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PART ONE

By W. O. HorcHKISsS.

INTRODUCTION.

One of the important and interesting developments of the past
few years has been the almost unbelievable awakening of publie in-
terest to the importance of country roads. Ten years ago when this
survey desired to treat of the use of the road building materials of
the state the bulletin published was necessarily confined to a dis-
cussion of city pavements. At that time a bulletin of the char-
acter of this one would have been of little value, as nowhere out-
side of cities were stone roads being built to any extent. In 1906
the survey issued a bulletin on ‘‘Rural Highways’’, which was
widely distributed in the state. In connection with other develop-
ments this gave sufficient stimulus to the good road movement so
that the legislature of 1907 appropriated $10,000 a year for the pur-
pose of furnishing the local people with expert assistance and ad-
vice in spending their road and bridge funds. This work was car-
ried on by the highway division of this survey for four years, by
which time the public interest in roads had greatly increased. The
legislature of 1911 passed a law giving state aid for road building
and creating a state highway commission to take charge of the work-
The state geologist was made a member of this commission, ex-
officio.

The appropriation by the state for highway purposes was only
$10,000 a year for the four years from 1907 to 1911. In 1912 it was
about $400,000, in 1913 it was over $850,000, and for 1914 it is
$1,230,000. The vast amount of work done in improving country
roads in Wisconsin can be appreciated when it is remembered that
the amount appropriated by the state is less than one-third of the
total amount spent for state aided roads.

This report is published for the purpose of helping to conserve
the expenditure of these vast sums. It is realized that the largest
gingle item of expense of constructing roads is the stone, and that.
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the quality of stone and the manner of construction are the chief
factors determining the life of a road after it is once completed.
Much money has been wasted and some will doubtless be wasted
in the future because the local officials do not properly appreciate
these facts. Care in construction can easily double the life of a
road, as has been demonstrated by experience. Roads have been
construeted of the same material in similar circumstances in the
same neighborhood, one of which needed rebuilding in 2 years and
the other of which needed little repair in 6 years. The quality of
stone has also been proven by experience to be of similar impor-
tance. The stone, delivered on the road, usually represents two-thirds
or more of the total cost of the road. Stone of proper quality will in
many cases cost but slightly more than inferior material—in gen-
eral being not more than 1/7 to 1/5 in excess. This increased in-
vestment of 10% to 14% of the total cost of the road will often-
times result in adding 50% or more to the life of the road—which
makes the consideration of the quality of the material to be used
a matter of obvious importance, and especially so when the expen-
diture of millions of dollars is under way.

The principal labor of preparing this report and all the field work
of examining quarries and collecting samples for test was done
by Mr. Steidtmann. The tests were made by the U. S. Department
of Agriculture in the laboratory of the Office of Public Roads. The
State Highway Commission assisted in the work by paying a small
part of the expense.

GENERAL CHARACTERISTICS OF WISCONSIN ROAD
MATERIALS.

Wisconsin is exceedingly fortunate in having a great abundance
of road material. There are few states in the Mississippi Valley
which have road material of a satisfactory character so widely dis-
tributed. Nearly every county in the state has within its bounda-
ries material that will serve for the construction of the major por-
tion of its roads. The saving in expense that this natural distribu-
tion effects cannot be estimated, but it is apparent that at present,
and always in the future, it will be possible to build roads more
cheaply in Wisconsin than in most of the ncighboring states where
material must be shipped long distances.

The road materials of Wisconsin consist of gravel and field stone,
limestone, granite and trap rock, sandstone and quartzite. There
is great variation in the quality of these materials. Some limes-
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tones of the state are absolutely unfit for use on the roads; others
can be used only with very careful treatment in construction, but
most of them make a satisfactory road material. The granites and
trap rocks also vary greatly in character, but all are good. The
most variable road material in the state, and one of the most val-
uable, is the gravel. This material is so extremely diverse in char-
acter that the method of treatment adapted to material from one
end of a single pit may not be at all suitable for material from the
other end. Furthermore, there are no satisfactory laboratory tests
for gravels.

Of the solid rocks of the state the limestones are probably the
most diverse in character, and as the limestones furnish by far the
greatest amount of crushed stone for road purposes, this bulletin
will consider in detail only the limestones of the state.

Disiribution: The road materials of Wisconsin are widely dis-
tributed. The accompanying outline map of the state, figure 1,
shows the areas in which the various kinds of material are to be
found. The limestones occur as a broad belt along the eastern side
of the state, swinging westward across the southern part of the
state and extending up the western side as far as the southern
part of Polk county. The sandstone area makes a similar belt
lying inside of the limestone belt. The sandstone also occupies
areas in the northwestern part of the state. That part of the state
lying north of a line drawn through Chippewa Falls, Neillsville,
Grand Rapids, Waupaca and Shawano is for the most part under-
lain by crystalline rocks, comprising granite, trap rock, gneiss and
schist, with some slate, quartzite and other sedimentary formations.

The dotted line on the accompanying map marked ‘‘Edge of
Driftless Area’’ shows the extreme extent of the great continental
glaciers in Wisconsin. It is thus seen that the whole state was
covered by the glaciers except the southwest quarter. Everywhere
in the glaciated area field stone—bowlders—and gravel are found
more or less abundantly. ‘

Origin: The granites, sandstones and limestones, and metamorphic
rocks, make up what are known as the solid rocks, which constitute the
body of the earth as far down as men have gone with mines or pen-
etrated with drills. The granites and trap rocks were once in a
molten state and on cooling crystallized into fine-grained or coarse-
grained rocks, depending upon the conditions at the time of solid-
ifying. These igneous rocks, while in their molten condition, for
the most part welled slowly upward toward the surface of the
earth, intruding the older rocks, remnants of which now occur as
schist and gneiss.
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Associated with the granite and trap rocks are what are known
as metamorphic rocks. The sum of all the processes that go to
change the original character of rocks, such as heat and pressure,
dissolving and redepositing of material, is known as metamorphism,
and the rocks which have been greatly changed by these processes
are known as the metamorphic rocks. Originally the metamorphic
rocks may have had any origin. They may have been sands or
muds or limestones or igneous rocks. By the processes of meta-
morphism the sands were completely cemented and have become
quartzites, the muds by pressure and recrystallization have devel-
oped into slates, schists, and some of the volcanic rocks and other
igneous rocks have also developed into gneisses and schists.

The two groups of rocks known as igneous and metamorphic
make up the crystalline rocks of the northern portion of the state
and form the base upon which have been [aid down the horizontally-
bedded sandstones and limestones of later ages. At various places
in the southern part of the state old mountains of these rocks pro-
Ject far above the old crystalline base and are not covered by the
flat-lying beds. They are found at the surface at Baraboo and in
the region about Berlin and near Waterloo.

The greater part, if not all, of the old surface of igneous and
metamorphic rocks was covered by the sea and a series of sedi-
ments deposited upon it by the waters. The oldest of these flat-
lying sediments, known as the Potsdam sandstone, makes the great
sandstone belt of the central portion of the state. Overlying this
are chiefly limestones, the order of succession béing given in the
accompanying geologic column, figure 2.

After the deposition of these flat-lying sediments the material
was consolidated into rock. Finally the state was lifted above the
waters of the sea and the rain began its regular work of washing
the material back to the sea. The waters that fell .as rain gath-
ered themselves into streams, which gradually in the course of time
cut valleys and eroded away great portions of the material that
had been deposited.

‘When rocks are exposed above water the leaching of the rain
begins to change their character. The granites slowly disin-
tegrate into a mixture of sandy clay; the grains of sand that
make up the sandstones become loosened from each other and a
mass of loose sand results; the soluble parts of the limestones are
dissolved by the rain and the insoluble parts remain. In this way,
from the solid rocks, there is developed what is known as a residual
mantle. This can be seen anywhere in the southwest quarter of
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Formation Name.

Section,

Glacial Drift.

Milwaukee Cement
Rock.

Character and Thickness

Loose till, sand, gravel and boulders.
Depth from 0-600 feet.

Economie
Produets.

Sand, clay, gravel.

Shales and limestones. From 0-138 feet
thick.

Natural cement
rock.

Niagara
Hmestone.

Richmond,
Maquoketa, or
“Cincinnati”
shale

Hard, yellowish, gray to blue and white
limestone; usually quite pure but some
beds contain chert and other shaley
impurities. Shaley beds locally at top.
Iron ore and red beds locally at base.
Thickness 450 to 800 feet.

Building stone,
crushed rock,
flux, lime, iron
ore, mineral
spring water.

Blue or green clay shale with shaly
limestone and sandy beds. Thickness
1656 to 240 feet.

Brick clay.

Galena limestone
and Trenton
(Platteville)
limestone.

St. Peter
sandstone.

_—

Shakopee-Oneota
“Lower Magne-
sian Limestone.”

Cambrian
or “Potsdam’
sandstone.

Pre-Cambrian,
ancient, sedi-
mentary,
metamorphie
and igneous
rocks,

The Galena is coarse grained, impure,
locally cherty. Shaly at base. 125 1o
250 feet thick. The Trenton is a buft
to blue limestone, in places cherty.
fSandy at base. Thickness 40 to 120
eet.

Lead and zine
ores, road
material, lime,
building stone,

Soft sandstone of various colors. Hard-
ened at surface. Iron nodules com-
mon.

Water, sand,
and some
building stone.

Coarse, Iirregular, sandy, flinty, and
glayey limestone. Thickness 40 to 250
eet.

Crushed rock,
building stone,
lime.

Includes a series of sandstone shales,
and limestone. Sandstones are usually
soft and light colored. Thickness 700
to 1,000 feet.

Building stone
and sand,
water, iron ore.

Includes' shales, sandstones, traps,
quartzites, limestones, slates, iron
ores, gneisses, schists and granites.

Figure 2,—The_geologic column of

Wisconsin.

Paving blocks,
ornamental and
building stone,
copper, iron ore,
crughed stone.
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the state that was not covered by the glaciers. The rain and the
streams are continually washing away more or less of this residual
material so that a comparatively slight thickness accumulates.
The soils of the limestone area in Grant, Iowa', and LaFayette coun-
ties are seldom more than a few feet in depth. Plate 1. (A) shows
the way in which the limestone disintegrates to form the mantle
of residual material that covers it.

This decaying of the rocks and gradual erosion went on for geo-
logical ages after the state was lifted above sea level. The area
was completely carved by the streams, so that there were no lakes
hor swamps anywlere within its boundary. The streams had ecut
deep valleys that drained everything, just exactly as the streams
in the driftless area at the present time completely drain that sec-
tion of the state. The difference in elevations between the hilltops
and the valley bottoms over the whole area were doubtless much
the same in magnitude as are found in the southwest quarter of
the state at the present time.

Over thig area, there advanced great glaciers from the northeast
and northwest. As these ice sheets advanced they carried within
their mass great quantities of rock and sand and clay, which they
had picked up along their course. As they advanced over Wiscon-
sin they plowed off the hilltops to some extent and filled up the
valleys to a much greater extent, picking up such of the residual
mantle as happened to be conveniently situated and depositing a
part in the lower places and riding on over it. At the front of the
fce there was of course continual melting. The material in the
melted ice was deposited there in great heaps of unassorted mate-
rial, which make the moraines, or was carried out from the glacier
by the streams produced from the melting. Where the material
was carried by the streams the coarse material was deposited not
far from the front of the ice. The sands and smaller gravels were
carried somewhat further, and the clay and other fine materials
were carried great distances.

As the ice pushed forward in its advance it rode over these de-
posits planing them off, and again picked up portions of them and
carried them on, so that the material was worked over probably
many times both by the ice and by waten. This ground most of
the soft decayed portions into fine powder and left the harder por-
tions as pebblés and bowlders. Near the extreme edge of the ice
sheet, where it halted a very long time, there were left great de-
posits of sand and gravel, such as those at Janesville and Beloit,
that were beautifully assorted by the waters issuing from the gla-



8 THE LIMESTONES OF WISCONSIN.

ciers. In other places the glaciers left great quantities of bowl-
ders, chiefly of granite and trap in the northern portion of the
state and of granite and trap and limestone in the southern and
eastern parts of the state.

This glacial material, both that deposited by the water and left
in a stratified condition, and that dumped in irregular fashion,
either as moraine or bowlder clay, makes up the mantle rock which
covers the glaciated area. In places this glacial mantle reaches a
tremendous thickness. The deep pre-glacial valley of the Rock
River at Janesville was filled to a depth of 500 feet in places. The
large pre-glacial stream channel at Madison ig known to be between
300 and 400 feet below the present surface of the ground.

The Occurrence of Outcrops: This is an important matter in con-
nection with finding stone for road building. It will be appreci-
ated from the foregoing description that outcrops of rock in the

unglaciated part of the state are much more common than in the
" glaciated portion. The mantle of residual material never became
so deep as to bury the rocks as they are buried by the glacial mate-
rial. In the driftless area the limestones outerop commonly in two
ways. By looking at the geological map of Sauk county, plate
XXVIII, it will be seen that the Lower Magnesian limestone caps
the hilltops and that the rock below is the soft Potsdam sandstone,
The sandstone is more rapidly weathered away than the limestone,
and as a consequence, the limestone forms a protecting cap to the
hills. It is likely to outerop in more or less thin layers, about the
edges of which will frequently be found ecliffs, as shown in B, plate
XXIX, page 108. In Grant county and in the counties to the
east of it the streams cut practically their whole channels in the
limestone. Here the outerops occur not as protecting caps to the
hills, as there was in general no softer rock exposed below to be
eroded more rapidly, but along the stream valleys where the rapid
erosion of the water has cut away the covering mantle of residual
material. An outerop of this sort is shown in figure B, Plate 1. In
the drift-covered area outecrops are not at all consistent in their lo-
cations, as they are in the driftless area. An outerop may occur
one foot below the bed of a swamp, while the hills around it are
all of drift, or one may be found in the top of a hill while the
swamp may have 800 or 400 feet of glacial drift below it before
the solid rock is reached. In the well settled parts of the state
many of the easily reached ledges have been opened to secure build-
ing stone for farm use and there is no difficulty in finding them.

The files of this survey contain maps showing all the outcrops
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in Sheboygan, Fond du Lac, Green Lake, Columbia, and the east-
ern halves of Dane and Green counties, and all the region east and
south of these. If it is desired to know just where outcrops may
be found near some particular piece of road, this information will
be furnished the county highway commissioner on application.

Testing of Road Materials: In order to have a means for defi-
nitely comparing the worth of various rocks for road building, it is
necessary to have tests that can be expressed numerically. Tests
of stone for road building are useful and significant but they are
not entirely satisfactory and in interpreting them we must always
use good judgment and remember that the best test of any road
material is practical use under circumstances similar to those in
which it is planned to use it.

The tests applied to road materials attempt to reproduce on a lab-
oratory scale the destructive dgencies to which a road is subjected
by traffic. For instance, the hardness of the material is tested to
see how it will be able to withstand the friction caused by the rub-
bing of the stones in the road against each other and by the turn-
ing and twisting of traffic. The toughness is tested in such a man-
ner as to determine as nearly as possible the ability of the stone to
withstand blows without fracturing, such as from the shod feet of
horses. The tests made to determine the cementing quality are
planned so as to give as nearly as possible the degree to which the
dust worn from the larger pieces will cement them together.

One serious difficulty with the ordinary tests of road material is
the difficulty of securing samples for testing purposes which rep-
resent accurately the large body of stone which the test purports
to represent. As an instance of this, the tests on the Niagara lime-
stone from Hamilton, Fond du Lac county, may be cited (see table
I). Samples selected from the same quarry by different persons
shows a difference in percentage of wear of practically 50% and
yet the Niagara limestone is one of the most uniform limestones
we have in the state. This illustration is not cited for the pur-
pose of discouraging the testing of stone but rather for the purpose
of emphasizing the necessity of careful selection so that the mate-
rial sent to be tested may represent as accurately as possible the
quality of the stone in the quarry face to be worked.

In collecting samples to be tested for this report the specifications
of the Office of Public Roads of the U. 8. Department of Agricul-
ture were followed. Each sample consisted of fragments that
would pass through, a 3” ring but not through a 1%/ ring, with one
piece, approximately 4”x6’x3”. The whole sample weighed not,



10 THE LIMESTONES OF WISCONSIN.

less than 30 pounds. This sample was taken so as to represent as
well as possible the whole quarry face or the whole outerop from
which the material came. This sample was sent to the Office of
Public Roads for testing. On the small pieces tests of abrasion,
cementation, weight per cubic foot and water absorption were made.
From the single large piece samples were taken with a core drill
for making the hardness and toughness tests.

It may be well to state at this point that the Office of Publie
Roads tests material free of charge, providing the samples are
shipped freight or express prepaid. Anyone desiring to have tests
made should write to the Office of Public Roads at Washington,
D. C. for detailed instructions for selecting samples and shipping
them, and anyone interested in the testing of rock should not fail
to secure their publication dealing with this matter. These pnbli-
cations are distributed free of charge.

One of the most important factors entering into the sucecessful
building of a road is the sclection of material so that the surface
of the road when finished will be exactly fitted to the traffic. The
ideal rock is ome from which just sufficient fine material will be
worn by traffic to keep the larger pieces cemented together. If
rock is too hard the traffic will not wear off sufficient fine material
to replace that blown or washed away, the stones will become loos-
ened and the road will ““ravel.”” If the stone is too soft, so much
material is worn off by the traffic that it makes deep dust or mud.
The above statements are made with the fact in mind that the road
is properly constructed, for it is quite easy to build a road of ma-
terial that is really too soft and yet leave it in such shape that it
will “‘ravel.”” Some of the softer limestones of Wisconsin are no
more suited to roads subjected to heavy traffic than the hard gran-
ites are suited for construction of side roads on which there is prae-
tically no traffie. In either case it is impossible to make a road
that is properly durable.

Before proceeding to a detailed deseription of the tests, made by the
Office of Public Roads it is desirable to emphasize again the fact that
the test of a road material is actual use. If stone from the quarry in
mind has been used locally and has given good satisfaction, there need
be no hesitation about using it again without regard to what laboratory
tests show, If, however, the stone has proven too soft or too low in
cementing quality, it is unsafe to use it, even though laboratory
tests may give results that would indicate that the stone would
be satisfactory. Actual use in the road is the only absolutely con-
clusive test of stone for road material.
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DESCRIPTION OF TESTS.

Hardness Test: This test is made for the purpose of showing
the ability of the rock to resist frictional wear. A solid eylinder
twenty-five millimeters in diameter (one inch) is cut with a core
drill from the rock to be tested and then held against a flat revolv-
ing disc under a constant pressure of 1250 grams while sand is fed
on the disc to grind the rock away. The dise is run for 1000 revo-
lutions on one end of the specimen which is then turned on the
opposite end and tested for another 1000 revolutions. The results
of this test are based upon the amount of material ground away
in the 2000 revolutions of the dise, the test specimen being weighed
both before and after. The numerical result of the test is obtained
by subtracting one-third of the loss in weight in grams from 20.
Thus the hardness given in the first test of table 1—14.8—means
that three times the difference between 14.8 and 20 was worn off
the test specimen in the 2000 revolutions, or

3x5.2 grams =15.6, the amount lost.

Rocks having a coefficient of hardness below 14 are called soft,
from 14 to 17, medium, and above 17, hard.

Toughness Test: The toughness test is applied to determine the
ability of the rock to resist fracture when subjected to blows, such
as those from shod hoofs. For this purpose a eylinder of rock, 25
millimeters in diameter (one inch) is used, like that cut for the
hardness test. This cylinder is put under a machine like a small
pile driver and a hammer is dropped upon it from constantly in-
creasing heights, until the test piece breaks. The number of blows
struck is taken as a direct indication of the toughness of the speci-
men, so that in the first test given in table 1 the toughness coeffi-
cient of 8 means that the test specimen broke with the eighth blow.
Rocks with a toughness below 13 are called low, from 13 to 19,
medium, and above 19, high.

Per Cent of Wear: This test is one of the oldest successful tests
of road materials and was developed by a French engineer named
Deval. The testing machine consists of a series of cylinders 20
centimeters in diameter and 34 centimeters in depth, each eylinder
having its axis inclined 30° to the axis on which it turns. Fifty
pieces of stone passing a 3” ring and held on a 114” ring, so se-
lected as to weigh 5 kilograms (about 10 pounds), are put in the
cylinder and rotated 10000 turns at the rate of about 30 to the
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minute. At each turn the material is dashed from one end of the
cylinder to the other. The amount worn off gives a practical test
for the combined hardness and toughness of pieces of the size and
shape that will be used in the road. The percentage of wear is
given by the amount of fine material worn off the stone that will
pass through a 1/16”” mesh sieve. Owing to the fact that the softer
rocks showed a greater percentage of wear and the higher figures
represented much less durable rock, the French engineers selected a
method of expressing the results of the abrasion test so that the
high numbers would indicate the more durable rocks. This is
known as the French coefficient of wear and is found by dividing
40 by the percentage of wear.

40
per cent of wear

French coefficient =

Thus, in the first test given in table 1, the percentage of wear 3.0
means that 3% of the weight of the material tested was ground up
so fine as to go through a 16 mesh sieve. The French coefficient
of wear, 13.3, is obtained by dividing 40 by 3. In interpreting the
results of this test a French coefficient of wear below 8 is called
low, from 8 to 13, medium, from 14 to 20, high, and above 20, very
high. Most Wisconsin limestones of the better grades rank as
medium. The granites and traps are the omnly roeks commonly
having French coefficients of ‘‘high’’ or ‘‘very high’’ grade.

Cementing Value: In making this test the material is ground in
a ball mill with sufficient water to make a stiff paste. The grind-
ing is continued for 214 hours at the rate of 2000 revolutions per
hour. The paste is then made into cylindrical test blocks 25 mil-
limeters in diameter and 25 millimeters high in a special machine
which gives the same amount of compression to each briquette.
These briquettes are tested in a machine designed for the purpose,
which drops a hammer on the top of the specimen. The number
of blows it takes to destroy the specimen is taken directly as giv-
ing the cementing value of the material.

Cementing values below 10 are called low, from 10 to 25, fair,
from 26 to 75, good, from 76 to 100, very good, and above 100, ex-
cellent. Owing to the fact that this test is one of the least satis-
factory of those that are ordinarily made, the Office of Public Roads
usually does not report the numerical value but simply gives the
general results as low, fair, good, or excellent.

Specific Gravity and Weight Per Cubic Foot: The specific grav-
ity is determined by weighing the specimen in air, then immersing
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it in water and getting its weight immediately. The specific grav-
ity is then obtained from the following equation:

. . weight in air
Specific gravity =

weight in air—weight in water

This figure simply expresses the number of times which the
weight of the rock exceeds that of an equal volume of water. Thus,
in the first test given in table 1 the specific gravity 2.75 means that
a cubice foot of the rock weighs 2.75 times as much as a cubic foot
of water. The second column in this table, giving the weight per
cubic foot, is obtained directly from the specific gravity test by
multiplying it by the weight of a cubic foot of water, which is 62.37
pounds. The weight per cubic foot of stone does not mean the
weight of a cubic foot of crushed stone but the weight of a solid
cube of stone one foot on each side. The specific gravity or the
weight of a cubic foot of rock is useful only to give an idea of
whether the rock is dense and solid, or porous.

In tests of Wisconsin limestone the specific gravity varies from
2.45 to 2.85. The heavier stone is more than 16% heavier than the
lighter. A cubic yard of crushed stone from a quarry where the
rock has a specific gravity of 2.85 would weigh more than a cubic
yard of crushed stone from a quarry where the rock has a spe-
cific gravity of only 2.45. Practically all limestones in the state
will vary from 2.60 to 2.75. If a rock has a specific gravity lower
than 2.60 it is likely to be so porous as to be unsatisfactory.

