakes would be exposed. The borings indicate that these lakes contain
at least 1,000,000 cubie yards of marl.
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The logs of the borings on Alaska Lakes are given below :
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FIGURE 9.—ALASKA LAKES, KEWAUNEE COUNTY,

18—15 paces from edge of water. 6 inches black soil, 12 inches
marl mixed with 50 per cent black soil, marl very little decom-
posed, grayish white.

19-—12 feet of solid marl on red sand bed. Marl very much decom-
posed, uniform throughout except at top where some vegetable
matter exists. Some large shells and many small ones, color light
gray, boring on edge of lake in swampy soil.

. 20—17 feet of marl, no bottom. 1 foot of water. Marl same as in

boring 19, almost wholly decomposed.

. 21—1 foot of black soil, 214 feet of marl on sand bed. Marl par-

tially decomposed, gray, some large shells, many small ones.

. 22—Outerop on bank 3 feet, 3 feet below surface of water on bed

of sandstone. Deposit runs out under water. Marl compact and
well decomposed with very few shells, white, nearly like that in
boring 19.

23—Under 1 foot of soil, 2 feet of light gray, compact, partially de-

composed marl. Rests on bed of sand.
No. 24—1 foot of soil, 7 feet of compact, light gray marl, 90 per cent

decomposed. Deposit extends to outlet of Lake No. 2.
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. 25—1 foot of water, 10 feet of ecompaet, light gray. marl, 90 per

cent decomposed. Seems to have rock bottom; auger would not
penetrate or detach fragments.

. 26—18 inches of water. 16 feet of gray marl and no bottom found.

Marl only partially decomposed. More soil and vegetable material
than water. No marl on shore. Shore steep and rocky.

. 27—Sample taken. 6 inches of water, 11 feet of marl on red sand

bed. Marl 90 per cent decomposed. Few large shells, many smalil
ones. Point 3 rods by 3 rods running out into ]ake all marl.
Analysis 232 (p. 191).

. 28—5 feet of marl in 1 foot of water. Marl compact, 90 per cent

decomposed, and light gray in color. Strip 1 rod wide along shore
by 10 rods long,

. 29—1 foot of water, 12 feet of marl, sand bottom
. 30—1 foot of Water 6 feet of marl on sand bed. 80 per cent de-

composed, light gray in color.

. 31—12 paces from lake. 6 inches black soil, 1 foot marl, 50 per

cent soil, very little decomposed.

.32—10 feet of marl, 80 per cent decomposed. 1 foot of water.

Hard bottom, sand and gravel. Marl has light gray color and
contains many shells. Strip on shore very narrow.

. 33—Boring in 10 inches of water. 1 foot of marl, well decom-

posed. Marl runs out on gravel bed at edge of lake. Marl is.
light gray in color.

. 34—1 foot of water, 10 feet of marl, well decomposed Some soil,

few shells.

. 35—18 paces back from water. 12 inches of soil on top. 18 inches

of marl, undecomposed at top, but decomposed on bottom. Gravel
bottom.

. 36—1 rod from shore in swamp. 1 foot of water, 17 feet of com-

pact-marl, no bottom found.

. 37—Over 18 feet of solid marl in island. All of island is solid

marl, pure and almost wholly decomposed. Shoal all around
island. About 3 acres in island.

. 38—1 foot of water, 17 feet of light gray marl, no bottom.
. 39—1 foot of water, 17 feet of marl, light brown in color and rather

shelly. No bottom

. 40—1 foot of water, 17 feet of marl which is light brown in color

and contains some sand Marl is well decomposed. No bottom,

.41—1 foot of water, 17 feet of light brown marl which contains

some soil and is well decomposed. No bottom,

. 422 feet of water, 16 feet of marl which is well decomposed and

has a light brown color due to a slight admixture of vegetable
matter. No bottom.

43—2 feet of water, 16 feet of marl, decomposed, and light gray-
brown in color. No bottom.

. 44—2 feet of water, 16 feet of light brown marl. . Marl contains

few large shells and is very stiff at bottom of boring. No bottom.

. 45—Boring 100 feet back from lake in wooded swamp. 2 feet of

black soil, 1 foot of marl, little decomposed.

. 46—100 feet back from lake. 4 inches of marl mixed with stiff

yellow clay, 1 foot of clay, then gravel and clay. Marl is poor and
undecomposed.



136 LIMESTONES AND MARLS OF WISCONSIN

No. 47—10 feet back from water on little point 10 rods long and 10
rods wide. Point is all marl. This sample apparently same as the
marl in all parts of lake. Very little marl out of water. The
marl is over 16 feet deep. Analysis 233 (p. 191).

Chamberlin reported that a sample taken from the shell marl of

Alaska Lakes had the composition shown by analysis 234 (p. 191).%

Ahnapee Rwer near Algoma.—For a distance of four miles up the
Ahnapee River from Algoma only slight traces of marl were found in
the deep black soil along the banks of the river. Farther up the bor-
ings began to show a little more marl, but only in the surface strata.
In the bottom of the river a thin layer of marl also occurred in many
places. )

The only place marl occurred in any quantity was just south of the
railroad bridge on the east bank of the river. Here about 18 inches of
marl were found under 1 foot of soil. Marl well decomposed, white,
and compact. Dolomite outerops along the river for about 80 rods.
The soil is rocky. .

In the city of Algoma, north of the river and road between two
bridges, occurs a limited amount of marl around a large spring. About
3 acres of well-decomposed and compact marl from 1 to 5 feet deep
underlies about 1 foot of soil. ‘

On the N. ¥4 -0of N. 15 see. 7, T. 24, R. 25 E., a small bed of marl about
18 inches thick at its greatest depth lies under 1 foot of soil. White
and powdery outerops of marl occur on the roadside.

Algoma.—Marls near Algoma underlie parts of see. 5, T. 24 N., R.
25 E. '

The lake covers about 25 acres and is said to reach a depth of 60
feet. The marl covers anywhere from 50 to 70 acres. The soil on top
averages about 6 inches in depth. In most places the marl is more
than 17 feet in depth, its bottom not having been found. The borings
indicate that there is at least 1,000,000 cubic yards of marl.

" For 1 mile the outlet of the lake flows without a considerable fall.
Lowering the lake level 10 feet would expose a strip of marl around
the lake about 20 feet wide, but not any more in most places.

The logs of 17 borings are given below. For location see figure 10.

No. 1—6 inches black soil, 2 feet marl lying on bed of red clay and
gravel. Marl a little sandy near top with some small shells. Grows
purer and more decomposed at bottom. Of a light gray color.

No. 2—6 ineches soil, 18 feet and more of marl. No bottom. A little
shelly on top. Almost wholly decomposed at bottom, very wet,
light gray in color. For composition see analysis 235 (p. 191).

No. 3—10 inches soil, 10 inches marl. Shelly, 50 per cent clay and soil.
Very wet. ‘

! Chamberlin, T. C., Geology of Wisconsin, vol. 2, p. 239, 1877,
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FIGURE 10.—MARL LAKE NEAR ALGOMA, KEWAUNEE COUNTY.

No.4—6 inches soil, 18 feet and more of marl. No bottom found.
Marl 34 decomposed on top. After first few feet marl almost free
from undecomposed marl. Marl of a light grayish color. Boring
in water. :

No. 5—4 inches soil, 17 feet of marl. No bottom found. Marl much
decomposed, wet and slimy, light gray in color.

No. 6—6 inches soil, 17 feet marl. No bottom found. Some shells
throughout. Marl is light gray in color. For composition see
analysis 236 (p. 191). .

No. 7—Boring in 1 foot of water, 17 feet of marl. A few shells. Marl
light gray in color, free from foreign material. No bottom. Bor-
ing in swamp. .

No. 8—Taken in 1 foot of water, 17 feet. No bottom. Marl contains
moderate number of shells and some vegetable matter. Color light
gray.

No. 9—14 inches soil, 16 feet marl, gravel at bottom. Marl with shells,
considerable soil and vegetable matter, very wet. Boring on land.
For composition see analysis 237 (191).

No. 10—1 foot in water, 17 feet marl. No bottom found. Some vege-
table matter near top. Marl well decomposed at bottom and light
gray in color.

No. 11—1 foot in water, 17 feet marl, vegetable matter in small quan-
tity toward top. Clear marl at bottom and of a light gray. Some
large shells, many small ones. No bottom found. .

No. 12—1 foot in water, 17 feet marl. No bottom found. Much vege-
table matter, particularly decayed wood. Marl nearly all decom-
posed, gray in color.

No. 13—Boring taken in woods at edge of hill. 8 inches of black soil,
then 1 foot of marl mingled in large percentage of sand. Between
this point and lake marl becomes very pure and completely de-
composed and of a very light gray color. Marl under 6 to 8 inches
black soil.
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No.14—Almost no marl. Marl of a gray color, mostly decomposed,
under 1 foot black soil. Seems to run out into bed of white lake
sand. o

No. 15—6 inches black soil, 3 feet solid marl, resting on bed of red elay.
Marl well decomposed, has moderate number of small shells, licht
gray color, quite stiff.

No. 16—1 foot black soil, 1 foot of marl resting on bed of red clay.
Marl gray, compact, mostly decomposed.

No. 17—6 inches soil, 3 inches marl, 50 .per cent sand and clay.  Rests
on a bed of red clay. Marl very little decomposed.

Kewaunee River.—Marls underlie parts of the following lands along
the Kewaunee River. The borings indieate that there is about 5,000
cubic yards of marl:

N. 1, of NE. 14, sec. 13.

NE. 14 of SW. 14, sec. 13.

Also E. Y% of NW. 14, sec. 13, east of river.

S. 1% of SE. 14, see. 2.

Marl occurs in bottom of the river all along its course. A narrow
strip of land running parallel with the railroad for 400 paces, 30 paces
wide at the widest, has a bed of marl under 18 inches to 3 feet of black
soil. The marl is from 6 inches to 2 feet in thickness and is compact,
clear, well decomposed, of a yellowish white color. This, as far as is -
known, is the largest deposit along the river, black vegetable mold and
soil being the chief constituent of the low land along the river.

Jec /T Jec. /8

TE3N RE4E 723N RES.
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FIGURE 11.—MARL BORINGS ON KEWAUNEE RIVER, KEWAUNEE COUNTY.

Borings 72, 73, 74, and 75, figure 11, verify the above statements as
to position and extent of the marl.

Where dredging has been done at the mouth of the river, the marl
and clay from the bottom of the river has been used in many instances
in the town for lawns and has produced a fine growth of grass where
it was well watered. On drying it has a tendency to bake and ecrack.

MARQUETTE COUNTY

Lake Ennis.—This lake lies about three quarters of a mile northeast
of the Fox River in sec. 14, T. 14 N., R. 9 E. A sample of marl was
taken from a hole about 50 feet from the shore of the marsh at the
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south side of the lake near the foot of a steep hill. In this boring the
marl was struck at a depth of 6 inches and eontinued to 18 feet without
reaching the bottom of the deposit. A little sand appeared with the
marl at one level and again in the portion from 15 to 18 feet. The
marl was compact enough to bore easily and to remain on the auger,
especially in the deeper portion. The marl from this hole was taken
as sample No. 36A. This analysis, No. 238 (p. 191), shows that it is
suitable for cement if added to the proper clay or shale. See Table 5
(p. 194) for combinations of this marl with clays and shale. See page
165 for description of clays found in this vieinity.

- In 1905 the Wisconsin Portland Cement Company was organized
for the purpose of manufacturing cement at Lake Ennis. The com-
pany failed to raise sufficient capital for the erection of a plant. The
prospectus of the company states that the plant is to be erected on a
point of land running out into the marl deposit on the north shore of
Liake Ennis; that the plant will be bordered on three sides by marl,
and will have clay at a distance of 300 feet on the fourth side; and
that the quantity of marl and clay has been tested and found-: to be
sufficient for the production of 20,000,000 barrels of cement. Reports
from S. B. Newberry and R. C. Carpenter show that the clay and marl
are chemically suited to the manufacture of cement, and that good
cement was made in the laboratory from these materials. No records
of the details of the marl and clay explorations of this company are
available.

Minwaukee CounNTy

Cudahy.—Sample No. 2 was taken from a bore hole two miles west
southwest of Cudahy near the southwest corner of sec. 27, T. 6 N.;
R. 22 E. in a marshy tract about 14 mile wide which extends through
parts of secs. 18, 19, 20, 27, 28, and 34. The bore hole showed the
following section.

Feet

1. Black peat almost entirely organic.................... 314

II. Gray marl, no coarse material excepting small snail shells, no 3
T2 4 o AU
III. Brown marl with streaks of green changing to reddish brown 3
V. Greenish marl ..o 5%

All the material from II, III, and IV was taken as a sample. Water
was struck at 214 feet. The material was soft enough to run into the
hole. This- tendency may have affected the record slightly. For
analysis see No. 239 (p. 191). This material has in nearly the right pro-
portions all the ingredients necessary for Portland cement. Note com-
binations 1 and 6, Table 5 (p. 194). Further 1nvest1gat10n of this
traect is desirable in order to determine how much of the marsh is un-
derlain by marl, as but a single boring was made in this vicinity.
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The Northwestern line passes north and south through see. 27 about
one-quarter mile east of the west line on a fifteen to twenty foot em-
bankment. West of this seetion line the swamp is farmed for the
most part excepting in the southeastern part of sec. 28, the northeast
guarter of 33, and the northwest quarter of 34. Truck farms lie east
of the railroad. The southeastern 80 acres of sec. 28 are unimproved.
The unimproved acreage in secs. 27, 28, 33, and 34 is estimated at
1,000 acres. Improved land in this vicinity is held at about $1,000
per acre.

OvutacaMIE COUNTY

Shaking Lake.—The marls of Shaking Lake underlie parts of sec. 7,
T. 21 N., R. 15 E., mainly in the N. 14 of the section. See figure 12
for locatlon The numbers on this sketeh 1ndlcate the position of bor-
ings whose log is given below.

The marl underlies about 130 acres, nearly all of which lies in an
open swamp and extends an average distance of 250 feet back into a
tamarack bog all around the marsh. The borings indicate that there
is at least 1,500,000 cubic yards of marl. The open swamp is a float-
ing bog of vegetable mold covered with wild hay. About 15 acres are
open water which is about 6 inches deep.

The marl is exceedingly uniform in color and grain. It is a bluish
marl, very well decomposed, and very compact. In the north and
south line of borings, a stiff red clay was found lying under the marl.
In other borings the marl was found to rest on white sand. No springs
oceur around the shores of the lake.

The log of the borings follows. Note analyses of boring numbers
282, 296, and 299. '

No. 273—2 feet muck, 3 feet marl colored dark by muck.

No. 274—3 feet muck, 6 feet marl. Sand bottom.

No. 275—1 foot muck, 8 feet marl. Purer and lighter eolored than 273.

No. 276—10 inches mueck, 10 feet marl.

No. 277—10 inches muck, 15 feet marl.

No. 278—8 inches muck, 23 feet marl.

No. 279—8 inches muck, 28 feet marl. Red eclay bottom.

No. 280—8 inches muck, 29 feet marl.

No. 281—8 inches muck, 19 feet marl. ‘

No. 282—1 foot mueck, 15 feet marl. For composition see analysis 240
p. 191).

No. 283—6 inches muck, 12 feet marl. A little darker than 282.

No. 284—6 inches muck 10 feet marl

No. 285—6 feet muck.

No. 286—1 foot mueck, 9 feet marl, dark.

No. 287—1 foot muck 9 feet marl.

No. 288—1 foot muck 12 feet marl, light gray, pure.

No. 289—3 feet muck 11 feet marl dark gray.

'
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FIGURE 12—SHAKING LAKE, OUTAGAMIE COUNTY.

. 290—4 feet muck, 10 feet marl, dark.

.291—4 feet muck 10 feet marl, dark.

. 292—6 feet muck 6 feet marl, 20 per cent muck.
\Io.
. 29418 inches muck, 15 feet marl. {Red clay bottom.

. 295—18 inches muck, 1 inch marl. .

. 296—18 inches muck, 13 feet marl, light gray. For composition see

293-—18 inches muck 14 feet marl]

analysis 241 (p. 191)

. 297—18 inches muck, 35 feet marl. Red clay bottom.
.298—18 inches muck, 21 feet marl, sand.
. 299—18 inches muck 14 feet marl For composition see analysis

242 (p. 191).

. 300—12 inches muck, 8 feet marl.

. 301—12 inches muck, 4 feet marl.

. 302— 3 inches muck, 5 feet marl.
.303— 3 inches muck, 11 feet marl.

. 304— 6 inches muck, 4 inches marl.

. 305—214 inches muck, 415 feet marl.
. 306—214 inches muck, 315, feet marl.
T\To.

307—214 inches muck, 4 feet marl. Clay bottom.
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No. 308—214 inches muck, 314 feet marl.
No. 309—214 inches muck, 1 foot marl.
No. 310—2 inches muck, 12 feet marl.

No. 311—1 inch mueck, 8 feet marl.

No. 312—1 foot muck, 1 foot marl.

No. 313—3 feet muck, 7 feet marl, a little shelly.
No. 314— 8 feet muck, 9 feet marl.

No. 315— 5 feet muck, 6 feet marl.

No. 316— 5 feet muck, 8 feet marl.

No. 317— 8 feet muck, 13 feet marl.

No. 318— 6 feet muck, 20 feet marl.

No. 319—15 feet muck, 814 feet marl.
No. 320—15 feet muck, 5 feet marl.

No. 321—15 feet muck, 8 feet marl.

No. 322—15 feet muek, 7 inches marl.

Porrage County

Lime Lake.—Lime Lake is located in the W. 14 of SW. 1, sec. 31,
T. 23 N, R. 10 E. and in the E. 15 of SE. 14, sec. 36, T. 23 N., R. 9 E.
Figure 13 shows the location of the lake and of the borings for marl.

About 60 to 70 acres of marl in Lime Lake lies under water, and
perhaps 3 acres is above water. The borings indicate that this deposit
contains at least 1,500,000 cubic yards of marl.

The shores on the north and west sides of the lake are steep. On the
north side a long low bar of sand cuts off a long neck of the original
lake from the rest of the lake. The lake has no outlet.

From 1850 to 1870 the marl from the lake was burned for lime and
many thousand barrels were taken out. The quality of the marl is
uniform. It is wholly decomposed in the bottom of the bed and has a
small proportion of shelly fragments towards the top.

The lake has a depth of 25 feet in a limited area, but the water is
shallow for a considerable distance from shore. From the pitch of the
marl near shore, the possible depth of marl in the middle of the lake
may be 100 feet, but this depth is not proven.

The log of the borings is given below:

No. 110—Boring 80 feet from shore, 30 feet marl.

No. 111—Boring 20 feet from shore, marl over 30 feet thick.

No. 112—Boring 25 feet from shore, marl over 30 feet thick.

No. 113—Boring 25 feet from shore. 12 feet marl on gravel bottom.

No. 114—Boring 30 feet from shore. Marl 12 feet thick.

No. 115—Boring 35 feet from shore. Marl 20 feet thick. For corposi-
tion see analysis 243 (p. 191).

No. 116—Boring 30 feet from shore. Marl 14 feet thick.

No. 117—Boring 20 feet from shore. Marl 10 feet thick.

No. 118—Boring 70 feet from shore. Marl 25 feet thick. At 22 feet
strike a compact white layer of marl.

No. 119—Boring 25 feet from shore. - Marl 30 feet thick.

No. 120—Boring 14 feet from shore. Marl 8 feet thick.
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FIGURE 13.—MARL BORINGS ON LIME LAKE. T.23N., R.10E., PORTAGE COUNTY.

121—Boring 16 feet- from shore.
122—Boring 20 feet from shore.
123—Boring 40 feet from shore.

124—Boring 20 feet from shore.
125—Boring 80 feet from shore.

at 30 feet.
126—Boring 50 feet from shore.
127—Boring 50 feet from shore.

128—Boring 10 feet from shore.
129—Boring 20 feet from shore.

sition see analysis 244 (p. 191).

130—Boring 10 feet from shore.
main spring. Sand bottom, 1 foot water.

Marl 10 feet thick.

Marl 12 feet thick.

Marl 16 feet thick.

Marl 8 feet thick. )

Marl 30 feet thick. No bottom

Marl 8 feet thick.
Marl 20 feet thick.
Marl 15 feet thick.
Marl 30 feet thiek.

No bottom.
For ecompo-

Marl 32 feet thick in vieinity of
A little vegetable mold

and soil on top. Marl slightly dark colored and almost totally de-

composed. Shores very steep.

.131—Boring 100 feet from shore. 30 feet marl of uniform quality.

A few springs along shore. Bank not guite so steep as at 130.
132—Boring 100 feet from shore. 25 feet marl on sand bed. Shoal

water at this place.
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No. 133—Boring 150 feet from shore. 30 feet marl on sand.

No. 134—Boring 150 feet from shore. 30 feet marl.

No. 135—Boring 25 feet from shore. 22 feet marl.

No. 136—Boring 25 feet from shore. 30 feet marl.

No. 137—Boring 100 feet from shore. More than 10 feet of marl.
No. 138—Boring 50 feet from shore, 8 feet marl.

No. 140—25 feet marl.

No. 14120 feet marl.

No. 142—20 feet marl.

No.143—30 feet marl.

No. 144—20 feet marl.

No. 145—20 feet marl. For composition see analysis 245 (p. 191).

Town of New Hope.—The marl in the lake in the town of New Hope
underlies parts of sees. 27 and 34. See figure 14 for location of
borings.

The marl bed is wholly under water and covers about 50 acres. The
reported greatest depth of the lake is 90 feet. The marl ends at the
shore, the shore being sandy and gravelly. The lake partially fills one
of the typical ‘‘kettles’” of this region; the shores on the north, north-
east, and northwest sides are about 30 feet high and steep. Springs
are found along these steep shores. The borings indieate that there
is at least 300,000 cubic yards of marl,

The marl is very uniform in quality and lies all over the bottom of
the lake to a considerable depth and is deepest at the shore where
springs flow into the lake. It is almost wholly deecomposed on top and
wholly decomposed near the bottom of the bed. It is all of a light
bluish gray eolor.

The log of the borings is given below:

No. 146—Boring 20 feet from shore, 7 feet marl. Sand bottom.
No. 147—Boring 50 feet from shore 18 inches marl. Sand bottom.
No. 148—Boring 150 feet from shore 4 feet marl. Sand bottom.
No. 149—Boring 150 feet from shore 1 foot marl.

No. 150—Boring 20 feet from shore, 7 feet marl.

No. 151—Boring 40 feet from shore, 13 feet marl.

No. 152—Boring 150 feet from shore, 9 feet marl.

No. 153—Boring 190 feet from shore 10 feet marl.

No. 154—Boring middle of lake in bar 10 feet marl.

No. 155—Boring 300 feet from shore, 20 feet marl.

No. 156—Boring 100 feet from shore, 7 feet marl.

No. 157—Boring 50 feet from shore, 16 feet marl.

No. 158—Boring 20 feet from shore, 8 feet marl.

No. 159—Boring 60 feet from shore, 10 feet marl.

No. 160—Boring 150 feet from shore, 16 feet marl.

Saawano CouNty

Lake Shawano.—On the north shore of Lake Shawano a bed of marl
from 6 inches to 2 feet thick underlies about 15 acres.
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FIGURE 14—MARL BORINGS IN LAKE IN TOWN OF NEW HOPE, PORTAGE COUNTY.

In the SW. 1/ of the SE. 14 of see. 31, T. 26 N,, R. 15 E. a small
deposit of marl oceurs in the bank of a lake. The marl is 4 to 6 feet
thick and underlies about 2 acres. The soil on top is 1 to 2 feet thick.
The marl is a shelly deposit, partially’ decomposed. This deposit may
contain as much as 15,000 cubic yards of marl.

SaeBoYGAN CoUNTY

Sheboygan Marsh.—The Sheboygan Marsh, north of (lenbeulah, has
an area of about 15 square miles. The peat cover, about 4 feet in thick-
ness, is underlain by an unknown thickness of marl. About one-third
of the marsh is covered by fifteen-year-old spruce and tamarack. For
composition of two samples of marl from this marsh see analyses 246
and 247 (p. 191).

‘WavukesHA COUNTY

Scuppernong Marsh.—A sample was taken from an auger hole about

150 yards southwest from the center of the SE. 14 of see. 34, T. 6 N,,

R. 17 E., near the plant of the former Lime Products Company. The
sample represents the 7 feet of marl found in a 10-foot hole. The sec-

tion of the bore hole follows:
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v _ Ft. In.

Lo Peat e 1 9
II. White coherent marl. ... 9
III. Dark brown peat... .. ... 1 3
IV. Gray incoherent marl almost no recovery....... ... 2 6
V. Coherent marl probably with small amount of clay........ 3

VI. Unconsolidated gray marl which filled hole like quick-
SANA oo 3

VII. Coarse material either shells or fine gravel below.
Water stood at 114 feet from surface. For composition see analysis

248 (p. 191). Combinations 2 and 7, Table 5 (p. 194), show the analyses
of mixtures of this marl with shale and clay.

A sample was taken from the hopper leading into the kiln at the
plant of the Lime Products Company. See analysis 249 (p. 191). In
Table 5 (p. 194) are analyses of mixtures of this marl with shale and
clays.

The Soil Survey reports marl in secs. 3 and 4 of the town of Eagle.
For description of clays from this locality see page 172.

Wavraca CounTy

Bear Lake—The marls of Bear Lake are entirely under water. See:
figure 15 for the location of the lake and the position of borings made
for marl. The lake covers about 230 acres. The borings indicate that
" there is at least 1,000,000 cubic yards of marl. The level has fallen
somewhat, leaving a narrow edge of swamp and bog around most of
the lake. The bottom of the lake is sand and gravel. The banks of the
lake are about 30 feet high and very steep.

The thickest and largest quantity of marl lies near the outlet. Its
quality here is poorer than in other parts of the lake. Around the inlet
the bottom is black muck and vegetable mold to a depth of 20 to 25 feet,
underneath which is a sandy bottom. In most lakes the marl is thickest
near the inlet. Several springs enter the southwest end of the lake.
The marl is mostly decomposed. Near the outlet it contains a small
percentage of vegetable mold and black silt.

The log of the borings is given below :

No. 161—At edge of water by the dock. 13 feet marl, 1 foot water
Marl is light gray in color with decomposed shells and silt on top.

No. 162—25 feet marl, decomposed, vegetable mold on top. 1 foot
water.

No. 163—20 feet marl wholly decomposed.

No. 164—1In bed of outlet 300 feet south of bridge. 20 feet marl. Marl
is decomposed, clean, and light gray in color.

No. 165—300 feet from shore. ‘25 feet marl decomposed.

No. 166—Boring 100 feet from shore, opposite steep bank. 20 feet
marl. Marl eontains some shells. Is decomposed. 6 inches vege-
table mold on top. 1 foot water.

No. 167—Boring 50 feet from shore, 18 feet decomposed marl.
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FIGURE 15—MARL BORINGS ON BEAR LAKE, WAUPACA COUNTY.

No. 168—Boring 10 feet from shore, 3 feet marl partly sand.

No. 169—Boring 40 feet from shore, 22 feet decomposed marl, light
gray. 1 foot vegetable matter on top. 1 foot water.

No. 170—Boring 100 feet from shore, 10 feet decomposed marl, 1 foot
~water. '

No. 171—Sand beach begins.

No. 172—Boring 20 feet from shore. 8 feet marl, partially decomposed.

No. 173—Boring 30 feet from shore. 10 feet marl. Contains some

vegetable matter on top, also black silt.

No. 174—Boring on shore, 6 inches marl.

No. 175—Boring 125 feet from shore. 2 feet water, 14 feet decomposed
marl. '

No. 176—Boring 80 feet from shore. 1 foot water, 13 feet decomposed
marl. » .

No. 177—Boring on edge of lake. 1 foot water, 6 feet marl.

No. 178—Boring 50 feet from shore. 20 feet decomposed, light gray
marl.

No.179—Boring 20 feet from shore. 20 feet decomposed, light gray
marl. .

No. 180—Boring 300 feet from shore. 12 feet decomposed, light gray
marl. 1 foot water.



148 LIMESTONES AND MARLS OF WISCONSIN

No. 181—Sand beach begins.
No. 182—25 feet black muck and vegetable mold.
No. 183—25 feet black muck and vegetable mold.
No. 184—20 feet black muck and vegetable mold.
Big Falls—A small lake on the NW. 14 of NW. 14 of see. 17, T.

25 N, R. 12 E,, near Big Falls has about 15 to 20 acres of marl around
the inlet at the west end of the lake. The marl is of a clear light gray
color and is well decomposed. It is 6 to 12 feet deep. The borings
indicate that this deposit contains at least 100,000 cubic yards of marl.

Marl factory, north of Waupaca.—The marl bed at the marl factory,
315 miles north of Waupaca, underlies about 6 acres of open marsh
along a creek. See figure 16 for location and for position of borings.
Only about 3 acres of marl are accessible; the rest lies under a great
depth of muck and mold. The accessible portions contain at least
10,000 cubic yards of marl. '

The marl is of a light gray color. It is compact and wholly decom-
posed. The layer beneath the marl is sand. The depth of marl is
greatest around the factory.

The log of the borings in this marl deposit follows :

NWis MVE g Sec.8 WNVE 4 NE 14 Sec.8

7eznN PI2E

SW e NE 14 Sec. S, SE W NE Ve Sec. 8

FIGURE 16.—MARL DEPOSIT 3% MILES NORTH OF WAUPACA.
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No. 263—12 feet black muck with traces of gray marl.

No. 264—12 feet black muck, 7 feet light gray marl.

No. 265——12 feet black muck, 9 feet light gray marl.

No. 266—12 feet black muck, 3 feet light gray marl.

No. 267—19 feet black mueck, 1 foot light gray marl.

No. 268—6 feet soil, 6 feet soil and marl.

No. 269—4 feet soil, 8 feet marl.

No. 270—4 feet soil and clay, 12 feet marl.

No. 271—4 feet soil and clay, 6 feet marl.

No. 272—2 feet soil and clay, 12 feet marl. For composition see analy-
sis 250 (p. 191).

School Section Lake—School Section Lake is located in see. 21, T.
24 N., R. 13 E. The numbers in figure 17 indicate the location of the
borings whose logs are given below.

The marl of this locality covers 100 acres of which 75 are under
water. Nearly all of the marl on land is eovered by 6 inches to 18 feet
of soil on which grow tamarack, cedar, and hardwood. The water in
the lake reaches a depth of about 80 feet. The marl under the lake is
covered by 6 to 20 feet of vegetable mold and muck. As a rule, the
marl lies on a bed of sand, but locally on red elay. Much of the marl,
though in large quantity, is not practically accessible. The borings in-
dieate that at least 40,000 eubie yards of marl are accessible.

The lake lies in a kettle. The slopes on the north and east sides are
steep and rise directly from the shore. The other shores are low and
marshy and in places too wet for landing.

The marl appears uniform in quality, of a light gray color, wholly
deeomposed, and very compact. The marl on land is lighter in color
and more compact than that in the lake.

The log of the borings follows:
No. 185—6 feet black muck, 6 feet light gray, decomposed marl and
black muck.
No. 186—1 foot soil, 3 inches pure light gray marl.
No. 187—Sand ridge.
No. 188—18 inches black soil, 214 feet marl.
No. 189—12 feet muck, 10 feet marl, edge of lake.
No. 190—1 foot soil, 4 feet marl, white, dry, and very compact.
No. 191—1 foot soil, 11 feet gray marl.
No. 192—1 foot soil, 17 feet marl.
No. 193—2 feet soil, 10 feet marl.
No. 194—1 foot soil, 3 inches solid white marl.
No. 195—2 feet soil, 11 feet marl.
No. 196—3 feet soil, 9 feet marl.
No. 197—2 feet soil, 5 feet marl: For composition see analysis 251
(p. 191).
No. 198—Sand.
No. 199—214 feet soil, 10 feet light gray marl.
No. 200—6 inches soil, 7 feet marl.
No. 201——6 inches soil, 6 inches marl mixed with sand.
No. 202——Sand, no marl, 23 feet from lake.
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FIGURE 17.—SCHOOL SECTION LAKE, TOWN OF UNION, WAUPACA COU:NTY.

No.

. 203—2 feet soil, 3 feet marl, 50 per cent soil.

204—1 feet soil, 15 feet marl and vegetable mold.

. 205—13 feet light gray, clean, compact marl.

. 206—6 feet black soil with traces of marl.

. 207—All black soil and mold.

. 208—21 feet black mold, traces of marl down 12 feet.

. 209—Edge of marl bed.

. 210—6 inches black soil, 3 feet light gray, pure marl,

- 211--50 paces north of 210, 6 inches soil, 214 feet clear light gray
marl. ' '

. 21250 paces east of 211, 12 inches soil, 10 feet clear light gray
marl. For composition see analysis 252 (p. 191). '

. 213—12 inches soil, 314 feet clear light gray marl.

. 214—4 inches soil, 7 feet clear light gray marl.

- 215—12 inches soil, 15 feet clear light gray marl.

. 216-—12 inches sandy soil, 4 feet marl, 50 per cent soil.

. 217—1 foot soil, 14 feet light gray marl.

. 218—1 foot soil, 16 feet light gray marl.

. 219—7 feet mold, 14 feet light gray marl.

. 220—7 feet mold, 13 feet impure marl, 50 per cent soil.
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No. 221—2 inches soil, 3 feet clean light gray marl,
No. 222—Sand.
No. 223—15 feet black muck.
No. 224—Black muck.
Nos. 225-249 were at the edge of lake in water.
No. 225—18 feet marl, 12 feet soil.
No. 226-—12 feet marl, 22 feet muck.
No. 227—8 feet marl, 25 feet muck.
No. 228—15 feet marl, 12 feet muck.
No. 229—18 feet muck, 10 feet marl.
No. 230—15 feet muck, 12 feet marl.
No. 231—16 feet muek, 15 feet marl.
No. 232—10 feet muck, 12 feet marl.
No. 233—12 feet muck, 14 feet marl.
No. 234—10 feet muck, 14 feet marl.
No. 235—11 feet muck, 15 feet marl.
No. 236—10 feet muck, 16 feet marl.
No. 237—10 feet muck, 10 feet marl.
No. 238—Muck, no soil.
No. 239—8 feet muck, 12 feet marl.
No. 240—9 feet muck, 6 feet marl.
No. 241—18 feet muck, 16 feet marl.
No. 242—7 feet muck.
No. 243—10 feet muck, 15 feet marl.
No. 244—2 feet muck, 15 feet marl.
No. 245—20 feet muck,
No. 24616 feet muck, 12 feet marl.
No. 247—16 feet muck, 10 feet marl.
No. 248—18 feet muck, 12 feet marl.
No. 249—8 feet muck, 12 feet marl.
Town of Helvetia—This marl deposit underlies about 20 aeres of

lake and about an equal area of marsh (fig. 18). The lake has a maxi-
mum depth of 9 feet. The greatest depth of the marl may be about 30
feet. The borings indicate that there is at least 200,000 cubic yards of
marl in this deposit. It seems to be uniform in quality and appearance.
High ridges come close to shore on the north, northwest, and south
sides of the lake. The marsh is a floating bog. The inlet is fed by
springs.

The log of the borings follows:

No. 250—4 feet mold, 6 feet light gray marl.

No. 251—4 feet mold, 9 feet light gray marl.

No. 252—4 feet water and mold, 8 feet marl.

No. 253—Soil.

No. 254—3 feet mold and water, 18 feet marl.
No. 255—2 feet mud and marl.

No. 256—2 feet water and mold, 17 feet marl.
No. 257—2 feet water and mold, 17 feet marl.
No. 258—10 feet marl.

No. 259—4 feet marl.

No. 260—6 feet marl.

No. 261—13 feet marl.

No. 262—19 feet marl.
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FIGURE 18.—MARL POND ON SECTION 15, TOWN OF HELVETIA, WAUPACA COUNTY.

WINNEBAGO COUNTY

Lake Winnebago.—The marl bed on the SW. 34 of sec. 26, T. 20 N.,
R. 17 E., underlies 5 or 6 acres of swampy ground along Lake Winne-
bago. The soil covering the marl is black and from 1 to 2 feet thick.
Layers of soil alternate with layers of marl. The marl itself is uniform
in quality, but limited in amount. At high water in the lake, most of
the bed is under water. -

See figure 19 for distribution of the marl and the docation of the bore
holes. ‘ ‘

The log of the borings follows:*

No. 101—18 inches black muck, 4 inches marl. Marl is compact, dark
gray, largely decomposed and contains some sand.

No. 102—1 foot blaek soil, 2 feet marl. Marl is stiff, blue gray in color,
and very much resembles blue clay. Is largely decomposed. Con-
tains some shells. Rests on sand bottom.

No. 103—1 foot soil, 1 foot black gritty soil mixed with shells. 1 foot
marl like 102. Bottom is sand.

No.104—1 foot black soil, 10 inches light gray, largely decomposed,
compact marl containing 10 per cent shells. 15 inches marl and
vegetable mold, mold predominating. Marl contains many small
shells. 2 feet light gray, gritty compact marl, 50 per cent decom-
posed. Marl contains some soil and vegetable mold. Marl rests on
sand bottom.

No. 105—2 feet soil. 10 inches light gray compact marl partially de-
composed. 6 inches vegetable mold. 4 feet loose marl little de-
composed and consisting mainly of small shells with some mold.
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FIGURE 19.—MARL BORINGS ON LAKE WINNEBAGO.

No. 106—4 feet soil, 3 feet loose, partially decomposed marl containing
considerable vegetable mold.

No. 107—2 feet soil, 1 foot clay with streaks of marl partially decom-
posed, 3 feet marl. Rests on bed of sand.

No. 108—2 feet soil, 4 feet partially decomposed, compact marl with
some clay on top. Contains many small shells. Color of marl dark
‘gray and blue. Rests on rock bottom.

No.109—No marl. Stiff black soil.
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CHAPTER VII

SOURCES OF ALUMINA AND SILICA FOR PORTLA\TD
CEMENT IN WISCONSIN

INTRODUCTION

Before 1922 the clays and shales of Wisconsin had not been studied
from the standpoint of making Portland cement. In 1922 C. S. Cor-
bett, under a joint arrangement between this Survey and the Highway
Commission, examined various clay and marl deposits of Wisconsin
with the prinecipal purpose of determining whether suitable clays could
be found for Portland cement material. The major facts compiled
from his field notes are included in this chapter. The records of a large
number of unfavorable localities are included in Corbett’s field notes.
These notes are available for examination at the Survey office.

A large amount of additional data has been compiled from Survey
publications, especially those dealings with clays.?

Aside from the size and position of clay deposits, the qualities of clay
most esteemed by cement makers are uniformity of composition and
absence of grit or hard pebbles of quartz, chert, or similar rocks. The
silica content should be from 2.5 to 4 times as great as the total of
ferric oxide and alumina. The ratio of alumina to ferrie oxide should
be about 3 to 1 and not less than 1 to 1. The amount of magnesia
should be low and depends on the magnesia content of the limestone
¢r marl used. The magnesia in the finished cement should not exceed
5 per cent.

The shales of Wisconsin are of Cambrian, Ordovician, and Devonian
age. The Cambrian shales are usually sandy and associated with sand-
stone. Tt is unlikely that it would prove feasible to use these shales in
cement manufacture. The Ordovician shales (Richmond and Ma-
quoketa) so far as known are chemically of inferior quality for cement
manufacture. Further investigation of these formations is desirable.
The Richmond shale is about 50 to 540 feet thick and outerops in a
narrow north and south trending belt a few miles wide in eastern
Wisconsin. In southwestern Wisconsin the similar Maquoketa shale

* Buckley, E. R., Clays and clay industries of Wisconsin: Wisconsin Geol. and Nat.
Hist. Survey Bull. 7, Pt. 1, 1901.

Ries, H., The clays of Wisconsin and their uses: Wisconsin Geol. and Nat. Hist.
Survey Bull. 15, 1906.
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caps some of the highest uplands and forms the lower slopes of Platte
and Belmont mounds in Grant and Lafayette counties. For distribu-
tion see Plate VI of this report. For its detailed oceurrence in south-
western Wisconsin see the maps of the lead and zinc region accompany-
ing Bulletin 14 of this Survey. Where exposed in southwestern Wis-
consin, it usually is a brown sticky clay. In eastern Wisconsin it has
been worked for brick clay at Oakfield, Fond du Lac County, and at
Stockbridge, Calumet County. There are some thin shale beds in the
upper part of the Black River formation in southwestern Wisconsin
(p. 93).