These figures on the specific gravity of limestones are used as a
basis for the figures on page 16 with regard to the weight of a
cubic yard of crushed stone.

Absorption: The absorption test is made with the same speci-
men that is used to determine the specific gravity. Immediately
after this specimen is immersed in water its weight is taken for
the purpose of the specific gravity determination. It is then al-
lowed to stay in the water for four days, during which time the
water goes in through the pores of the rock and replaces the air.
Its weight is then taken. The number of pounds of water which
a cubice foot of rock will absorb is then obtained from the follow-
ing computation:

Let Wa — wt. of specimen in air:

Ww = wt. of specimen in water just after immersion; and
W'w=wt. of specimen in water after immersion for four

days.
Ww—Ww X 62.37

Wa—Ww

Absorption in pounds per cubic foot =
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The absorption test gives another method of telling whether the
rock is dense and solid or whether it is porous. Its usefulness
comes from the fact that rock which absorbs much water may pos-
sibly be broken when this water freezes and the roads for this rea-
son grind up more rapidly than they would if built of less porous
material. However, very little attention is paid to the absorption
test and it is not believed to be of much importance. It is some-
times stated that there is an advantage in having somewhat porous
rocks to use with bituminous binders. This idea, however, has not
been followed far enough to state definitely what number of pounds
of water per cubie foot should be absorbed by rock to make it most
advantageous for such use and so the test has little, if any, practi-
cal value,

WEIGHT OF A CUBIC YARD OF CRUSHED STONE.

In the first annual report of the State Highway Commission of
Illinois there are given the results of a series of tests to determine
the weight of a cubie yard of stone. The tests were made by A. N.
Johnson, State Engineer, and included tests on carloads as well as
on wagonloads. The loads were carefully-weighed and measured im-
mediately before shipping and then weighed and measured after haul-
ing various distances.

Table II gives the weight of three different sizes of stone loaded
into cars with an 8-foot drop and the percentage of settlement after
a railroad haul of 150 miles. Table III shows the settlement in
wagon haulage with different methods of loading and different
lengths of haul. These measurements were made at hundred foot
intervals up to 700 feet and it was found that 50% of the settle-
ment occurred in the first 100 feet, 75% in the first 200 feet, and
practically all of the settlement oceurred during the first half mile,
The foregoing tests show wide variations in the weight of a meas-
ured cubic yard of limestone of the various sizes.
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Tasre IL

Weight per cubic yard of crushed limestone in carload lots and per cent of settlement
in transportation. The haul in each instance was about 150 miles.

Weight in
R pounds Dper Per cent of
Size. cubic yard settlement,
when shipped.

Screenings - 2,520 0.0
Screenin 2.520 Ceeivrseseninans
¥creening 2,730 8.
Screenings .610 12.5
Screenings 2,680 8.3

Total.oveiiiieiiiiiiii i, Creesareerresereseenanonss 13. 060 29.1

AVOragr. iiiveiieiensiieriorneies trearesraiens TR . 2,612 7.3
One and one-half inch 2,570 1.4
One and one-haif 2,210 13.9
One and one-half ** 2.360 8.7
Gne an’ one-halt 2,300 13.6
One and one half * 2,180 7.4
One and oune-half 2,200 9.7
One and one-half * 2,250 7.7

0 1 Cresatreetiarsa e iaees 16,070 €2.4

A VEIAZR, yeeuttrerssssianrinnrionsssnsrsonsioanss rereiesenenes 2,206 8.9
Three inch.. 2,520 3.8
Three *° 2,440 3.4
Three 2,500 5.0
Three * 2,380 12.9
Three ** 2,300 3.7
Three ** 2,400 0.0
Three ™ 2,290 9.0
Three ‘' 2,270 7.4
Three ** 2,275 9.2
Three 2,240 1.1
Three 2,260 10.5
Three ** 2,470 Ceeriresiriiiees

Total.... 28,345 76.0

Average e reaieenereareeiare e neas 2,362 l 6.9
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Tasie 111
Settlement of crushed limestone in wagon loads at end of different length hauls
and increase in weight per cubic yard.

Weight per cubic yard in
Gize. Method of | Length of pounds
loading. haul.
At start, - At finish,
Screenings... 15 it. drop....| 1 mile......... 2,518 2,840
. EDDVEEITT E DT 2,518 2,8
. OEETYT I S 2,450 2,770
........................... 3 2,425 2,780
15 ft. drop....| 2 miles........ 2,305 2,600
con o imile........ 2,380 2,625
R T 2,450 2,600
Shovels....... O 2,270 2,445
o 1 ¢ L. 2,305 2,642
15 ft. drop....| 1 mile......... 2,376 2,638
BTV I 2,360 2,505
P OO I S 2,470 2,595
Shovels ...... 1 2,270 2,601
U S 2,385 2,510

These tests were all made on the Niagara limestone at Joliet,
which is a very uniform material. It varied in specific gravity
from 2.63 to 2.73, with an average for seven tests of 2.67. The vari-
ation in weight of a eubic yard is shown by these tests to be from
2180 1bs. to 2990 1bs., a variation of 27%. The tests on Wisconsin
limestones show the specifiec gravity varying from 7.35% lower than
the lowest test given for the Joliet stone to 4.4% higher than the
highest test given for the Joliet stone. According to these tests,
therefore the weight of a cubic yard of limestone in Wisconsin
should be expected to vary from 2020 lbs. to 3120 lbs. It is im-
portant to recall upon just what factors this variation in weight of
a cubic yard of crushed stone depends and for this purpose they
are tabulated here:

Specific Gravity: The greater the specific gravity the more a cu-

bie yard will weigh.

Size of Stone: The smaller the stone, the better it packs, so

sereenings weigh more per cubic yard than coarse stone.

Method of Loading: If the stone is dropped from a high loading

chute it will be more compact than if dropped only a short
distance, and so a yard will weigh more.

Distance Material is Hauled: The material settles due to the

shake and jar of shipment and a cubic yard when first loaded
settles to less than a cubic yard when delivered.
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1t is obvious that it is impossible to determine what the proper
weight of a cubic yard of stone should be and that the term ‘‘cubic
yard of stone’’ really does not signify anything as to the amount
of stone that goes to make it up.

As a result of this test the Illinois Highway Commission adopted
2500 pounds as the weight of a cubie yard of crushed limestone.
‘When their figures are analyzed, however, it is found that the
average weight of five shipments of screenings was 2612 pounds
per cubic yard at the time of loading and 2849 pounds per cubie
yard after shipping a distance of 150 miles. The average weight
of seven shipments of 114” stone was 2296 pounds per cubic yard
at the time of shipped and 2523 pounds per cubic yard after ship-
ment, and that the average of twelve shipments of 3” stone was
2362 pounds per cubic yard when shipped and 2531 pounds per cubie
yard after shipping a distance of 150 miles. From these figures it is
seen that 2500 pounds is less than the average weight of a yard of
screenings and more than the average weight of a eubic yard of
114" and 3” stone.

QUALITIES OF WISCONSIN ROAD MATERIALS.

Granite and Trap Rock: The granites of Wisconsin are in gen-
eral a very satisfactory road material. Their distribution has been
indicated on page 4. In character they vary from finely crys-
talline to very coarsely ecrystalline; from a very much weathered
condition so that they are used as clay to make brick, through a
condition of weathering only sufficient to disintegrate them (such
as the rotten granites in the neighborhood of Wausau and Grand
Rapids), to the usual hard, dense, unweathered rock. The rotten
granites are very desirable for macadam road construction, as they
are usually sufficiently decomposed to acquire good cementing prop-
erties.

The unweathered granites of Wisconsin as a whole are very hard
and durable stone, but it is difficult to bind most of them satisfac-
torily in plain macadam construction. The coarse-grained granites,
in which there are feldspar erystals (recognized by their gray or
pink color, and the broad glistening cleavage planes) will grind up
with sufficient rapidity under moderately heavy traffic to furnish
the proper amount of binding material, and the pieces also have a
coarse jagged surface so that they lock together firmly. For ma-
cadam construction on the average country road, however, most of

2—L.
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the granites of the state need to be bound with limestone screen-
ings having high cementing properties or with fine clayey gravel,
if it is available; or, better still, with a bituminous binder.

‘While there is of course more or less variation in the hardness
of the granites, they are almost without exception very much
harder than the hardest limestones of the state. For use in con-
crete roads granite is undoubtedly one of the best materials we
possess. The fine quality of Wisconsin granites for paving blocks
is indicated by the fact that they are produced in this state to a
total value of about $1,000,000 per year. Wisconsin granite for
roads is shipped long distances. It is used in Cleveland, Memphis,
and St. Liouis, and in many other ecities less distant. Chicago con-
sumes the greater part of the paving blocks produced in the state.

Trap rock is a general name for any dark igneous rock, such as
gabbro, diorite, or balsalt. These rocks are found as “‘niggers
heads’’—the dark colored bowlders in the glaciated area—and as
ledge rock in many places in the northern part of the state. In
Iron, Ashland, Bayfield, Burnett, Polk, and Douglas counties there
is a large area of trap rock.

Trap rock is an excellent road material, about equal to our Wis-
consin granites and better than most granites. It is hard and
tough and has excellent cemeunting qualities under fairly heavy
traffic. Under light traffic it is difficult to bind in a satisfactory
manner.

Rhyolite may be defined for our present purpose as a granite
that solidified before it had time to become thoroughly crystallized.
For road purposes it is about the same as granité. The tests on
‘Wisconsin granite and rhyolite are given in the following table:
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TasLe IV.
Tests of Wisconsin Granites and Rhyolites.
Weight Wa%er French Ce-
Locality. Class. . 1f.e§t. soggid f,’frwg‘;’;? g(i)gfz.' I}I,’éif' nggs}.l ’ mi%x;t-
cu. ft, value.
1. Red Granite.......... L5 S P P P 19. 4, ...
2. Red Granite.......... Gr. 165 14 1.08 37. 18.8 25. 3
3. Moutello............. (65 S T 2.16 I8.5 |eevvrnnifererinnilonennans
4. Montello .... (05 S T 2.26 17.7
5. Montello.. Gr. 165 15 2.1 18.9
6. Waupaca.. Gr. 1.8 22,2
7. WaubacCa............. Gr. 1.64 24.2
8., Waupaca..........o.. Gr. 162 1.96 1.4 27.8
9. Waupaca............. Gr. 168 15 5.3 7.5 19. 9. 26
10, Glen Rock ........... Gr. 165 .42 1.46 27.4 19.2 24, 6
11. Lohrville ............ Gr. 165 .19 2.7 14.6 18.4 21, 9
12, Lohrrville............. Gr. 168 .26 2.0 20, 19.0 [...en.nn 6
13, Marion .eeoeevevavensn Gr. 165 .30 1.5 26.3 18.9 23, 7
14, Utley....oovenninn.. Rhy. [cvevieiani]onvinennns 3.04 575 U PO PR
15, Utloywviurinnreniannns RhY. Lieeveneecilienanninn, 3.24 12,8 Joevvnadenronendfeens
16, Utley...covevrrenennn. Rhy 165 .04 5.0 2 Y
17, UtleF.cevviverinnrenn. Rhy. 165 .06 5.6 T2 feevivend]evnennns 35
18, Utley..eeuiiarivrannns Rhy. 162 .05 2.5 16.2 18.9 19, 17
19. Berlin................ Rhy. 2.76 14.5
20. Berlin.................| Rhy. 3.06 13.
21, Berlifl,....coveevuenen Rhy. 165 .05 1.3 22,5
22, Berlin................. Rhy. 185 .03 4.0 b L1 S PO P 10
23, Berlin......coooveee Rhy. 165 10 1.9 20.6 19. 23, 5
Limestone
Highest......ooovevniiiiifonrinnns 178 6.9 22.5 17.3 16.5 13,0 f........
Lowest..ooveviiviniiinne]oneeenns 153 14 2.3 1.8 4.0 2,0 .

Numbers 3. 4. 6, 7, 14, 15, 19 and 29 were tested by E. R. Buckley, Wis. Geol. and Nat. Hist.

Survey, Bull. X, p. 295.
13, 16-18 and 21-23 were tested by Office of Public Roads, Washington, D. C.

Nuombers1, 2, 5, 8-
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Sandstone and Quartzite: The sandstones of Wisconsin are al-
most without exception too soft to be used for any kind of road
construction. Some of the harder varieties can be used for the
lower course in macadam construction but it is seldom that sand-
stone sufficiently hard to stand up under a roller can be found.
The difficulty with sandstone for macadam construction is that it
is almost wholly devoid of cementing properties and grinds up un-
der traffic into a mass of loose sand. There are sandstones in some
localities in the state, however, that are so hard that they make ex-
cellent paving blocks. Sandstone blocks are made at Stevens Point
and at Ablemans. Both of these quarries are in the Potsdam sand-
stone. These blocks are preferred by many to granite blocks, because
of the fact that they present a gritty surface, on which horses are not
so likely to slip, and because they wear at about the same rate as
the cement mortar used as a filler. This causes the whole road to
wear much more evenly than one built of granite blocks, which
are so much harder than the filler that the mortar wears away and
the granite blocks wear smooth and rounding. Aside from that
used as paving blocks the sandstone is practically worthless as road
material.

Quartzite is found abundantly in Sauk county; in Dodge and
Jefferson counties near Waterloo; near Wausau; in Barron county;
and at other places. It is the most difficult road material to handle
that there is in the state. It has a high degree of hardness but
is almost wholly lacking in cementing qualities. It has been found
exceedingly difficult in Sauk county to hold the quartzite in a sat-
isfactory manner with a clay binder, and while limestone screen-
ings have been tried to some extent, it is not yet certain that they
will serve the purpose. It is quite likely that it will be found that
the only thoroughly satisfactory way of building a road of quart-
zite is to use it in concrete or with a bituminous binder.

Tests on Wisconsin quartzite and the sandstone used for paving
blocks are given in the following table:
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TABLE V.
Tests of Wisconsin Sandstone and Quartzites.

Water
1 — -
Locality. Class. le‘)aeil:t sog'gsd ‘P;%I;’g:?_t_; Fé%ﬁli? %1?32(51.— 1;:?:55%1- glfﬁhg:

cu. ft.
1.* Ablemans. 8s. 153 82 3.4 11.7 18.4 9.0 | Low.
2.* AblemanS..........n.. 8s. 153 .81 10.7 3.7 15.7 3.0 | Low.
3.* Stevens Polnt......... 8s. 156 .59 5.2 7.7 18.5 12,0 | Low.
4. Rice Lake............. Qz, feiveeereadirunenines 2.36 169 ..o,
5. Rice Lake........ [ I - R P 2,70 DL 1% S N O
6. Portland, Dodge Co..| Qz. 168 14 2.8 12.2 19.0 19.0 | Low.
7. Ablemans ............ Qz. 163 .13 3.4 b5 1% T VPR PPN Low,

Limestone :**

Highest .c.covvviiinnnnifonnonnns 178 6.9 22,5 17.3 16.4 13,0 [ooeennes
LOowest covvviiiiriiines]innnnnns 153 14 2.3 1.8 4.0 2.0 [....... .

Numbers 1, 2, 3, 6 and 7 tested by Office of Public Roads, Washington, D. C.

Nzlsglbers 4 and 5 tested by E. R. Buckley. Wis, Geol. & Nat. Hist, Survey, Bulletin X,

*These are speclally well-cemented sandstones used for the manufacture of paving blocks
and must not be conStrued as giving an idea of the average sandstone of the state, which, with

few exceptions, is wholly unfit for use as a road material.
**3ee Table 9, . 43

Shale: In Adams, Juneau, Jackson and parts of Trempealeau and
Eau Claire counties about the only available road material is what
is known locally as shale. This shale is nothing more or less than
portions of the sandstone which have a fairly large percentage of
clay. The roads built of this shale are practically nothing more
than sand-clay roads. Their success depends upon securing a
proper mixture of the clay and sand, and too often no attention is
paid to this.

Gravel and Field Stone: The field stones of the state are most
commonly granite and trap rock and are in no way different from
the granite and trap rock obtained from quarries in ledge rock.
Their tests would be the same and their usefulness is exaectly as
described on page 19.

In many localities in the eastern part of the state there is abun-
dant field stone—glacial bowlders—of limestone. This material is
usually the hardest limestone that is to be obtained. In the trans-
portation by the glacier and the waters accompanying it only the
more resistant part of the limestone survived, while the soft, weath-
ered portions were ground up and earried away with the fine ma-
terials. These limestone glacial bowlders have to be crushed and
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are then treated exactly as any other crushed limestone in build-
ing a road.

The gravels of the state vary so widely in character that it is not
practicable to discuss them properly in a brief statement such as
this. Their distribution is indicated on page 4.

LIMESTONES.

There are four principal limestone formations which furnish most
of the road-building material of Wisconsin. From the youngest
to the oldest they are the Niagara, Galena, Platteville (or Trenton)
and Lower Magnesian formations. They are generally spoken of
as limestone and this term will be used throughout this report. In
composition, however, they are dominantly dolomite rather than
limestone, since they contain a large percentage of magnesia. True
limestone deposits which contain only a small percentage of mag-
nesia are not common in Wisconsin. In addition to these four great
formations there are two other limestones which locally afford im-
portant supplies of road material, Thus, north of Milwaukee there
is a small area of limestone younger than the Niagara, and in the
northern part of Dane county and in Columbia and Sauk counties
there is a fairly well developed bed of dolomite, known as the Men-
dota limestone, which is below the Lower Magnesian and is found
in regions where the Lower Magnesian has been eroded away.

The distribution of the limestones of the state has been stated in
a general way. They occur as a broad belt along the eastern,
southern and western parts of the state as indicated in figure 1,
page 3. The limestone formations dip in a general way toward
the nearest boundary of the state. The formations lie about the
dome of old crystalline rock like the outer layers of an onion about
the core. .

The occurrence of these materials is taken up in detail in con-
nection with the discussion of the road materials of each county,
but a general survey of each formation is given here so that the
relative characteristics of the formations in the various parts of the
state can be pointed out. Averages of tests on road material from
the various formations are given in table VI.
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Lower Magnesian Limestone: The Lower Magnesian limestone
is the principal road building material from St. Croix county down
the western side of the state to Dane county. It is the only lime-
stone to be found in most of the area north and west of the Wis-
consin River. From Dane county it extends in a much narrower
belt through Columbia and Green Lake counties in a northeasterly
direction to the Menominee River in Marinette county.

Throughout the area north and west of the Wisconsin River, and
in the northwest quarter of Dane county, the Lower Magnesian
limestone most commonly occurs as a protecting cap over the hills
of Potsdam sandstone. In the belt extending northeast from Dane
county it is entirely within the glaciated area and outerops occur
quite irregularly. In places it caps the hills of the Potsdam and
in other places it is found in thick ledges.

This limestone is probably the most variable in character of any
in the state. One bed will furnish an excellent quality of road
material; the beds immediately above and below may furnish an
exceedingly p(_)ér_' quality. A short distance away a quarry may be
opened in which all the material will be good, and again a short
distance beyond that the material may all be bad.

The tests made on the Lower Magnesian limestones are given in
tables T and VI. The average for all the tests made on this forma-
tion shows that it is of average specific gravity and average por-
osity. The percentage of wear is rather high, and as a conse-
quence, the French coefficient is low. In cementing value it is
quite satisfactory. As a matter of fact, it is one of the best lime-
stones in the state for this purpose. By comparing the tests in
tables T and VI, it will be seen that the Lower Magnesian lime-
stone of northeastern Wisconsin appears to be a much better road
building material than the Lower Magnesian of southern Wisconsin
or of northwestern Wisconsin. This, however, must not be taken
as an absolutely sure generalization, because there are only two
tests from the northeastern part of the state.

As the Lower Magnesian in a large part of its area is found
upon hilltops, it is usually weathered more or less badly. ‘While
the formation is in general rather thick-bedded and does not break
into thin shaly layers in weathering, it is very irregular in the
material that makes up the beds and the softer parts are usunally
weathered into pockets of loose crystals or grains of dolomite. In
many places it is so badly weathered as to be entirely unfit for
yoad material. In other places it has been almost completely weath-
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ered away and all that remains of it are hard, cherty nodules or
bowlders which could not be dissolved.

Lying upon the Lower Magnesian limestone is the St. Peter sand-
stone, which is a very soft formation in practically all places where
it occurs.

Plotteville (or Trenton) Limestone: The Platteville (or Tren-
ton) limestone rests upon the St. Peter sandstone. It is found as
capping for hills of this sandstone in Pierce, Vernon and Crawford
counties, north of the Wisconsin River, and on hills a short distance
south of the Wisconsin River, in Grant, Jowa and Dane counties.
In the glaciated portions of the state the Platteville limestone ex-
tends as a broad belt up the Rock River valley and to the north
and northeast along the western side of Lake Winnebago and
Green Bay.

This limestone is a fairly satisfactory road material in most
places where it occurs. DParts of it are likely to be somewhat
clayey and thin-bedded, but sometimes these thin-bedded portions
are made up of quite dense rock that makes fair road material.
The tests on this limestone (see tables I and VI) do not show in
general any variation from the average in specific gravity, although
one sample, the material from River Falls, has a specific gravity
of only 2.40. Aside from this the tests are all of a fair average
character. The absorption of water indicates a high degree of por-
osity in the northwestern and southern portions of the state and
a decided change for the better in southeastern and northeastern
Wisconsin. This change in the variation of water absorbed per cu-
biec foot is paralleled by the percentage of wear and coefficient of
wear. The more porous portions of this formation have a high per-
centage of wear and low coefficient, and the less porous show a
lower percentage of wear and a higher French coefficient. All the
tests of this formation showed it to have a fair cementing value.

Lixcepting in Pierce and Crawford counties this formation is
weathered comparatively little, as it is immediately underneath the
(Galena limestone which has served to protect it to a large extent.
Where it has been seriously weathered it has broken up into thin
shaly material which usually is of little value for road purposes.

Galena Limestone: This formation is found as the surface rock
over most of the area of Grant, LaFayette, Green and southern
Iowa counties. It occurs as a broad belt reaching up the eastern
side of the state through Walworth, Jefferson, Dodge and Fond
du Lac counties, and up to Green Bay. This formation is not 2
satisfactory road material in general. It is a soft, rotten stone
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that has no ability to stand up under traffic. On account of an
obvious lack of fitness for road purposes, comparatively few sam-
Ples were taken. The tests made are given in tables I and VI.

The average of the tests of the material from southwestern Wis-
consin shows the highest percentage of wear of any formation in
the state and the lowest French coefficient. While its hardness is
moderately high in tests, its toughness is low, and its cementing
properties only fair. As the formation has been the surface rock
in southwestern Wisconsin for long geologic ages, it is very badly
weathered, and in using it for macadam roads care must be taken
to select only the very best that is available, and even that is so
poor as to make it in many cases a wise investment to ship in bet-
ter stone. Throughout the northeastern part of the state, how-
ever, the weathered portions of the formation have been eroded by
the glaciers and there is much the same change in character to be
noted that is found in the Platteville limestone.

In the northeastern part of the state, in the meighborhood of
Green Bay, Kaukauna, Neenah, Menasha and Oshkosh, it supplies
an excellent road material. In this particular region the rocks
were overridden by the glacier and much of the softer portions
were carried away.