The Devonian shale occurs north of Milwaukee, see page 166,

The clays are of glacial and residual origin. Details as to their con-
tent of gritty materials are lacking. Tt is generally true, however,
- that glacial clays are too high in gritty matter to make very good ce-
ment material as are also residual clays derived from granite, shaly
sandstone, or other quartz bearing rocks. Residual clays derived from
basic schists, syenites, and basic igneous rocks generally have a low
content of grit.

Most of the clays of Wisconsin are too high in silica to be good ce-
ment material. This is especially true of most glacial and wind de-
posited clays. The residual clays usually have a desirable proportion
of silica and alumina. Some have too much ferriec oxide in proportion
to alumina.

Table 3 (p. 192) is a compilation of analyses of Wisconsin clays and
shales. Not all of the clays listed are chemically suitable for Portland
cement. Most Wisconsin clays are high in magnesia and therefore most
of them could only be used with low magnesia marls or limestones. It
must be remembered that a clay may have proper chemical composition
for the manufacture of Portland cement and still not be of proper
physical quality. Plate VI shows the localities from which the clays
analyzed were taken. ' '

DgescripTioNs oF CLAYS AND SHALES

The descriptions of clays and shales which follow are listed under
county headings, which are in alphabetical order.

Adams County

Sample No. 39 is a glacial lake clay taken from an auger hole about
one-quarter mile from the Northwestern line and about 1 mile south-
east of the station of Brooks. The hole is located in the center of the
NW. 3} of sec. 2, T. 156 N,, R. 7 E., on a hill slope within 30 yards of
a stream. The topography is rolling and the surface for the most part
is covered with sandy soil. The clay is free from sand and gravel,
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probably was laid down in ponds, and may cover a considerable area
especially in the valley to the south, possibly 300 to 500 acres. The
log of the hole follows:

_ Feet
I. Sandy loam ... N 1
I, Yelow sand .. oo meenes 1
ITIT. Light pinkish brown silty clay, effervesces freely, water at 314
feet from SULFACE. ... 514
IV. Same clay with medium grained sand e 7
V. SAME  ClaY e 34
VI. Same clay with medium to eoarse sand and gravel, eclay about
80 per cent of the total ... ... ... 31,

Groups IIT and V were combined as sample No. 39. Analysis 253
(p. 192) indicates this clay has too high a magnesia content for use
with anything except a low magnesia carbonate.

Sample No. 40 was taken from a clay pit on the fair grounds of the
village of Friendship, near the center of the SW. 14 of the NE. 1 of
sec. 6, T. 17 N., R. 6 E. C(lay is being excavated here for use on the
roads of this vicinity. The pit is made in the valley side and is about
50 by 100 feet in area. The maximum working face of the clay is
about 15 feet. The layers exposed from the top downward are as fol-
lows: :

Feet

I. Medium to fine grained yellow sand. ... ... 34
II. Reddish brown clay with an inch of sandy clay about a foot

from the top and two thin partings of silt about 8 inches

above the bottom...... . 214
ITI. Reddish brown clay horizontally bedded in thin layers

ranging from 144 inch or less to 214 inches or more,

these layers separated by partings of light gray silt and

silty clay whose maximum thickness is 1 inch. At 414

to 5 feet above the base occurs a 15 inch bed of massive

clay which is dense and breaks with a shell-like fracture 12
IV. Medium to fine yellow sand which was bored into for 3 feet

and bottom not reached.

The bottom of the clay formation is about 6 or 7 feet above the
creek. All the beds are above the level of ground water. The entire
thickness of clay exposed in the pit, 14145 feet, was sampled as No. 40
with the soil auger. This clay (analysis 254, p. 192) is chemiecally suit-
able for cement although rather high in magnesia.

Clay similar to that of No. 40 is exposed in a small excavation for
road material along highway No. 13, 15 mile west and 114 to 2 miles
north of the village of Eagton.
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Ashland County.

Lake clays near Ashland extend from the lake shore up to an ele-
vation of about 560 feet above the lake. Analyses of these clays are
given in Nos. 255 and 256 (p. 192). ’

Brown County

Sample No. 48 was taken by E. F. Bean of the Geological Survey
from a pit in Richmond shale in the SW. 1/ of the NE. 1} of sec. 22,
T. 22 N., R. 20 E. The pit is sunk in the side of a valley and exposes
about 9 feet of shale beds containing no dolomite. The maximum
quarry face which could be obtained is estimated to be 15 to 20 feet in
height with 5 to 10 feet of stripping. The sample was taken from
pieces on the dump. Rail haul from here would be possible down the
valley to the Chicago, Milwaukee & St. Paul Railroad about 34 mile
distant. The analysis (No. 257, p. 192) shows too high a magnesia con-
tent for use in cement manufaecture. ‘

The lake clay beds at Green Bay usually have a stripping of 6 inches
to 2 feet of gravelly clay. Below the stripping lies 2 to 4 feet of red
burning clay, 4 to 12 feet of red elay which burns pink or eream color,
and a variable thickness of clay which burns white or cream color.
Thin laminae of sand alternate with clay throughout the deposits. An
analysis of the red burning clays from Finnegan’s brick yard is given
in No. 258 (p. 192).2 This analysis combinéd with that of ‘‘Caleite’’
limestone produces a ecement mixture of satisfactory composition. See
Combination 22, Table 5 (p. 194). Analyses compiled by Buckley in-
dicate that high magnesia clays are common in this vicinity and that
only the weathered red surface clay is low in magnesia. Further in-
vestigation should be made of the clays in this vieinity.

Calumet County

Samples 29, 30, and 31 were taken from a shale pit on the shore of
Lake Winnebago at an abandoned brick yard two miles north and one
mile west of Stockbridge, formerly operated by the Cook & Brown
Lime Company of Oshkosh. About 58 feet of Richmond shale are ex-
posed in this pit. The section is as follows:

' Ft. In.
I. Shale with two thin seams of dolomite and a few lay- '
ers of iron oxide, probably representing weathered
pyrite. Sample 31 did not include dolomite seams.». 11

II. Dolomite ..o
III. Shale, sample 30
IV. Shale, covered .........cooeooeeeee 5

* Geology of Wiseonsin, vol. 3, p. 213, 1879.

? Buckley, E. R., The clays and clay industries of Wisconsin: Wisconsin Geol. and
Nat, Hist, Survey Bull. 7, p. 92, 1901.

—
—
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V. Dolomite . oo 6 inchesto 1 0
VI. Shale with thin seams of dolomite .. ... 4 0
VII. Dolomite ..ooooooeoeeieeieiee e 6 inchesto 1 0

VIII. Soft gray to dark gray shale with only an occasional
thin discontinuous seam of dolomite. Sample 29...... 25 0

Near the top of the pit are 4 or 5 feet of dolomite beds ranging from
1 to 2 inches in thickness. Above the pit the surface rises moderately
for about 100 yards to a cap of dolomite 60 to 100 feet higher. The
shale dips eastward at an angle of about 1° and the lower shale divi-
sion could not be mined very far down the dip without making pre-
vision for handling water and for preventing the entrance of lake
water. The lands in this vicinity are used for farming.

Although sample 29 (analysis 259, p. 192) contains a high percentage
of magnesia, the lower 25 feet of shale is chemically suitable for
cement if mixed with lime. carbonates low in magnesia. Analysis 260
(sample 30) and analysis 261 (sample 31, p. 192) show that the upper
beds of shale in this pit have such a high content of magnesia that they
cannot be considered for cement manufacture.

Samples 32 and 33 are from another shale pit operated by the Cook
& Brown Lime Company located on the east shore of Liake Winne-
bago in the SW. 14 of the NE. 14 of sec. 11, T. 19 N,, R. 18 E. The
lake shore here is bordered by a high bluff at the base of which the
Richmond shale outcrops from 2 to 20 feet.or more above the water.
The pit is being operated for the third season and is about 110 feet
wide along the shore and has a working face of shale about 57 feet high.
Sample 32 consists of small fragments of shale chipped off from the
side of the pit and represents a thickness of 42 feet of the formation
beginning about 3 feet above the water level. One bed of dolomite and
that only 6 inches thick was struck in the sampling. It lies about 5
feet above the water. The shale as a whole is gray to dark gray and
is fairly soft. It does not break out along the bedding but in irregular
blocks showing a shell-like fracture. No pyrite or any rusty seams
suggesting oxidized pyrite were seen. Above the pit there is a shelf
about 50 yards wide and beyond this the bluff rises more steeply for
another 60 feet. The shale is said to extend to the top of the bluff.
Sample 33 represents ground shale from this pit taken at the brick-
yard of the Cook & Brown Lime Company at Oshkosh. It represents
more weathered material than No. 32, Sample 32 (analysis 262, p. 192)
is high in magnesia but might make a fair cement material if properly
proportioned with a low magnesia limestone. Saniple 33 (analysis 263,
p. 192) is too high in magnesia and too low in silica to make a satis-
factory shale for cement.
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Dodge County

Sample 15 was taken from an exposure of Richmond shale 10 feet
high on a stream bank about 450 paces south and 100 paces west of
the NE. corner of sec. 1, T. 9 N, R. 16 E., Dodge County. The small
stream referred to is a tributary of the Rock River. The location is
about 3 miles north of the Chicago & Northwestern line. Most of this
distance is along the marshy flats of the Rock River.

The shale is soft and yellowish gray. It is not distinctly bedded and
breaks in irregular fragments. A hard layer 2 or 3 inches thick at the
top of the outerop shows bedding, and one at the bottom slightly
harder than the mass of the material outerops a few inches above the
stream bed. The magnesia and silica content (analysis 264, p. 192) in-
dieates that this shale is not suitable for the manufacture of cement.

Fifty paces south-southeast from the outerop from which sample 15 "
was taken.is another outcrop of Richmond shale in a small watercourse.
Sample 16 was taken from this exposure. About 10 feet of beds are
exposed above those of sample 16, but satisfactory samples could not
be taken from them without test pitting. Hard layers of sandy shale
evidently occur in this vieinity, for their debris was abundantly repre-
sented along the watercourse. Probably 5 to 10 acres of Richmond
shale could be laid bare along these stream valleys with not over 10 feet
of stripping. Sample 16 was not analyzed. '

A small outerop of light yellowish gray Richmond shale oceurs on a
bank of a small stream about 150 paces south and 100 paces east of the
road corner near the center of the NW. 1/ of sec. 6, T. 9 N., R. 17 E. A
bore hole made here could be pushed only to a depth of 3 feet when it
reached a hard layer. The material brought up constitutes sample 17.
Although this shale is somewhat leached by weathering, it contains
(analysis 265, p. 192) about 17 per cent of magnesia when free from
volatile material. It is not suitable for cement.

Samples 22, 23, and 35 are lake clays taken from the large Horicon
Marsh which extends northward from Horieon for a distance of about
13 miles. Samples 22 and 23 were taken about 14 miles east-northeast
of Burnett near the western edge of the marsh. Sample 22 is from a
bore hole in see. 14, T. 12 N., R. 15 E., 360 paces west of the center of
the section. The layers cut by the hole are as follows:

Feet
) B YN USSR 3
TT. Gray marl . e 114

III. Dark bluish-gray clay, very Dlastlc and moderately compact
to about 914 feet, lower 5 feet is soft and contains a small
amount of marl. Sample 22. .. 10
Hole stopped in clay
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Water level is about 214 feet below the surface. The 10 feet of bluish
gray clay constitutes sample 22. The analysis (No. 266, p. 192) shows
that it is suitable for cement if properly proportioned with a low mag-
nesia carbonate. See combinations 12 and 18, Table 5 (p. 194).

Sample 23 is from a bore hole in see. 14, 550 paces east of the center
of the section. The log of the hole follows:

Feet
I. Peat. The water level stands at 8 inches............. ... 214
IL Gray marl. .o 114

ITI. Dark bluish-gray clay like that found in the hole from which
sample 22 was taken. For the most part the material is
only slightly compacted.......oocoooo o 1014

Sample 23 represents the bluish-gray clay (group III). The analy-

sis (No. 267, p. 192) indicates that this clay could be used for cement if
' properly proportioned with a low magnesia carbonate. See combina-
tions 14 and 15, Table 5 (p. 194). .

Sample 35 was taken from an auger hole near the northeast portion
of the Horicon Marsh about 1% miles southeast of Chester, a station on
the Chicago & Northwestern Railway. The hole is located on the
west line of sec. 12 about 24 of a mile south from the northwest corner
of sec. 12, T. 13 N., R. 15 E. The bore hole shows the following log:

: Feet

L Peat .o 4
IL. Blue clay Silt oo 1
III. Blue-gray compact clay, sample 85, .. ... 10

The water level stood at a depth of 3 feet, the level having been lowered
at this place by ditching. At 15 feet gravel was struck. The lands in
this vieinity have been under plow, but are now mostly grown up with
grass.

The analysis of this sample (No. 268, p. 192) indicates a clay of only
fair quality for cement. It should be mixed with a low magnesia car-
bonate. See combination 16, Table 5 (p. 194).

Fond du Lac County

Samples 25, 26, and 27 'were taken from the strip of flat lands about
3 miles southwest of Fond du Lac, formerly covered by a glacial lake.
No. 25 was taken from a bore hole 15 paces south of the northwest cor-
ner of see. 30, T. 15 N., R. 17 E. The lands in this vicinity are planted
to ordinary farm crops. The beds cut by this hole starting from the
top are:

Feet

I. Heavy dark-gray elay soil.............ooooooo 1
II. Heavy brownish-red clay free from sand and gravel. Con-

tains marl. Sample 25 9

III. Dark gray clayey silt carrying water ... 1
IV. Gray clay with pebbles, large pebble at 1134 feet from surface.. 34
Hole stopped by large pebble.
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Analysis 269 (p. 192) indicates that this is a clay which could be used
for ecement, although the magnesia content is rather high, See com-
bination 23, Table 5 (p. 194).

Another bore hole was put down 100 yards north of the center of
see. 31, T. 15 N,, R. 17 E. This location is about one mile south-south-
east from the place where sample 25 was taken. The log of the hole is
as follows:

Feet

1. Dark gray, heavy clay SOil .o 1
II. Heavy gray clay........... eeeremennn e . - 14
III. Heavy yellow and greenish-gray clay.. 1%

IV. Reddish-brown and brown heavy clay. Contains consider-
able marl ... 1114
Hole stopped in clay

Water level is at 3 feet below surface. The material of groups II and
TIT constitutes sample 26 (analysis 270, p. 192). That of group IV was
taken as sample 27 (analysis 271, p. 192). Sample 26 is a elay chemi-
cally suitable for cement. See combinations 17 and 18, Table 5 (p. 194). |
No. 27 is too low in silica and too high in magnesia.

No. 28 was taken from a belt of glacial lake clays which border Lake
Winnebago. The place from which the sample was taken is about omne
mile west of Fond du Lac at the corner of secs. 8, 9, 17, and 16, T. 15 N,
R. 17 E. The land here is used for ordinary farm purposes. The lay-
ers cut by the hole are as follows:

Feet

I Gray clay loam ... e 1%
II. Reddish-brown heavy clay with numerous small pebbles and a
small percentage of grit

The materials of group II constitute sample 28. The analysis of this
sample (No. 272, p. 192) indicates that this clay is not suitable for
cement manufacture. The presence of pebbles is decidedly objection-
able.

Analysis 273 (p. 192) is representative of the Richmond shale used
for tile manufacture at the plant of the Standard Lime & Stone Com-
pany near Oakfield in the SE. 14 of the SW. Y, sec. 14, T. 14, R. 16 E.
The magnesia and silica content indicates that this shale is not suitable
for cement manufacture.

Grant County

Eckel! gives the following section at Potosi station :

‘ Ft. In

1. Limestone, fine grained, thin bedded (Galena) .....c.ccooeenne 12 0
I1. Shale including 2 feet 4 inches of interbedded limestone.... 7 10
TTI. Limestone, fine grained, thin bedded.......corrmrcrcccncns 3 6

t 'Bekel, E. C., The Portland cement materials and industry of the United States:
i/, S. Geol. Survey Bull. 522, pp. 177, 373, 1913.
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IV. Limestone, even grained, medium bedded........ . .. .. 3 0
V. Limestone crystalline, thin bedded........_._..______ 12 0
VI. Limestone; fine grained, thin, wavy bedded (partly con-

cealed) . 18 0

The composition of bed II exclusive of limestone bands is shown in "’
analysis 274 (p. 192).

The section of the Galena and Black River formation near MeCart-
ney, Wisconsin, about 6 miles up the river from Potosi is deseribed by
Eckel! as follows:

Ft. In

I. Limestone, sub-crystalline with carbonaceous shale part-
ings (Galena) ..., 12 0

II. Shale, calcareous, including 6 inches of thin limestone
partings, total ... . 3 6
II1. Shale, blue..... ... . e 2 0
Coneealed ... b 0
IV. Limestone, bluish erystalline, thin bedded........ . 5 0
Concealed ... 10 0
V. Limestone, fine grained, thin bedded...... ... 7 0
Concealed ... 13 0

VI. Limestone, heavy bedded, buff to blue, probably mag-

MESIAN .

The composition of beds II and III exclusive of limestone bands is
shown in analysis 275 (p. 192). :

The analyses show that the shales from Potosi and McCartney are
too low in silica to be suitable for Portland cement without the addition
of a more silicecous clay. Considerable deposits of loess are known
along the Mississippi bluffs. These are generally high in silica. Loess
on the Mississippi River bluffs of Grant County is -in places 60 feet
thick. Analyses and measurements of the extent of these deposits are
not available,

: Iron County

The Tyler slates, from 7,000 to 11,000 feet thick, overlie the irom
formation in Iron and Ashland counties. The lower part of the slates
includes flinty, fragmental iron bearing slates, iron carbonate slates,
and feldspathic and chloritic slates. Other phases include miea slates,
clay slates, quartzites, and conglomerates. For distribution see maps
in monographs 19 and 52 of the United States Geologieal Survey.

Two analyses of the clay slates are taken from Monograph 19.2 See
No. 276 (p. 192) for analysis from the NW. T4, see. 6, T. 45N, R.2 E,,
and No. 277 (p. 192) for one from the NE. 14,sec. 1, T.45N,,R. 1 E. The
amount of magnetite in both is too high. In both, the alumina and iron
cxide content as eompared with silica is higher than desirable for

! Op. cit., pp. 177, 373.
*Irving, R, D., and Van Hise, C. R., Penokee iron bearing series of Michigan and
Wisconsin: U. 8. Geol. Survey Mon. 19, p. 306, 1892,
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Portland cement. Too little is known of the composition of the various
beds of the formation to tell whether any of them are of proper com-
position for cement manufacture.

Jackson County

Analyses 278 to 283" inclusive (p. 192) are of residual clay from the
Haleyon Pressed Brick Works at Haleyon northeast of Black River
Falls. This elay is a decomposed schist.

Residual clay from Halls Creek near the Haleyon brick plant was
sampled and analyzed with the results shown by Nos. 284 and 285
(p. 192).2 '

Near Merrillan clays have been formed from the weathering of shales
in the Cambrian formation. The analysis of a sample from the NW.
14 of NW. 1, see. 25, T. 23 N, R. 4 W. is given under No. 286 (p.
192).3

Two samples from the farm of Robert Dunlap near Merrillan had
the composition shown by Nos. 287 and 288 (p. 192).*

Analysis 289 (p. 193) is of Eau Claire shale from the NW. 14, NW.
1/, sec. 32, T. 19, R. 6 W., near North Bend.

Kenosha County

At the W. J. Craney brick yard near Kenosha the section exposed
is as follows:

Ft. In.

) G 105 1 RO O 18
IT. Deep Ted Clay...oocooceeorececeomeeecec e eccnem e 7 0
IT1. Blue or eream burning elay. ... 6 0

Analysis 290 (p. 193)° of the upper red weathered clay indicates that
this clay is chemically suitable for cement.

Manitowoc County

The bank of the Manitowoe Clay Products Company shows the fol-
lowing section of lake clays:

Feet

I. Loam and soil with sandstone pebbles ... ... ... 2
TI. Red Clay oo 6
I11. Blue clay with sandy streaks............c 8
IV. Fat blue elay ..o Depth unknown

* Buckley, E. R., The clays and clay industries of Wisconsin: Wisconsin Geol. and
Nat Hist. Survey Bull. 7, p. 222, 1901. Ries, H., The clays of Wisconsin and their
uses: Wisconsin Geol. and Nat. Hist. Survey Bull. 15, p. 111, 1906.

* Buckley, E. R., op. cit., p. 222.

* Ries, H., op. cit., p. 113.

* Buckley, E. R., op. cit., p. 240.

* Ries, H., op. cit., p. 60.
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- Analysis No. 291 (p. 193)* of the top red clay indicates that this
.clay is chemically suitable for cement manufacture.

Marathon County

The clay at the brickyard at Ringle, ‘Wisconsin, underlies 1 to 3
feet of sand and gravel. The elay from the top downward includes a
dark red plastic clay from 1 to 3 feet thick, 3 to 4 feet of dark blue
clay, and an unknown depth of dark’ blue, partly weathered gneiss.
The clay is derived from the weathering of the gneiss. Analyses 292,
293, and 294 (p. 193)% are of samples from this deposit. These clays
are not suited to cement manufacture.

Marquette County

Samples No. 37 and 38 were taken from auger holes made in old
lake deposits which ecover about 4 square miles in the vicinity of Ox-
ford. A strip of these deposits about 2 miles wide extends southward
to Briggsville, a distance of about 11 miles. A boring was made about
1% miles southeast of Oxford, 415 paces north and 815 paces west of
the SE. corner of sec. 21, T. 15 N., R. 8 E. The beds cut by the hole
are as follows:

Ft. In.

I. Gray silty loam 8
II. Reddish brown silty, clay effervesces slightly with acid.
At 6 feet struck a thin seam of clayey silt of the same

color as sample 37 10 10
ITI. Bluish gray silty clay, effervesces readily with acid.

Sample 38 - 6 6

Water at 6 feet.

A well at a house not over 100 yards north of this boring is said to
have cut through 85 feet of the same kind of clay as appears near the
surface. In composition sample 37 (analysis 295 p. 193) would be suit-
able as clay for cement although rather high in magnesia. Combina-
tions 19 and 20, Table 5 (p. 194) indicate the possibility of manufactur-
ing cement from this elay and marl. The analysis of sample 38 (No.
296 p. 193) shows that this clay could be used only with a very pure
carbonate.

A boring made in the SE. 1 of the SE. 14 of seec. 21, 450 paces north
of the hole from which samples 37 and 38 were taken, went through 714
feet of reddish brown clayey silt before striking the gray clayey silt.
This boring was at an elevation several feet lower than the previous
one. A boring made on the west line of sec. 21, 175 paces south of the

! Ries, H., op. cit., p: 89.
* Buckley, E. R., op. cit., p. 229.
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W. 1 corner, was stopped in peat at a depth of 9 feet. Another bor-
ing made in the marshy tract in the west half of sec. 21 showed from
the surface downward:

Ft. In.

T. Sandy L0IN. oo oeeeceeereeen i sen et 6
II. Gray sand, very clayey in lower one-half foot.................. 2 0
III. Yellow clayey Sand........ooemeocmmmmmmessemssmrcses s 1 0
TV, Gray Silb oo 2 6

Water at 3 feet.

These lands are within a mile of the Northwestern Railway which
could be reached on a very easy grade.

Samples 41 and 42 were taken from lake clays which lie about 4
miles west of Montello. The boring from which they were taken was
made 225 paces west of the S. ¥4 corner sec. 10, T. 15 N, R. 9 E.
_ The surface here is gently rolling except for some low hills about 14
mile to the north. About 50 yards south the land is marshy. The loca-
tion is on the northern edge of a marshy area about 3 miles long and
from 1 to 1 mile wide. Clay is being taken from a small pit near
the road for use on the roads. The pit has a working face of 4 feet
and is about 25 feet long and 10 feet wide. The log of the boring is
as follows: '

Ft. In.

1. Mixed yellowish gray clay, sand, and gravel............... 2 0
II. Brownish yellow clay with a little sand and occasional

PEDDIES oot 1 6

IIT. Yellow SiltY Clay eeeeoeooo e 6

IV. Yellow clayey silt. . ooreieeee e 2 0

V. Interlaminated yellow silty clay, silt, and some fine gra
Pr2 ¢ (o AR SRR 6
VI. Interlaminated bluish gray clayey silt and silty clay....... 4 6

Hole was stopped in the last described material. The water level
stood at 614 feet below the surface. The material from groups II, III,
IV, and V was taken as sample 41 (analysis 297, p. 193), that from
group VI as sample 42 (analysis 298, p. 193). In both samples the mag-
nesia content is rather high and the alumina low.

Samples 43, 44, 45, and 46 were taken in the viginity of Lake Ennis,
a locality which was under consideration for a cement project about 20
years ago (p. 139). Lake Ennis lies about 34 mile northeast of the Fox
River in sec. 14, T. 14 N., R 9. E. The lake and marsh cover about
60 acres and the adjacent land is high. The maximum depth of the
lake is said to be 40 feet.

A bore hole just north of the former shore line of Lake Ennis on land
10 feet above the marsh level located 525 paces west and 260 paces south
of the E. 14, sec. 14 gave the following log:
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Ft. In.
I. Yellow sandy elay...... ... 2 0
I1. Reddish-yellow and yellowish-gray elay.........._._..._ . . 3 3
III. Yellowish-gray clayey silt and very fine sand...._._ . ' 6
IV. Reddish-yellow and yellowish-gray clay ... . 9
V. Yellowish-gray silt and very fine sand with water.. 2 6
VI. Reddish-yellow clay ... ...~~~ 6
VII. Yellowish-gray silt and very fine sand.__ ... 1 0
VIIIL. Bluish-gray elay.... ... """ 1 0
IX. Yellowish-gray silty elay ... 6
X. Interbedded bluish-gray pebbles, gray and yellowish-
gray clay with some silt and pebbles......____.._.___ 5 9

_ Sample 43 (analysis 299, p. 193) represents the materials from II, IV,
VI, VIII, IX, and X. The materials from III, V, and VII were saved
as sample 44 (analysis 300, p. 193). The high magnesia content makes
these clays of doubtful value for cement. ’

Another bore hole about 600 paces south and 260 paces west of the
center of sec. 14 gave the following :

Ft. In.

I. Hard-packed, gray, clayey sand overlain by a few
inches of sandy loam. .. ... " " 1 0
I1. Yellow sand with small amount of clay binder ... 1 9
IT1. Gray and yellow elay....o...__._._ . . 9
IV. Gray sand ... 6
V. Gray and yellow sandy elay............._____._ 9
VI. Gray and yellow clay with some silt layers.....__ 1 0
VII. Blue-gray clay with some silt layers....._..._____ .. 12 0

Hole stopped in silt layers

The water level stood at 514 feet below the surface. The material from
IIT and VI was saved as sample 45 ( analysis 301, p. 193) ; that from VII
constitutes sample 46 (analysis 302, p. 193). The magnesia content of
these samples is high. Such clays would be suitable for cement if prop-
erly proportioned with a low magnesia carbonate.

Milwaukee County

Sample I is from the Milwaukee formation and was a dark shale (of
Devonian age) taken from the dump pile at the mouth of the intake
tunnel extending out under Lake Michigan from the north end of
Lake Park, Milwaukee, in line with Linnwood Avenue, located in the
SW. 14, sec. 14, T. 7 N,, R. 22 E. The material was excavated in con-
structing the tunnel. The analysis (No. 303, p. 193) shows that in com-
position it is a very satisfactory shale for cement. See combinations
1 to 5, Table 5 (p. 194). It is not known whether any of this material
underlies the surface adjacent to the lake at a sufficiently shallow depth
to make quarrying feasible.

Sample 3 was taken in the SW. corner of the NE. 14 of the SW. 14
of sec. 22, T. 6 N, R. 22 E. The surface materials here have been
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mapped by Alden as terminal moraine. A sixteen-foot bore hole in
this place showed the following log :

Feet
T 00l e 1
IT. Yellow clay, occasional pebbles......................_..... ... 4145
I11. Fine clayey sand with small pebbles............................... 114
IV. Yellow clay, occasional pebbles.............._._._ ... 114,
V. Fine clayey Sand ... oo 115
V1. Yellow clay, occasional pebbles........... ... ... 1
VII. Blue eclay, ocecasional pebbles............. .. 5

The materials from layers I1, IV, and VI were put together as sam-
ple 3. The sample was somewhat contaminated by sand rubbed off the
side of the hole in bringing up the auger. The analysis (No. 304, p. 193)
shows that this material is probably too high in silica and too low in
alumina to make a good clay for cement.

The Milwaukee cream-burning clays are glacial lake clays. See
analysis 305 (p. 193)* of a sample from the Chase Brick Company’s de-
posit. This indicates a elay chemically suited to the manufacture of
cement. This deposit is exhausted and the pit is now surrounded by
buildings.

Pierce County

The clay bank at G. H. Smith’s brickyard at River Falls is a glacial
clay, 36 feet deep, of which the upper 10 feet is a yellow clay and the
lower 26 feet a blue clay. See analyses of the clay, Nos. 306 and 307*
(p. 193). No. 307 is chemically suited for the manufacture of cement.

Portage County

Residual clay is found underlying the Cambrian sandstone at Spring-
vale. The composition of a sample from a deposit 4 miles south of
Stevens Point on the Stevens Point and Plover Highway, just north of
a railroad bridge is shown by analysis 308 (p. 193).*

The clay at the Stevens Point Brick and Construetion Company is
derived from the decay of a granitic schist and is over 8 feet deep. The
composition of a sample is given by analysis 309 (p. 193).*

Racine County

Sample 4 represents lake clay lying at a depth of 2 to 1134 feet as
determined by an auger hole about 31% miles north of Racine on the
western line of see. 21, T. 4 N,, R. 23 E., about 200 yards north of the
southwest corner of the section. The log of the hole follows:

*Ries, H., The clays of Wisconsin and their uses: Wiscongin Geol. and Nat.
Hist. Survey Bull. 15, p. 72, 1906.

2 Buckley, E. R., The clays and clay industries of Wisconsin: Wisconsin Geol. and
Nat. Hist. Survey Bull. 7, p. 273, 1901.

* Ries, H., op. cit., p. 123.

¢ Idem, p. 125.
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Ft. In.

I. Gray loamy s0il ..o 6

II. Fine yellow sand or silt, slightly eclayey................ .. 1 6

III. Grayish red to red heavy clay 5 6
IV. Reddish gray to gray clay. At 9 feet from the surface

: there is a gray silty clay seam 3 or 4 inches thick........ 4 0

V. Gray pebbly €lay .t 1 6

The material from IIT and IV was taken as sample 4 (analysis 310,
p.193). Itis too high in magnesia to make a desirable clay for cement
unless used with a low magnesia carbonate.

The clay deposit is reported to extend 200 or 300 feet to the east.
Westward the clay probably extends one-half mile or more. The land
in this vieinity is used for ordinary farm crops or is in pasture.

Sample 5 is a lake clay taken from 2 to 8 feet below the surface at
the lake bluff exposure near the center of the SE. 14 of the NE. 1/ of
sec. 17, T. 4 N., R. 23 E. about 5 miles north of Racine. The section
from the top downward is deseribed as follows:

Feet

I, Sandy SOIL .eoeoeoiee ettt e 1

II. Yellow elayey Samd.... oo meme e 1
ITI. Laminated elay of various colors and fine clayey sand or silt

chiefly reddish oF gray ..o 4

IV. Dark reddish gray €lay. .o 2
V. Dark gray pebbly clay apparently not bedded. Pebbles are

mainly dark shale........oooooooe e 5

Sample 5 representing the material from IIT and IV contains oceca-
sional pebbles and a sandy silt layer constituting about 8 inches of the
seetion. The silt would probably pass through 100 mesh. See analysis
311 (p. 193). The magnesia content is rather high for cement manufac-
ture. See combinations 6 to 9, Table 5 (p. 194).

Sample 6 is a bluish gray lake clay taken from an auger hole bored
on the marshy flats to the southeast of Wind Lake on the north line of
sec. 16, T. 4 N., R. 20 E. about 650 paces east of northwest corner of
the section. There is a drainage ditch along the line between sees. 15
and 16 and another between sees. 10 and 15. The ditches are 5 to 6
feet deep, but show no good exposures on account of slump. The log
of the hole is as follows:

Ft. In.
I. Black muck........coccooeeviiieee e aeaeeem e am e enenean 2 0
II. Yellowish-gray sandy €lay.....ooooiommmereoeeeeeneces 6
III. Sand, medium grained at top, coarse at bottom, carrying
water 0
IV. Bluish-gray clay entirely free from sand and gravel and
smooth and plastie, sample 6.t 11 6

V. Below 16 feet a bluish-gray clay eontaining coarse sand
particles was struck and was penetrated for an inch
or two
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Chemically this clay (sample 6) is not suitable for cement unless prop-
erly proportioned with a low magnesia lime carbonate. See analysis
312 (p. 193).

The marsh deposits of this area are diversified by occasional slight
elevations consisting of morainal deposits. Land in the south part of
sec. 10 and north part of 15 is farmed only to a small extent, mainly
for growing hay. Near the southwest corner of sec. 15 the ditch is 10
feet deep and shows some gravel and fine silt with marl on the dump.
A bore hole on the north line of sec.-15, 150 paces east, of the northwest
corner of the section, showed the following layers:

Feet

1. Black muck, water at 3 feet........ ... 3%
I1. Brown organic Matter.........oooooooeoooeee oo 2

ITI. Light blue-gray marly elay........... ... . 1%
IV. Light blue and gray sandy clay............. et 2

V. At 9 feet gravel
Sauk County

A clay deposit exposed in a ravine in the NW. 14, sec. 6, T. 12 N.,
R. 6 E. gave the following mechanical analysis:!

Size in Millimeters Per Cent

Fine gravel.. .. ... ... 2to1l 0.0
Coarse sand..... .. ... 1t00.5 0.1
Medium sand..__.._...._..___.._. 0.5 t0 0.25 0.0
Fine sand . .. 025t00.1 0.4
Very fine sand.................... 0.1 t0 0.05 3.1
Coarse silt ... 0.05 to ? 13.9
Fine silto..ooeeo oo % to 0.005 35.5
Clay oot 0.005to 0 46.9

This clay bank is a part of a large clay deposit of unknown extent.
Thicknesses of 5 to 15 feet were seen at four places 880 to 920 feet above
sea level, within 1%5 miles of the head of Mirror Lake, The composi-
tion of the clay is shown by analysis 313 (p. 193).2 The silica alumina
ratio is rather low to favor the use of this clay in cement manufacture.

The Seeley slate underlies parts of the Baraboo Valley in Sauk
County. It does not outerop, but has been found at the Illinois iron
mine near North Freedom and at the Cahoon mine near Baraboo. In
both mines the slate beds lie at a steep angle and are overlain by the
iron formation. The Seeley slate has also been found in various dia-
mond drill holes in the Baraboo Valley.* At the Cahoon mine it lies
under less than 100 feet of overburden. The depth to the slates in the
Illinois mine is about 100 feet.

' Alden, W. C., The quaternary geology of southeastern Wisconsin: U. 8. Geol.
Survey Prof. Paper 106, p. 322, 1908.

*Tdem, p. 228.

* Weidman, Samuel, The Baraboo iron-bearing district of Wisconsin: Wisconsin
Geol. and Nat. Hist. Survey Bull, 13, 1904.
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Only one analysis of the Seeley slate is on record. It is of a sample
from the Illinois mine. The analysis as given by Weidman is No. 314
(p.193).! ~

From the foregoing analysis, it appears that the Seeley slate would
probably make a fair shale for Portland cement. Favorable qualities
are its low magnesia and sulphur content, and the almost total absence
of alkalies. The silica content as compared with the total alumina and
iron oxide content is low.

The cost of mining the Seeley slate and shipping it to a cement mill
would need to be given careful consideration.

Sheboygan County

A thin bed of red clay overlying the cream-burning clay at the O.
Zimbal Brick Yard at Sheboygan has the composition shown by analy-
sis 315 (p. 193).2

Taylor County

A greenstone outcrop on the Black River 4 miles southwest of Med-
ford is changed at the surface into a deep red clay, 16 feet or more in
depth. It is covered in most places by glacial drift. The composition
of a sample from this deposit is given by analysis 316 (p. 193).> The
high iron content of this clay renders it useless for cement manufac-
ture.

Walworth County

The composition of a sample of lake clay taken near the southwest
corner of the NE. 1 of the NW. 1 sec. 4, T. 4, R. 15 E., near White-
water is given by analysis 317 (p. 193). Owing to the high magnesia
content this clay is not chemically suited to cement manufacture.

Washington County

Samples 19, 20, and 21 were taken from the area of level land com-
prising about 10 square miles northeast of West Bend. These lands,
some of which are still marshy, were once covered by a glacial lake.
Sample 19 was taken in the northwest corner of the area 450 paces
west of the center of sec. 30, T. 12 N., R. 20 E. The auger hole made
at this place gave the following record:

* Weidman, Samuel, The Baraboo iron-bearing district of Wisconsin: Wisconsin
Geol. and Nat. Hist. Survey Bull. 13, p. 48, 1904.

*Ries, H., The clays of Wisconsin and their uses: Wisconsin Geol. and Nat.
Hist. Survey Bull. 15, p. 174, 1906,

*Idem, p. 132.
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Ft. In.
I. Dark gray silty loam_ ... ... 8
I1. Brown silty Clay ... 10
ITI. Yellow silt, at a depth of 8 feet struck several pebbles, :
possibly thin gravel seam ... 6 6

IV. Yellow clayey silt with a seam of gray silty clay at a
depth of 10 feet......_.... e emtea e m e m e n e em e 3 0
V. Bluish-gray silty clay contains marl.................._.._.._._._. . 2 0

The material from V constitutes sample 19 which was not analyzed.

Samples 20 and 21 were taken from an auger hole in the southeast
corner of see. 32, T. 12 N., R. 20 E. about 114 miles southeast of the
place where sample 19 was taken. This location is about 3 miles from
the Northwestern Railway. To the east, southeast, and south of this
corner, the lands are marshy with some standing timber. A few rods
to the west and northwest they are cleared and under cultivation. The
log of the hole is as follows:

Ft. In.

T, SUITACE .o 8

I1. Yellowish-gray sand..............o oo 1 4

ITI. Light yellow silt. . ..o 1 0

IV, Yellow sand ..o 6
V. Mixed yellow .and gray clay. Water at 4 feet from

SUPTQCE e 3 0

VI. Bluish-gray elay ... e 4 0

VII. Gray, heavy, clayey silte...... ..o 4 0

VIII. Bluish-gray elay .. e 2 0

Sample 20 (analysis 318, p. 193) represents the yellow and gray clay
from V, VI, and VIII; sample 21 (analysis 319, p. 193) the silt from
VII. Both samples are too high in magnesia to be suitable for cement.

Waukesha Cgunty

Sample 7 was taken from a boring in marsh deposits between Wind
Liake* and Muskego Lake in Waukesha County. The location is about
40 yards west of the center of sec. 33, T. 5 N., R. 20 E. The following
is the log of the bore hole:

' Ft. . In.

1. Black muek. ... 3 0

II. Brown organic matter beeoming somewhat clayey........... 3 0
IT1. Greenish-brown clay with much organic matter showing
slight effervescence with cold hydrochloric acid. Light

bluish-gray color at 8 feet. Sample 7. ... 9 0

IV, Sand .o 4

The material from III, sample 7, was very similar to that of sample 6
southeast of Wind Lake, differing only in compactness. No. 6 was a
hard mass containing very little water and difficult to bore through.

! See sample 6, Racine County (p. 168), for logs of borings southeast of Wind Lake.
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The material of No. 7 was soft and wet and flowed into the bore hole-
soon after the auger was removed. No. 7 (analysis 320, p. 193) is chemi-
cally suitable for cement, although its content of magnesia is too high
except for use with a low magnesia carbonate. See combination 21,
Table 5 (p. 194). The Milwaukee Electric Railway passes within a
mile of the place where sample 7 was taken.

Sample 8 was taken from a bore hole in the same marshy area as were
samples 6 and 7. The boring was made a little to the east of Muskego
Lake, 170 paces north and 30 paces west of the E. 14 corner of see. 23,
T. 5 N., R. 20 E. The sample is a bluish-gray clay and gray silty clay
and is a combination of IV, VI, and VIIL. The section of the bore hole
follows:

Ft. In.