Niagara Limestone: Immediately overlying the Galena lime-
stone is the Cincinnati shale. It is a very soft formation, easily
worn away, and is not exposed, excepting where it is protected by
the overlying Niagara limestone. This limestone occupies a broad
belt up the eastern side of the state. While the Niagara limestone
has been the surface formation in the eastern part of the state for
long geologic ages and has been exposed to weathering accord-
ingly, it has been so thoroughly glaciated that practically no weathered
material remains. It is without question the best limestone road ma-
terial to be found in the state. It is very uniform in quality and is,
practically everywhere it is found, a hard rock with a low percentage
of wear and high coefficient of wear. While a few samples of other
limestones show higher tests than the Niagara, the Niagara averages the
highest of any formation in the state as to hardness and French co-
efficient of wear. .

‘While the tests on the cementing value of the Niagara limestone
show that over half of the tests were marked good, some difficulty
has been experienced in road construction in binding the material
satisfactorily. In some places a fine clayey gravel has been found
to be better than the screenings of the Niagara limestone itself for
this purpose. The discrepancy between the results of the tests, as
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shown in tables I and VI, and actual practice in road construe-
tion is probably to be explained by the fact that the screenings
from the crusher are more largely rock chips than finely-ground
material, such as is used in making the tests, and these coarse
screenings or chips do not grind up readily enough under light
traffic to hold the road from ‘‘raveling.”’



PART TWO

DESCRIPTION OF ROAD MATERIALS BY COUNTIES.

By EpwaArp STEIDTMANN.

MARINETTE AND OcoNTO COUNTIES.

The northwestern portion of Marinette and Oconto counties is
underlaid by granite, quartzite, and trap rocks which constitute
a part of the crystalline area of northern Wiseconsin. To the south-
east of the crystalline area, there are four strips trending north-
east southwest which are underlaid by sedimentary rocks. The
sedimentary rocks are in the order of their ocecurrences from north-
west to southeast, the Potsdam sandstone; Lower Magnesian lime-
stone; St. Peter sandstone; and Galena-Trenton limestone. In sev-
eral places, some of these sedimentary rocks occur in patches, iso-
" lated from the main areas. Thus the Lower Magnesian limestone
oceurs as an outlying area in the town of Beaver, Marinette
county, and there is another to the northwest of Oconto Falls.
About six imiles northwest of Oconto Falls, there is a small outlier
of St. Peter sandstone and Galena-Trenton formation. The distri-
bution of these formations at the surface and underneath the soil
and loose debris which covers them in most places is shown by
Plate III.

Outcroppings of limestones are scarce in these counties, owing
to the mantle of glacial drift and soil. The most favorable local-
ities for outcrops are along the stream channels especially where
rapids occur, and along the low bluffs which mark respectively, the
western edges of the Galena-Trenton and the Lower Magnesian
limestones.

Exposures of the Lower Magnesian limestone occur at Oconto
Falls; on Jones Creek a few miles north of Stiles; at several points
between Angelica and the Oconto river; about 5 miles north of
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Stiles; on the south side of the Peshtigo river, from the mouth of
the Little river to the vicinity of Potato rapids; and at Grand Rap-
ids on the Menominee river.

At Oconto Falls, a thickness of about 53 feet of Lower Mag-
nesian limestone is exposed. Excepting 2 feet of shale, the greater
portion of this section is not easily eroded and therefore may be
satisfactory for use on roads. About 16 feet from the top of the
section, there is a 4 foot bed which is especially commendable as
a road material. Chamberlain’s' description of this bed is as fol-
lows:

‘It presents the appearance of having been formed of fragments
of siliceous dolomite (limestone) imbedded in a matrix of dolomitie
sand and mud, which afterwards cemented, and in a measure, coal-
esced. On weathering, the constitutents are brought out conspic-
uously. The more compact fragments seem to contain a consider-
able percentage of silica disseminated through them, while segre-
gations of quartz, much oftener in the erystalline than the nodu-
lar form, are very numerous, and, standing out upon the weathered
surface, give it a very rough aspect. This layer by its hardness
offers great resistance to erosion from the volume of water pour-
ing over it. but when undermined by the removal of the softer
rock below, it falls in huge masses, sometimes 20 feet in maximum
diameter which lie in the channel for ages before complete re-
moval. The prevailing color of the rock is dark dray, mottled by
the white quartz, and the variously colored fragments of which it
is composed. The thickness of the bed is varying, that measured
as an average being 4.7 feet.”

Outerops of the Galena-Trenton limestone are known at the
lower, and the second series of rapids of the Menominee river; on
the Little Suamico river; and along Green Bay south of Pensau-
kee. The exposures® at the last two localities are similar to those
on the Big Suamico river near Flintville, in Brown County. They
consist of massive limestone and of alternating beds of limestone
and shale. At the second series® of rapids of the Menominee river,
a portion of the rock exposed is a deep blue, thick-bedded erys-
talline limestone, weathering smooth and breaking into rectangular
blocks, while other portions are quite irregular in texture, being
composed of combined earthy, crystalline, and shaly material.

The limestones of these counties are quarried in only a few places.

See Geology of Wisconsin, Vol. II, pp. 281-284, 1873-18717.
11dem. p. 313.
2 Jdem. p. 304.
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In Oconto county, the Galena-Trenton limestone is quarried for lime
by L. Drews, west of Sobieski, and by John Grosse at Little Suam-.
ico. Several small quarries of (alena-Trenton limestone are lo-
cated about 134 miles south of Porterfield, south of the Peshtigo
river, The Lower Magnesian limestone is quarried about 1 mile
southeast of Coleman; in the vicinity of Gillett; and from the out-
lying patches of this formation in the town of Beaver.

Very little information bearing directly on the fitness of the vari-
ous limestone outerops and quarries of these counties for use on
roads is at hand. They have not been tested, nor what is of more
importance, their behavior under actual use has not been deter-
mined. In the eastern and, southern part of Wisconsin, the Lower
Magnesian limestone is, at most places, exceedingly variable as &
road material. Good and worthless material often occur together in
the same quarry. Very little is known about the quality of the
lower beds of the Galena-Trenton limestone of northeastern Wis-
consin because they are buried in most places. They are the beds
which underlie the low bluffs marking the western edge of the for-
mation. Very good road material is obtained from the upper beds
at Kaukauna and at Duck Creek. Hence it seems probable that the
upper beds in Marinette and Oconto counties, that is those exposed
near Green Bay, may also furnish good road materials.

Besides limestones, these counties have a bountiful supply of
gravel, fleld bowlders, and granite for use on roads. Gravel is
abundant in the vieinity of Peshtigo, and many extensive hog back
ridges of it occur over the entire southeastern part of Marinette
county. One of the largest of these deposits, which is located be-
tween Pound and Coleman, is being used for road ballast by the C.
M. & St. P. Ry. Field bowlders are not plentiful along Green
Bay, but in the northwestern portion of these counties, they will
prove a valuable source of local road material. Granite, which con-
stitutes perhaps the most desirable road material of these counties
is being quarried extensively at Amberg, Athelstane, and Mountain.
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Suawano CouNTy.

Granites and other old crystalline rocks are the rocks found at
the surface in the northwestern part of Shawano county. To the
southeast of this area, the surface is underlaid by belts of sediment-
ary rocks trending northeast-southwest, which in the order of their
occurrence from the crystalline rocks to the southeastward are as
follows: Potsdam sandstone, Lower Magnesian limestone, St. Peter
sandstone, and Galena-Trenton limestone. In the town of Wauke-
chon, however, the Lower Magnesian limestone occurs as an outlier
surrounded by Potsdam sandstone, and in the towns of Angelica
and Green Valley, there is a small detached area of the Galena-
Trenton formation and St. Peter sandstone. The distribution of
these formations at the surface and undernmeath the soil and loose
debris which covers them in most places, is shown by Plate IV.

Limestone outeroppings are not abundant in Shawano county
owing to the thick mantle of glacial drift and soil which obscures
the bed rock in most places. The most favorable localities for out-
crops are along escarpments and bluffs which imark the western
edge of the limestone formations, and in the stream channels.

Several ledges of Lower Magnesian limestone occur in the towns
of Lessor and Hartland. In section 34 of the town of Wescott, the
Lower Magnesian limestone caps a bluff of Potsdam sandstone. The
section in descending order is as follows:

Feet
b N 35 o N
2. Rather thin-bedded, shaly, sandy, magnesian limestone...... 4
3. Bluish irregular magnesian limestone, containg odes of quartz 3
4. Compact, flinty limestone ..........o i, 1
5. Grayish white, magnesian limestone........................ 2%
6. Flinty, magnesian limestone .............cciviiiiiinen. 1%
7. Light gray, magnesian limestone ............. e 3
8. Layer with fish-roe-like aggregations of flint................ 2
9. Concealed 1aYers . .uu.ivitinneeneneeneneesnseenassorconsnnas 3
10. Layers with flint in fish-roe-like aggregations............... 3

11. Light colored magnesian limestone, partially exposed........
12, Slope concealing limestone......ccvoiiviiieneenroeenrneonnas

The Lower Magnesian limestone is quarried and burned for lime
by Mr. Henry Perschbacher, near Advance; the Wussow Lime Kiln
Company near Bonduel; and by Mr. Bert L. Darling at Pulecifer. It
is also quarried in the southern part of the town of Maple Valley.

Scattered and meager exposures of the lower beds of the Trenton
limestone occur in the towns of Lessor, Maple Grove, and Angelica.
As a source of local building material, they have had much value.
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No information is available regarding the fitness of Shawano
county limestones for use on roads. They have not been tested, nor
have they been tried out by actual use. In the southern part of the
state, the Lower Magnesian limestone is exceedingly variable in its
quality as a road material. Good and worthless material can often
be seen in the same quarry. Of the Trenton, only the lower beds
oceur in this county. Very little is known about their road-making
qualities in the northeastern part of the state, but in the southern
part, they usually are soft and earthy, and furnish a uniform but
rather medioere road material suited for light traffic.

Shawano county has an abundance of good road materials other
than limestone. In the northwestern part of the county there are
numerous granite outcrops from which excellent stone for use on
roads could be secured. There is a granite quarry at Hunting
operated by Mr. James Cheyne. Field bowlders and gravel depos-
its are plentiful all over the county. The following is an incom-
plete list of localities where gravel pits have been opened up in
Shawano county:

In the town of Maple Valley about 5 miles east of Claywood;

About 2 miles west of the southeast corner of the town of Maple

Valley;
In the town of Underhill, about one mile north of the village of
Underhill ;

About 2 miles east of Berry Liake;

Near the center of the town of Underhill;

About 3 miles east of Shawano; )

About 2 miles southeast of Shawano, in the town of Waukechon;

Near the southeast corner of the town of Waukechon;

Several in the vieinity of Clintonville, in the town of Larrabee.
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OvUTAGAMIE AND BrowN COUNTIES. .
Nearly all of Outagamie county is underlaid by northeast-south-
west trending belts of Potsdam sandstone, Lower Magnesian lime-
stone, St. Peter sandstone, and Galena-Trenton limestone, whose oc-
currence from northwest to southeast is in the order named. North
of Seymour, there is an outlying patch of Galena-Trenton limestone
surrounded by St. Peter sandstone. For the distribution of these
formations, as they would appear if the soil and loose debris which
covers them in most places were stripped off, see Plate V.
The Galena-Trenton area of Outagamie county extends into
Brown county, and is bounded on the east by a narrow strip of
" Cinecinnati shale striking northeast-southwest. To the east of the
shale belt, the rock is Niagara limestone.
The greater part of these counties is covered by glacial deposits
chiefly red lake clays. Their surface is mostly level, due to glacial
cutting and filling, and to the superficial clay deposits. The west-
ern edge of the Niagara limestone beds forms a low, but distinet,
unbroken escarpment to the east of the C. M. & St. P. Ry., run-
ning southwest from Green Bay. West of these bluffs there are
lowlands underlaid by the Cincinnati shale and the Galena-Trenton
limestone. Here the bed rock formations are also covered by gla-
cial lake clays, into which the Fox River has trenched its channel
down to the Galena limestone. Another distinct and fairly continu-
ous escarpment marks the western limit of the Galena-Trenton lime-
stone, and at their western edge, the Lower Magnesian beds in turm
constitute a low line of hills overlooking the Potsdaia sandstone
area to the west.
Limestones outerop in many parts of Brown and Outagamie coun-
ties. The most favorable places for exposures are along the es-
carpments marking the western limits of the limestone areas, and.
in the stream channels. The floor of the Fox river is dominantly
limestone. Oufcrops also occur away from the main valleys and:
ridges where the drift cover happens to be absent. ’
. The most conspicuous outerops of Liower Magnesian limestone are-

along the steep slopes marking its western limit. They represent
the lower beds of the formation. Chamberlin? has measured a to-
tal of about 60 feet of these beds from seattered outerops in the

! Chamberlin, T. C. Idem, p. 277.
3—L.
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town of Hortonia. Judging from his descriptions some of them are
probably suitable for road making.

To the south of the small stream running from east to west
t'hrough the township of Ellington, outerops of Liower Magnesian
limestone becoxfle less abundant as one follows the bluffs eastward.

A few feet of Lower Magnesian limestone are found on top of

North and South Mosquito Hills, near New London. They are sandy
and vs.reak, and unlike the Lower Magnesian limestone beds on the
opposite side of Wolf river. Scattered and meager exposures of
the Trenton are also found in the towns of Seymour, Freedom, and
Osborn.
i Outerops of Galena limestone are common in the stream channel
of the Fox river between Appleton and Depere. Before the river
was modified by dams, it formed a succession of rapids over the
heavier and more resistant beds. The outcrops at Kaukauna, Cham-
berlain® states, are typical of the Galena limestone along the Lower
Fox river.

His description 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 at-
mospheric influences, since bowlders which have been exposed since
the drift, are still sound. Aside from these laminae, the rock has
a crystalline character, impervious, and eompact in general, though
it contains a few cavities, some of which are lined with calcite, and
oceasionally pyrite.”’

Exposures of the Galena limestone are common along Duck
Creek. At its mouth near the village of Duck Creek, the charac-
ter of the outerops is very similar to those at Kaukauna.

The Big Suamico river has likewise denuded this formation at a
few points. The most noteworthy of these is at Flintville. Its na-
ture here is considerably different from what it is at Kaukauna and
Duck Creek. The lower seven feet of the outerop consists of in-
terlaminations of shale and limestone. Above it lies a 3 foot bed
of massive dolomite very similar to that at Duck Creek and Kau-
kauna.

Outerops of the Niagara limestone are not plentiful. The most
favorable region for outerops lies along the escarpment marking its -

2 Chamberlin, T. C. Idem, p. 312,
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western edge. The beds exposed here belong to the lowest part of
the Niagara limestone. Their average thickness is about 60 feet;
their maximum thickness about a hundred feet. As a rule, only a
small part of them is exposed in any one place.

The striking characteristics of these beds, in Chamberlin’s words
are: ‘‘thick bedding, uneven structure, and rough, craggy, pitted
usurfaEe of the weathered rocks.”” He recognizes 5 distinct types
.of beds in this subdivision of the Niagara; viz., the lowest consist-
ing of from 4-10 feet of shaly impure limestone, above which ap-
pear from 6 to 12 feet of hard, heavy bedded limestone which is no
good for burning lime. The type overlying this is from 5 to 35 feet
thick. Its lowest portion consists of broken fragments of lime-
stone, ecemented with a yellowish green marly clay. The character
of the upper portion is a repetition of the lower. The middle por-
tion conmsists of from 4 to 14 feet of compact, cherty limestone, ex-
cellent as a building stone. This stratum is overlaid by an even
bedded limestone, usually quite hard, compaect, fine-grained, white
or light gray, often nearly a pure dolomite, and a valuable rock.
In Fond du Lac county the aforesaid series of beds is overlaid by a
granular, reddish yellow, porous, easily decomposed limestone, sandy
in grain, but in reality a very pure limestone.

Although there are many limestone quarries in Outagamie and
Brown counties, only a few are active at the present time and most
of these serve local needs only. The Lower Magnesian limestone is
quarried at Dale, Shiocton, Black Creek, Hortonville, and Seymour
in Outagamie county. ILarge quarries in the Galena limestone are
located at Duck Creek, De Pere, Kaukauna, and Appleton. The
Niagara is quarried at Greenleaf, New Franklin, Askeaton, and Bay
Settlement.

Only a few descriptions of quarries are available. Buckley® de-
scribes the beds of the C. & N. W. Ry. Co.’s quarry at Duck Creek
from the top downward as follows:

15 in. considered one of the best beds of the quarry. Below this

bed is 4 to 14 inch of clay.

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

two or three courses.

16 in. Solid bed.

19 in. Works into good 18 in. coursing.

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

* Buckley, E. R., The Building Stones of Wisconsin: Bull. Wisconsin Geologl-
cal and Natural History Survey, No. 1V, P1, X1, 1898, p. 274.
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11 in. This bed is shelly and worthless.

15 in. In places shelly and worthless, in others, suitable for di-
mension stone.

He states that the beds in the other quarries of the Duck Creek

distriet are very similar to those of this quarry. At the M. Bru-

nette quarry about 40 feet of rock is exposed. No great variation

of the beds can be noted. The lower beds are less suited for di-

mension stone than the top beds, hence they are used for making

crushed stone. In 1912, the capacity of the crusher at this quarry

was 400 cubic yards per day.

The L. Lindauer quarry at Kaukauna is located on the north
bank of the Fox river at the north end of the city. The total
thickness of the beds is about-10 feet. Their character is very sim-
ilar to that of the Duck Creek stone. They are irregularly lam-
inated and contain small vugs and cavities frequently lined with
caleite and zine ‘blende.

The capacity of the crusher in 1912 was about 100 eubic yards a
day.

About a half mile north of the Lindauer quarry is the quarry
owned by Jas. W. Black. It is situated above the flood tide of the
river. The beds of this quarry are similar to those in the Lindauer
quarry.

Road tests were made on samples of stone from the Greenleaf
Stone Co.’s quarry at Greenleaf and the L. Lindauer quarry at
' Kaukauna.

TasLe VIIL

Tests on Limestone from the Lindauer quarry at Kaukauna, and the Greenleaf Stone
Co’s quarry near Greenleaf, Wisconsin.

Lindauer quarry.|Greenleafquarry. Mf?,ii%;;lsl-n h;é?%lllg
Nature of test. Wisconsin road | Wisconsin road consin consin
sample No. 69. sample 85. limestone.| limestone.

Specific gravity........c.coiinviiin. 2.80 High 2.75 High 2.85‘ 2.45
Pounds percu. ft....ovivniinninnn 175.00 High 172.00 High 178.00 153.00
Pounds of water absorbed per cu. ft 1.03 Low 2:30 Medium |, -« 6.9 14
Percentof wear .........covvveennn, 4.1 Medium 3.0 Low 22,50 2.30
French coeflicient of wear........... 9.7 Medium 13.3 Medium 17.3 1.80
Hardness...coovvsvivserenernromesnees 14.8 Medium 16.5 4.00
TOughness. ..oveveveuiierneramnnnnes 8 Low 13. 2,00
Cementing value.............cceeeuenn Good Good
Buitable for......c.oeiveniueinnnenas Light traffic Light traffic
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The report of the Office of Public Roads on the sample from the
Lindauer quarry is as follows: ‘‘Material shows average resist-
ance to wear and good cementing value. Suitable for use on plain
macadam roads subjected to light traffic or for use with a bitumin-
ous binder.”’

Its comment on the sample from the Greenleaf quarry is: ‘A
stone of medium resistance to wear and good cementing value, ree-
ommended for the construction of roads subjected to light traffic or
for use with a bituminous binder.”’

Besides limestone, Outagamie and Brown counties have gravel
and field stone as a source of road material. In the northwestern
part of Outagamie county, granite probably could be used to ad-
vantage. A hill of excellent granite is located only 4 miles south-
west of New London in Waupaca county.



38 THE LIMESTONES OF WISCONRSIN.

KEWAUNEE AND Door CoOUNTIES.

The Niagara limestone underlies all of Kewaunee and Door coun-
ties, excepting a small fringe along Green Bay which is underlaid
by Cincinnati shale. See Plate VI for the distribution of-these for-
mations as they would appear if the soil and loose debris which
~ covers them in most places were stripped off. Through the middle
of Kewaunee county parallel to the coast lines, the drift cover is es-
pecially deep, consisting of hummocky ridges, which are known as the
kettle moraine.’

The strip of Cincinnati shale on the west coast of Kewaunee
county underlies a lowland back of which rise bold bluffs of Niag-
ara limestone. The lowlands become narrower to the north. In
Door county, north of Little Sturgeon Bay, they disappear and the
limestone bluffs rise from the water’s edge, in some places as pre-
cipitous cliffs undercut by the waves. The slope ‘on the Lake Mich-
igan side is mostly gentle.

Limestone outerops are common in these counties. The escarp-
ment along Green Bay consists of bare rock in many places, notably
at the mouth of Big Sturgeon Bay, and at each of the harbors to
the north of it, as well as at Death’s Door at the extremity. To
the north of Sturgeon Bay, the drift is thin, and full of limestone
bowlders. The bare rock comes to the surface in not a few places.
‘Except on the west coast, outerops of limestone are not plentiful
in Kewaunee county. The most favorable localities are along the
largest streams. In the kettle moraine area the chances of finding
outerops are poor.

The Niagara limestone beds along Green Bay as far north as Lit-
tle Sturgeon Bay are characterized by thick bedding, uneven strue-
ture, and a rough craggy, pitted surface on the weathered ledges.
To the north of Little Sturgeon Bay, the beds are mostly white,
dense, hard, exceedingly fine-grained, but somewhat brittle. Their
thickness is about 100 feet. Characteristic exposures of these beds
oceur at the western gateway of Sturgeon Bay, and along the coast
to the northward. They are quarried on the north shore of Stur-
geon Bay, by Louis P. Nebel, Leatham and Smith Towing and
Wrecking Company, and by Jno. M. Laurie; on the south side of
the bay, west of Sawyer City, by the Sturgeon Bay Stone Com-
pany, and the Green Stone and Quarrying Company. The quarry
of the Leatham and Smith Towing and Wrecking Company is the
principal producer of crushed rock for roads and other purposes.
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For tests of an average sample of the latter quarry see table
VIII. The Office of Public Roads comments on.this sample as fol-
lows: ‘‘Sample shows average hardness and resistance to wear, is
a little low in toughness and low in binding power. Should give
satisfactory results for roads having light traffic if material is used
in plain macadam construction with sereenings from some rock
having high cementing power to act as a binder.”’

Along the east coast of Door and Kewaunee counties there are
coral-bearing beds about 150 feet thick of which the lower half is
probably the better suited for road material. The lower portion of
the coral series is characteristically rough, heavy bedded, coarse,
crystalline, granular, and usually rather soft. The layers are some-
times marked by clayey seams or scattered bands of flint, or by fos-
sils replaced by flint. The irregular hardness of the rock gives it
a craggy, pitted appearance on the weathered surface. Its prevail-
ing color is blue, white, yellow, in places marked with red, pink,
and purple.

The upper portions of the coralline beds are generally of a buff
color, thin-bedded, fine-grained, compact, hard but oceasionally
earthy and contain flint in the form of nodules and as a replace-
ment of fossils. Thev are not used mueh for either construction
or lime.

Vertical cliffs of the coral beds are exposed at the entrance of
Porte de Morts. Nearly their full thickness is exposed at Bailey’s
Harbor. Other exposures are found south of Jacksonport; in sec-
tions 5 and 9, near the city of Sturgeon Bay; in section 17 of the
town of Forrestville; on Scarabo Creek, town of Casco; in section
28 of the town of Pierce; and in section 14, at the mill on the Ke-
waunee river.

In the southern part of Kewaunee county, the coral beds are
overlaid by the so-called Racine beds, which are well adapted for
road making. The name Racine beds has been applied to them be-
cause of their characteristic development near Racine, Wisconsin.
Their chief outcrop is in section 14 of the town of Kewaunee, where
they are crushed for road construection at Nast Brothers quarry.
The upper beds, the best suited for use on roads, are hard, compact,
fine-grained, and fossiliferous. The lower beds are coarser and
softer and more thin-bedded. The total thickness of beds in this
quarry is about 10 feet.

The tests on an average sample of rock from the Nast Brothers
are given in table VIII. The comment of the Office of Public Roads
on this sample is as follows: ¢‘Sample is soft, shows low tough-
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ness, average resistance to wear and good cementing value. Should
only be used on plain macadam roads subjected to light traffie, or
for use with bituminous binders.”’ '

TasLe VII.

“Tests on Limestone from Nast Bros. quarry, Kewaunee, and from Leatham &
Smith’s quarry, Sturgeon Bay, Wis.

Nast Bros. Leatham & Maximum { Minimum
Natureof test. T AT ST Wit [widmmsin
Sample 72. 71. limestone.|limestone.
‘8pecifie gravity...............o.l 2.85 High.,....| 2.85 High....... 2.85 2.45
Pounds per cubic feet............... 178. High,..... 178. High.......|lcecooiii i
Pounds of water absorbed per cu.ft. 22 Low....... 26 Low........ .69 14
i’er centof wear............. ....... 3.8 Average.. 4.5 Average... 22.5 2.3
French coefficient of wear... ...... 10.6 Medium..] 9.0 Medium...[ 17.3 1.8
Hardness...............coeeeieniann 12.8 Soft...... 14.2 Average...! 16.5 4.0
Toughness ........cooveviiinvviinann 6. Low...... 12. Low....... 13. 2.0
Cementing value.........ecoeeveeeferiannns Good.....|....... R L U O PN
Sultable for..........ooooiiiivii.nn Light traffic..... Light trafic.....}........oo e

Besides limestone, Door and Kewaunee counties have some gravel
and an abundance of field stone, which are suitable for road con-

struction.
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Manrrowoc aND CALuMET COUNTIES.

The northwest corner of Calumet county is underlaid by Galena-
Trenton formation, to the east of which there is a narrow belt un-
derlaid by Cincinnati shale. Excepting a narrow strip along the
east shore of Lake Winnebago, which is also underlaid by the
shale, all the rest of Calumet and all of Manitowoe county is un-
derlaid by the Niagara limestone. The distribution of these for-
mations at the surface and underneath the soil and loose debris
which covers them in most places is shown by Plate VIIL.

Most of the surface of the eastern part of Manitowoc county is
a level, monotonous plain, under which the solid rocks are almost
completely buried by lake clays. In the western part of the county
hummocky ridges of coarse glacial debris cover most of Niagara
limestone beds of the Towns of Schleswig, Eaton, Rockland, and
Maple Grove. .

It is only along the bluffs and cliffs which mark the western
edge of the Niagara limestone on the shore of Lake Winnebago and
in the northwest corner of Calumet county that outcrops of Niagara
limestone are common.

The Galena-Trenton formation underlies a level or gently rolling
surface and is probably covered everywhere by glacial debris and
lake clays.

The important quarries of Manitowoc and Calumet counties are
all in the Niagara limestone. The largest are at Brillion, Hayton,
Grimms, Quarry, Clifton, Valders, Cooperstown, and Charlestown.
Descriptions of some of these follow.

The quarry at Clifton is located on the bluffs of Niagara lime-
stone at the northeast end of Lake Winnebago. The beds exposed
along these bluffs are mostly flint bearing, coarse grained, thick,
gray, and rough in exterior. Their average quality for road mak-
ing is similar to that of the limestone at Mayville, about as good as
any limestone in the State. In a few places, however, the top beds
of the section along I.ake Winnebago are porous, and sandy in
grain, and almost worthless for road making.

At the Union Lime Company’s quarry at Hayton, the section of
Niagara limestone is as follows, in descending order:

Feet
Soil coiiiiiiiiii v ettt eate e, thin
Top layers, shelly, easily broken, weathered and soft............ 5
Hard, blue, compact limestone. Good road material............ 12
Hard, white, coarsely crystalline. Good road material.......... 5

Soft limestone. Inferior as road material.............cccciivats 12
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At the present time this stone is used for lime only, but a consid-
erable part of it, as has been indicated, would make good road ma-
terial. .

The supply of stone in this quarry for practical purposes is in-
exhaustible. The quarry is located on a hill overlooking the C. M.
& St. P. Ry. Facilities for shipping crushed rock from here could
easily be obtained.

The Union Lime Co.’s quarry at Brillion, is located in the Niagara
limestone. The quarry face is about 14 mile long. The section is
as follows:

Feet

1S 1) ¥ A few feet
Top layers, fine-grained, slightly earthy. Poor road material 25
Coarse-grained limestone of slightly sandy texture. Poor

road Material ......oiiieeiiiviiiinenrerenaiieeeean 10
Coarse-grained, very compact rocK. .. .vveeinnrnneeneennens 4
Reddish limestone, with flints in bands, and nodules parallel

with the bedding. A good road material.............. 10

The lower ten feet were crushed for road material in 1912. The
capacity of the crusher was 150 yards per day. For tests on an
average sample of the crushed stone see table IX.

The report of the Office of Public Roads on this stone is as fol-
lows: ‘“This is a soft rock, showing low toughness, and resistance
to wear and good cementing value. Should only be used on roads
subjected to very light traffie.”’

At the Union Lime Co.’s quarry at Grimms about 26 feet of Niag-
ara limestone are exposed. The rock is used for lime onmnly, but
most of it would make good road material as well. The section in
descending order is as follows:

Feet
1S 70 1 PP A few feet
Hard, compact limestone. Beds 1 to 2 feet thick. Would
make good road material.........cccuviurenieennannns 6
Cavernous, soft, coral-hearing limestone. Cavities lined
with calcite crystals. Very thick beds, 12 or more feet
thick. Inferior for road constructions............... 20

A sample from the Empire Lime & Stone Co.’s quarry at Quarry
was tested by the Office of Public Roads. For tests see table IX.
The Office of Public Roads reported on this sample as follows: ‘‘The
tests show this rock to have a rather low resistance to wear and
excellent cementing value. Should make a suitable material for
roads subjected to very light traffic or to be used with bituminous
binder.”’ : ‘

These tests were made on stone from the upper 15 feet of the
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quarry, which beds are very much broken, and are used for quick-
lime only. The lower 12 to 15 feet, which are crushed for road ma-
terial are umiformly bedded, hard, well crystallized, and even in
texture. Undoubtedly, they would have shown better tests than
the sample which was taken.

At Cooperstown, about 15 miles northwest of Manitowoe, there are
numerous outcrops of Niagara limestone.  They have been used to
some extent for local building purposes, and may be considered as a
possible source of local road material. The limestone is even-
grained and has a fine crystalline texture. The upper beds are usu-
ally very much broken, but below the stripping, a stone of fair
quality can be obtained in most places.

At Cato Falls on the Manitowoe river, outcrops of thin, wavy,
bedded, homogeneous Niagara limestone appear. Two miles down
the river from this locality, similar thin, broken ledges form a wall
along the bank of the stream about 15 feet high. A short distance
below this outcrop, there are several outcrops, one of a flinty lime-
stone, the other consisting of 20 to 25 feet of fragmental limestone
overlaid by 12 feet of flinty rock, the hardness of the latter giving
rise to rapids. To the south of the Manitowoc river, outerops are
scarce, the formation being covered in most places by glacial drift.

The kettle moraine area of Manitowoe county has an abundance
of field bowlders and gravels which could be used on roads.
Gravel pits are so numerous in this county that a detailed discus-
sion of their location seems unnecessary.

TaerLe IX.
Tests on Limestone from Manitowoe County.

Nature of Test. 1 ‘ 2 3 4
!
Specific gravity......c.ooivnviiiai.. 2.80 High | 2.65 High 2,85 2.45
Pounds per cubic foot............... 175. High 165. High 178 153
Pounds of water absorbed per .51 Low 1,35 Low 6.9 14
cubic foot.
Percentof weal............c.coeu.t. 5.5 High 7.5 High 22.5 2.3
French coefficient of wear.......... 7.2 Low 5.3 Low 17.3 1.8
© HardAness......civvveiiveiienieincnnes|eonoiarieeeneraiiens 12.2  Soft 16.5 4.0
ToughNess.....covvviveeinerinrareerosfecancs ereerninarne, 5 Low 13 2.0
Cementing value........ccccveenuenn. Excellent L oo P
Buitable fOr...vieiviiiiiiiiieniiiiins]ienreneniieniiniinss]iineieniiesiensnieederniiiiineifesacieasen ..

Limestone from Empire Lime & Stone Co.’s quarry at Quarry,
Limestone from quarry of Union Lime Co., at Brillion.
Maximum tests for Wisconsin limestone.

Minimum tests for Wisconsin limestone.

Eatadid o
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WINNEBAGO COUNTY.

The eastern portion of Winnebago county is underlaid by the
Galena-Trenton formation; the western portion by belts and patches
of St. Peter sandstone, Lower Magnesian limestone, and Potsdam
sandstone. The distribution of these formations at the surface and.
beneath the soil and loose material whiech covers them in most
places is shown by Plate VIII.

The surface of nearly all of Winnebago county is level or gently
rolling. Most of the eastern portion is level, being covered by lake
clays. About the only prominent surface features of the county
are the bluffs which mark the western edge of the Lower Magne-
sian limestone to the south of Liake Poygan.

Outcrops and quarries of limestone are not abundant in Winne-
bago county. The best exposures occur at or near the escarpment
which marks the western edge of Lower Magnesian formation.
Many of the other outcrops are not associated with conspicuous
surface features. The principal exposures of the Galena-Trenton
formation are west of Neenah and Menasha. Descriptions of some
of the limestone outerops and quarries follow.

The Liower Magnesian limestone is exposed at several points west
of Rush Liake; in section 15 of the town of Nepeuskum, northwest
of Winneconne, near the village of Eureka; and in the NWY4 of
section 26 of the town of Poygan.

The Lower Magnesian limestone which outerops west of Rush
Lake and to the northwest of Winneconne is exceedingly variable
in composition, grain, hardness, and bedding. It is doubtful
whether road material of good quality can be secured from it. Near
the village of Eureka, the thickness of Liower Magnesian limestone
exposed is 32 feet. The section in descending order is as follows:

Thin bedded, even grained, iimestone, of medium hardness..

Contains cavities lined with druses of guartz.......... 10 feet
Soft, shaly layers, not fit for use onroads.......cocvevenennn 16«
Thick bedded, compact, even grained limestone of medium

hardness .....cvivtieeereensrssnsnssenearsnsnntaarssone 6 «

The lower layers appear to be best adapted for use on roads.

The section of Liower Magnesian limestone southwest of Eureka
in descending order is as follows according to Chamberlain.!

1. Heavy irregular beds of impure limestone containing many

* Chamberlin, T. C., Geology of Wisconsin, Vol. II, p. 276, 1873-1877.
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cavities, more or less filled with quartz erystals of the transparent.

“and milky varieties; texture varying; bedding uneven and some-
what undulatory; rock weathers to a very rude ragged aspect.
Thickness .10 feet.

2. Reddish shale, variegated with gray and green, the lower por-
tion mostly soft, breaking and crumbling easily; some parts quite
arenaceous; the upper portion more calcareous, and containing
many aggregations of quartz crystals, usually of the opalescent va-
riety. The layers are irregular and somewhat undulating. Thick-
ness 15 feet.

3. Very heavy beds, nearly uniform in thickness, and horizontal
in bedding. The rock contains many almond-sized but irregular
cavities, only a small proportion of which are filled with crystals.
It is uneven but distinetly granular crystalline in texture, medium
in hardness, and dirty gray or buff on the exterior, but mottled
bluish on the interior. It is well adapted to heavy masonry, as
foundations, piers and locks. It is used for the latter purpose in
the construction of the adjacent locks on the Fox river. Thickness
exposed 6 feet.” ’

The following section of an old lime quarry in the NW14 of sec-
tion 26 in the town of Poygan is also taken from Chamberlin.

In descending order the beds are as follows:
Thin-bedded, wavy limestone.........ocieeveeenennnns 3 feet

Layer exceedingly variable in its characteristics......
Soft, earthy, granular limestone. Beds below medium

in thiCKNess ....vcvvieieivnineooaantocssarsaosnns 16 feet
Yellowish gray limestone. ... .veevneennsenreoncsenns 1 foot
Rotten limestone ........ccovviiierivencenorennencennas 8 inches

Hard limestone—only surface exposed.

The Lower Magnesian limestone is quarried at Gilbert’s quarry
south of Lake Poygan and near Winneconne. These quarries have
produced very little road material.

It is also exposed in a small pit on the farm of E. E. Bronson at
Omro. - The rock at this place is soft and porous, and does not show
bedding. So little of it is exposed that no safe estimate of the
amount available could be made. For tests on an average sample
from this locality see Table X.

The report of the Office of Public Roads on this stone is as fol-
lows:

““Sample shows average hardness, low resistance to wear and
toughness, and good cementing value. Should only be used on plain

! Chamberlin, T. C., Geology of Wisconsin, Vol. II, p. 277, 1873-1877.
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macadam roads subjected to light traffic or with a bituminous
‘binder.”’

A sample of the Lower Magnesian limestone from the quarry of
H. E. Gilbert, about 4 miles northwest of Omro, near Lake Poygan,
was tested by the Office of Public Roads. For results, see Table X.

The comment of the Office of Public Roads on this stone is as
follows:

“‘This rock shows average hardness and resistance to wear, low
toughness and fair cementing value. Should prove satisfactory for
plain macadam roads subjected to light traffic or for use with a
bituminous binder.’’

At the Robert Lutz quarry southwest of Oshkosh about 37 feet
of the Galena-Trenton formation are exposed. The section is as-
follows in descending order:

Soil .....oial, Sttt etiateer it ecebeetretacesannan
Thin bedded, frost-broken limestone............ccvicun.. A few feet
Fine grained, bluish colored limestone with numerous

quartz lines cavities. . vov.iiinir e rieennnnnnes 15  «

Bluish, fine grained limestone alternating with shaly layers 10

The amount of stone in this quarry is for practical purposes un-
limited. The quarry is easily accessible, and has railroad facilities.

An average sample from this quarry was tested by the Office of
Public Roads. TFor results see Table X. Its comment on this sam-
ple is as follows:

‘“Material shows average hardness and resistance to wear, low
toughness and good cementing value. Only suitable for use in
foundation course in plain macadam construction, or suitable for
use with a bituminous binder.”’

To the west of Neenah and Menasha there is a series of quarries,
of which the most important are the G. H. Salter quarry and the
City quarry of Neenah. The Salter quarry is located about 3 miles
south of Appleton. The stone is being excavated from below the
general level of the country, and has to be hoisted to the crusher.
The rock section in descending order is as follows:

Feet
Fine grained, buff, thin bedded limestone with flint nodules...... 6
Dense, thick bedded, bluish limestone.......coviieieveccrencanene 12

An average sample from this quarry was tested by the Office of
Public Roads. For results see Table X. Its report is as follows:

““This rock shows average hardness and resistance to wear, rather
low toughness and good cementing value. Should be satisfactory
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for plain macadam roads subJected to medium traffic or with bi-
tuminous binders.’

Tests on an average sample of Galena-Trenton formation from
the city quarry of Neenah by the Office of Public Roads are shown
in Table X. Its report on this stone is:

‘‘Material shows average hardness and resistance to wear, low
toughness and good cementing value. Should be satisfactory for
use on plain macadam roads subjected to light traffic or with a
bituminous binder.”’

Winnebago county has very little road material besides lime-
stones. In the western part there may be some localities where
field bowlders are sufficiently abundant to constitute a road ma-
terial. In the eastern portion, there are a few gravel pits. One is
located in the town of Nekimi about 3 miles south of Oshkosh.



TaBLE X.
Tests on Limestone from Winnebago County.
. Weight [Water ab- Coefli-
Nature of Test, Specific per  |sorbed per] Per cent | ofentof | Hardness.| Tough- | Cement- | gyuitable for.
gravity. | oubic ft. | cubic ft. | ©f wear. wear. | ness. ling value,
Limestone from Lutz Quarry, Wis., Road . .
sample No, 65...cvuiveeriennianens vesveransa] 2.8 High 175 .65 Lowt 3.8 Med.| 10.6 Med | 156.5 Med.} 8. Low | GoOd......[ccevvuun.n PR
Limestone from Bronson Quarry, Wis. h
Road Sample No. 66......... veeneof 2.75 Med. 172 1.65 Med.] 5.6 Low| 7.1 Low| 16.3 Med.| 7. Low | Good......| Light traffic.
Limestone from Gilbert’s Quarry. Wis-
consin Road. Sample No.8l.............. 2.8 High 175 .62 Low| 3.4 Med.| 11.9 Med.| 14.7 Med.| 11. Low | Fair...... ‘Light traffic.
Limestone from Salter’s Quarry. Wiscon- . .
sin Road. Sample No.68............c.i.. .| 2.8 High 175 .53 Low| 3.4 Med.| 11.8 Med.| 16.5 Med.| 10. Low | Good .| Medium traffic.
Limestone from City Quarry of Neenah....| 2,70 Med. 168 2.68 High| 4.1 Med.; 9.8 Med.| 14.3 Med, 9. Low | Good .4 Light traffic.
Maximum for Wisconsin (limestone).......| 2.85 178 | 6.8 2.5 17.3 16.5 13, feredn
Minimum for Wisconsin (limestone).......| 2.45 153 14 2.3 1.8 4.0 2. e, [ RN

8¥
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Fonp pu Lac County.

The eastern part of Fond du Lac county is undérlaid by Niagara
limestone to the west of which there is a narrow strip underlaid by
Cineinnati shale. A broad belt of Galena-Trenton limestone trend-
ing north and south underlies the central portion from Fond du
Liac to Ripon. West of Ripon there are narrow belts underlaid by
St. Peter sandstone, Lower Magnesian limestone, and Potsdam
sandstone. The distribution of these formations at the surface and
underneath the soil and loose material whiech covers them in most
places is shown by Plate X.

The western edge of the Niagara limestone is marked by a prom-
inent escarpment, which follows the east shore of Lake Winnebago.
From the south end of Liake Winnebago, it swings southwestward
and appears about 1% mile east of the village of Oakfield. The
Galena-Trenton limestone underlies a level, gently rolling, in places
low stretch of country, a part of which is an old lake plain. The
Lower Magnesian beds appear on the hill tops in the northwest cor-
ner of the eounty.

Limestone outerops and quarries are found chiefly along the es-
carpments which mark the border of the Niagara and Lower Mag-
nesian limestone. The Galena-Trenton formation is nearly lack-
ing in conspicuous surface features, and is almost completely buried
by soil, glacial drift, and lake clays.

The Lower Magnesian limestone is quarried at the Kroll & Benzel
quarry west of Ripon. In this quarry, about 28 feet of the Lower
Magnesian limestone are exposed. The section in descending or-
der is as follows:

Soil ... e eeseceeieeanas about 2 feet
Thin-bedded, buff limestone........cceiviiiiiacnerocneannnns 6 feet
Buff and blue limestone..........ooiiveiiieennnrrcanaanns .. 8 feet
Alternating beds of flint, clay and limestone............cc.v... 10 feet
Fine-grained, dense limestone...........ccivieiierienrennenns 2 feet
Alternating bands of clay, sandstone and limestone........... 3 feet

Rock from this quarry is crushed for road material, which has
been used in the city of Ripon. No tests on this material are avail-
able. It appears to be as good in quality as the Lower Magnesian
limestone at Middleton or Bridgeport. See page 86 of this report.

It has already been stated that outerops and quarries of the
Galena-Trenton formation are searce in Fond du Lac county.

4—L.
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Nearly all of it is covered by soil, glacial drift, or lake clays. Small
exposures occur along Silver Creek in and near the city of Ripon;
on a road 2 miles southeast of Ripon; and about 14 miles to the
west of Waupun. It is quarried about 214 miles west of Brandon,
and a short distance northwest of Waupun.

No facts regarding the quality of the Galena-Trenton formation
in this county for road making are at hand. In Columbia county,
it is a uniform, but weak, mediocre material. The upper part of
the formation furnishes good road material from a number of quar-
ries in the Upper Fox river valley, whereas in southwestern Wis-
consin, it is nearly worthless for road construction. The lower part
throughout southern Wisconsin is generally a usable, but rather
soft road material. In the northeastern part of the state, it is
rarely exposed.

Some of the most important limestone quarries in the state are
located on the escarpment at the western edge of the Niagara lime-
stone area in Fond du Lac county. .

The following is a partial list of the principal quarry owners:

The C. & N. W, Ry. Quarries at Peebles and at Oakfield.

Nast Bros. Lime & Stone Co. Quarry at Marblehead.

Union Lime Co. Quarries at Marblehead and Hamilton.

The beds exposed at Oakfield and Peebles are characterized by
thick-bedding, uneven, coarse grain, and a rough appearance of
the weatherd surface. The section at the C. & N. W. Ry. Co’s
quarry at Peebles is as follows, in descending order:

Feet
10 AP Very thin
Cavernous, flinty limestone........ .ot iiiiiniinrennnennn 15 feet”
Compact limestone .......cciiiiiiiiiiererconreesnnannnan 3 feet
Hard, dense, flinty limestone..........coviiiiiieetrenenes 15 feet

For tests on this stone see table XI.

In the Union Lime Company’s quarry at Hainilton, Wis., about
45 feet of Niagara limestone are exposed. The upper 25 feet of
the section consist of a rather soft, medium-grained rock, with an
irregular billowy structure. Below this a thickness of 20 feet of
thin-bedded, fine-grained, bluish colored limestone with shaly part-
ings is exposed.

The stone from this quarry is erushed for road-making, and
other purposes. In 1912 the capacity of the crusher was about
200 cubic yards per day.

For tests on this stone see table XI. The Office of Public Roads
reports that the rock from this quarry shows ‘‘average hardness
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and tresistance to wear, rather low toughness and good cementing
value. It should be satisfactory for plain macadam roads subjected
to light traffic or for use with a bituminous binder.”’

The Niagara limestone beds in the quarry of the Union Lime Co.
and of Nast Bros., Lime & Stone Co. at Marblehead, Wis. are nearly
identical: About 55 feet of Niagara limestone are exposed at this
locality.

Tests on a sample of stone from the Union Lime Company’s
quarry at Marblehead are given in Table XI. The report of the
Office of Public Roads on this sample is:

“‘The sample shows average hardness and resistance to wear, low
toughness and fair cementing value. Should be suitable for plain
macadam roads subjected to light traffic or for use with bituminous
binders.”’



. Tests on Limestone from Fond du Lac County.

TaBLE XI.

Nature of test Specific Dg’eci%%%c svgra"t;cgé aL1}:5_1' Per cent c(i.)eori3 t?})-f Hardness.| Tough- | Cement- | qyitaple for
' gravity. foot,. cu. it of wear. wear. " mness. |ing value. ’

Limestone from_ Union Lime Co Hamll X

ton, Wis. Road Sample No. 63. v....} 2.6 Med.. 162, 1.67 Med... 3.6 I IMed. .} ocoovveeann]raarnnnnnnns Fair...... Light traffic.
Limestone from Union Lime Co., Marble- :

hea.d Office of Public Roads Sample No. .

6479.......... TS 2.8 High. 175. .86 Low... 4.6 8.7 Med..{ 15.2 Med | 10. Low..! Good...... Light traffic.
Limestone from Marblehead, Wisconsin . . .