I. Gray sand with soil at top ' 1 6

II. Heavy grayish-green clay with pebbles ............................ 3 0
ITI. Fine gray, clayey sand 3 0
IV. Bluish-gray clay free from sand and pebbles................ 1 6

V. Fine elay sand like ITT. . i 6

VI. Gray silty clay IS 2 6

. VII. Very fine gray sand..... erecteteteeteame et s ne e ra e e 6
VIII. Gray silty elay ..o -1 3
IX. Fine clay silt ' 3

The analysis, No. 321 (p. 193), shows that this clay is not suited chemi-
cally for cement manufacture. The content of magnesia is too high
and alumina is too low.

Sample 9 was taken from a bore hole on the south line of see. 8,
T. 5 N, R. 17 E. about 15 mile west of the southeast corner of the sec-

. tion. The section of the hole follows:

Ft. In.

1. Black muck . 2 6
II. Mottled gray silt, becoming more clayey downward until
at 4 feet (from surface) it is a gray clay almost free

from silt 9 9
ITI. Material which felt like sand or fine gravel, but auger

came up empty 6

IV. Gray clay with some pebbles probably from just above... 3

Sample 9 (analysis 322, p. 193) is representative of all clayey material
below 314 feet from surface. This clay is chemically unsuited for
cement because of the high magnesia content.

Sample 10 was taken from a bore hole on a slight ridge in the marsh
in the NW. 14 sec. 16, T. 5 N., R. 17 E., on diagonal road about 300 feet
southeast of its intersection with the west line of sec. 16. The section
of the bore hole follows:

: Ft. In

L. Black 1OAM oo 1 6
IT. Yellow Clay ..o e 1 0
IT1. Medium to fine sand. ... reeene 9
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VIIL Gray silty elay oo
VIIL Gray elay. ..o

Sample 10 represents material from VI. The analysis (No. 323, p. 193)
shows a clay too high in magnesia to be used for cement.

Sample 12 represents incoherent gray clay piled up near the receiv-
ing end of the Lime Products plant. The source of this is uncertain. -
Analysis 324 (p. 193) indicates that this clay is of good quality for

“ecement. See combinations 10 and 11, Table 5 (p. 194). See page 146 for
a marl analysis from this vicinity.

IV. Pinkish-yellow pebbly ¢lay........ . 6
V. Fine sand with water............... ... 2 3
VI. Yellow clay free from pebbles............... .. . ... . 3 0
3

9

Wood County

Immediately west of Milladore at the west end of the Hooper prop-
erty lying south of the Soo Line, there is a clay deposit more than 12
feet thick. See analyses 325! and 3262 (p. 193). No. 325 is high in iron
and low in silica; No. 326 is a clay chemically suited for cement.

On the Mitchell property southeast of Pittsville a residual clay de-
posit from 6 to 8 feet thick underlies about 35 acres. See analysis 327
(p. 193)2 for composition of this clay which is not suitable for cement.

Analyses 328 and 329 (p. 193)* were made from residual clay samples
collected near Wisconsin Rapids. No. 328 is too high in iron to be suit-
able for cement. No 329 is a clay which could probably be used in
cement manufacture.

At the Grand Rapids Pressed Brick Yard, 3 miles northwest of Wis-
consin Rapids, the following residual clay beds are exposed:

Feet

I, Surface Sand ... 1-2
II Blue Clay ..o 34
ITT1. Decomposed granite SEhist....... oo 6

Analysis 330 (p. 193)° shows that this clay is of fair quahty for cement.

A residual clay from diorite is located south of Wisconsin Rapids in
the southwest corner, see. 18, T. 22 N, R. 6 E. The clay is about 8 feet
deep. The bed rock on which it rests outerops from 8 to 10 feet above
the river. For composition see analysis 331 (p. 193).® This clay is not
chemically suitable for cement manufacture.

! Ries, H., The clays of Wisconsin and their uses: Wiseonsin Geol. and Nat. Hist.
Survey Bull. 15, p. 114, 1906.
?Idem, p. 116.
* Idem, p. 120. :
¢ Buckley, E. R., The clays and clay industries of Wisconsin: Wisconsin Geol. and
Nat. Hist. Survey Bull. 7, p. 225, 1901.
° Ries, H., op. eit., p. 118.
®Idem, p. 117. ‘
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SUMMARY

The sample of Devonian shale from the intake tunnel at North Park,
Milwaukee, is chemically suitable for cement. There is considerable
doubt, however, whether any of this material is near enough to the
surface on lands adjacent to the lake to permit cheap quarrying opera-
tions.

All samples of Richmond shale which were analyzed are high in mag-
nesia, ranging from 9 to 18 per cent when caleulated to a non-volatile
basis. The weathered shales do not appear to have less magnesia than
the less leached portions of the formation. In faet, the reverse seems
to be true so far as tested. It is possible that further exploration will
lead to the discovery of chemically suitable beds. The Tyler slate near
Hurley (p. 162) is clearly not chemically suitable for cement. The cost
of mining the Seeley slate at Baraboo might be sufficiently high to make
its use uneconomical, but its desirable quality necessitates careful con-
sideration. .

‘With 'most of the shales and slates tentatively eliminated as sources
of silica and alumina and all Wisconsin limestone eliminated as a
source of lime, the investigation is largely limited to lake clays and
marls as the chief cement materials available in Wisconsin.

In Table 4 (p. 194) a number of analyses are caleculated to a non-
volatile basis. Table 5 gives the proportions of clay or shale and marl
or limestone which would make Portland cement and the analyses of
the resulting cements.

Marl analysis 239 was chosen as a type of marly clay. Analyses 238,
248, and 249 were selected as typical marls and suggest the sort of
marl that may be found elsewhere in Wisconsin.

‘‘Calecite’’ is a very pure limestone from the vicinity of Rogers City,
Michigan. As the quarry, the largest in the world, is located on Lake
Huron, a water haul is possible. The quarry produces furnace flux
and at present wastes a good deal of stone smaller than 4 inches in
diameter. If deposits of suitable clay or shale can be found accessible
to Liake Michigan, it might be feasible to use ‘‘ Calcite’’ as a source of
lime.

Combinations 1 to 5, Table 5, are all based on Devonian shale. In
No. 1 a combination of this shale with marly clay produces a mixture
low in lime. A combination with marl (analysis 248) produces a mix-
ture low in alumina and high in magnesia. Combinations 3, 4, and 5
produce mixtures of satisfactory analyses. They show that the manu-
facture of cement from Devonian shale and marl or a limestone similar
to ‘“Calcite’’ is chemically possible.

Combinations 6 to 9 are based on a lake clay. See analysis 311
(p. 193). Combination 6, a mixture with marly clay, is low in lime.
but could be made satisfactory by the addition of some low magnesia
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limestone. Combination 7 is too high in lime and magnesia and too
low in iron and alumina. Combination 8 is too high in magnesia. Com-
bination 9 indicates a satisfactory mixture. This clay is chemically
suited for mixture with a low magnesia marlor limestone.

Combinations 10 and 11 use clay, analysis 324 (p. 193). These com-
binations indicate that a clay of this composition is chemically suitable
for mixture with marl.

Combinations 12 and 13 use clay, analysis 266 (p. 192). In both mix-
tures the magnesia content is a little high.

Combinations 14 and 15 use clay, analysis 267 (p. 192), from the
Horicon Marsh. In the first the magnesia content is a little high. The
second indicates a satisfactory mixture.

Combination 16 uses clay, analysis 268 (p. 192), and a marl. The mix-
ture is too high in magnesia.

Combinations 17 and 18 use clay, analysis 270 (p. 192), with marls
and produce satisfactory mixtures.

Combinations 19 and 20 using a clay, analysis 295 (p. 193), and marls
produce mixtures which are too high in magnesia.

Combination 21, a mixture of clay, analysis 320 (p. 193), and marl, is
too low in alumina and too high in lime and magnesia.
 Combination 22 is a mixture of a clay, analysis 258 (p. 192), and
¢(Calcite,”” and results in a satisfactory cement mixture. See page 194.

Combination 23, a mixture of clay, analysis 269 (p. 192), and ““Cal-
cite,”’ is a little high in magnesia.

These studies lead to the following conclusions regarding clay mate-
rials for cement manufacture in Wisconsin :

1. The Devonian shales sampled are chemically suited to the manu-
facture of cement, either with a marl of good quality or with a
low magnesia limestone. Whether these shales can be quarried at
low enough cost and in sufficient quantity has not been determined.

9. Some glacial lake clays are chemically suited to the manufacture of
cement either with marl of good quality or with low magnesia
limestone. '

Further investigation should be made

1. To determine the accessibility, quantity, and quality of Devonian
shales. .

9. To locate beds of Richmond shale which are low in magnesia.

3. To locate beds of clay which are of suitable quality and sufficient
size to justify the erection of a cement plant.
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CHAPTER VIII

THE ECONOMIC POSSIBILITIES OF MANUFACTURING
PORTLAND CEMENT IN WISCONSIN

The principal factors governing suecessful cement manufacture in
Wisconsin are (1) raw materials, (2) market, (3) transportation, and
(4) labor.

Raw MATERIALS

This is the most important factor. The plant must be located in a
place where abundant supplies of raw materials may be cheaply ob-
tained. These raw materials are limestone or marl, and clay or shale.
In previous chapters the following facts in regard to raw materials in
Wisconsin have been presented:

1. Limestone. Some of the ‘‘glass rock’’ beds in Grant County are
chemically suitable for cement manufacture, but the beds are thin
and the overburden usually heavy, making the cost of quarrying
high. Though the eost of quarrying does not necessarily condemn
a deposit properly located with reference to transportation and
center of demand the location of the Grant County limestone is
very unfavorable. All other limestones in the state have such a
high magnesia content that they cannot be used for cement manu-
facture.

2. Marl. Investigation has shown that there is marl chemically suited

~ to cement manufacture in many loealities in Wisconsin.

3. Clays. Investigation during the summer of 1922 has shown that
there are chemically satisfactory clays in southeastern Wiseonsin.,

4. Shale. The analysis indicates that Devonian shale from the intake
tunnel north of Milwaukee is chemically suitable for cement.
There is considerable doubt whether this shale is near enough to
the surface to permit economical exploitation. All samples of
Richmond shale which were analyzed are high in magnesia. It is
possible that future exploration will lead to the discovery of beds
chemically suitable for cement manufacture.

0. Michigan stone at lake ports. There is a possibility of shipping in
chemically suitable limestone by water from Michigan.

Before the erection of a cement mill ean be seriously considered, in-
vestigation must be made to determine whether at a suitable site we
have marl and shale or clay of proper quality and in sufficient quantity
to justify the erection of a mill. This investigation will involve con-
siderable field work to determine what areas are most encouraging. The
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geological work should be followed by very careful exploration, sam-
pling, and chemical analyses. Samples from the more favorable sites
should be made into cement and the product tested before final decision
is made.

Coal is an 1mlportant factor. We know this must be shipped in.
Freight from, various mines to certain prospecﬂlve sites must be con-
sidered.

Plant possibilities—There are two distinet possibilities of plant loca-
tion as determined by raw materials: first, a plant on the Lake Michi-
" gan shore, on Green Bay, or Lake Winnebago utilizing Michigan lime-
stone. Such a plant would have the advantage of water-hauled lime-
stone and coal. This plant could use a local clay or shale, or these
could be shipped in. Such a plant would be obliged to stock-pile lime-
stone and coal during the transportation season.in sufficient quantities
to ecarry the mill through the four months when navigation is closed.
Such a plant would not have absolute control of its raw materials un-
less it bought and operated a quarry outside the state.

The second possibility is a marl plant. The information at hand
indicates that such a plant would be located away from the lake and
would be dependent upon rail-hauled eoal. A million-barrel plant
would need for a 50-year life 1,150 acres of marl averaging ten feet in
depth. This means that no small deposit can be considered. The dis-
advantages of a marl plant are: (1) As excavated the marl contains
50 to 60 per cent of water. This would require a wet process mill in-
volving somewhat higher fuel consumption than would the limestone
plant deseribed above. The use of long kilns makes it possible to use
the wet process more efficiently than with short kilns, but there seems
to be an advantage of about 5 cents per barrel in favor of the dry
process. (2) Marl deposits are likely to be erratic in quantity and
quality. Very thorough exploration of the deposits will be necessary
to insure the plant against much of this unecertainty. (8) It is im-
possible to excavate marl during the winter months. The plant would
be obliged (a) to shut down during the winter, (b) to stock-pile marl
during the summer, or (c) to operate during the summer at increased
capacity and operate only the clinker-grinding department in the
winter.

' MARKET

‘Wisconsin offers a good market for Portland cement. In 1920 its
rank as a cement consumer was eighth in the Union. The states
which used more cement than Wisconsin in that year include New York,
Pennsylvania, Illinois, Ohio, California, Michigan and New Jersey.

According to the U. S. Geological Survey, Wisconsin used 3,484,700
barrels of cement in 1920. Tts per capita consumption of cement was
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1.31 barrels, that of the United States as a whole was only 0.87 per
capita. Of the total cement production of the United States 3.4 per
cent was consumed in Wisconsin. ‘

In 1921 the total shipment of cement into Wisconsin was 3,849,000
barrels. Of this total 1,173,550 barrels, or 30.5 per cent, was used in
highway construction. This does not include eement for city pave-
ments. In 1922 the total shipments were 3,756,000 barrels. Of this
1,193,800 barrels, or about 32 per cent, was used in highway construe-
tion. '

We have no statisties on the distribution of cement other than that
used for highway purposes. Assuming that the non-highway cement
is distributed equally according to population, the center of non-high-
way cement consumption coincides with the eenter of population, which
in 1920 was 2.5 miles south of Neshkoro in Marquette County. Since
1880 the center of population has been in eastern Marquette County. If
it is fair to assume that the center of consumption of non-highway
cement is and will continue to be relatively near the center of popula-
tion, it seems likely that this center of consumption will not move very
far during the life of a cement mill,

The center of highway construetion cement consumption in 1922 was
about five miles southwest of Fond du Lae. This center will change
somewhat from year to year as the amount of concrete construction in
bond issue counties fluctuates. With an inerease in conerete construc-
tion in the southwestern part of the state, it is to be expected that the
general movement of the center of highway consumption will be west-
ward.

There is a strong demand for cement in Wisconsin. A cement plant
located near the center of this demand would find a ready market for
cement of proper quality. If other factors permit, the plant should be
located near the center of least competition with outside plants.

TRANSPORTATION

The mill should be located on or near two competing main railway
lines. The freight rates on cement from Mason City, La Salle, Buffing-
ton, Duluth, and Petoskey to Wisconsin points should be determined.
With this data it will be possible to construct a freight rate contour
map, thus determining the center of least competition.

Lasor

In determining the location of a plant the labor supply and the hous-
ing of employees must be considered. If the plant is near a town and
transportation can be arranged, labor supply and housing will not
present many diffieulties. If the plant is at some distance from a town,
it will be necessary to establish a village which would contain 500 to
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600 people. This would require houses for married men, a boarding
house, a chyrch, schools, and a store, as well as sewage, water, and
lighting systems. Such an additional expenditure. would add mate-
rially to the cost of the completed plant. For this reason it would
appear advisable to locate a plant near a town.

Size axDp CosT oF MILL

In order to be a real factor in competition and to operate at as low a
cost as possible, the mill should have a capacity of 1,000,000 barrels
per year.

Hilts estimates (December 9, 1920) that a first-class 1,000,000 barrel
mill will cost about $4,500,000.* The South Dakota Cement Commission
reports (January 23, 1923) that the most recent estimate of the cost of a
600,000 barrel state-owned plant is $1,500,000. 1t has been stated re-
cently by a well-informed engineer that a 1,000,000 barrel mill would
cost about $2,000,000. The average invested capital plus funded in-
debtedness of seven Lehigh Valley companies® having an annual pro-
duction of about a million barrels is $2,387,000.

CosT oF MANUFACTURING CEMENT

In the present state of our knowledge it is futile for the writers to
attempt to estimate the cost of manufacturing cement in Wisconsin. A
properly located plant with an ample supply of raw materials with
proper management would be able to compete successfully with outside
mills, since the local plant would have a great advantage in cost of
freight on finished cement. This would probably outweigh the in-
creased cost of coal, sinee the freight on the coal necessary to manu-
facture a barrel of cement is less than the freight on a barrel of cement.
For example, the freight on 200 pounds of northern Illinois coal at
Fond du Lac is 26 cents. The freight on a barrel of cement shipped
from La Salle, Illinois, to Fond du Lac is 57 cents. If shipped from
Buffington, Indiana, the freight is 51 cents per barrel.

The estimated freight advantage in favor of the Fond du Lac plant
is 25 cents per barrel. Assuming the fuel consumption at Fond du Lac
to be 200 pounds per barrel using the wet process and at La Salle or
Buffington 130 pounds per barrel using the dry process, there is a dif-
ferential of 70 pounds of coal in favor of the outside plant. At $5.00
per ton this is 17.5 cents per barrel, leaving a balance of 7.5 cents in
favor of the Fond du Lae plant.

1 Hilts, H. E., Shall the state own and operate its own Portland cement plant?:
Bur. of Public Roads Publie Roads, vol. 3, No. 33, p. 12, 1921.

* United States of Amerlca Plaintiff, v. Cement Manufacturers Protective Asso-
ciation et als, Defendants: In the Dlstrlct Court of the United States, Southern
District of New York, Answer of defendant p. 18.
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Prorirs oFr CEMENT MmLLs

There is an impression that the cement mills are making exorbitant
profits. The following quotation has reference to nineteen Lehigh Dis-
triet cement manufacturers:?

‘‘Beginning with the common ‘pre-war standard’ year, the following
. table gives the average cost per barrel and the average price received
per barrel by the defendant manufacturers operating each year from
1913 to 1920, inclusive, together with the percentage which the margin
between cost and price bears to the selling price—or what would be the
percentage of profit on the selling price but for the faet that other items
reducing profit are not included in cost:’’

Cost per Price reeeived Per cent margin
Year barrel per barrel to price
1913 $ .7151 $ .8403 14.9
1914 7398 . .8616 14.1
1915 6796 7257 6.3
1916 . 8158 .9699 15.9
1917 . 1.1069 1.2410 10.8
1918 1.3923 1.5426 9.7
1919 1.4496 1.6529 12.3
1920 1.7798 1.9290 7.7

The average profit of these companies figured from net income minus
taxes on invested capital was in 1919 7.4 per cent, in 1920 5.0 per cent.?

In the following table the first column represents the average costs
of a large group of American mills representing about 25 per cent of
the total output of Portland cement. The second and third columns
represent the range in average cost at all mills as indicated by Eckel’s
estimate. The fourth column is the average factory price for the
United States as given by the U. S. Geological Survey :

Total cost

per barrel shipped Eckel’s estimate of

from 25 per cent of total cost at all mills Average factory price
Year lowest cost production? from to in U. 8. per barrel*
1913 $ .734 $ .8070 $ .8808 $1.005
1914 7314 8045 .8776 927
1915 .696 .7656 .8352 .86
1916 ) .798 8778 9576 1.103
1917 1.129 - 1.2419 1.3548 1.354 ~
1918 1.454 1.5994 1.7448 1.598
1919 1.467 1.6137 1.7604 1.71
1920 1.812 1.9932 2.1744 2.02
1921 1.625 1.7875 1.9500 1.89

‘It should be noted that the large group tabulated above represents
about the lowest cost large fraction of the American industry ; for the

* United States of America, Plaintiff, v. Cement Manufacturers Protective Associa-
tion et als, Defendants: In the District Court of the United States, Southern Dis-
trict of New York, Answer of defendant p. 13.

*Tdem, p. 18. )

* Eckel, E. C., Cements, limes and plasters, p. 501, New York, John Wiley & Sons,
1922,

¢ Mineral Resources: U. 8. Geol. Survey, 1921, p. 223.



POSSIBILITIES OF MANUFACTURING PORTLAND CEMENT 181

American industry taken as a whole the average cost of cement shipped
would be 10 per cent to 20 per eent higher than the costs in Table 214,
according to the year and to local conditions as regard coal, labor, ete.’™

The difference between the above figures for any year does not accu-
rately measure the average profits since we are not comparing similar
data. It does suggest, however, that the profits are not so excessive as
has sometimes been stated.

When it is realized that labor and fuel commonly make up about
three-fourths of the mill cost, it is readily apparent that the rise in the
price of cement from 1916 to 1920 was due in large measure to rapidly
increasing wages and fuel costs. We can hope for a reduction in the
price of cement only as a reflection of reduced cost of labor and coal.