Road Sample No.64..............ooooianet 2.80 High. 175. 51 ¢ 3.4 11.9 Med..; 14.4 ° To " e
Limestone from C. & N. W. R. R. Quarry,

Peebles, Office of Public Roads Sample . .

NO.BB28ue it iies ceieee e s 2.85 High. 178. 510 5.4 7.5 Low.| 13.7 8oft..| 8. ° Fair...... Light traffic
Maximum for Wisconsin limestone........ 2.85 178. 6.9 22.5 17.3 16.5 .
Minimum for Wisconsin limestone.......... 2.45 153. J4 2.3 1.8 4. 2 O

a4
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GREEN LAkr CoOUNTY.

Nearly all of the western portion of Green Lake county is under-
laid by the Potsdam sandstone. The eastern portion is underlaid
by strips of Lower Magnesian limestone, St. Peter sandstone, and
Galena-Trenton limestone trending northeast southwest, and by out-
lying patches of Liower Magnesian limestone. In the vicinity of
Berlin, Utley, Marquette, and in the northwestern part of the town
of Seneca, knobs of old voleanic rocks project through the sedi-
mentary rocks. Plate XI shows the distribution of these forma-
tions as they would appear if the soil and loose debris which covers
them in most places were removed.

Most of the outcrops of the Liower Magnesian limestone oceur
along a distinct line of bluffs which mark the western limit of this
formation. The following is a list of localities where it is known
to outcrop: ' .

The southeastern part of the town of Kingston.

About 114 miles west of Lake Maria.

About 2 miles west of Markesan.

East of Little Green Lake,

Along the creek between Little Green Lake and Green Lake.
The southeast end of Green Lake.

Near the mouth of Dover Creek.

Southwest of the mouth of Dover Creek.

South of the C. & N. W. Ry. south of St. Marie.

Between Green lLiake and Berlin.

Quarries of the Lower Magnesian limestone are located as fol-
lows:

Near Markesan.

About 1% mile north of the Village of Green Lake.
Southeast of Little Green Lake.
About 2 miles southeast of the Village of Princeton.

The composition and physical make up of the Lower Magnesian
limestone in Green Lake county are extremely variable. In many
places it consists of alternating beds of sandstone and flinty lime-
stone, or of limestone and sandstone beds grading into one another
horizontally. It is therefore to be expected that its quality for
roads would vary considerably from quarry io quarry, or even from
bed to bed.

The principal exposures of the Galena-Trenton formation are
along a line of bluffs which mark its western edge. Most off the
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beds exposed belong to the lower portion of the formation. They
are generally earthy and fine-grained. Sandy and shaly layers are
also found occasionally.

Very little information is available which bears directly on the
fithess of the limestones of Green Liake county for road construe-
tion. They have not been tested, and no data are at hand regard-
ing their behavior when tried out by actual use. In other parts of
the state excepting along the Mississippi river the Lower Magne-
sian limestone usually is exceedingly variable as a road material.
Good and worthless material often occur in the same quarry. Judg-
ing from published descriptions of its characteristies in Green Lake
county, it seems certain that it is as variable here as elsewhere.

Besides limestones, Green Liake county has an abundance of field
bowlders and some gravels. Its best road materials for heavy traf-
fic are among the best in the state. They are the volcanic rocks
which outerop at Berlin, Utley, and other localities. At Berlin the
granite is crushed on a large scale by the Wisconsin Granite Co.,
and shipped all over the upper Mississippi valley for use on roads
and for city streets.
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SaEBOYGAN COUNTY.

Sheboygan county is underlaid by the upper beds of the Niagara
limestone. They are generally buff, blue, or gray, thick bedded,
rough on the weathered surface, and relatively free from impuri-
ties. Unless damaged by weathering, they make a very satisfac-
tory road material.

Limestone outcrops are searce in this county. In the western
part, the ledges are nearly all buried under hummocky ridges of
glacial drift. Along Lake Michigan there are thick deposits of red-
dish colored lake clays, which conceal the underlying rocks in most
places. The most favorable localities for outerops are where wave
and stream action have removed the surface mantle of loose mate-
" rial down to bed rock.

At Light-house point near Sheboygan, there is a hard, mottled,
bluish, compact limestone. A similar rock is exposed near Sheboy-
gan Falls, which in places shows a slightly granular structure.

Chamberlin has described the beds of quarries located on the
NW.14 of SE.14 of Section 9 (Roth’s quarry); N.14 Seetion 7 (Ra-
bie’s quarry); and of Howard’s quarry on the Sheboygan river..
These localities were not examined and nothing was found out re-
garding the a{failability of stone from them at the present time.

The following quotations from Chamberlin’s deseriptions are
presented because they indicate in a measure the quality of the
stone in these quarries for road purposes: ‘‘The limestone at Roth’s
quarry is a thick-bedded, bluish, hard dolomite, quite free from
cavities but with a few patches of calcite, and more rarely iron
pyrites. Some portions are beautifully laminated, others are gran-
ular.”’ )

‘“At Rabie’s quarry, the vertical exposure is slight. The upper
layers are even and compact, but below they consist of fragments
of limestone cemented with earthy matter. They are full of cavi-
ties lined with druses of calcite.”

“In Howard’s quarry, at the rapids of the Sheboygan river, the
rock is irregular in bedding and structure. It varies from a soft,
granular, to a hard almost flint-like limestone. It contains many
cavities and weathers to an exceedingly rough, pitted surface.”’

The principal quarries operating in Sheboygan county at {the
present time are the Sheboygan Lime Works quarry northwest of
Sheboygan, and the Sheboygan Falls Construction Company’s
quarry at Sheboygan Falls.
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At the Shebogan Lime Works quarry over a hundred feet of
strata are exposed. At the top the forlmation is thick-bedded and
cavernous. The lower beds are more compact and thick-bedded.
The rock generally has a rough appearance and a hackly fracture.

For road tests on this stone see table XII. The .comment of the
Office of Public Roads regarding it is as follows:

““This rock is rather soft, showing low toughness, average re-
sistance to wear and good cementing value; suitable for use on
plain macadam roads subjected to light traffic, or for use with a
bituminous binder.”’

At the Sheboygan Falls Construction Co.’s quarry about 20 feet
of limestone are exposed. The top beds are frost broken and the
rock on the average is somewhat softer than that of the Sheboygan
Lime Works. ‘

For road tests on a sample of stone from the Sheboygan Construe-
tion Co.’s quarry, see table XII.

The report of the Office of Public Roads regarding its character-
isties is as follows: ,

““This material is rather soft, showing low toughness, average
resistance to wear and good cementing value; only suitable for
roads subjected to light traffic but may be satisfactorily used with
a bituminous binder.”’ :

"Besides limestone Sheboygan county has an abundance of gravel.
Gravel pits are located in every township, so that it is not neces-
sary to give their locations. They are very numerous along the
line of the C. M. & St. P. Ry. through Elkhart Liake and Plymouth.
Although the quality of gravel deposits for road-making is ex-
tremely variable, some of these deposits undoubtedly contain good
road material. In the western part of the county field bowlders
are very abundant. ‘



TasLe XIL
Tests on Limestone from Sheboygan County.

. Water ab-| Per cent Cement-
Nature of Test, Specific | Weight sorbed of French | Hardness. | Touglness. ng Suitable for
gravity. ipercu. ft.\porcu, ft.| wear. coeff. value.
Limestone from Sheboygan Lime Works
quarry. Wis, road sample No, 78...} 2.75 Med. 172 .50 Low 3.8 10.4 Med.l 13.3 Soft 7.0 Low | Good Light traffic,
Limestone from Sheboygan Falls con-
struction Co.’s quarry. Wis, road
sample No, 75....... [ ceraues 2.75 Med. 172 .63 Low 4.8 8.3 Med.| 12.7 Soft 5.0 Low | Good Light traffic.
Maximum for Wisconsin limestone.....| 2.85 178 6.9 22.5 7.3 16.5 13.
Minimum for Wisconsin limestone.....| 2.45 153 14 2.3 1.8 4.0 2.0

‘SNOILLJIFOSAd AINOOD
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WaASHINGTON AND OzZAUKEE COUNTIES.

The chief underlying rock of Washington and Ozaukee counties
is the Niagara limestone. The Galena-Trenton formation and the
Cincinnati shale underlie a part of Washington county, and the
Hamilton cement rock underlies a narrow strip along the lake shore
in Ozaukee county extending from Port Washington several miles
to the northward. The distribution of these rocks, as they would
appear if the soil and loose material which covers them in most
places were stripped off, is shown by Plate XIII.

Outcrops of limestone are not abundant in these counties, owing
to the thick mantle of glacial material which covers the ledges in
most places. In the western portion of Washington county, the
drift is especially thick,'and probably covers the Galena-Trenton
formation completely. The most favorable localities for exposures
of the Niagara limestone are along the stream channels. Outerops
of the Hamilton cement rock may be disregarded since this rock is
too soft and weak to be used as a road material.

Quarries of Niagara limestone are located along Stoney Creek in
the town of Fredonia, at Drucker, a few miles north of Port Wash-
ington, at Grafton, Cedarburg, Germantown, Kewaskum, West
Bend, Hartford, and on the lake shore east of Belgium.

The quarry of the Liake Shore Stone Co., about 3 miles east of
Belgium on the shore of Lake Michigan is one of the largest pro-
ducers of erushed stone road material in the state. The report of
the Office of Public Roads on an average sample from this quarry
is as follows:

““A rock of medium hardness, medium toughness, medium resist-
ance to wear and good cementing value. Should give satisfactory
results under ordinary conditions of traffic.”’

For tests see table XIII.

In the quarry of the Milwaukee Lime Co. at Grafton about 30
feet of Niagara limestone are exposed. The stone is somewhat
softer than of most Niagara limestone quarries in the eastern part
of the state. The rock section in descending order is as follows:

Fine grained, soft, thin bedded limestone..........ccvveennn.. 20 feet
Very massive limestone, somewhat harder than overlying beds 10 «

The report of the Office of Public Roads on an average sample
from this quarry is as follows:
““This material is rather soft, shows low toughness and resistance
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to wear and good cementing value. Only suitable for roads sub-
jected to very light traffic, unless used with a bituminous binder.”

For tests see table XIIL

Field bowlders, which would make excellent road material are
found in great abundance in the western part of Washington
county. Gravel pits have been opened up in the towns of Grafton,
Cedarburg, Germantown, and in the northeastern part of the town
of Mequon, west of Bartel. Their quality for road-making will
probably be found to vary widely but the gravels of this region
are excellent road material when properly selected and used.



TasLe XIII,
Tests on Limestone from Ozaukee County.

Specifi Weaant t‘;Vatgrd P t (Coefficient Tough- |G ti
pecific ver absorbe er cen oefficient. ough- ementing i
Nature of Test. gravity.| cubic | per cubic | of wear. | of wear. | Hardness., “peeq value. Suitable for
foot. foot.

Limestone from Lake Shore Co.’s

quarry, Ozaukee county............. 2.80 High 175 .65 Low 5.3 7.5 Low | 12.4 Soft 8. Low Low Light traffic.
Limestone from Milwaukee Falls!

Lime Co.’s quarry, Grafton, Wis....| 2.65 165 1,38 Med. 6.3 6.3 Low | 11.1 Soft | 5. Low Good Very light traffic,.
Maximum for Wisconsin limestone..| 2.85 178 6.9 22.5 17.3 18.5 2
Milnimum for Wisconsin limestone...| 2.45 153 14 2.3 1.8 4.0 2.0 feiieneddeeen beereeacnerirenann .

09
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Dopnce CoUNTY.

The uplands of the eastern part of Dodge county are underlaid by
the Niagara limestone; the lowlands by the Cincinnati shale. In the
central part of the county, the underlying rock is the Galena-Tren-
ton limestone, which constitutes a broad belt trending north and
south. The hill tops of the western part of the county are usually
occupied by the Lower Magnesian limestone; most of the hillsides,
valleys, and lowlands by St. Peter sandstone. In the southwestern
part of the county, there are several outcrops of quartzite. The dis-
tribution of these formations as they would appear if the soil and
loose material which covers them in most places were stripped off,
is shown by Platt XIV.

Limestone outcrops and quarries are located chiefly along escarp-
ments which mark the western borders of the limestone beds. Es-
carpments of this kind are especially prominent along the edge of
the Niagara limestone. The conspicuous elevation which ean be
seen east of Iron Ridge, Mayville, and Oakfield is of this type. The
detailed descriptions of outerops and quarries which follow are
based partly on published reports and partly on personal observa-
tions.

In the town of Ashippun, there are several scattered, outlying
ledges of Niagara limestone of which the most noteworthy is in sec-
tions 6 and 7. They appear on an estarpment about 50 feet high.
Only about 26 feet of limestone are exposed. The section is as fol-
lows:

Feet
Fragments of limestone, cemented by yellow, granular limestone... 6
Reddish buff, granular, somewhat friable, porous limestone, evi-

dently a poor road material.........cc.iiviiiiiinniernnrennns 8
Very hard, compact, flint like limestone.........covieeerneeroennn 6
Hard, porous limestone, made up of fine and coarse patches........ 6

These beds belong to the basal portion of the Niagara limestone.
Their quality for road construction is probably similar to some of
the beds near Mayville which also belong to the lower part of this
formation,

At Iron Ridge, about 10 feet of Niagara limestone was found
overlying a bed of iron ore. The upper six feet of the limestone
were frost broken, and probably of little value for road construec-
tion. The lower layers were in part shaly. Heaps of broken lime-
stone at this locality, left by mining, will be of some value for lo-
cal use.
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From Iron Ridge northward, there is no dearth of outcrops of the

Niagara limestone,

About 2 miles south of Mayville there is a pre-

cipitous cliff of Niagara limestone nearly 100 feet in height. The
section in descending order is as follows:
Feet

‘White, fine grained, crystalline limestone................ [
Soft, white granular, crystalline limestone.......... approximately 30
Massive limestone cut by prominent vertical fissures......ceveeees
Shaly and flinty limestone, easily chipped......oeveeeeeeerneease. 23
Thick bedded limestone................ Cereeesareana teeeesenennee 4
Shaly and flinty limestone............... e eeereoereannas T
Massive limestone rifted by prominent vertical fissures..... ceeess 12
Thin bedded, soft, shelly layers............ ereeeereareeanaaan .. b

At the quarry of the Mayville White Lime Co., the following section

is exposed.:

Soil ..o, et raseeieunaan Cesecensananes .. A few feet
Buff, weathered ToCK......coiiiiiiiiriirirreeernneneronnnn oo 20 feet
Porous, cavernous limestone used for lime......... evesaeeaes 4 «
Hard, thick-bedded limestone said to be poor material for lime
because of hardness......... e rrereeeeneaeas R
Buff, cavernous limestone........cceeeveeenenenns Cereesesane 10

This stone is used quite extensively as a road material. In 1913
the capacity of the erusher at this quarry was about 200 tons a day.
The road tests on an average sample from the quarry are as follows:

TasLe X1V.

Tests on Lumestone from Quarry of the Mayville White Lime Works, Mayville, Wis.

Limestone from
Mayville White | Maximum |[Minimum
Lime Works for Wis- | for Wis-
Nature of Test. Quarry. Wiscon-| consin consin
sin Road Sample | imestone | limestone.
No. 61

SpeCific gravity..ovuiiiniiriiieniiiiiiiiiaianeaiiaioiins 2.75 High 2.85 2.45
Pounds per cubic f00t....coeveiiiiiiiiiiniiniaiiaeinias 172.00 High 178. 153.
Pounds of water absorbed per cubic foot.............. 1.10 Low 6.9 14
Per cent of wear, 4.5 Average 22.5 2.3
French coeflicient 9.0 Medium 17.3 1.8
Har@ness......oo.vuiiiiiiaiiiieiiniiaiiiciereiesioansnens 14.3 Medium 16.5 4.0
TOUNNOSS. s v esriiiniin e reiiiieeteiaiesseisanesarinns 8, Low 13. 2.0
Cementing value Good
Suitable for Light trafiic...
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The comment of the Office of Public Roads on this sample is:

““This rock shows average hardness and resistance to wear, low.
_toughness, and good cementing value. Suitable for roads subjected
to light traffie, or for use with a bituminous binder.”’

At Nast Bros. quarry about 2 miles to the south of Knowles,
about 18 feet of Niagara limestone are exposed. The rock is uni-
formly hard and unaltered. It has the appearance of a very sat-
isfactory road material.

In 1912, the capacity of the crusher at this quarry was about 200
cubic yards per day. The rock is used chiefly for road comstrue-
tion.

At Nast Bros. quarry at Nasbro, 275 miles north of Knowles, a
section of Niagara limestone about 25 feet high is exposed. The
quarry face is about 14 mile long. A practically unlimited quantity
of stone is available here. The section in descending order is as
follows:

Feet
Weathered, soft, and broken limestone........cvueeiuenrennnnanns 15
Unaltered, hard limestone........coiiiririiiriirinrerenananens 10

In 1912, a crushing plant with a capacity of about 5 ecars per day
was installed at this quarry. TUnless the stone for crushing is taken
from the lower ten feet of the quarry, an inferior road, material
will be produced. ‘

Outcrops of the Galena-Trenton and the Lower Magnesian lime-
stones are scarce. In the town of Chester, west of Waupun, there
are a number of outerops and quarries of the Galena-Trenton for-
mation. The outerops are situated on the road aleong the north line
of the town of Trenton, and several others occur to the east of
Beaver lake. In the town of Emmet, north of Watertown, there are
& number of exposures. One of these is where the road crosses
the town line, about 214 miles to the northeast of Richwood. The
others can be seen along the creek bottom, about a mile north of
Watertown, to the west of the C. and N. W. Ry. track. Outcrops
are also found in the towns of Field, Portland, Elba, Wales, Cala-
mus, Beaver Dam, Westford and Fox Lake, but all of them are very
small. The beds exposed are generally very much weathered and
very few of them will probably furnish good road material.

At the Cowen quarry, about one mile north of Watertown, 6 feet
of Galena-Trenton limestone are exposed. The beds are hard, com-
pact, fine-grained and show very little weathering. A small erusher
has been operated here, for supplying local needs.
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At the Herman Tetzlaff quarry, about one-half mile to the north-
west of the Cowen quarry, about 15 feet of buff colored, rather
gsoft and disintegrated Galena-Trenton limestone is exposed. The
rock from this quarry has been crushed and used for local purposes.
No tests of this stone are available. It is not likely that it would
make a good material for roads subjected to heavy traffie, but it
will most probably make a satisfactory country road.

Several small quarry openings in the Galena-Trenton limestone

are located in the city of Beaver Dam, north of Juneau; and in the
town of Trenton between Beaver Dam and Fox Lake.
. One of the best known outerops is in the center of the southeast
quarter of section 19, in the town of Elba. Here about 21 feet of
limestone are exposed. The beds are mostly cavernous, flinty, frag-
mental, and in part sandy. It is not probable that good road ma-
terial can be gotten from them.

Besides limestone Dodge county has an abundance of glacial field
bowlders, particularly in the higher portions of the county. There
is also some gravel, although it is not so abundant as farther east
along the kettle moraine in Sheboygan county. A gravel pit is lo-
cated about 2 miles to the northeast of Beaver Dam and several have
been opened up to the east of Clyman. In the town of Portland, in
the southwest part of Dodge county, there are large outcrops of
quartzite. ‘
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WAUKESHA AND MILWAUKEE COUNTIES.

The eastern part of Waukesha county, and the greater part of
Milwaukee county is underlaid by the Niagara limestone. North of
the city of Milwaukee, there is a small area underlaid by the Hamil-
ton cement rock. In ‘Waukesha county, a narrow north and south
trending strip, west of the Niagara limestone area is underlaid by
the Cincinnati shale. The extreme western portion of this county
is underlaid by the Galena-Trenton formation. The distribution of
these formations at the surface and underneath the soil and loose
material which covers them in most places is shown by Plate XVI.

The Niagara limestone is the only formation which need be con-
sidered as a source of road material. The Galena-Trenton forma-
tion is probably completely buried by glacial drift, and the Hamil-
ton cement rock is too soft for use on roads. The principal expo-
sures of the Niagara limestone are along the Menomonee and Mil-
waukee rivers, and along the low bluffs which mark the western
edge of the Niagara limestone beds in the vicinity of Eagle in Wau-
kesha county. For a map showing the distribution of limestone
outcrops in Milwaukee county, sce United States Geological Sur-
vey, Folio 140, by W. C. Alden.

In this part of the state, the Niagara limestone presents three
distinct phases. The commonest phase is well bedded, fine-grained,
compact, and hard. It is easily quarried and generally makes a
good road material. The other two phases consist of (1) massive,
coarse or fragmental mound-like masses without stratification or
with obscure stratification, which grade into (2) well defined beds
of soft, porous, granular limestone.

The largest exposures of the Niagara limestone are along the
bluffs of the Menomonee river between Milwaukee and Wauwa-
tosa. Here also are some of the most important quarries. Going
westward from the mouth of the Milwaukee river, the first outerop
met with is that 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 high and

. 60 feet long. This outcrop is of the massive type; ouly a slight
trace of bedding is visible at the west end. It is a mound-like mass
which dips down under the clay that covers it. In places it is
slightly broken—perhaps by blastmg, but as a whole it is a hard,
exceedingly 1rregular coarse- gramed gray, pure dolomitiec lime-
stone.

5—L.
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\

No tests of this stone are available, but it seems probable from
the descriptions that a stone of fair quality could be gotten here.

. The next exposure up the river is about 1% miles to the west of

Moody’s quarry, on the west side of the river, at the National Sol-
diers’ 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
presents a vertical face of rock. It is a section of a limestone
mound, coarse, uneven, gray in color, massive without stratiﬁca-
tion. ‘

Story Bros. quarry is on the south side of the river about two-
thirds of a mile northeast of the exposure at National Soldiers home.
Here the limestone exposed is even-bedded, coarse-grained beds al-
ternating with fine-grained ones. At the quarries of Manegold Bros.
and the Monarch Stone Co., about two-thirds of a mile to the north-
west, the stone exposed is of a similar quality. No test of the stone
has been made. ‘

To the east of Wauwautosa are the old Busack and Shoonmaker
quarries. At the Busack quarry to the west, the beds are mostly
heavy, well defined and somewhat clayey, rather fine and even-
grained with a shell-like fracture. At the east end the upper layer
becomes irregular in bedding, rather soft and granular in texture.
In the Shoonmaker quarry the bedding is mostly obseure or lack-
ing. The rock is generally a massive, coarse-grained, hard, bluish-
gray dolomite. In places it is a breccia in which the fragments and
cement are alike. In the eastern part of the quarry the upper part
of the section is clayey, porous, and weak.

The massive, compact portions of the Shoonmakers quarry are
evidently the best fitted for road material.

The G. D. Francey Coal, Stone and Supply Co.’s quarry is located
in Wauwautosa. The section exposed when examined in 1912 was
about 40 feet thick. The longest fdce is east and west, on the north
side of the opening. Here a core of a limestone mound is exposed.
~ The rock is massive, without bedding, cavernous and pitted, the
cavities frequently lined with calcite crystals.

Tests on this limestone show that it is of fair quality for light
traffic roads. See Table XV for tests. The comment of the Office
of Public Roads on this stone is ‘“a soft stone with a medium per
cent of wear, low toughness and fair cementing value.’’

Zimmerman’s quarry is located in the valley of the Menomonie
river, about 3 miles northwest of Wauwautosa. The limestone here



COUNTY DESCRIPTIONS. 67

is buff colored, thin-bedded, only slightly fractured, even grained,
and shows minute pores filled with a pitchy asphalt.

'W. N. Smith 2 reported to the Milwaukee County Board of Super-
visors in 1905, that about 400,000 cubic yards of stone could be
quarried here. His estimates were based on a quarry 70 feet deep,
1500 feet long and 300 feet wide, the amount actually in sight.

He states that there is danger from flooding during highwater,
and that the thickness of the overburden on this property is un-
certain.

Tests were made on this stone by the United States Department of
Agriculture. The tests as reported by Logan W. Page, Chief of Di-
vision of Tests, is given in Table XV. It is a soft rock of low tough-
ness and medium per cent of wear.

The old Trimborn quarries are located on Section 28 in the town
of Greenfield. Descriptions of the quarry are not available. Tests
on the stone show that it is far below the average as a road metal
and that it should not be used. For tests see Table XV. Taken
from report given in Proc. of Supervisors of Milwaukee county, p.
87, 1905-1906.

South and west of the old Trimborn quarries in Section 28 of the
town of Greenfield, a practically unlimited amount of road material
could be gotten according to Smith. About 10-20 feet of rock are
above water level. The drift burden varies from 0-10 feet. Since
the Trimborn stone seems to be poor according to tests, the fitness
of this stone is questionable unless tests and actual use have shown
it to be usable.

The quarry of F. A. Zautke is located one mile northwest of North
Milwaukee. Alden states that from 6-10 feet of limestone is ex-
posed. It is a mound-like, unstratified mass of irregular, coarse
grain, and open, porous and cavernous structure. At the bottom
of the quarry, the limestone is hardest. The fracture is uneven. For
tests on this stone see Table XV. They were made by the United
States Department of Agriculture, for Milwaukee county. See Proe.
of Supervisors of Milwaukee county, 1905-1906, p. 87. It is a stone
of fair quality, but rather soft, and has a medium per cent of wear.
~ Smith reports that in section 26 of the township of North Milwau:

kee, a quarry could be opened up, and that an abundance of stone

*See Alden, W. C. Milwaukee Special Folio 140, U. ‘S. Geol. Survey, p. 2,
1906. '

?Smith, W. N. Proc. of the Board of Supervisors of Milwaukee County, 1905,
pp. 29-31. .
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is available. The water level is near the surface, however, and the
thickness of soil is unknown.

He states that a few feet of limestone are exposed on Koenitzer’s
property in section 1 of the town of North Milwaukee near the
creek, but that there is danger of flooding here. The thickness of
soil was not determined. For tests by the Department of Agricul-
ture on this stone see Table XV. The data was gotten from the Proec.
of the Supervisors of Milwaukee county, page 87, 1905-1906. The
tests show that the quality of the stone is fair. The per cent of
wear is rather high, and the cementing power is fair.

Alden reports that there is a limestone quarry 1 mile east of
Hales’ Corners on the west side of the Root river valley. The rock
is thin-bedded near the top, and the beds are from 1 to 3 feet thick
at the bottom of the face. It is porous, weathered, and irregular in
grain. About 10 to 25 feet of drift overlie the limestone strata.
Judging from this description, the quality of this rock for road-
making is doubtful.

Rock of the same character as above is reported by Alden to oc-
cur at the small quarry of Mr. Anderson 14 mile to the south.

He also states that there are some small outerops and a quarry 3
miles southeast from Hales’ Corners, and that limestone is exposed
farther down the valley, 1% miles from the latter place.

To the north of Milwaukee, the Niagara limestone is overlaid by
limestones of younger age. It is not probable, however, that any of
it is as good as the Niagara for road making. The beds all appear
to be weak and clayey. Limestones of this character are exposed
at Petzold’s quarry on Mud Creek; 1 mile south of North Milwau-
kee, and 14 mile farther west on Mud Creek; at the quarries of the
Hamilton Cement county, 14 mile north of the ecity limits of Mil-
waukee; and 3 miles north of the latter place on the shore of
Whitefish bay.

In spite of the heavy drift mantle in the western part of Wau-
kesha county, outcrops of Niagara limestone are common., Cham-
berlin' states that in the southwest quarter of section 10 of the
town of Genesee, the lowest beds of the formation are exposed. In
what was at the time of his report (1877) Hinckley’s quarry, 4
feet of thin-bedded, impure magnesian limestone overlaid by 9 feet
of thicker-bedded, coarse, cavernous, ragged appearing limestone
were exposed. He also reports that outcrops of flint-bearing lime-
stone are found in sections 11 and 14 of the town of Ottawa. In

i Chamberlin, T. C., Idem, p. 342.
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section 11, one outcrop consisted of 3 feet of moderately hard, com-
pact limestone, with some shaly and rotten limestone layers be-
neath.

Near the village of Delafield, he found the limestone beds about
the same as in the town of Ottawa. In the SE.14 of section 20 of
the town of Delafield, there were exposed a few feet of cherty,
crystalline limestone.

Around Pewaukee, the outerops and quarries generally show a
fine-grained, dense, white limestone interlayered with flint. No
tests have been made on the stone from this vicinity but it seems
probable that the combination of flint and limestone would make
a satisfactory material for roads.

The principal quarry localities of Waukesha county at the pres-
ent time are Templeton, Lannon, and Waukesha. The quarry oper-
ators at Lannon are Davis Bros. Stone Co., R. H. Gumz Quarry Co.,
John Flanagan & Son; H. Harmon & Son, John Sheridan, Hart-
kopf & Seefeld, Louis Schneider, Wisconsin Stone Co.; at Wau-
kesha, the Waukesha Lime & Stone Co.; at Templeton, the Tem-
pleton Lime & Stone Co. The chief producers of road material are
the Waukesha Lime & Stone Co. and the R. H. Gumz Quarry Co.

The R. H. Gumz quarry is located a short distance west of Lan-
non. The quarry is equipped with a erusher. In 1912 its capacity
was 200 cubic yards a day. Most of the crushed rock produced
here is used in the city of Milwaukee.

In 1912, the beds of the quarry consisted from the bottom wup-
ward, of 15 feet of very dense, hard, fine-grained, and 25 feet of
slightly decomposed, buff-colored limestone pitted with small cav-
ities lined with caleite crystals. Thin clay seams separate the
limestone beds here and there. Occasionally small masses of native
copper have been found in the clay. For road tests on a sample of
erushed rock from this quarry see table XV. The Office of Public
Roads comments on this sample as follows: ‘‘This is a soft rock,
‘showing less toughress and resistance to wear and good cementing
value. Should only be used on waterbound roads subjected to
light traffic or for use with bituminous binders.”’

At the Wisconsin Stone Co.’s quarry at Lannon an 18 foot section
of Niagara limestone was exposed in 1912. The rock is distinetly
and regularly bedded, and of compaet, uniform, fine grain. The
lower beds have a bluish tint; the upper are bleached to a gray.
The stone is crushed for roads and concrete work. Most of it is
used in the city of Milwaukee.
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For tests on an average sample of erushed rock from this quarry -
see table XV. The Office of Public Roads reports that ‘‘the sam-
ple shows average hardness and resistance to wear, rather low
toughness and fair cementing value. Should be satisfactory for
waterbound macadam roads subjected to medium traffic for use
with bituminous binders.”’ ’

‘Weavers quarry is located in section 35 of the town of Lisbon
northeast of Pewaukee. In 1912 it was temporarily abandoned, and
the lower beds were under water. A sample from this quarry was
tested and probably indicates the general quality of the stone from
this vicinity for road making. A considerable amount of rock has
been crushed here for local road purposes. For tests see table XV,
of this report. The Office of Public Roads comments as follows on
this sample. ‘‘This material shows average hardness, toughness, and
resistance to wear and fair cementing value. Should be satisfac-
tory for waterbound, macadam roads subjected to medium traffie
or for use with bituminous binders.”” The quarry beds above wa-
ter consisted of 8 feet of very fine-grained, dense, compact, brittle,
pure limestone. No weathered zone was developed, and the over-
burden was almost nil.

‘The Waukesha Lime and Crushed Stone Company at Waukesha
produces both gravel and crushed stone for road purposes. The
quarry is located about 1% mile north of the city. About 30 feet
of gravel overlies the Niagara limestone, which here consists of
very fine-grained, bluish, thick, even beds. The entire quarry face,
about 20 feet high, was used for crushed stone in 1912. See Plate
XYV for view of quarry and gravel pit above it.

For tests on an average sample of crushed rock from this quarry see

table XV of this report. The comm ment of the Office of Public Road
on this sample follows: ‘‘Sample shows average hardness and resist-
ance to wear, low toughness and fair cementing value. Should only be
used for water bound roads subjecfed to light traffic or for use with
bituminous binders.”’ ’ :
. Besides limestone, Waukesha and Milwaukee counties have an
abundance of field bowlders and gravel in certain localities. The
kettle moraine country of the northwestern part of Waukesha
county is the most favorable locality for field bowlders. Gravel
pits are most numerous around Waukesha in the towns of Wau-
kesha, Pewaukee, and Brooklyn. For a map showing the location
of gravel pits in Milwaukee county see Geologic Folio 140 of the
U. S. Geological Survey.









TiBLr XV.

Tests on Niagara Limestone from Waukesha and Milwaukee Countics.

Nature of Test. 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11,
Specific gravity ..ooovvievnnnns 2.85 Med.| 2.75 High.! 2.80 High.] 2.70 Fligh.] 2.70 High.l....c..ciivvi]ivveierniiadfennnnnniienns [ ............. 2.85| 2.45
Pounds per cu. ft.............. [165.00 Med.|172.00 High.|175.00 High.|168.00 High.|172 00 High.|162.20 Med. {165.3 Med.|174.60 High.|{159.00 Med. [178 00153 00
Pounds of water absorbed »

o123 o R 2.90 Med.| 1.56 Low. .88 Low. | 2.03 Med.| 1.84 Low.| 2.47 Med.| 2.9 Med. 59 Low. | 3.92 High.| 6.90, .14
Per cent of wear .............. 3.30 Med.| 8.60 Med, | 3.50 Med. | 6.70 High.| 4.10 Med. | 8,50 High.| 3.20 Med.; 4.68 Med. | 8.91 High. 2?.50> 2.30
French coefficient of wear.... | 12.20 Med.| 11.00 Med. | 11.60 Med. | 6.00 Low. | 9.90 Med. | 4.70 Low. | 12.3 Med.| 8.60 Med.| 4.50 Low.| 17.30; 1.80
Hardness............. 13.40 Soft.| 15.00 Med. | 15.60 Aver.| 13.30 Soft. | 15.30 Aver.| 5.00 Soft. | 5.5 Soft.| 9.80 Soft. | 8.20 Soft. | 16.50{ 4.00
Toughness 8.00 Low.; 7.00 Low. | 10.00 Low. | 9.00 Low | 13.00 Aver.| 8.00 Low.| 8.00Low.; 9.00 Low.| 600 Low. | 13.00{ 2.00
Cementing value.............. Falr. Fair. Fair. Good. Fair. Low. Low. Good. Low. Jeeersalovnens
Suitable for ...icvvienieeiaina, Light Light Medium Light Medinm No good. | Light Light Nogood. |......leeee

traffic. traflic. traffic. trafiic. trafic. traffic. traffic.
1. G, D. Francey Coal, Stone and Supply Co , Wauwautosa, Wis. 7. Zimmerman Quarry, town of Wauwautosa, Milwaukee County.
2. Waukesha Lime & Stone Co., Waukesha, Wis. 8. Zautke Quarry, town of North Milwaukee.
3. Wisconsin Stone Co.. Lannon, Wis, 9. Koenitzer Quarry, town of North Milwaukee.
4, R H. Gumz Quarry Co.. Lannon, Wis, 10, Maximum for Wisconsin limestone.
5. Weaver, Pewaukee, 11. Minlmum for Wisconsin limestone.
6. Trlmborn farm town of Greeuﬁe]d Milwaukee County.
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RaciNE AND KENOSHA COUNTIES.

Racine and Kenosha counties are underlaid by the Niagara lime-
stone. See Plate XVIL

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.

Outcrops of the Niagara limestone occur along the Root River in
the vicinity of Racine. The exposures usually show rapid alterna-
tion of bedding, grain, and structures. Conglomeratic, massive,
coarse-grained limestone can be seen to grade into even-bedded,
compact, hard, fine-grained phases. These characteristics are pe-
culiar to some of the highest beds of the Niagara limestone of
Wisconsin, which have received the name Racine beds because of
their typical development in the vicinity of Racine.

The most important quarries of these counties are those of the
Universal Crushed Stone Company at Ives. There also are quarry
openings northwest of Racine, and to the west of Burlington.

The beds in Quarry No. 2 of the Universal Crushed Stone Co.
at Ives are fine-grained, compact and even. In 1912, the quarry
face was about 100 feet high and the supply in sight was, for prac-
tical purposes, unlimited. The thickness of limestone found by
drilling has been reported to be 600 feet.

The quarry is equipped with a crusher, with a capacity in 1912
of about 2000 cubic yards per day, making it one of the leading
crushed stone producers of the state.
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Tests made on a sample from this quarry are given below.

TaeLe XVL
. Tests on Limestone from Quarry at Ives, Wis.

Limestone from .
Universsal Maximum | Minimum
v Crushed Stone | for Wis- | for Wis-
Nature of test. Co., Racime. Wis.| consin | consin
Road Sample  |liinestone.|limestone,
No. 54.
Specific gravity....oeovniiiiiiiiiiiiiiiii i 2.45
Weight per cubic f00t..o.ooiiiiiieiiininiiciiiianaennn 153,
Water absorbed per cubic fOOt.....ovveennrininaninnns .14
Per cent Of WeaT «.vuereererrerenriaonenniaennn Creeneeaes 2.3
French coeflcient Of Wear.....ccivuvierueerenrenannenns 1.8
Hardness ...oevecvveceneaensn 4.0
TOUENIESS. ¢ o tutvvieaniereesrineinesncanranerreseeenaesns 2.
Cementing value.....ooviivuiiaiiiinniinaieeiinrenieenees] GOOA tinviveuurennsreneenrnnnsfonariasneres
[S1E00 -1 3T (o) S Light traffic......ieeiveaieiedferevinennans

The report of the Office 'of Public Roads on this sample is: ““This
rock has low resistance to wear and good cementing value. Suit-
able for the construction of roads subjected to light traffic or with
a bituminous binder.”’

In the western part of Racine.and Kenosha counties, in the ket-
tle region, fieldstones including granites, traps and limestones are
locally available for road-making. Where they can be obtained
cheaply, they may be more satisfactory than the limestone. Grav-
els are also very common, and have been used successfully in many
places. Their quality for road-making, however, is so variable,
that their fitness can only be determined as a rule by actual use.
Gravel pits are located in the southern part of the town of Pleas-
ant Prairie, in the southwestern part of the town of Paris of Ken-
osha county, and in other places.
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‘WarLworTE COUNTY.

The eastern part of Walworth county is underlaid by the Niagara
limestone; the western portion, by the Galena-Trenton formation.
Between these two areas there is a narrow strip underlaid by the
Cincinnati shale. Plate XVIII shows the distribution of these for-
mations underneath the soil and loose material which covers them
in most places. '

Outcrops and quarries of limestone are scarce in this county be-
cause of the thick mantle of drift and soil. In the town of Spring
Prairie there are several small quarries of Niagara limestone. De-
scriptions of them are not available. It is probable, however, that
road material of good quality could be gotten from them, since the
Niagara limestone is remarkable for its uniform quality as a road
material.

The Galena-Trenton formation is quarried near Whitewater. It
is also exposed in the vicinity of Sharon. The latter locality was
not examined, and nothing definite can be said as to the quality of
the stone for road making. As a rule, outcrops of the Galena-
Trenton formation of southern Wisconsin are usable for local road
construction, although earthy and mediocre in quality.

In the Whitewater City Quarry, 17 feet of Galena-Trenton for-
mation are quarried and crushed for local roads. The appearance
of the rock is soft and somewhat earthy, but it seems to bear traffic
fairly well. For tests of an average sample from this quarry see
table XVII below.

) TasrLE XVIIL
Tests on Limestone from Whitewater City Quarry.

Limestone from ini
Whitewater City Maximum{M inimum

o ) | for Wis- | for Wis-
Nature of test. Quarry. Wiscon- Lo consin

sin R‘l’\?g Egmple limestone.| limestone.
Bpecific gravity......ovovviiiiiiiiiiiii e e 2.70 Medium 2.85 - 2.45
POUNAS PEr CUBIC 00T vsaersarrssasarnreeeneeinsnnnns 168. Medium | 178. 153.
Pounds of water absorbed per cubic foot............... 2.27 Medium 6.9 14
Percent of wear........vvviiiiiiiiiiiniiienieniinennnas 6.4 High 22,5 2.3
French coefficlent of wear.........cocvvueniinrviiaionen. 8.3 Low 17.3 1.8
Hardness..o.veieriiininiiiirinineioininaerarierinrennes 13.3 Soft 16.5 4.0
B =4 4 B L g 7. Low 13. 2,0
Cementing valle..........ciiiiiieniniiiesviieneisaannns Good

e L S v Very lHght traffic
o
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This sample was reported on by the Office of Public Roads, as fol-
lows: ‘‘This is a soft rock, showing low toughness and resistance
to wear and good cementing value. Only suitable for very lightly
traveled waterbound macadam roads. Suitable for use with bitum-
inous binders.”’

Field bowlders and gravels are found in most parts of Walworth
<¢ounty, but are especially abundant along the margin of the last
drift sheet, which is marked by a belt of prominent, undulating
drift hills, extending across the towns of Richmond, Darien, Sha-
rom, Delevan, Walworth, and Linn.
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JEFFERSON COUNTY.

The eastérn part of Jefferson county is underlaid by Galena-
Trenton limestone; most of the western portion by St. Peter sand-
stone, Liower Magnesian limestone, and Potsdam sandstone. With-
in the St. Peter sandstone areas, there are a number of isolated
patches of the (Galena-Trenton limestone. For the distribution of
these formations, as they would appear if the soil and loose mate-
rial which covers them in most places were stripped off, see Plate
XIX. ’ '

The edges of the limestone beds, particularly those of the Galena-
Trenton, form low bluffs or escarpments. Where the Galena-Tren-
ton limestone occurs in isolated patches surrounded by sandstone,
it appears as a capping of low bluffs.

The most favorable localities for outcrops of limestone are along
the escarpments which mark the edge of the beds, and in the Rock
River valley. Numerous small quarries in the Galena-Trenton lime-
stone are found along the sides of low bluffs in the towns of Sum-
ner and Oakland. This limestone has also beén quarried about 2
miles southeast of Fort Atkinson; 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 vicinity of Lake Mills. Most of
these quarries are small, and serve local needs only. Many of
them have been abandoned for some time, and a few are worked in-
termittently.

At the John Luneck quarry, west of the Crawfish river about 3
miles southeast of Lake Mills, about 11 feet of Trenton limestone
is exposed. The drift burden is slight. The lower 5 feet consist
of thick-bedded bluish colored, fine-grained, hard but slightly elayey
limestone, immediately overlying St. Peter sandstone. These beds
are separated from those overlying them by thin, oily seams of
shale. The upper beds are thin, fine-grained, and fossiliferous.

This stone was not tested but its quality appears to be as good
as any seen in the county.

A limestone similar to that of the Luneck quarry is exposed in
a quarry on the west banks of the Crawfish River, about 14 mile
south of Milford. It is not probable, however, that a large supply
of stone could be gotten here. The quarry seems to be exhausted,
but the ground would need to be tested to make this certain.

On a hill about 1 mile northeast of Lake Mills on the road to
Milford, there is a small outerop of very rotten Trenton limestone
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which has been used for building a short stretch of the road nearby.

In the southeast corner of the town of Waterloo about 214 miles
north of Lake Mills, there is an extensive quarry opening in the
Trenton limestone on the farm of Wilbur Stiles. The quarry face
is about a thousand feet long, and 13 feet high. There is very lit-
tle drift burden. The lower four feet consist of thick-bedded,
dense, fine-grained limestone, above which there is a bed of shaly
limestone with brown oil rock seaims. The upper 8 feet consist of
thin-bedded, brittle, fine-grained, compact limestone.

For road tests on an average sample frofm this quarry see table
XVIIIL.

The report of the Office of Public Roads on this sample is as fol-
lows: ¢*This material is a little low in hardness and resistance to
wear, has low toughness and fair ecementing value. Suitable for
plain macadam roads subjected to light traffic, or for use with bi-
tuminous binders.”’

About 114, miles southeast of Fort Atkinson there is a quarry
alongside of the public road running east and west. This quarry
has been reported to this Survey as the Sam Fease quarry. A port-
able crusher had been in operation Lere in 1912, and the stone was
used on roads. The quarry face is about 200 feet long and 20 feet
high. The drift burden is only about 4 feet thick. The lower ten
feet of the quarry face consist of 10 feet of porous, coarsely crys-
talline, stratified limestone. The upper 10 feet are composed of the
same material with flint nodules and lenses.

For tests on an average sample of limestone from this quarry, see
table XVIIL

The report of the Office of Public Roads on this sample is as
follows: ‘‘This is a soft roek showing low resistance to wear and
toughness and fair cementing value. Only suitable for lightly trav-
elled, waterbound roads and for use with bituminous binders.”’
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Tasre XVIII

Tests on limestone from Fease quarry, Fort Atkinson, Wisconsin, and from Stiles

quarry, Lake Mills, Wis,

Limestone from ;| Limestone from | Maximum| Minimum
Natare of test, Dalbur Stlles | samege, ) for Wi for Wi
Mills, Wis. Atkinson, Wis. |limestone,{limestone.

Speclfic gravity .....c.ceiviininl., 2.70 Medium 2.75 High 2.8 2.45
Pounds per cu., ft 168. Medium 172. High 178. 153.
Poundsof water absorbed per cu.ft.| 2,99 Medium 1.68 Low 6.9 14
Percent of wear.......c.couvenunen. 5.4 High 8.6 High 22.5 2.3
French coefficient of wear......... 7.4 Low 4.7 Low 17.3 1.8
Hardness......cvcviiunnnenenavarses 13.2 Boft 12.8 Soft 16.5 4.0
Toughness... 6. Low 5. Low 13. 2.
Cementing value Fair . Fair  loociiiiieiniienn
Suitable for...........ooiiiiiiiannn, Light traffic Light trafic  [..........0foeeeennen .

Southwest of the Sam Fease quarry, about 14 mile, is the Dan
Hyse quarry. The limestone in this quarry was formerly burned for
lime. No description of this quarry can be given as it was not
visited. The beds seem to lie at a lower level than those of the
Fease quarry, and probably differ from them in character.

The Lower Magnesian limestone is poorly exposed in Jefferson
county. In the stream below the bridge, at the village of Water-
loo, there is a low ledge of it, which consists of coarse, flint-bearing,
buff, porous, granular beds of medium thickness. It would not
jnake a desirable road material. A quarry about 115 miles south-
west of Mud Iake near Lake Mills is probably in this formation.
No description of this quarry is available. From what information
has been secured, it seems certain that the Lower Magnesian lime-
stone will not be an important source of road materilal in Jeffer-
son county.

Besides limestones, some parts of Jefferson county have an abun-
dance of field bowlders which could be used in preference to lime-
stone for road construction.

Both field bowlders and gravel deposits are common around Lake»
Mills and to the north of Lake Mills.
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Rock County.