A study of the relative or true prices of cement is interesting. From
this table it will be seen that the relative price of cement from 1915 to
1920 was actually less than the 1914 price and that the nominal price
of cement has lagged considerably behind the average of commodity

PRICES NOMINAL AND REAL OF PORTLAND CEMENT, 1914-1920°

Nominal price per Index number, Relative or
Year barrel in eurrency average prices true price
1914 $0.927 100 $0.927
1915 0.860 101 0.851
1916 1.103 124 0.889
1917 1.354 176 0.770
1918 1.596 196 0.814
1919 1.71 212 0.807
1920 2.01 244 0.829

prices. This lag in prices was in part the result of sharp competition
between cement mills with productive capacity about 50 per cent in
excess of output.

SUMMARY

Granted that investigation develops the fact that there are several
places where raw materials of proper quality exist in sufficient quan-
tity, the final decision regarding the location of a plant will depend
upon a proper balancing of the remaining factors (1) location with
reference to center of demand, (2) location with reference to center of
least outside competition, (3) transportation, (4) labor, and (5) cost
of fuel. In order to save time and expense the investigation should be
confined to the area defined by the factors mentioned above.

! Eekel, B, C., op. cit., p. 500.
zIdem, p. 503.






Table 1
ANALYSES OF WISCONSIN DOLOMITES AND LIMESTONES

ANALYSES OF PRE-CAMBRIAN DOLOMITES

Num- Ingol- Dqlo— Magne-

ber County uble Si0» ALOs | FexO3 | CaCOs | MgCOz | P:0s H:0 FeO MnO | Total | Calcite | mite gite Analyst Page
1 63 0., 03| 55.00| 43.20 [........ .27 .75 .08 [ 299.65 [ 3.60 | 94.6 W F. Hillebrand| . 29
2 23.04 | 2.50 | Trace | 35.00 | 29.4 | Trace | 1.10| 8.57| 1.44| 99.74]........ 84.40 V. Lenber. ..... 30
3 18.17 | 4.73 | 8.37| 33.9 | 264 |.......)eieen... 7.04 .83 100,00 {........ bg1.00 V. Lenher. ..... 30
4 4.28 | 2.92| Trace | 53.40 ) 37.3 |...... . 8] 104]........ 99.84 |........ b92.00 V. Lenher. ..... 30

ANALYSES oF CAMBRIAN DOLOMITES
Note: Analyses 5, 7, 8, and 10 are from the Trempealeau, 6 and 9 are from the Mendota.

5 | Columbis...................[........ 44.57 ) 8.68| 1.18| 26.60 | 17.97 5.26 | 39.4 [........ E. T. Sweet..... 3
6 | Dane.......ceieiiieiiiiniifiaiin... 4.18| 2.17| 1.45| 55.68 | 36.52 12.18 | 80.02........ E. T. Sweet..... 0
7 | Tows.oooiiiriiiiiieinnnnn. 34.56 |........ 48 | 1.68| 38.20 | 25.66 7.60 [ 856.26 |........ W.G. Crawlord | 57
8 [Bauk..........coooiiiiinnn. 312 [........ 1 .76! 1.26| 38.00| 28.75 3.76 00 ... W. G. Crawford
9 [ Sauk......ooiiiiiiiiii ] 5.66 | 226 51.61 | 38.51 5.67 | 84.45 [........ W. A. Hover....| 85
10 | Trempealeau................ 40.16 |........ 2.04 1.22 | 32.80 | 23.60 4.7 51.7 f........ W. G. Crawford | 89

XIaANdddV

a Cl—trace.
b Ferro dolomite.
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Table I—Continued

MILWAUKEE FORMATION

061

Num- Dolo- | Magne-

ber County 810 Al2Os Fea0s | CaCOs | MgCO: | P20s CaS04 ] Total | Calcite | mite site Analyst

216 | Milwaukee 17.56 1.41 3.03 | 45.54 | 3246 |........[...... ...l 100.00 690 71.10 |........ G. Bode........
217 | Milwaukee. . . 17.56 1.40 2.24 | 48.29 | 29.19 [........|.... el 98.68 | 13.58 | 63.90 |........ G. Bode........
218 | Milwaukee. . . 13.74 3.95 3.85 | 47.55 1 30.91 |........|[........]........ 100.00 | 10.66 | 67.80 |........ Bode

219 | Milwaukee. .. 18.77 5.14 4.05 | 47.09 | 24.95 |.... ... ... e 100.00 | 17.34 | 54.70 |........ G. Bode........
220 | Milwaukee. .. 15.85 4.60 |- 3.04 ) 45.44 | 31.27 |........ ...l 100.00 8.11 | 68.60 |........ G. Bode........
221 | Milwaukee. .. 15.60 12 38 45.57 [ 27.67 || ..l 99.34 | 12.64 | 60.60 (........ Doremus. ... .. ..
222 Milwaukee. . . 16.99 5.00 1.79 41.34 34.88 |.......].ceiini e ] 100000 L.l 76.10 12 { G. Bode........
223 | Milwaukee. .. 17.00 5.00 1.80 | 40.05 | 35.82 |........ ...l 99.67 |........ 73.70 2.17 | G. Bode........
224 | Milwaukee. .. 16.61 4.09 3.25 | 45.11 1 30.89 |........[...... .. 99.95 8.20 | 67.80 |........ G. Bode........
225 | Milwaukee 8.59 3.51 49.12 | 38.76 | Trace 07 | Trace { 100.05 2.88{ 85.00 |........ W. W. Daniells..
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TABLE 2
ANALYSES OF WISCONSIN MARLS

MgO
Loss recaleu-
Num- . COz, | Organic lated
ber County Insoluble| Si0; AlsQ3 | Fes0s | CaCOs | CaS04 | MgCOs | CaO MgO H,0 H20, | matter | Total | to non- Analyst Page
organic volatile
basis
226 .54 Trace | V.
227 2.51 3.82 | V.
228 .94 2.62 | W.
229 1.36 3.50 | W
230 .56 4.05 | W. 8. Ferris. ...
231 .52 4.12 | W. 8. Ferris. ...
232 . .70 3.60 | W. 8. Ferris. ...
238 | Kewaunee .50 3.00 | W. 8. Ferris. . ..| 136
234 | Kewaunee .19 6.32 | G. Bodo........| 136
235 | Kewaunee .58 3.26 | W. 8. Ferris. . . .| 136
236 | Kewaunee .40 3.15 | W. 8. Forris....| 137
237 | Kewaunee 1.50 3.70 | W. 8. Ferris, .. .| 137
4238 | Marquette. . .. .. .61 3.47 | W. T. Schrenk. .| 130
239 | Milwaukee 2.91 | 3.55 | W. T. Sohrenk..| 130
240 | Outagamie 2.58 3.42 | W. S, Ferris....| 140
241 Qutagamie 2.03 3.50 | W. 8. Ferris. ...| 141
242 | Outagamie 2.95 3.35 | W.S. Ferris....| 141
243 | Portage..................... .94 2.38 | W.S. Ferris. .. .| 142
244 | Portage..................... .39 2.27 | W. 8. Ferris....| 143
245 | Portage..................... .95 1.80 | W. 8. Ferris....| 144
246 | Sheboygan .36 3.16 | W. 8. Ferris....| 145
247 | Sheboygan .48 2.74 { W. S, Ferris.,..| 145
4248 | Waukesha .78 4.44 | W, T. Schrenk..| 146
4249 | Waukesha 1.37 3.79 | W.T. Schrenk. .| 146
250 | Waupaca.................... .63 3.00 | W.S. Ferris....| 149
251 | Waupaca.................... 73 4.40 | W, S, Ferris....| 149
252 BUPACA. ... oot 70 4.24 | W. 8 Ferris....| 150

a Loss of HyO at 105° 1.29.

b Nay0 .95, SOz 1.37, K,0 .34.

[ SO3 44.

d Sample collected by C. S. Corbett and analyzed by W. T. Schrenk. In the analysis HoO is water driven off above 110° and under 600°
from a sample which had been dried at 110°. Loss on ignition was total loss on igniting after a sample had been dried at 110°. Other de-
terminations are based on weight of sample after drying at 110°.
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+194 LIMESTONES AND MARLS OF WISCONSIN

TABILE 4

ANALYSES OF CEMENT MATERIALS CALCULATED TO A
NON-VOLATILE BASIS

Analysis .

number Si0, AlO; Fe,0; CaO MgO
303 60.94 18.59 10.41 3.35 2.87
239 17.61 5.43 3.04 62.84 3.55
311 51.93 12.09 7.09 22.59 6.53
320 54.48 12.32 4.68 16.23 7.53
248 15.69 1.33 68 73.76 4.44
324 59.44 23.07 6.33 1.90 1.13
249 5.23 2.43 1.75 .86.17 3.79
266 62.69 17.65 4.51 7.75 5.62
267 63.28 17.42 3.87 9.43 5.41
269 51.97 19.01 7.05 10.63 8.92
270 67.01 20.46 . 5.82 3.74 3.36
271 52.04 26.21 5.74 9.86 7.19
268 53.35 17.84 5.96 10.55 8.56
238 9.39 "1.12 1.34 81.79 3.47
295 62.08 15.64 4.87 9.91 6.92
258 65.30 17.78 7.73 1.11 2.14

“Calcite” 61 e 98.31 1.07

TABLE b

PROPORTIONS OF SHALE, CLAY, MARL, AND LIMESTONE SAMPLES
AND THE ANALYSES OF THE RESULTING CEMENTS

Marls and
Shales and clays limestone Analysis of resulting cement

Com- Pro- Pro-
bina- | Analysis| por- por- | Analysis | SiO. | Al:O; | Fe,0;| CaO | MgO
tion | number | tion tion number

1 303 1 9 239 21.94| 6.74] 3.78| 56.89] 3.48.

2 303 1 6 248 22.16] 3.79| 2.07) 63.70] 4.21
3 303 2 5 249 21.14| 7.04] 4.22{ 62.50{ 3.52

4 303 1 3 238 22.28/ 5.49| 3.60| 62.18] 3.32

5 303 1 1.8 | “Calcite” | 22.16] 6.64] 3.72| 64.39] 1.71

6 311 1 9 239 21.04| 6.10/ 3.44| 58.81; 3.85
7 311 1 5 248 21.73| 3.12| 1.74] 65.23] 4.78

8 311 1 2 249 20.79| 5.65| 3.53| 64.98( 4.70

9 311 1 1.2 “Calcite” | 23.92| 5.49] 3.22! 63.89 3.55
10 324 2 5 249 20.72| 8.33| 3.06/ 62.09] 3.03
11 324 1 3 238 21.90, 6.6 2.59| 61.82| 2.88
12 266 2 5 249 21.65 6.78| 2.54| 63.76] 4.31
13 266 1 3 238 22.721 5.25| 2.13| 63.28] 4.01
14 267 2 5 249 21.81f 6.71| 2.35| 64.24| 4.25
15 267 1 3 238 22.86] 5.19} 1.97/ 63.70, 3.96
16 268 1 3 238 20.381 5.30| 2.49| 63.98| 4.74
17 270 2 5 249 22.88! 7.58 2.94| 62.62] 3.67
18 270 1 3 238 23.80] 5.95| 2.46| 62.28| 3.44
19 295 3 8 249 20.73| 6.03] 2.60 65.37|] 4.64
20 295 1 3 238 22.56] 4.75| 2.22| 63.82| 4.33
21 320 1 3 238 20.66( 3.92| 2.18| 65.40| 4.48
22 258 1 1.8 “Calcite” | 23,71/ 6.35 2.77| 63.69| 1.44
23 269 1 1.5 | “Calcite” | 21.15| 7.65] 2.82| 63.24| 4.20
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Ableman, 29, 84
Acetate of lime, 109
Acetic acid, 104
Acetone, 104
Acetylene gas, 107
Acid, acetie, 104
pyroligneous, 104
Acidity, soil, 112-116
in Wisconsin, 113-114
Adams County, clay, 155-156
Advance, 87
Agriculture, College of, 2, 54, 112
Agricultural lime, 108
law regarding, 114-115
Agricultural limestone, 1-2, 33, 37-39, 43,
45, 48-49, 56, 58, 60, 63 69-73, 79
81 83, 85 87 90’ 91, 94 98 111116
amount to apply per acre, 116
Ahnapee River, 136
Air-slaked lime, 114
Alaska Lakes, 133-136
Alcohol, wood, 104, 109
Alden, w. C., 167
Alfalfa, 2, 54 108, 112- 113, 116
Algae, 10, 15
Algoma, 136-138
Algonkian, 18-19
Alkalies in Portland cement, 122, 125
Allwood Lime Company, 63
Alma, 33
Alumina, 99, 101-103, 117, 154-155
per cent in Portland cement, 120-122
sources of, 154-175
Aluminate, triealeium, 125
Ammonia, 107, 109
Angelica, town of, 86-87
Apple River, 25, 83
Appleton, 71
Aragonite, distinguished from caleite, 8
Arcadia, 89
Archean, 18
Ashippun, town of, 44
Ashland County, 29
clay, 157
Attica, 55
Auschuetz & Company, 71
Aztalan, town of, 59

Bad River, 29
Bad River formation, 29.
Bagley, 51
Baileys Harbor, 46-47, 131-133
Baraboo, 21, 29-30
town of, 85
Baraboo quartzite, Sauk County, 29, 84
Baraboo Range, 29, 35, 84
Baraboo River, 29, 84

Baraboo Valley, 30, 84, 169
Barren, Andrew, quarry, 81
Barron County, 25
Basalt, 17, 19
Bass Lake, 83
Bates, P. H,, 126
Bayfield County, 29
Bean, E. F., 5
Beans, Jacob, quarry, 90
Bear Creek, town of, 85
Bear Lake, 146-148
Beaver Dam, 44
Beaver, town of, 65
Beldenville, 74
Belgium, 71

town of, 25
Belmont, 24, 62
Belmont Mound, 155
Beloit, 79-81

town of, 81
Benton, 62
Berlin, 21, 55-56
Bernhardt Bros. quarry, 54
Bessemer process, 116
Beswick quarry, 78
Big Falls, 148
Big Suamico River, 31
Bisulphides, 105- 106
| Blackberry, 112, 116
Black Creek, 71
Black Earth Valley, 38-39
Black raspberry, 112, 116
Black River, 170
Black River Falls, 163

Black River formation, shale, 155
See Galena and Black River dolomite

Bleaching powder, 107, 109
Block House Creek, 97

Blue Mounds, 21-22, 24, 39, 56

Boeger, John, quarry, 93
Bonduel, 87
Bone ash, 109
Boscobel, 52
Brandon, 48
town of, 80
Brick, magnesia, 118
sand-lime, 98, 104
Bridgeport, 37-38
Briggsville, 164
Brillion, 33-34
Bristol, town of, 42-43
Brittlich, John, quarry, 90
Brodhead, 55
Brooklyn, 39, 55
town of, 56
Brooks, 155
Brown County, eclay, 157
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Galena and Black River dolomite, 30-31
Niagara dolomite, 30-32
Richmond shale, 30, 157
Brown Deer, 68
B. t. u, 123
definition, 98
Brunette, M., quarry, 31
Buckley, E. R., 31, 128, 157
Buffalo County, Cambrian sandstone, 32
Lower Magnesian dolomite, 23, 32-33
Buffington, Indiana, 121, 178-179
Buncombe, 97
Bureau of Standards
See U. 8. Bureau of Standards
Burkhardt, 82-83
Burnett, 159
Busack & Schoonmaker quarries, 67

Cabbage, 116

Cahoon Mine, 169

Cahoon quarry, 85

Calcite, 15
definition, 6
distinguished from dolomite, 7-8

‘“Calcite’’, 174-175

Caleium, 30

Caleium carbide, 107, 109

Caleium carbonate, 1, 38

Caleium carbonate equivalent, 75-79

Caleium cyanimide, 108-109

Caleium nitrate, 108-109

Calcium sulphate, 105

Caledonia, town of, 35

California, cement consumption, 177
producer of magnesite, 118

Calumet County, Galena and Black

River dolomite, 33

Niagara dolomite, 33-34
Richmond shale, 33, 155, 157-158

Cambrian, 16, 27-28, 163, 167
sandstone, 19, 21, 25, 29, 32
sandstone, Columbia County, 34-35
sandstone, Crawford County, 36-38
sandstone, Dade County, 38-39
sandstone, Dunn County, 72
sandstone, Fond du Lac County, 47
sandstone, Grant County, 50
sandstone, Green Lake County, 55
sandstone, Jowa County, 56-57
sandstone, Jefferson County, 59
sandstone, La Crosse County, 61
sandstone, Marinette County, 64
sandstone, Monroe County, 69
sandstone, Oconto County, 64
sandstone, Outagamie County, 70
sandstone, Pepin County, 72
sandstone, Pierce County, 72-73
sandstone, Polk County, 82
sandstone, Riehland County, 79
sandstone, Rock County, 79
sandstone, St. Croix County, 72-73, 82
sandstone, Sauk County, 84-85
sandstone, Shawano County, 86
sandstone, Trempealeau County, 89
sandstone, Vernon County, 89-90
sandstone, Winnebago County, 94

shale, 154

INDEX

Cambrian sandstone as soil neutralizer,
115
Campbell quarry, 74
Canadian, 19, 27-28
Candles, 105, 110
Capitol, stone for former, 37, 39
Carbon dioxide, 107 -
Carbonate content of agricultural lime-
stone, 115-116
Carbonate of soda, 107
Carboniferous, 28
Carpenter quarry, 81
Carpenter, R. C., 139
Casco, town of, 60
Cassville, 22, 24, 53-54
Cato Falls, 64
Caustic soda, 107
Cawley, B., quarry, 93
Cedarburg, 71
Cement, natural, 117
natural hydraulic, 69
potash from dust, 126-127
soda from dust, 126
tensile strength of, 117
See also Portland cement
Cement consumption, eight leading
states, 177-178 )
United States, 178
Cement, Sorel, 118
Cenozoic, 25-26
Ceramics, 106
Chalk deposits, material for Portland
cement, 123
Chamberlin, T. C., 32, 65, 70-71, 92,
94-95
Charcoal, 104 )
Chase Brick Company, 167
Chemical analyses, 1-2
Chemical reactions in Portland cement
manufacture, 125
Chert, 11, 34, 36, 154
Cherty carbonate, 30
Chester, 160
Chewelah, Washington,
magnesite, 118
Chicago & Northwestern Railway quar-
ries, 31, 47, 49
Chloride of lime, 109
Chlorides of magnesium, 118
Chlorine, 106
Chlorite, 29
Clark’s Lake, 130
Clay, 2-3
Adams County, 155-156
Ashland County, 157
Brown County, 157
Dodge County, 159-160
Fond du Lae County, 160-161
Jackson County, 163
Kenosha County, 163
Manitowoe County, 163-164
Marathon County, 164
Marquette County, 164-166
Milwaukee County, 166-167
Pierce County, 167
Portage County, 167
Racine County, 167-169

producer  of



INDEX

Sauk County, 169
Sheboygan County, 170
Taylor County, 170
Walworth County, 170
Washington County, 170-171
Waukesha County, 171-173
Winnebago County, 94
Wood County, 173
Clay, glacial, 155, 167
lake, 33, 94, 155-156, 160-161, 163-
168, 170-171 . ’
lake, source of Portland cement ma-
terial, 174-175
qualities for Portland cement, 154
requirement per barrel of Portland
cement, 123
residual, 155, 163, 167, 170, 173
source of Portland cement material,
122, 124, 154-175
suitable for Portland cement, 157,
160, 163-164, 166-167, 172-176
Clay Banks, 129-130
Clay soils, 116
Clayson quarry, 38
Clifton, town of, 73
Clinker, Portland cement, 121
Clover, 2, 54, 108, 111-113
Coal, a factor in Portland cement pro-
duetion, 177, 181
Cochrane, 33
Coelenterate shells, 10
Coleman, 65
College of Agriculture, 2, 54, 112
Columbia County, 29, 84
Cambrian sandstone, 34-35
Galena and Black River dolomite, 35-
36
Lower Magnesian dolomite, 34-36
marl, 129
Trempealeau dolomite, 35
Columbus quarry, 36
Consumers Company, 78
Cook & Brown Lime Company, 157-158
Coon Creek, 90
Cooperstown, 64
Copiskey, Charles, 46
Copper smelting, 116
Copper sulphide, 9
Coral, 15, 47, 60, 67
reefs, 10
Corbett, C. 8., 128, 154
Corn spurry, 113
Cost of cement plant, 179
Cost of manufacture of Portland ce-
ment, 179
Cowen quarry, 44
Cranberry, 112, 116
Craney, W. J,, brick yard, 163
Crawfish River, 59
Crawford, W. G., 1
Crawford County, Cambrian sandstone
36-38
Galena and Black River dolomite, 23,
37-38
Lower Magnesian dolomite, 36-38
St. Peter sandstone, 36-37