The eastern part of Rock county is nearly all underlaid by the
Galena-Trenton formation. In the western portion, this formation
only caps the highest hills and uplands. The St. Peter sandstone
underlies the hill sides and valleys excepting portions-of the Rock
river and Sugar river valleys, and the low country between Lake
Koshkonong and Janesville which are underlaid by the Lower Mag-
nesian limestone and the Potsdam sandstone. The distribution of
these formations beneath the soil and loose debris which covers
them in most places is shown by Plate XXI. The red dashed line
in this plate indicates the margin of the last glacial drift sheet.
North of this line outcrops are few and scattered because of the
thick surface imantle of glacial till and soil.

South of this line, the outcrops are more numerous, but in most
places the rocks are covered by residual soil, and old glacial depos-
its. In the larger stream valleys the rocks are buried under stream
wash.

The beds of the Galena-Trenton formation are the only lime-
stones which outerop. The principal exposures are along the sides
of the Roek river valley; in the minature canyon of Turtle Creek
in the town of Brandon; and on the edge of the hill tops in the
western part of the county.

Limestone quarries are numerous in Rock county. None of them,
however, have railroad facilities, and nearly all are very small. In
1912 only two, the McGavock quarry of Beloit and the Barron
quarry near Janesville were equipped with stationary rock crush-
ers.

The Galena-Trenton formation in Rock county is generally a eom-
pact but slightly earthy limestone. Although distinguished for its
uniformity, it cannot be regarded as either very good or very bad
for road construction. For local use, it is undoubtedly satisfactory
in most places. Several descriptions of quarries and outerops follow.

Peck’s quarry is located about 2 miles west of Beloit. It is
easily accessible, being along side of the public road, and for prac-
tical purposes, seems to contain an unlimited quantity of stone. The
face of the quarry is about 400 feet long and 22 feet high. Tt
presents the following section in descending order:

1T ) 0 U 2 feet
Thin-bedded, fine grained, weathered limestone..........u.... 12«
Blue-colored beds each 1 foot thicK....cceeieeeercoscccensans 4
Thin-bedded, buff lHImestone. .coeeceevecrsceresoncsascncanane b«

Dense fine-grained limestone.......cccovveeveveaccsasnannaes 2 ¢
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‘Whether this stone would tmake a good material has not been
demonstrated by actual use. The character of the lower beds is
such as to make it probable that they would make a satisfactory
material for local roads. For tests on an average sample from this
quarry see table XIX. It is commented upon by the Office of Public
Roads as follows:

“‘This rock shows low toughness, hardness and resistance to wear
and fair cementing value. Suitable for roads subject to light traffic
or with bituminous binders.”’

Limestone from a quarry along side of the road on the Barry
farm, on the SE.Y, of the SW.14 of the section 30 in the town of
Beloit was used in constructing a road across a stretch of lowland
east of the quarry. In 1912, the quarry section was about 12 feet
high and 75 feet long. The available supply of stone which could
be gotten at this depth seemed quite limited. The beds were soft,
thin, buff colored, and earthy. For tests on an average sample from
this quarry see table XIX. The Office of Public Roads com'mented
on this sample as follows:

““Sample shows average hardness, low toughness and resistance
to wear and fair cementing value. Only suitable for use on plain
macadam roads subjected to light traffie, or for use with bituminous
binders.”’

At McGavocks quarry about 1 mile west of Beloit, 35 feet of
Galena-Trenton formation is exposed. The section in descending
order is as follows:

15705 0 SO UPR A few inches
DECaTEd TOCK +tvitiinieeeen et ennennnseesnnnenennnnns 10 feet
Thin-bedded, fine grained limestone.............. .. ... 10 “

Thick beds of buff-colored limestone, finegrained....... 5 ¢

Blue beds, each about 1 foot thick..................... 6

The rock is somewhat earthy near the top, but the lower beds
probably would make a good road material.

For tests on an average sample from this quarry see table XIX.
The report of the Office of Public Roads regarding it is as follows:
““This is a very soft rock showing low toughness and resistance to
wear and fair cementing value. Not recommended for plain ma-’
cadam construction except for extremely light traffic, but might be
used with a bituminous binder.”’

The Chas. Samp quarry is located about 1 mile northwest of Be-
loit. A practically unlimited quantity of Galena-Trenton formation
i3 exposed here. The overburden is very slight. The section in
descending order is as follows:
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Buff, thin-bedded limestone. .......cociiiitieriinnnnnnnnnnns 8 feet
Buff, thick-bedded Iimestone. ....c.vveiieieeneeneennsenenes 10 «
Brittle, fine-grained, dense bed........cccoiiiiienirrnnennnnn. 2 0«
Buff, thick-bedded coarser-grained limestone................. 3 «
23 feet

For tests of an average sample from this quarry, see table XIX.
The report of the Office of Public Roads regarding it is as follows:
““This rock shows average hardness, low toughness, and resistance
to wear. and fair cementing value. Only suitable for macadam
roads subjected to light traffic or for use with bituminous binders.”’

The Andrew Barron quarry is located a short distance west of
Janesville, south of the Monroe branch of the C. M. & St. P. Ry.
About 40 feet of compact, fine-grained, but slightly earthy Galena-
Trenton beds are exposed in this quarry. The section in descend-
ing order is as follows:

Buff, thin-bedded, weathered limestone......coeveceass 3-6 feet
Buff, thin-bedded limestone.......co.cieeeinnerneennnnns 10 «

Buff, thick-bedded limestone....cvcverenceonnsoeseaoans 4 «

Clay bed ..vveiuuenoenonronsansnsensessssonnssnsconnns A few inches
Blue, thin-bedded fossilferous limestone................ 12 feet
Clay S€AIN .....ovtinuneenneannncnosansssraassaoannns

Buff-colored, thick-bedded limestone.................... 10 «

The quarry is equipped with a crusher and has furnished road
material for the city of Janesville. TFor tests of an average sam-
ple of crushed rock from this quarry see table XIX.

The report of the Office of Public Roads on this sample is as fol-
lows: ‘‘Sample shows average hardness and resistance to wear,
low toughness and fair cementing value. Only suitable for plain
macadam roads subjected to light traffic or for use with bituminous
binders.”’

Stout’s quarry is located on a bluff rising from the north side
of the Rock river valley, at the west end of Janesville, and within
a stone’s throw of the C. M. & St. P. Ry. and C. & N. W. R. R.
tracks.

In this quarry, the Trenton-limestone direectly overlies the St.
Peter sandstone. The lowest limestone bed is sandy. This is over
laid by 24 feet of fine-grained, fairly compact, clayey limestone.
The lower beds are blue; the upper beds buff. The drift covering
is slight.

Road tests on an average sample from this quarry are given in
table XIX. The report of the Office of Public Roads regarding it
is as follows: ‘‘This rock shows average hardness, rather high

6—L.
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resistance to wear, low toughness and fair cementing value. Should
be satisfactory for use on plain macadam roads subjected to medium
traffic or with bituminous binders.”’

The quarry known as the Rieck quarry is located about 114 miles
north of the city of Janesville and near the Rock river. The lower
5 feet of Galena-Trenton formation in this quarry are buff-colored,
solid and apparently of good quality. About 25 feet consists of
broken, thin-bedded weathered limestone which probably would not
make good road material. The drift mantle is several feet deep.
The stone from this quarry has not been tested.

About 1% mile south of Edgerton on the west banks of the Rock
river there are numerous quarry openings, of which the principal
one is the Wille quarry. In this quarry, 20 feet of Galena-Trenton
limestone are exposed. The surface mantle is thin. The beds are
buff-colored, of medium thickness, fine-grained, and earthy in ap-
pearance. The rock has been quarried for building purposes chiefly,
but some of it was donated by Mr. Wille to the county for road-
making.

Road tests made on an average sample from this quarry are listed
in table XIX. This sample was reported on by the Office of Pub-
lic Roads as follows: ‘‘Soft rock with low toughness and resist-
ance to wear and good cementing value. Only suitable for roads
subjected to very light traffie.”’

The Spencer quarry, 114 miles south of Evansville in the town-
ship of Magnolia has been reported permanently closed. A few
descriptive notes regarding it are given below. The character of
the stone in this quarry is similar to that of the other exposures of
the (alena-Trenton beds in this vicinity.

The quarry face is about 25 feet high, and shows alternating buff
and blue, clayey, campact limestone layers, eapped with thin-bedded,
~ weathered limestone. The soil covering is thin.

An average sample from this quarry was tested, and the results
are given in table XIX. It was reported on by the Office of Publie
Roads, as follows: ‘‘This rock is of average hardness, low tough-
ness and resistance to wear and fair cementing value. Only suit-
able for very lightly travelled waterbound macadam roads or for
use with bituminous binders.”’

The Galena limestone which constitutes the low ecliffs along the
banks of Turtle Creek in the town of Bradford has not been tested
for road making properties. It is thick-bedded, ecoarse, and granu-
lar in texture, and contain nodules of flint. In southwestern Wis-
consin, the Galena generally is a porous, weak material which is
not very satisfactory for road construetion.



COUNTY DESCRIPTIONS. 83

Besides limestone, portions of Rock county have an abundance of
field bowlders and gravel. TField bowlders are abundant to the
north of the margin of the last drift sheet; stream gravels to the
south of it.

The chief producers of gravel are the Beloit Sand and Gravel
Company of Beloit which operates a pit 5 miles north of Beloit on
the C. M. & St. P. Ry. and the Janesville Sand and Gravel Com-
pany of Janegville. The latter operates gravel pits on both the
C. M. & St. P. Ry. and the C. & N. W. Ry. at Janesville.



Tasre XIX.
Tests on Limestone from Rock County, Wis.

Nature of Test. 1. 2. 3. 4. 5. 6. 7. 8. 9, 10.
Specific gravity........... viveeves|  2.70High.| 2.70 Med. 2.70 Med. 2.55 Low. 2.70 Med.] 2.65Med. 2.75 High.] 2.70 High. 2.85' 2.45
Pounds per cubic foot............ 168.00 High.| 168.0C High.| 168,00 High.| 159.00 Low. | 168.00 High.| 165.00 Med, | 172.00 High.| 168.00 High.|178.00 153.00

Pourtl)dsfof water absorbed per| 2.35 Med. 3.01 Med. 2.36 Med. 5.890 High.| 2.83 Med. 3.76 Med. .14 Low, 2.24 Med. 6.90, .14
cubic foot.

Per cent of wear............... ... 5.60High.] 8.10High.| 8.60 High. 8.60 High., 8.10 High.| 8.90 High.] 4.30 High.! 2.30 Low.| 22.50° 2.30
French coeficient of wear....... 7.10 Low.! 4.90 Low. 4.90 Low. 4.70 Low.| 4.40 Low, 4,50 Low. 9.30 Low.| 17.30 High. 17.30I 1.80
Hardness ............ [N 12.00 Soft. | 15.00 Med.{ 10.50 Soft.| 15.30 Med.| 9.40Soft.| 14.20 Ave.| 14.50 Ave.| 15.00 Ave. | 16.50 4.00
Toughuess.....coveernenn N 7.00 Low.| 17.00 Low 5.00 Low. 7.00 Low.! 6.00Low.; 5.00Low. 6.00 Low. 8.00 Low, | 13 00' 2.00
Cementing value................. Good. Fair. Fair, Fair. Fair. Fair. TPair, Fair.  |...... ] ......
Suitabls for.......... NN S Light oo, Light, Very light | Very light | Very light | Light Medium  |..... ‘ .....
traffic. traffic. traffic. trafiic. traffic. traffic. traffic. I

Limestone from Wiltle Quarry, Edgerton, Wis. Wisconsin road sample No. 83.
Limestone from Spencer Quarry, Evansvillie, Wis. Wis: onsin road sampie No. 3.
Limestone from Peck’s Quarry, Beloit, Wis. Wisconsin road sample No. 4.
Limestone from Barry Qasrry, Baioit, Wis., Wisconsin road sampie No, 5.
f.imestone from Mcaavocek Quarry. Beloit, Wis. Wisconsin road sample No. 6.
Limestone from Satnp Quarry, Beloit, Wis. Wisconsin road sample No. 7,
Limestone from Barron Quarry, Janesvllile, Wis. Wisconsin road sample No 8.
Limestone from Stouts’ Quarry. Janesvilie, Wis, Wisconsin road sample No, 9.
Maximum for Wiseonsin limestone.

Minimum for Wisconsin limestone.
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Dane County.

The principal valleys of Dane county, including the Four Lake
region, the Wisconsin River valley, and the Black Earth valley, are
underlain by the Potsdam sandstone. See Plate XXII. The first
bench of hills, which rises above these valleys is usually composed
of the Mendota limestone, typical exposures of which can be seen
at Maple Bluff and Eagle Heights on Lake Mendota. Although
more resistant than the sandstone, it is a soft rock, and so far as
known of little use as a road material.

The Lower Magnesian limestone gives rise to another bench or
escarpment which appears at a higher level than that of the Men-
dota beds, and usually some distance from the valleys which are
underlain by the Potsdam sandstone. It caps the high bluffs over-
looking the Wisconsin River such as Black Hawk bluff opposite
Prairie du Sac. It also outcrops in many places along the top of
the bluffs which hedge in the Black Earth valley most of the way
from Madison to Mazomanie.

In the western and eastern part of the county some of the high-
est uplands are underlaid by the Galena-Trenton formation. Their
edges are marked by escarpments along which there are numerous
outecrops and quarries of this formation. Along the foot of the
escarpent there is a narrow strip underlain by the St. Peter sand-
stone.

At Blue Mounds the cap rock is a flint formation, a mere scrap
of the Niagara limestone which erosion has failed to remove, The
lower, more gentle slope of the mound is underlaid by the Cincin-
nati shale. Scattered all over the surface of the Mound, there are
huge bowlders of flint which have broken away from the main
ledge.

The distribution of the quarries of Lower Magnesian limestone
known to this Survey are shown on Plate XXII. Some of the local-
ities where outcrops occur are as follows:

Sec. 31, town of York.

Secs. 18 and 19, town of Bristol.

Secs. 3, 12, and 13, town of Dane.

Sec. 36, town of Burke.

Railroad cut, Section 6, town of Medina.

The bluffs overlooking Black Earth valley.

One of the striking characteristics of the Lower Magnesian lime-
stone is its variability. From an almost pure limestone it varies
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locally to almost pure sandstone or shale. The purest limestone
beds show a crystalline texture and a shell-like fracture. The
bedding also varies much. Layers from 40-60 feet above the base
are usually the heaviest. The upper and lower beds are much thin-
ner as a rule, more distinet, although commonly very irregular and
rough surfaced, and internally porous and cavernous. Highly con-
cretionary structure is apparent in certain beds and not in others
immediately adjacent. The weathered surfaces are remarkably
rough, jagged, and pitted. Some beds show an abundance of flint
in nodules or seams. In others, flint is lacking. The beds also change
their character from place to place. It is not surprising, therefore,
that it also is extremely variable as a road material.

West of Madison, the Liower Magnesian limestone is quarried by
the City of Madison, E. F. Paunack, and the David Stephens estate.
At the city quarry a rock crusher has been operated for a number
of years, although the product seems to be a distinet failure on
heavily travelled streets. Its cementing power is good, but its per
cent of wear high. Consequently, streets paved with it which are
subjected to heavy traffic are dusty in dry weather and muddy when
wet.

The section exposed in the city quarry is about 20 feet high and
has several feet of soil over it. The upper ten feet are very much
broken, and in a rotten condition while the lower beds contain much
flint. '

For tests on an average sample from this quarry see table XX.

The report of the Office of Public Roads on a sample from this
quarry is as follows: ‘‘This is a soft rock, showing low toughness.
and resistance to wear and very good cementing value. Not rec-
ommended for road construction.”’

The Wiesenburg and Dahnke quarry is located on the C. M. &
St. P. Ry., about 350 feet west of the station at Middleton. The
quarry is equipped with a crusher, which in 1912 had a capacity of
about 4 cars a day.

The section of Lower Magnesian limestone in this quarry, in de-
scending order, is as follows:

1S PP several feet
Sandy limestone .......ccouiiiiiiiieiinienaenn AP 6 feet
Cavernous flinty layer......cooiiiviiiiiriienirecneeacens 1 foot
Sandy limestone ....c.o.eiirenrieneiacenennrssotssscnans 3 feet
Fractured, brecciated limestone........covueeenenvnivenns 1 foot
Flint ........ Nttt eaenieeeececeaactaatsteranecearenanan 114 feet
T.00S€ SANA + v vvvoereansensaonsassnssassassanssssansnns 2 inches
FIHIE ciiieieeeeeeeacacssacssonsssssasascnssnssanns 1 foot

Flint and limestone......ceeceveereerene. eteasearesens 1 fogt
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Green clay ........ N e siese.. 1inch
Limestone with flintlenses............ccoviieninnnnn.. 2 feet
Fine-grained limestone with dome-like structures, ripple

marks, and sSun cracks.........oereiiirennninnnnn. .. & few feet
Limestone, flint and sand grains......... e esereecana 6 inches

The combination of flint and limestone makes a desirable road
material, which as a rule is found more satisfactory than the tests
would seem to indicate.

The tests on an average sample from this quarry are among the
best gotten from any quarry in this part of the state. See table
XX. The report of the Office of Public Roads on this sample states:
‘‘This rock is of average hardness, rather low in toughness and re-
sistance to wear and fair cementing value. Should be satisfactory
for use on plain macadam roads subjected to medium traffic or with
bituminous binders.’’

O’Malley’s quarry S. E. 14 of Section 10 in the Town of West-
port has shown ! Lower Magnesian limestone different from the gen-
eral run. The following section has been reported:

1. Thin-bedded to shaly yellow limestone..........vecvuv.... 6 feet
2, Three heavier layers of the same..........ccviieeevnenenns 214 *
3. Broken yellow limestone with much oolitic chert and geodic

CalCIte ..ot i et ie e, 4
4. Very heavy layers, interstratified with 2 or 3 thin cream-

colored layers of dense, granular limestone............ 10 «

Layer No. 4 has furnished good building tmaterial, and deserves
consideration as a road material.

Veerhusen’s quarry N. E. 14 of the 8. W. 14 of Section 25, town
of Westport, is on the top of a narrow ridge of Lower Magnesian
limestone. The following section ! was reported from there in 1877,
beginning at the top:

1. Rough, brecciated, yellow, fine-granular limestone, with 3

per cent of impurities. (Limestone with a low per-

cent of impurities is usually better as a road ma-

terial than one with a high percent, unless the im-

purities are flint).................... BN 8 feet
2. Very heavy layers, some 4-5 feet in thickness, of pale yel-

low, close-textured, granular limestone, which on solu-

tion leaves a large residue of fine gray sand; quarry

layers .....cciiiriienanann e teeseeereesasaenaas ves. 16 feet
3. Greenish sandy layer; a specimen on solution left 41.17
percent of very fine gray sand.........coiviiviniennns 1 foot

4, Thinner-bedded limestone, like No. 2, but finer-grained, of
greenish tint, and profusely marked with dendritic ox-
ide of manganese; below the base of the main quarry 815 feet

* Irving, R. D., Geology of Wisconsin, Vol. IT, p. 602.
1Irving, R. D., Idem, p. 602.
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No. 2 is like No. 4 of O’Malley’s quarry, and has been used very
successfully as a building stone.

In the railroad cut in section 26 of the town of Westport near
Mendota, 20 feet of Lower Magnesian limestone resting on Potsdam
sandstone are exposed. The basal beds of the limestone are flinty.
The upper layers are porous, broken, moderately thin, and are com-
posed of earthy limestone. They are all below the beds of the Veer-
husen quarry, and from the description are not as promising for
road material as those of O’Malley’s and Veerhusen’s quarries.

In the N. W. 14 of Section 25, town of Springfield there are ex-
tensive quarries, which have shown the following section.

Feet
1. Concretionary and brecciated yellow limestone................. 5
2. Heavily-bedded white layers with much chert, burnt for lime.... 10
3. NO BXDOSUTE ..ttt iiiiiiteeeroarnseatoseaesnsnsossennssnnnns 25
4, Irregularly thin-bedded, porous, white-and-yellow-mottled lime-

stone, with geodic cavities, many black dendritic markings,
and 6.11 per cent of insoluble ingredients........v.veevennen 15

The upper beds of this quarry deserve consideration for local
road purposes.

On the south line of the town of Madison, Section 33, an old
quarry has shown 19 feet of Lower Magnesian limestone. The de-
scription given below makes it seem deserving of consideration as

a road material.
Ft. In.
1. Concretionary and iregularly bedded, yellowish-gray lime-
303 4 T O 10
2. Chert layer; sometimes forming a continuous nodular-sur-
faced layer, at others occurring in a row of separate
nodules; internally, the chert is brown-and-white-
banded, and jaspery; externally it has a soft, white,
siliceous Coating .........iiviviiineenennnrcsnncnnnns 3
3. Compact, heavily bedded, flinty-textured, gray limestone
containing a few geodic cavities lined with dolomitic

CTYStAlS ottt it ttan ittt serareettaesasnanonsaan 4
4. Chert layer, like NO. 2. ... it einernnenosreccncronsnnses 2
5. Very heavily bedded limestone, like No. 1........ccc0ivuns 5

Plate XXII shows the locations of quarries in the Galena-Trenton
limestone which are known to this Survey. They are chiefly in the
towns of DBristol, Sun Prairie, Deerfield, Cottage Grove, Oregon,
Fitchburg, and Blue Mounds; mnst of them in the beds immediately
above the St. Peter sandstone. The lowest bed is usually more sandy
than the rest. The general aspect of the beds is earthy, but crystal-
line particles constitute the greater part of the mass. For road
material they are quite uniform, being neither very good as a rule
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nor very poor. On the average, they are inferior to the best grade
of Lower Magnesian limestone in this part of the state.

Fifteen feet of the lowest part of the Galena-Trenton formation
is exposed® on the edge of the formation in Section 35, town of
Pleasant Springs. The upper layers are thin, while the lower six
feet consist of two heavy, firm layers between which is a persistent,
thin seam 2 inches thick.

In the north part of section 4, in the town of Cottage Grove, 20
feet of thin-bedded, dense Galena-Trenton limestone is exposed.

In Section 23, town of Sun Prairie, there are a number of quar-
ries which show a total thickness of about 20 feet of Galena-Tren-
ton limestone. The upper beds are thin and shaly. Beneath them
are heavy, buff-colored layers. This stone has been used both for
building purposes and the manufacture of lime.

In the town of Bristol, there are large quarry openings in Sec-
tion 34. These show 8 feet of bluish-colored limestone with a flinty
texture, at the top and 10 feet of buff-colored, close-grained, thick-
bedded limestone below.

At the Kelly quarry, 3 miles west of Oregon, in Section 3 of the
town of Oregon, 12 feet of Galena-Trenton limestone are exposed.
These beds eap a hill, of which the base is St. Peter sandstone. The
latter outcrops on the road leading up to the quarry. Because of
its topographic position, the quarry is somewhat difficult to reach
by wagon. The stone is of fairly good quality, and has been used
by the town of Oregon for local roads.

The section shown at the quarry from the top down is as follows:

Ft. In.
1105 2 6
Thin-bedded, buff limestone..........ccoivuiiiiiiinineennnn, 7
Dense, thick-bedded, buff limestone..........ccvvveieuennens 3

For road tests of this stone see table XX. The report of the
Office of Public Roads on this sample follows: ¢‘This rock shows
average hardness, low toughness and resistance to wear and good
cementing value. Best suited for roads subjected to light traffic.
Probably satisfactory for use with bituminous binders.”’