2
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Crooked Creek, 52
Cross Plains, 39
Cudahy, 139-140

Dagendesh quarry, 61
Dake, C. L., 20
Dalles, 82
Dane County, 38-43
Cambrian sandstone, 38-39
Galena and Black River dolomite, 39,
42-43
glacial drift, 39, 43
gravels, 43
Lower Magnesian dolomite, 39-42
Maquoketa shale, 39
marl, 129
Mendota dolomite, 38-40
Niagara dolomite, 39
St. Peter sandstone, 39, 42
Dane County, high ecaleium limestone,
-97
Darien, town of, 91
Darling, Bert L., 87
Darlington, 63
Davis Bros. Stone Company, 93
Delafield, 92
Delavan, town of, 91
Dell Creek, 84
Denmark, town of, 32
De Pere, 31
De Soto quarry, 37
Devils Lake, 29, 84
Devonian, 26, 28, 68
shale, 154-155, 174-176
shale, Milwaukee County, 166
Diatoms, 9
Dicaleium silicate, 126
Dill quarry, 74 :
Diorite, 173
Dodge, 89
Dodge County, 43-46
Galena and Black River dolomite, 43-
44 '
gravels, 45-46
lake clays, 159-160
Lower Magnesian dolomite, 43
Niagara dolomite, 43-45
pre-Cambrian, 43
Richmond shale, 43, 159
St. Peter sandstone, 43
Dodgeville, 22
Dolomite, 1-2, 17, 19
definition, 6-7, 11
distinguished from caleite, 7-8
distinguished from limestone, 7
flux, 116-117
‘origin, 11-15
soil neutralizer, 115
source of magnesia products, 118-119
uses of, 98-119
See also Galena and Black River,
Lower Magnesian, Mendota, Niag-
ara, Oneota, Paleozoic, pre-Cam-
brian, St. Lawrence, Shakopee, Trem-
pealeau, and Waubakee
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Door County, 25, 46-47
glacial drift, 46
marl, 129-133
Niagara dolomite, 46-47
Richmond shale, 46
Draper, 29-30
Drephal Bros. & Litzkow Company, 71
Drews, L., 66
Drift, see glacial drift
Driftless Area, 23-24, 51, 55-56, 62, 79,
84, 89, 111 :
Droose, Albert, quarry, 93
Druecker, 71-72
Dry process, Portland cement, 123-124
Duck Creek, 31, 66
Dunn County, 25, 77
Cambrian sandstone, 72
Dunn, town of, 40
Dyeing, 110
Dynamite, 118

Eagle, town of, 92, 146

East Platte Mound, 24

Easton, 156

Eaton, town of, 63

Eau Claire shale, Jackson County, 163

Eau Galle River, 73

Eau Galle, town of, 77

Eberle quarry, 33

Echinoderms, 15

Eckel, E, C.,, 121-122, 161-162, 180

Eden Independent Lime and Limestone
Company, 47

Eiky quarry, 85

Elba, town of, 43

Elkhart Lake, 88

Ellington, town of, 70

Ellsworth, 74, 96

* El Paso, town of, 76-77

Emley, W. E., 100, 102

English cement industry, 123

Ennis, Lake, 138-139, 165-166

Erosion, Paleozoic formations, 20

Escarpment, 31

Eureka, 94

Ewers quarry, 69

Face powder, 118

Falls Lime & Stone Company, 88

Faults, 17

Fease, Sam, quarry, 60

Feldspar, 8

. harmful in Portland cement, 122

Fennimore, 52

Ferric oxide, 154-155

Ferro-dolomites, 30

Ferry Bluif, 85-86

Fertilizers, 109, 111-116

Fever River, 50, 62, 97

Finnegan’s brick yard, 157

Fitehburg, town of, 42

Flame kiln, 99

Flax, 112, 116

Flick, Geo., quarry, 90

Flint, 9, 34, 38, 40, 47, 58
harmful in Portland cement, 122

INDEX

Flintville, 31
Floorings, 118
Flux, 2, 73, 98, 106, 116-117, 174
Folds, 17
Fond du Lae, 47, 128, 179
center of highway cement consump-
tion, 178
Fond du Lac County, 47-50
Cambrian sandstone, 47
Galena and Black River dolomite, 47-
49
lake clay, 160-161
Lower Magnesian dolomite, 47-48
Niagara dolomite, 47, 49-50
Richmond shale, 155, 161
St. Peter sandstone, 47
Foraminifera, 15
Forestville, town of, 47
Fort Atkinson, 59
Fossils, 10-12, 15, 58, 62, 92
Fountain City, 32
Fox Lake, 25, 44
Fox River, 25, 31, 71, 138, 165
Francey, G. D., Coal, Stone & Supply
Company, 67
Franklin, town of, 85
Fredonia, town of, 71-72
Friendship, 156
Froemming Bros., 93
Fuel requirement of Portland cement,
122
Fuller, Frank, 71
Fungicide, 109
Furnace linings, 118

Gabbro, 17, 19
Galena and Black River dolomite, 14,
20-21, 23-25, 112

Brown County, 30-31
Calumet County, 33
Columbia County, 35-36
Crawford County, 23, 37-38
Dane County, 39, 42-43
Dodge County, 43-44
Fond du Lac County, 47-49
Grant County, 50, 52-54, 161-162
Green County, 55
Green Lake County, 55-56
Iowa County, 56, 58-59
Jefferson County, 59-60
Lafayette County, 62-63
Marinette County, 64-66
Oconto County, 64-66
Outagamie County, 70-71
Pierce County, 73-75
Rock County, 79-81
St. Croix County, 82-83
Shawano County, 86-87
Vernon County, 89
Walworth County, 90-91
Washington County, 91
Waukesha County, 92
Winnebago County, 94-96

Galena and Black River dolomite, com-

position, 115 .

high caleium limestone, 96-97
phosphorus content, 112
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Galesville, 89
Garden City Land and Lime Company,
88
Garden ecrops, 116
Gas, illuminating, 107, 109
Gastropod shells, 10
Geib, W. J., 75-78
Genesee, town of, 92 -
Genoa, 90
Geological column, 25-28
George, Christ, quarry, 89
Germantown, 25
Gilbert, H. E., 96
Gilman, town of, 76
Glacial drift, 18, 28-29
Calumet County, 33
Dane County, 39, 43
Door County, 46
Jefferson County, 59-60
Kewaunee County, 60
Manitowoe County, 63
Outagamie County, 70
Raeine County, 78-79
St. Croix County, 82
Shawano County, 86
Sheboygan County, 87
Washington County, 91
Waukesha County, 92-93
Glacial lake clay, 155-156
Glaciated area, 23-24
Glass making, 106, 109
‘¢Glass rock,’’ 58, 75, 96, 176
carbonate content, 115
Glauconite, 19
Glenbeulah, 87, 145
Glenwood, 82
Glue, 110
Glycerine, 105, 110
Gneiss, 18, 164
Gogebic, 29
Grafton, 71-72
Grandfather Bluff, 61
Grand Rapids, 64
Grand Rapids Pressed Brick Yard, 173
Granite, 17-18
Grant County, 50-55
Cambrian sandstone, 50
Galena and Black River dolomlte 24,
50, 52-54, 161-162
“glass rock’’ chemically suitable for
cement, 176
high ecalcium limestone, 96-97
Lower Magnesian dolomite, 50-52
Maquoketa shale, 51
Niagara dolomite, 51
St. Peter sandstone, 50-51
shale, 155, 161-162
Trempealeau dolomite, 50
Grant River, 22, 50-51
Granville, town of, 68
Gravel, 23, 79, 81, 88, 93
Dane County, 43
Dodge County, 45-46
Grant County, 51
Jefferson County, 60
Sauk County, 84
Walworth County, 91
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Green Bay, 157
Green Bay, 46, 64-65
advantages for cement plant on shore,
177
Greenbush, town of, 87
Green County, 55
Galena and Black River dolomite, 55
Greenfield, town of, 62, 85
Green Lake County, 55-56
Cambrian sandstone, 55 :
Galena and Black River dolomite,
55-56
Lower Magnesian dolomite, 55-56
St. Peter sandstone, 55
Green Lake, town of, 56
Greenleaf, 32
Green River, 51
Greenstone, 170
Green Stome and Quarrying Company,
46
Greece, source of magnesite, 118
Grimms, 63-64
Grosse, John, 66
Groth, John F., & Son, 71
Ground lime, 99-100
Gumz, R. H., quarry, 93
Gypsum, 103, 122-125

Haleyon Pressed Brick Works, 163
Halls Creek, 163
Hamburg, town of, 90
Hamilton, 47, 49-50
Hamilton cement rock,
formation

Harmon, H., & Sons, 93
Hartford, 22, 91
Hartung, F., & Son, quarry, 67
Hass quarry, 61
Hayton, 33-34
Heat insulators, 118
Heiny’s quarries, 42
Helvetia, town of, 151-152
Hematite, 9, 11
High calcium limestone as flux, 116
High Cliff, 33
Hillebrand, W. F., 1, 126
Hilts, H. E., 179
Hinckley quarry, 92
Holman, J., quarry, 74
Holmen, 62
Holtzhammer quarry, 61
Honey Creek, 85-86

town of, 84-85
Hoover, Chas., quarry, 90
Hopkins, C. G., 112
Horicon Marsh, 159-160, 175
Horlick quarry, 78

see Milwaukee

.| Horse tail rush, 113

Hortonia, town of, 70

Hortonville, 71

Hotchkiss, W. O., 1, 129

Huxtable quarry, 59

Hydrated lime, a soil neuntralizer, 114,
116

Hydrocyanic acid, 107

Hydrogen sulphide, 107

Igneous rocks, 17
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Illinois, cement consumption, 177
Illinois Mine, 30, 169-170
Independent Lime & Stone Company,
71-72
Independent Lime Company, 94
Index number, 181
Insecticide, 109
Intrusives, 18 )
Iowa County, 56-59
Cambrian sandstone, 56-57
high calcium limestone, 96-97
Galena and Black River dolomite, 56,
58-59
Lower Magnesian dolomite, 56-58
Maquoketa shale, 56
Niagara dolomite, 56-
St. Peter sandstone, 56
Trempealeau dolomite, 56-57

Iron, 98, 101, 103, 105
Iron carbonate, 30
Iron County, 29
.Tyler slates, 162-163
Iron formation, 18, 29-30
Iron oxide in Portland cement, 120-122,
125 -
Iron Ridge, 43-44
Ives, 78

Jackson County, Eau Claire shale, 163
residual clay, 163
Jacksonport, 47, 131
Janesville, 80
Jefferson, 59
town of, 90
Jefferson County, 59-60
Cambrian sandstone, 59
Galena and Black River dolomite, 59-

60
glacial drift, 59-60
gravels, 60

Lower Magnesian dolomite, 59
St. Peter sandstone, 59

Johnson quarry, 36 ,

Johnson, Christ, quarry, 89

Johnson, Henry, quarry, 54

Johnson, J. E,, quarry, 36

Johns-Manville Company, 118

Johnstown Center, 80

Jones Creek, 64

Jorgensen, J. C., 96

Juneau County, Trempealeau dolomite,
90

Kaiser, N., quarry, 61
Kangaroo Lakes, 131-133
Kaolin, 98, 101, 103-104
Katzbahn, Frank, quarry, 89
Kaukauna, 31, 71
Kegonsa, Lake, 40
Keith, L. 8., quarry, 89
Kelly quarry, 42
Kenosha County, 78-79

clay, 163

Niagara dolomite, 78

INDEX

Kenyon, Wm., quarry, 61
Kettle, 144, 149
Kettle moraine, 22, 60
Kewaskum, 91
Kewaunee County, 60
glacial drift, 60
marl, 133-138
Niagara dolomite, 60
Richmond shale, 60

Kewaunee River, 60, 138
Kickapoo Valley, 36, 38
Kiln, 120, 124-125
efficiency of, 101
number in Wisconsin, 111
types of, 99
Kingsley’s Bluff, 35
Kingston, town of, 55
Kinnikinnic River, 25, 73
Knowles, 45 .
Kreibich, Wenzel, quarry, 89
Kriebach, L., quarry, 61
Kroll quarry, 47-49
Kube Bros. quarry, 89

Labor, a factor in location of cement
plant, 178-179, 181
La Crosse County, 61-62
Cambrian sandstone, 61
Lower Magnesian dolomite, 61-62
Trempealeau dolomite, 61

La Crosse Stone Company, 61
La Farge, 90
Lafayette County, 62-63
Galena and Black River dolomite,
62-63
high calcium limestone, 96-97
Maquoketa shale, 62, 155
Niagara dolomite, 62
St. Peter sandstone, 62

Lake, see name of lake

Lake clay, see clay

Lake Mills, 59

Lake Park, 166

Lake Shore Stone Company, 71, 93
Lancaster, 22 .

Lancaster Park Association quarry, 53
Lannon, 93

La Pointe, G. W., quarry, 82

La Salle, Illinois, 178-179

Last Stone Company, 96

Latimer, A. J., quarry, 90

Laurie, Jno. M., quarry, 46
Lawyer and Carroll quarry, 37
Lazell, 104

Lead. acetate, 113

‘Lead and zine distriet, 38

Lead sulphide, 9

Lee Brothers quarry, 92

Legumes, 2

Lehman Bros. quarry, 89

Lehigh Valley Cement Manufacturers,
179-180

Lessor, town of, 86-87
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Lime, 2, 39-40, 46, 48, 50, 60, 62, 66, 69-
71, 87, 91, 98-111
agricultural, law regarding, 114-115
burning, 99-103
classifieation of, 101
hydrated, a soil neutralizer, 114
industry, present state in Wisconsin,
110-111
Portland cement, 120-122
qualities of, 101
refuse as soil neutralizer, 114, 116
See also owmner or operator
Lime hydrate, 98-111
Lime Lake, 142-144
Lime meta-silicate, 117
Lime orthosilicate, 101
Lime phosphate, 9
Lime Produets Company, 145-146, 173
Lime Rock Crusher Company, 47
Limestone, 17
agricultural, 1-2, 33, 37, 39, 43, 45, 48-
49, 56, 58, 63, 69-73, 79, 81, 83, 85,
87, 90-91, 94, 98, 108
as a flux, 116-117
as a soil neutralizer, 114-116
constituents, 8
definition, 6-7
distinguished from dolomite, 7
high caleium, 2, 28, 96-97
Michigan, 176-177
origin, 9-11
Portland cement, 122-124
pure, 1
requirement
plant, 123
suitable for eement, 176
uses of, 98-119
See also Galena and Black River, Mil-
waukee - formation, Niagara, and
Waubakee ’
Limonite, 9, 11
Lindauer quarry, 71
Lighthouse Point, 88
Linn, town of, 91
Linoleum manufaeture, 110
Lisbon, town of, 92
Lithifieation, 11
Litmus paper, 112-113
Little Falls, 83
Little River, 64
Little Sturgeon Bay, 46
Little Suamico River, 65-66
Lodi, 35
Loess, 23, 50, 162
Lower Magnesian dolomite, 19-25, 32-36,
112
Buffalo County, 23, 32-33
Columbia County, 34-36
Crawford County, 36-38
Dane County, 39-42
Dodge County, 43
Fond du Lac County, 47-48
Grant County, 50-52
Green Lake County, 55-56
Towa County, 56-58

of Portland cement
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Jefferson County, 59
La Crosse County, 61-62
Marinette County, 64-65
Monroe County, 23, 69-70
Oconto County, 64-65
Outagamie County, 70
Pepin County, 72
Pierce County, 73-78
Polk County, 82-83
Richland County, 79
Rock County, 79
St. Croix County, 73, 81-83
Sauk County, 23, 84-86
Shawano County, 86-87
Trempealeau County, 89
Vernon County, 23, 89-90
Waupaca County, 94
Winnebago County, 94-95
Lower Magnesian dolomite,
tion, 115
phosphorus eontent, 112
Lubricants, 105, 110
Lump lime, 99
Luneck quarry, 59
Lutz, Robert, quarry, 95
Lutz Stone Company, 96
Lynxville, 90

composi-

Maas, G. L., producer of quick lime, 71
Mackford, town of, 55-56
Madison, 37, 128-129

quarry, 40

town of, 39
Magnesia, 7, 11, 15, 109, 155, 161

brick, 118

effect in Portland cement, 126

per cent in Portland cement, 120-122
Magnesian limestone as a flux, 116-117
Magnesite, source of magnesm, 118
Magnesium, 30, 38
Magnesium alba, 118
Magnesium hydrate, 118
Magnesium nitrate, 108
Magnetite, 29
Magnolia, town of, 80
Maiden Rock, town of, 78
Malone, 47
Manchester, town of, 55
Manegold Bros. quarry, 67
Manganese, 9
Manitowoe Clay Products

- 163
Manitowoe County, 63, 64

glacial drift, 63

lake elays, 163-164

Niagara dolomite, 63-64
Manitowoe River, 64
Mantle rock, 18, 23, 28-29
Maple Grove, town of, 63, 87
Maquoketa shale, 20-21, 154-155

Dane County, 39

Grant County, 51

Iowa County, 56

Lafayette County, 62
Marathon County, clay, 164

Company,
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Marblehead, 47, 49-50
Marbles, 10, 18
Marcasite, 9
Marengo River, 29
Maribel Springs Company, 64
Marinette County, 64-66
Cambrian sandstone, 64
Galena and Black River dolomite,
64-66
Lower Magnesian dolomite, 64-65
pre-Cambrian, 64
St. Peter sandstone, 64
Markesan, 56
Marl, 1-2, 23, 128-153
Columbia County, 129
‘Dane County, 129
Kewaunee County, 133-138
Marquette County, 138-139
Outagamie County, 140-142
Portage County, 140-145
Shawano County, 144-145
Sheboygan County, 145
Waukesha County, 145-146
Waupaca County, 146-152
Winnebago County, 152-153
Marl, agricultural use, 128
as a soil neutralizer, 114, 116
definition, 6
origin, 6, 128
requirement
plant, 123
source of Portland cement materiul,
122-124, 128, 174
suitable for Portland cement, 139, 176
uses of, 98, 111-116
Marl factory, 148-149
Marl plant, disadvantages, 177
Marquette, 55
Marquette County, center of non-high-
way cement consumption, 178
Marquette County, lake clay, 164-166
mar], 138-139
Martintowr, 55
Maxville, town of, 32
Mayville, 43-45
Mayville beds, 31
Mayville White Lime Works, 44-45
Mazomanie, 39
MecCartney, 162
MeDonald quarry, 82
McDonald, John, quarry, 90
MeGavock quarry, 81
Meade, R. K., 121-122
Medford, 170
Menasha, 25, 95-96
Mendota dolomite, as soil neutralizer,
115
Mendota dolomite, Dane County, 38-40
Sauk County, 85
Mendota, Lake, 22, 39, 129
Menominee River, 25, 64-65
Menomonee Falls, 93
Menomonee River, 25, 66-67
Merrillan, 163
Mesozoie, 25-26
Metallic magnesium, 118

of Portland cement

INDEX

Michigan, 29
cement consumption, 177
limestone, 176-177
Michigan, Lake, 46, 87-88
advantages for cement plant on shore,
177
Middleton, 22, 41
Midway, 62
Military Ridge, 24, 50, 56
Milladore, 173
Mill Bluff, 85
Miller, Jasper, quarry, 74
Milling industry, 110
Milwaukee, 24, 66, 155
Milwaukee County, 66-69, 139-140, 166-
167 .
Devonian shale, 166
lake clay, 166-167
Milwaukee formation, 66-69
Niagara dolomite, 66-68
‘Waubakee dolomite, 67-68
Milwaukee Falls Lime & Stone
pany, 71-72
Milwaukee formation, 20
Milwaukee County, 66-69
Ozaukee County, 71
Milwaukee River, 22, 25, 66, 68, 72
Mindoro, 62
Mine tailings, 51, 54-55, ‘58, 63, 115
Mineral Point, 57-58
Mirror Lake, 169
Mississippi River, 22-23, 32, 37, 5031,
61, 73, 90, 162
Mississippi Valley, 28
Mitehell, town of, 87
Moen, J. A., quarry, 90
Mollusk shells, 10, 15
Monarch Stone Company, 67
Monona, Lake, 40
Monroe, 55
Monroe County, 23, 69-70
Cambrian sandstone, 69
Lower Magnesian dolomite, 69-70
Trempealeau dolomite, 69
Montello, 165
Montfort, 24
Monticellite, 126
Moody’s quarry, 66
Moraine, kettle, 22, 60
Mornson, Isaae, quarry, 90
Morrison, town of, 32
Mortar, 103-104
Motzko, George, quarry, 89
Mounds, see name
Mukwa, town of, 94
Muskego Lake, 171

Com-

Narrows Creek, 84

Nasbro, 45

Natural cements, 117
Natural hydraulic cement, 69
Nebel, Louis P., 46

Neenah, 95

Nelson, J. L., 128

Nelson, town of, 32
Neshkoro, 178
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Neutralizer, soil, 66, 75-78
Newberry, S. B., 139
New Hope, town of, 144-145
New Jersey, cement consumption, 177
New London, 70
New York, cement consumption, 177
Niagara dolomite, 20-21, 24-25, 30-34,
111-112 .
Dane County, 39
Dodge County, 43-45
Door County, 46-47
Fond du Lae County, 47, 49-50
Grant County, 51
Iowa County, 56
Kenosha County, 78
Kewaunee County, 60
Lafayette County, 62
Manitowoe County, 63-64
Milwaukee County, 66-68
Ozaukee County, 71-72
Racine County, 78
Sheboygan County, 87-88
Walworth County, 90-91
Wagshington County, 91
Waukesha County, 92-93
Niagara dolomite, carbonate content,
115
phosphorue content, 112
Nichols quarry, 69
Nitric acid, 108
Nitrogen, 112
North Bend, 163
North Freedom, 30, 169-170
North Mosquito Hill, 70
North Park, Milwaukee, 174
Northwestern Iron Company, 43-44, 88

Oakes, Levi, quarry, 83
Oakfield, 47, 49-50, 155, 161
Oakland, town of, 59
O’Brien quarry, 42
Oconto County, 64-66
Cambrian sandstone, 64
Galena and Black River dolomite,
64-66
Lower Magnesian dolomite, 64-65
pre-Cambrian, 64
St. Peter sandstone, 64
Oconto Falls, 64-65
Oconto River, 25, 86
Ohio, cement consumption, 177
¢¢0il rock?’’, 58
Okey, J. Rush, quarry, 54
O’Malley quarry, 41
Onalaska, 61
Oneota dolomite, 19
Ordovician, 27-28
shale, 154-155
Oregon, town of, 42
Osceola, 83
Oshkosh, 95-96
Otsego, town of, 35
Ottawa, town of, 92
Otter Creek, 85
Outagamie County, 70-71
Cambrian sandstone, 70
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Galena and Black River dolomite,
70-71
glacial deposits, 70
Lower Magnesian dolomite, 70
marl, 140-142
St. Peter sandstone, 70
Outagamie Limestone Company, 70
Outerops, 24
Oxford, 164
Oxychloride of lime, 107
Ozarkian, 19, 27-28
Ozaukee County, 71-72
Milwaukee formation, 71
Niagara dolomite, 71-72
Waubakee dolomite, 72

Paints, 104-105, 110
fire retarding, 118
Paleozoic, 18-21, 25-27, 30-97
erosion, 20-21
formation, 19
Paper industry, 2, 98, 105, 110
Pastors, Peter, producer of lime, 91
Patent kiln, 99
Paunack quarry, 40
Peas, 116
Peat, 23, 124
Peck’s quarry, 80
Peebles, 47, 49
Pelton quarry, 92
Pencils, calcium light, 109
Penokee Gap, 29
Pensaukee, 65
Pepin County, 72
Cambrian sandstone, 72
Lower Magnesian dolomite, 72
Perkins, Nicholas, quarry, 89
Perschbacker, Henry, quarry, 87
Peshtigo River, 64, 66
Pewaukee, 92
Phosphorus, 111-112
Pierce County, 25, 72-78
Cambrian sandstone, 72-73
Galena and Black River dolomite, 73-
75
glacial clay, 167
high ealecium limestone, 96 .
Lower Magnesian dolomite, 73-7
St. Peter sandstone, 73-74
Pierce, town of, 60
Pittsville, 173
Plaster, 103-104
Platte Mound, 155
Platte River, 22, 50, 53
Platteville quarry, 53
Plymouth, 87
Polishing material, 110
Polk County, 25, 81-83
Cambrian sandstone, 82
Lower Magnesian dolomite, 82-83
pre-Cambrian, 82
Porcelain 106, 110
Portage, 129
Portage County, marl, 140-145
residual clay, 167
Porte des Morts, 47
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Porterfield, 66
Portland, 22
Portland cement, 1-2, 28, 42, 63, 75, 98,
104, 110, 117
alkalies in, 125
cement rock in, 122
charaeteristies, 120
chemical constituents, 120-122
chemical reactions in kiln,
favoring, 125
clay in, 122, 124
clay suitable for, 157, 160, 163-164,
166-167, 172-175
clinker, 120-121
cost of manufacture, 179
. cost per barrel, 180
dry process, 123-124
economic possibilities of manufae
ture in Wisconsin, 176-181
hydration of, 125-126
iron oxides in, 125
kiln, 99
lake clays for, 174-175
marl for, 139, 174
marl plant, disadvantages, 177
marl suitable for, 139
mill, cost of, 179
mill, sujtable site for, 176-177
physical constituents, 120, 125
plant possibilities, 177
preparation of, 120
profits of mills, 180-181
raw materials of, 122-124, 176-177
selling price per barrel, 180-181
shale suitable for, 158, 166, 174
slurry process, 123-124 .
sources of alumina and silica, 154-175
wet proeess, 123-124, 177
See also cement
Portland cement plant, limestone re-
quirement, 123
marl requirement, 123
shale requirement, 123
Porphyry, 18
Port Washington, 22, 25, 71
Potash, 109, 122
from cement dust, 126-127
Potassium dichromate, 109
Potato Rapids, 64
Pot kiln, 99
Potosi, 161
Pottery, 106-110
Poygan, 96
town of, 94-95
Poygan, Lake, 94
Prairie du Chien, 37-38
Prairie du Sae, 84
town of, 85
Preble, town of, 32
Pre-Cambrian, 18, 25, 27-28
Dodge County, 43
Marinette County, 64
Oconto County, 64
Polk County, 82
Shawano County, 86
Sauk County, 84

factors

INDEX

Pre-Cambrian, exposure of, 20-21
Pre-Cambrian dolomite, 29-30
Prescott, 73-74, 90

Preserving industry, 110
Prineeton, town of, 56

Profits of cement mills, 180-181
Pulsifer, 87

Pyrite, 9, 158

Pyroligneous acid, 104

Quarries, 24

See also operator or owner
Quarry, source of ‘‘ealcite’’, 174
Quartz, 9

harmful in Portland eement, 122
Quartzite, 18, 30

Baraboo, 84

Waterloo, 43
Quick lime, 37-38, 71, 104-105, 107

as soil neutralizer, 116
Quicksilver, 109
Quimley ’s Mill, 62

Racine, 128

Racine beds, 60, 78

Racine County, 78-79
clay, 167-169
glaeial drift, 78-79
Niagara dolomite, 78

Raecine Crushed Stone Company, 78
Radiolaria, 9
Radish, 112, 116
Randolph, town of, 35
Ranney, J. W., quarry, 61
Raspberry, black, 112, 116
Raw materials of Portland cement, 122-
124, 176-177
Readfield, 94
Rebhahn, Martin, quarry, 89
Reerystallization, 11, 18
Residual clay, 155, 173
Residual soil, 23, 39
Rhine, town of, 87
Richland County, 79
Cambrian sandstone, 79
Lower Magnesian dolomite, 79
St. Peter sandstone, 79
Trempealeau dolomite, 79
Riechmond shale, 20-21, 30, 33, 154-155
157, 174-176 .
Calumet County, 157-158
Dodge County, 43, 159
Door County, 46
Fond du Lac County, 161
Kewaunee County, 60
Walworth County, 90-91
Washington County, 91
Waukesha County, 92

Richmond, town of, 91
Richwood, 44
Ridgeway, 22

Rieck quarry, 81
Ringle, 164

Ripon, 47-48

River Falls, 74, 167

H
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Roek County, 79-81
Cambrian sandstone, 79
Galena and Black River dolomite,
79-81
Lower Magnesian dolomite, 79
St. Peter sandstone, 79-80
Rock Elm, town of, 76-77
Rock River, 59, 79-80, 159
Rockefeller quarry, 53
Rockfield, 91
Rockfield Products Company, 91
Rockland, 69
town of, 63 .
Rockwell Lime Company, 63
Roesch, John, quarty, 89
Rogers City, Michigan, 174
Rohn, John, quarry, 89
Root River, 78
Rose Lake, 83
Rotary kiln, 99, 125
Rowe Creek, 97
Roxbury, town of, 39
Rubber, 110
Rube, Gustav, quarry, 89
Rush Lake, 94
Ryan quarry, 83

St. Croix County, 25, 81-83
Cambrian sandstone, 72-73, 82
Galena and Black River dolomite,

82-83
glacial drift, 82
Lower Magnesian dolomite, 73, 81-83
St. Peter sandstone, 82

St. Croix Lake, 73

St. Croix River, 82

St. Joseph, town of, 83

St. Lawrence dolomite, 19

St. Peter sandstone, 20-21, 35
Crawford County, 36-37
Dane County, 39, 42
Dodge County, 43
Fond du Lac County, 47
Grant County, 50-51
Green Lake County, 55
Jowa County, 56
Jefferson County, 59
Lafayette County, 62
Marinette County, 64
Oconto County, 64
Outagamie County, 70
Pierce County, 73-74
Richland County, 79
Rock County, 79-80
St. Croix County, 82
Shawano County, 86
Vernon County, 89
Winnebago County, 94, 96

Salem, town of, 76

Salter, G. H., quarry, 95

Samp, Chas., quarry, 80

Samples, character, 1

Sand-lime brick, 1, 98, 104

Sandstone, 17
See also Cambrian and St. Peter
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Sanitation, 110
Sauk County, 23, 29, 84-86
Baraboo quartzite, 84
Cambrian sandstone, 84-85
clay, 169
gravels, 84
Mendota dolomite, 85
pre-Cambrian, 84
Seeley slate, 169-170
Trempealeau dolomite, 84-85.
Sawyer, 46
Scarboro Creek, 60
Scheuck, Ludwig, quarry, 90
Schist, 18, 155, 163, 167
Schleswig, town of, 63

| Schmeichel, August, quarry, 69
‘Schneider Stone Company, 93

School Section Lake, 149-151
Schreiber, Herman, quarry, 89
Schumacher quarry, 54
Schurecht, H. G., 118-119
Scuppernong Marsh, 145-146
Sedimentary formatlons, 17-18
Seeley slate, Sauk County, 169-170, 174
Seidal, H., quarry, 90
Seneca, 38
town of, 55
Shaking Lake, 140-142
Shakopee dolomite, 19
Shale, Brown County, 157
Calumet County, 155
Fond du Lae County, 155
Grant County, 155, 161-162
Lafayette County, 155
Shale, 2, 17, 59
in Portland cement, 122, 124, 154-175

requirement of Portland cement
plant, 123

suitable for cement, 158, 166, 174,
176

See also Black River, Cambrian, De-
vonian, Eau Claire, Maquoketa, Ordo-
vician, and Richmond

Sharon, town of, 91
Shawano County, 86-87

Cambrian sandstone, 86

Galena and Black River dolomite.
86-87

glacial drift, 86

Lower Magneslan dolomite, 86-87

marl, 144-145

pre-Cambrian, 86

St. Peter sandstone, 86

Shawano, Lake, 144
Sheboygan, 25, 88
Sheboygan County, 87-88

clay, 170

glacial drift, 87

marl, 145

Niagara dolomite, 87-88

Sheboygan Falls, 87-88
Sheboygan Lime Works, 88
Sheboygan Marsh, 87, 145
Sheboygan River, 25, 87-88
Sheep sorrel, 113
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Shells as soil neutralizer, 114, 116
Sherman, town of, 87
Shlocton, 71
Shullsburg, 24
Silica, 29-30, 98-99, 101, 103, 109, 117,
155, 167
per cent in Portland cement, 120-122
sources of, 154- 175
Silicates, 8
Silurian, 26, 28
Silver Creek, 48
Sinsinawa Mound, 24, 51
Slag, 116, 122
Slate, 18, 29-30
See also Seeley and Tyler
Sliters quarry, 57
Slurry process, Portland cement, 123-124
Smelting industry, 110
Smith, A, E., quarry, 69 .
Smlth G. H., brick yard, 167
Smlth Leathem D., Stone Company, 46
Soap, manufacture of 105, 110
Sobieski, 66
Soda, 109, 122
© from cement dust, 126
Soda ash, 107
Sodium dlchromate, 109
Soil acidity, 112-116
in Wisconsin, 113-114
Soil amendment 109
Soil neutrahzer, 37-38, 43, 45, 60, 66, 75-
78, 88, 114-116
Soils, elay, 116
Soldiers Grove, 38
Sorel cement, 118
Sour sorrel, 113
South Dakota Cement Commission, 179
South Germantown, 91
South Mosquito Hﬂl 70
Sparta, 69
Spencer, Arthur, quarry, 80
Sponges, 9
Spraying, 108
Springfield, town of, 42
Spring Green, 57, 85
town of, 85
Spring Lake, town of, 75-78
Spring Prairie, town of 91
Springvale, 167
Spring Valley, 73, 75, 78
Springville, 9
Standard Lime and Stone Company, 45,
47, 63-64
Stanton town of, 83
Star Pralrle, 83 .
Steidtmann, Edward, 1
Stephens, Dav1d, quarry, 40
Stevens Point, 167
Stevens Pomt Brick and Construction
Company, 167
Stiles, 64
Stiles, Wilbur, quarry, 59
Stockbrldge, 155 157
Stoddard, 90
Stoddart Boyd & Stoddart, 47

INDEX

Stoney Creek, 71
Story Bros. quarry, 67
Stout quarry, 81
Stransch, H., quarry, 61
Strock, Jac, quarry, 90
Strong, Moses, 37
Stueco, 118
Sturgeon Bay, 47
city of, 46-47
Sturgeon Bay Stone Company, 46
Sugar beets, 116
Sugar factories, 1, 98, 108-110
Sulphates of magnesium, 118
Sulphites, 2
Sulphuric acid, 54
Sulphur trlomde, per cent in- Portland
cement, 121-122
Sumner, town of, 59
Sumpter, town of, 84-85
Sun Prairie, 25, 42, 96
Swan Lake, 129
Syenite, 155
Syneline, 30

Tailings, mine, 51, 54-55, 58, 63
Tanning, 105, 110 .

Tar, 104

Taycheedah, 50

Taylor County, residual clay, 170
Templeton Lime and Stone Company, 93
Tensile strength of cements, 117
Tezloff, Herman, quarry, 44

Thompson, J. E., 43

Thompson quarry, 36

Till, 23
Tobaceo, 116
Tomah, 69

Transportation, a factor in location of
cement plant, 178, 181
Tremolite, 29
Trempealeau, 89
Trempealeau County, 89
Cambrian sandstone, 89
Lower Magnesian dolomite, 89
Trempealeau dolomite, 89
Trempealeau dolomite, Columbia County,
35
Grant County, 50
Iowa County, 56-57
Juneau County, 90
La Crosse County, 61
Monroe County, 69
Richland County, 79
Sauk County, 84-85
Trempealeau County, 89
Vernon County, 89-90
Trempealeau formation, 19, 39
Trempealeau Lime Products Company,
89
Tricalcium alummate, 125
Tricaleium silicate, 126
Troy, town of, 83, 85
Truog, E., 113, 116
Turtle Creek, 80
Turtle Range, 30



INDEX

. Tuttle Hill quarry, 76
Tyler slate, 174
Iron County, 162-163

Ulrieh, G., 96

Unglaciated area, 23

United States Bureau of Standards, 100,
102-103, 121-122

United States, cement consumption, 178

United States Department of Agricul-
ture, 116

Universal Portland Cement Company
121 -

Utica, town of, 38

Utley, 55

Valders Lime and Stone Company, 63
Varnish manufacture, 110
Veerhusen quarry, 41
Vernon County, 23, 89-90
Cambrian sandstone, 89-90
Galena and Black River dolomite, 89
Lower Magnesian dolomite, 89-90
St. Peter sandstone, 89
Trempealeau dolomite, 89-90
Viroqua, 90
Vugs, 13

Walker, Thomas, quarry, 74
Wall, G., quarry, 83
Wall, J. H., quarry, 63
Walworth County, 90-91
Galena and Black River
90-91
gravels, 91
lake elay, 170
Niagara dolomite, 90-91
Richmond shale, 90-91
Walworth, town of, 91
Washington County, 25, 91
Galena and Black River dolomite, 91
glacial drift, 91
lake clay, 170-171
Niagara dolomite, 91
Richmond shale, 91
Washington, town of, 85
Waterloo, 21, 59
Waterloo quartzite, 43
Water softening, 106-107, 110
Watertown, 25
Waubakee dolomite, Milwaukee County,
67-68
Ozaukee County, 72
Waubakee formation, 20
Waukesha, 25, 93
Waukesha County, 92-93
clay, 171-173
Galena and Black River dolomite, 92
glacial drift, 92-93
marl, 145-146
Niagara dolomite, 92-93
Richmond shale, 92
Waukesha Lime and Stone Company, 93
Waupaca, 148-149

dolomite,
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Waupaca County, 94
Lower Magnesian dolomite, 94
marl, 146-152
Waupun, 25, 44, 47-48
Wauwatosa, 66-67
Wauwatosa Coal,
Company, 67
Wauzeka, 38
Weaver quarry, 93
Weidman, Samuel, 30
Weir, W. W, 54, 116
West Bend, 91, 170
West Blue Mound, 24
Westcott, town of, 86
Western Lime and Cement Company,
33-34, 45, 47, 49, 60, 63-64, 91
Westfield, town of, 84-85
West Platte Mound, 24, 62
Westport, town of, 41
West Salem, 62
Wet process, Portland cement, 123-124,
177
‘Whitefish Bay, 68
White Oak Springs, town of, 62
Whitewater, 24-25, 91, 170
Whitewater city quarry, 91
Whitney, J. D., 62
Whitson, A. R., 116
Wiesenburg and Dahnke quarry, 41
Wille quarry, 81
Williams quarry, 40
Williamstown, town of, 45
Willow River, 25, 82
Wilson, 82-83
Wind blown deposits, 56
See also loess
Wind Lake, 168, 171
Wind Point, 25
Winegar, 29-30
Wingra, Lake, 129
Winnebago County, 94-96
Cambrian sandstone, 94
Galena and Black River
94-96
lake clays, 94
Lower Magnesian dolomite, 94-95
marl, 152-153
St. Peter sandstone, 94, 96
Winnebago, Lake, 25, 33, 47, 152-153,
157-158, 161
advantages for cement plant on shore,
177
Winneconne, 94, 96
Wisconsin, cement consumption, 177-178
Wisconsin College of Agriculture, 2, 54,
112
Wisconsin drift, 82
Wisconsin Highway Commission, 5, 154
Wisconsin Portland Cement Company,
139
Wiseonsin Rapids, 20
Wisconsin River, 23, 34, 38, 50, 56-57,
84-85
Wisconsin Valley, 38

Stone and Supply

dolomite,
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Wissota Sand & Gravel Company, 73 ‘Wussow Lime Kiln Company, 87
Wold, Ole, quarry, 61

Wolf River, 70 : Yahara Valley, 39

Wood alcohol, 104, 109

Wood County, clay, 173 . | Ziegler, George, quarry, 89
Wood, distillation of, 104 Zimbal, O., brick yard, 170
‘Wood horse tail, 113 Zinc and lead distriet, 38
Wood pulp, 105 Zine sulphide, 9, 113

‘Worm borings, 12 Zircon, 8
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