The O’Brien quarry is located in section 8 of the town of Fitch-
burg, 4 miles west of Syene. About 27 feet of soft, earthy, buff
Galena-Trenton limestone is exposed. The section is as follows:

Feet
Soil and weathered TOCK......covvvrivreirreerriisnenseosnsnscnnes 6
Decayed, thin-bedded limestone of poor quality for roads.......... 10
Thin-bedded limestone of better quality than that above........... 5
Massive bedded, buff, finegrained, dense limestone......ccccvvuven 12

! Irving, R. D. Idem, p. 600.
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Tests on an average sample are given in table XX.

The Office of Public Roads reports as follows on this sample:
““This is a soft rock, showing low toughness and resistance to wear
and fair ecementing value. Should only be used on roads subjected
to very light traffic. Probably satisfactory for use with bituminous
binders.”’

Stone for building a macadam road extending from the village
of Blue Mounds to the northeastward, has been gotten from the
quarry of Chas. Brigham in section 5 of the town of Blue Mounds.
The quarry face is about 15 feet high and 75 feet long. The beds
are a buff, earthy, soft limestone belonging to the (Galena-Trenton
formation. :

For tests on a sample from this quarry see table XX. The Office
of Public Roads reported on this sample as follows: ‘‘This is a
soft rock, showing very low toughness and resistance to wear and
low cementing value. Not recommended for plain macadam con-
struction, but imight prove satisfactory when used with bituminous
binders.”’ :

Only a portion of Dane county was glaciated. The western limit
of glaciation is shown on Plate XXII by the dotted red lines which
unite in the town of Verona and continue as one line to the north-
ward. Of the two lines the one to the east indicates the margin
of the most recent drift; the other that of an older drift. Within
the area of the youngest drift field bowlders including granites,
traps, and other crystalline rock are abundant, and may be found
more satisfactory as a road material than the local limestones.
Gravel deposits are not abundant, but may be looked for in the
valleys leading away from the terminal line of the glacial drift,
such as the Black Earth valley and others.
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Tests on Ltmestones from Dane County, Wis.

Nature of Test. 1. 2. 3. 4, 5. 6. 7,
Specific gravity...... e 2.6 Medium 2.8 High 2,75 Medium 2.75 Tligh 2.6 Medium 2.85 2.45
Pounds per cubic foot........ cieriiieeneese.| 162, Medium | 175. High 172, Medium | 172,  High 162, Medium | 178. 153,
Pounds of water absorbed per cublic foot.| 2.09 Medium 1.21 Low 1.9 Low 1.57 Low 4.75 Tligh 6.9 4
Per cent of wear,...... e e .| 10.8 Very high| 8.9 Tligh 5.1 High 6.1 Hlgh 11.3 ligh 22.5 2.3
French coeflicient of wear............. vvors| 3.7 Very low| 4.5 Low 7.9 Low 6.6 Low 3.6 Low 17.3 1.8
Hardness......ocooevievevinnnnnnns 12.5 Soft 14. Medium | 15.7 Medium | 11.3 Low 10.7 Boft 16.5 4.0
Toughness.......... 4, Very low Low 10. Low 6. Very low 4. Low 13, 2.
Cementing value.. . Very good @ood Fair Fair Low P IR .
Fitness..... e eererr e e vees No good Light trafic, |Medium traffic. |Very light traffic. No good erereirees TN

1O i G O

Limestone from O’Brien’squarry, Fltehburg, Wisconsin.
Limestone from Brigham’s quarry, Blue Mounds, Wis.
Maximum for Wisconsin limestone.
Minimum for Wlsconsin limestone,

fample from Madison City quarry. Wisconsin road sample No. 78.
Limestone from Kelly’s quarry, Oregon, Wis,
Limestone from Wiessenburg & Dahnke’s quarry, Middleton, Wisconsin, Wisconsin road sample No. 22.
Wisconsin road sample No. 2.

Wisconsin road sample No. 24.

Wisconsin road sample No, 1.
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GreEN CounTy.

The eastern part of Green county lies within the region of old
glacial drift. The western margin of this drift sheet is indicated
on Plate XXIII by a dotted red line which runs a little south of
Browntown, west of Monroe, and east of New Glarus. Within this
region field bowlders of granite, trap, and other foreign rocks oc-
cur locally but are probably not abundant enough to constitute a
source of road material. Gravel deposits are also found here and
there. Usually they are perched on uplands near the margin of the
drift sheet. Their use as road material probably never will be im-
portant.

The valleys and the sides of the valleys in Green county are all
underlaid by the St. Peter sandstone excepting certain portions of
the Sugar river valley and its tributaries between New Glarus and
Montieello ; and the region between Albany and the county line, which
are underlaid by the Lower Magnesian limestone. The level or gently
rolling uplands are underlaid by the Galena-Trenton limestone. The
distribution of these formations, as it would be if the soil and loose ma-
terial which covers them in most places were stripped off, is shown by
Plate XXIII.

The Lower Magnesian limestone probably does not outcrop. The
Galena-Trenton formation is commonly exposed along the edges of
the bluffs and uplands which it caps, or where streams have sunk
their channels into it. Most of the outcrops are too earthy to be
fit for use on roads. Some of the lower beds, however, may make
a fair road material. Nearly every part of the county has lime-
stones which are adequate for local needs, but whose quality is too
inferior to warrant shipping to other parts of the state.

The town of Jefferson has operated a crusher at a small quarry
in the Galena-Trenton limestone south of the C. M. & St. P. Ry. on
Richland Creek. The exposure at this quarry is 18 feet high and
50 paces long. It consists of a coarse, porous, earthy limestone
with numerous flint nodules and seams. It is said that the road
built with this material has not given good resulfs.

For tests on an average sample from this quarry see table XXI.
The comment of the Office of Public Roads on this sample is as
follows: ‘This rock shows extremely low resistance to wear and
fair cementiné value. Not recommended as a road building mate-
rial.”’

About 14 miles upstream from the last mentioned quarry on the .
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hills on the west side of Richland Creek there are several small
quarries, which were worked for foundation stone in 1912. Here
also the limestone is soft, earthy, porous, and decayed, and would
not make good road material.

About 214 miles southwest of Brodhead on the west side of the
Sugar river there are several quarries in beds near the base of the
Galena-Trenton limestone. Omne of these, the Ten Eyck quarry, is
perched, on a steep-sided bluff in Section 3 of the town of Spring
Grove. The base of the bluff is composed of St. Peter sandstone,
of which 3 feet are exposed in the quarry. The quarry face, about
14 feet high, presents a section of soft, earthy rotten limestone. A
crusher has been installed, and the rock has been used on local
sandy roads, no doubt greatly improving them despite the inferior
quality of the rock.

The following by the Office of Public Roads is on an average sam-
ple from this quarry: ¢‘Material is rather soft, shows very low re-
sistance to wear and toughness and good cementing value. Not
recommended as a road-building material.”” For tests see table
XXT.

Urban White’s quarry is located about 14 mile west of the Ten
Eyck quarry. The section from the top down is as follows:

1 70 U PPN a few feet
Very rotten limestone...........ciiiiiiiiiiiiiiininenn. 5
Buff, thick-bedded, earthy limestone with clay bed near base 10 ¢

For tests on this stone see table XXI. The report of the Office of
Public Roads on it is as follows: ‘‘This material runs very low in
hardness, toughness and resistance to wear, and shows good cement-
ing value. Not recommended for use in road construction.”

About 1 mile south of the White quarry, there is a limestone
quarry on top of a high hill. About 10 feet of earthy, thick-bedded,
rotten limestone are exposed. Because of its position, hauling from
this quarry would be difficult. The quality of the stone is poor,
about the same as in the Ten Eyck quarry.

In the southeast corner of section 14 of the town of Spring Grove,
near the road crossing there is a small quarry opposite a cheese
factory. The section exposed is in descending order as follows:

115 5 O several feet
Thin-bedded, buff, fine-grained limestone................. 10 feet

A cream-colored shaly layer........ccoiiiiieieneannnnennnn 6 inches
Fine-grained, dense, lightcolored bed................... 2 feet

A slightly sandy layer......coveineiiiinerannenerncaneons 6 inches
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No tests have been ‘made on this stone. The quality, while not
first class, is somewhat better than that of the limestone in the quar-
ries of the northern part of the town. It would not be expedient,
however, to use it for other than local roads.

About 1 mile west and 1% mile north of Brodhead, there is a
small quarry on top of a hill overlooking the Sugar river valley.
The base of the hill is composed of St. Peter sandstone. The gquarry
section consists of 10 feet of thin-bedded, broken, rotten Trenton
limestone. Stone from this quarry was formerly used for road ma-
terial in Brodhead. The quarry is hard to reach by team.

About 1 mile northwest from the latter quarry, on the hill top
overlooking the farm of G. W. Atherton, about 3 feet of the basal
beds of the Galena-Trenton limestone are exposed. They are very
much broken, and most of the material in sight is not in place. Al-
though of fair quality, it is doubtful if a large supply of stone
could be gotten here.

In the quarry about 3 miles southwest of Albany (see Plate
XXIII for location) only a few feet of very rotten limestone over-
lying the St. Peter sandstone are exposed. It would not be possible
to get road material here.

In the given quarry on the east bank of the Pecatonica river im
section 21 of the town of Cadiz, the following section of Galena-
Trenton formation is exposed in descending order:

Feet
Thin-bedded, flint-bearing limestone.....civeeeierneenseenceoanens 6
Heavy-bedded, compact limestone.....covvevinvevanenoossnonansans 4

The soil ecovering is slight, and it is probable that a large supply
of stone could be gotten here, although the exposure is not big
enough to make this certain. The quarry is near the public road,
and can be reached without difficulty.

The tests on this stone are given in table XXI. They show that
this material is much better than the sample from Monroe, which
gave the poorest tests of any Wisconsin lmestone, and probably
would be fairly satisfactory for local use. The comment of the Of-
fice of Public Roads on this sample is as follows: ‘‘This material
shows average hardness, low toughness and resistance to wear and
good cementing value. Not recommended as a road building mate-
rial.”’

The quarry of Wood Booker at the north end of Martintown
presents a face of Galena-Trenton formation about 26 feet high and
about 300 feet long. The section from the top down is as follows:
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Soil ...... PR several feet
Thin-bedded ﬁne-gramed Weathered rock which would

make poor road material...........c.coceivnenennenn. 6 “
Thick-bedded, buff, fine-grained limestone............... 10 “
Same as preceding, blue in ColOr. .....covvrveeriirennannns 10 “

The lower 20 feet would make satisfactory road material for lo-
cal use.

In a quarry about 3 miles southwest of Browntown, about 10
feet of Galena-Trenton limestone are exposed. The beds are each
about 1 foot in thickness, and fairly compact and hard. They
would make a satisfactory road material for local use.

In the SE.}4 of section 11 of the town of Mt. Pleasant, there is
an old quarry formerly known as the Marble quarry, because of the
polish which the limestone from here would take on. This quarry
was not examined, but may be considered a possible source of local
road material.

TasLe XX

Tests on Limestones from Green County.

i

Nature of test. 1. | 2. : 3. 4, 5. 6.

Specific gravity| 2.75 Medium.! 2.6 Medium.; 2,6 Medium.| 2.8 Medium.| 2.85 2.45

Pounds per cu- i

bic foot....... 172, Medium.| 162, Medium.| 162, Medium.| 162, Medium (178, |153.
Pounds of wa-

ter absorbed

per cu. ft..... 1.68 Low....! 4.72 High..... 4.97 High..... 3.33 Medivm.| 6.9 14
Per cent cf

Wear .......... 22.5 High....| 11.1 High..... 8.8 High.....; 11.4 Righ..... 22.5| 2.3
French coeffici-

ent of wear...; 1.8 Low..... 3.6 Low..... 4.5 Low..... 3.5 Low..... 17.3 | 1.8
Hardness....... Not tested..... 14.1 Medium.. 9.3 Soft...... 16.2 Average.| 16.5 | 4.0
Toughness...... Not tested..... . 4. Low..... - 3. Low..... 5. Low..... 13. 2,

Camentmg va.l-
ue........

Fitness

. Limestone {from Richland Creek near Monroe, Wis. Wis. Road Sample No. 12,
. Limestone from Ten Eyck Quarry. Brodhead, Wis.

. Limestone from White’s Quarry, Brodhead. Wis. Wis, Road Sample No. 14.
Limestone from Diven Quarry, Browntown, Wis. Wis. Road Sawple No. 15,

. Maximum for Wisconsin limestone.

. Minimum for Wis¢onsin limestone.

& U GO el
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Towa aND LAFAYETTE COUNTIES.

The Wisconsin river valley and parts of its tributary valleys in
the northern part of Iowa county are underlaid by the Potsdam
sandstone. The bluffs which overlook these valleys are capped
with Lower Magnesian limestone. This limestone disappears to the
south beneath the St. Peter sandstone and the Galena-Trenton lime-
stone, the latter occupying nearly all of the stream divide known
as the Military Ridge. The St. Peter sandstone reappears to the
south of Military Ridge in the valleys of some of the branches of
the Pecatonica river, notably in the towns of Brigham and Hollan-
dale. It underlies very little territory. In the northern part of
Towa county, it usually appears on the sides of valleys, on steep
sided bluff's, and at the head of ravines and gullies. In LaFayette
county it constitutes more commonly the floor of valleys, but also
appears on the hill sides.

In the southern part of LaFayette county there is a considerable
area underlaid by soft Cincinnati shale. The gentle slopes of the
lower portions of Platte and Blue Mounds are also underlaid by
this formation. Their steep-sided caps are composed of the Niag-
ara limestone. For the distribution of the formations which un-
derlie these counties, as they would appear if the soil and loose
debris were stripped off, see Plate XXIV.

Along the bluffs south of the Wisconsin river outcrops and quar-
ries of Liower Magnesian limestone are numerous, many of which
would furnish a satisfactory road material for local needs. Sliter’s
quarry south of Spring Green is situated about 1 mile northwest
of Hillside. The rock in this quarry is the Mendota limestone. It
is an earthy, weak material, which is inferior as a road material to
the Lower Magnesian limestone which occurs in ledges and loose
bowlders on the hill above the quarry. The total thickness of the.
Lower Magnesian limestone is about 30 feet. At the surface it is
coarse-grained, and exceedingly rough. Loose bowlders of it have
been used for road construction.

In King’s quarry, which is situated on the top of a high, steep
hill, 74 mile east of Sliter’s quarry, about 7 feet of soft, frost-
broken, crumbly, Lower Magnesian limestone are exposed. There
is very little chance of finding a large supply of stone here. Fur-
thermore, the quarry is hard to reach by team.

One of the most extensive exposures of the Lower Magnesian
limestone occurs along the streams in sections 2, 3 and 10, T. 4 N,
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R. 3 E., near Mineral Point. Some 30 feet of it can be seen in one
cliff. The upper ten feet consists of hard, rough looking, broken
beds; while the lower part is more thick-bedded and smooth in
appearance. Flints are scattered throughout the mass.

North of Mineral Point in the NE.1; of Section 24, T. 5 N, R. 2
E., about 11 feet in thickness of the Lower Magnesian himestone
outerops on the east bank of the ereek. The outcrop consists of
alternating sandstone and thin, fine-grained limestone layers, which
are no good as a road material.

Around Dodgeville, Linden, Mineral Point and Highland, there
are numerous mine dumps of the Galena-Trenton limestone. Prob-
ably very little of this stone is desirable for road building. As a
rule, it is honey-combed, soft, and rotten. It is possible, however,
that some of it may be used on roads and give good results. Min-
ing is generally carried on only in the open-textured, porous, bro-
ken parts of the formation, and is stopped when compact, hard
rock such as would make a good road, material, is reached.

In the J. H. Wall quarry at Darlington, the section of Galena-
Trenton limestone exposed is as follows:

1 205 1 about 2 feet
Porous, cavernous, fine-grained, rotten limestone............. 15
Medium-grained, buff, fossiliferous limestone................ 2 «
Buff, coarse-grained limestone......... ..ot viniiiiinennnns 4 «
Alternating layers of limestone and brown, oily shale........ 6
Brittle, dense, fine-grained, thin-bedded limestone............ 15
Buff and blue, fine-grained, compact but slightly earthy lime-

] 703 o U= 50 ¢

The lower buff and blue beds would furnish the best road mate-
rial. From them an average sample was taken and tested. For
tests see table XXII.

The report of the Office of Public Roads on this sample is as fol-
lows: ‘‘This rock shows average hardness, low toughness and re-
sistance to wear and good cementing value. Suitable for use on
plain macadam roads subjected to light traffic or for use with a
bituminous binder.”’

At the ecity quarry of Mineral Point, the following section of
Galena-Trenton limestone is exposed: '

05 1 about 5 feet

Rotten, buff limestone........ccvitiiiiiiiiinennensennnnsas 5 «
Thick-bedded buff and blue beds.......cvvevevivnrnncennacnns 12«
Blue, thin-bedded, hard, brittle, compact beds................ 14 =
Buff and blue thick-bedded limestone..............coceeuunns 15 «

7—L.
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The lower 19 feet are the best adapted for road material.

Rock from this quarry is being used with satisfactory results on
the streets of Mineral Point. For tests of an average sample from
this quarry see table XXII. The Office of Public Roads reports on
this sample as follows: ‘‘This rock shows average hardness, low
resistance to wear and toughness, and fair cementing value. Only
suitable for plain macadam roads subjected to light traffic or for
use with bituminous binders.”’

About 14 mile south of the ecity quarry of Mineral Point, nearly
50 feet of (alena-Trenton limestone is exposed in a quarry. The
character of the section is as follows:

Limestone debris ......ccviiiiiiiiiiiiiiiitiininnnennenns 3 feet
Compact fine-grained magnesian limestone .................. 2 «
Thin-bedded, wavy, brittle glass rock like limestone.......... 25
Coarser, thick-bedded limestone............ocviiuvuninnnnnn. 14
UneXpoSed .. ..ot iiiiuenitseneneoascanrasenenaeenaaceanns 6
St. Peter sandstone. ... ..ovuiriiniiiirierinnieneneennenns 10

Galena-Trenton limestone from the Cleveland mine dump about
14 of a mile south of Hazel Green station was crushed for a stretch
of road between Hazel Green and Benton. The dump pile is near
the tracks. The rock on this dump was in fairly good econdition,
and if the best were taken a satisfactory road material could be
obtained. In 1912 about 80,000 cubic yards of stone were available
at this mine.

For tests on an average sample from this mine dump see table
XXII. The report of the Office of Public Roads on this sample is as
follows: ‘‘Material shows average hardness, low toughness and re-
sistance to wear and fair cementing value. Only suitable for plain
macadam roads subjected to light traffic or for use with bituminous
binders.”’ ‘

Close to 100,000 cubic yards of Galena-Trenton limestone were
available for road material at the Frontier mine dump north of
Benton in 1912, The dump being located within 50 feet of the
C. & N. W. R. R. track is close to excellent shipping facilities. In
1912, 114 miles of road north of Benton were built with stone from
this dump. For tests on this stone see table XXII. The report of
the Office of Public Roads on this sample is as follows: ‘‘This is a
soft rock, showing very low toughness and resistance to wear and
fair cementing value. Not recommended for plain macadam con-
struction but might be used with bituminous binders.”’

A streteh of road between the Wilkinson mine and the C. & N.
‘W. Ry. northeast of Benton was built with refuse from the Wilkin-
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son mine which consisted almost wholly of flint fragments and iron
sulphides. The results gotten with this material are very unsatis-
factory. The sulphides have changed to the light brown oxide,
which makes the road disagreeably dusty in dry weather, and
muddy when wet.

The Niagara formation on top of Blue Mounds consists wholly of
flints. It forms a bold but easily accessible outcrop at the east end
of the mound. Huge blocks of it litter the sides of the mound and
have even found their way into the gullies and valleys at the foot
of the mound.

It has never been crushed for road material, but tests made on
a sample of it seem to indicate that it would make an excellent
road material. For tests of this material see table XXII.

The Office of Public Roads report on this sample is as follows:
‘“This material shows average resistance to wear and low cement-
ing value. Should be satisfactory for use on roads subjected to
light traffic or with a bituminous binder.”’

On Platte Mound, there are extensive outcrops of flinty Niagara
limestone. No tests of this stone have been made, nor has it been
tried out by actual use on roads. It is a hard, compact rock which
appears to have the qualities of a good road material. There is no
doubt that it would be mueh better for roads than the rotten Ga-
lena limestone which outerops on the plain around the mound..
Barring the difficulty of getting the Niagara limestone down from:
the mound, it probably is the most desirable road material in south-
western Wisconsin.



TasLE XXIL
Tests on Limesione and Flint from Iowa and La Fayette Counties.

Nature of Test. 1. 2. 3. 4. 5. 6. 7.
Bpeclfic Eravity.ive et et e 2.70 Medium| 2 65 Medium| 2.65 Medium| 2.7 Medium| 2.4 Average 2.8 2.45
Pounds per cubic foot... coiviiiiiiiiiie ceiiiiiiiennn 168. Medium|165. Mediumj165. Medium|168. Medium 150.. Average| 178. 153.
Founds of water absorbed per cu., ft,......cc.oeveun.. 1.87 Low....| 2.96 Medium{ 1.88Low....{ 2.16 Medium] 3.16 Low.... 6.9 14
Percent Of Wear....cveiviiiieiieericiierteariseiannns 5.5 High,.... 3.96 Megium{ 7.1 High....{ 12.9 High....| 3.3 Average * 22.5 2.3
French coefficient of wear..... e 7.3 Low....| 10.3 Medlum| 5.6 Low....| 3.1 Low....| 12.3 Medium| 17.3 1.8
Hardness ....oveeuiininiiiiiii i e s 14.5 Medium| 14.5 Average| 15.2 Medium| 12.8 Soft.....J................ 16.5 4.0
TOWMGNNESS. vt intiaineaiieeriertereinniiiresaianrarons 5. Low....|11. Tow...., 5. Low....| 4. Tow....|........ veeeneed] 130 2.0
Cementing value.....coovvrieieirneivieniienniiierennnidoeenns Good Fair.......... Fair.......... Fair,......... VL) O FSUOSOUY DU
Bultable fOr. ... oviiiiiiiiiiiis i e Light traffic..| Light trafiic..] Light traffic..;| No good...... Light trafflc..)............foeeii ..,

Limestone from Wall quarry. Darlington, Wis.

Limestone from Frontier Mine, Bouton, Wis.
Flint from West Blue Mound, Wis.

Maximum for Wisconsin limestone.
Minimurn for Wisconsiu limestone, |

IR AR U O

Limestone from Wiesen quarry, Mineral Point, Wis.
Limestone from Cleveland Mine, Hazel Green, Wis.,

Wis. road sample No. 76.

Wis. road sample No. 16.
Wis. road sample No. 19,
Wis. road sampie No. 20.

Wis. road sample No, 23.

001
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GranT CoOUNTY,

Grant county is in the driftless region of Wisconsin. Field bowl-
ders, which constitute a valuable road material in many parts of
the glaciated area of the state are therefore absent in this county.
For the same reason, gravel deposits are scarce. Farther north, de-
posits of sandy, waterworn gravel are found along the sides of the
Mississippi River valley and up some of its tributaries, but whether
similar deposits of commercial importance occur in Grant county
is doubtful.

Limestones, however, are more available for local use in this
county than in any other county of the state. Hardly a community
but has access to limestone ledges from which satisfactory road ma-
terial for local use can be gotten. Up in the northern part of the
county, the steep bluffs which rise above the Wisconsin River val-
ley are capped by Lower Magnesian limestone excepting near the
mouth of the river where they are capped by the Galena-Trenton
formation. The Lower Magnesian limestone underlies the mouth
of the river valley. Up stream, where this limestone rests on the hill
tops, the river valley is underlain by the Potsdam sandstone. The St.
Peter sandstone underlies a very narrow strip north of the area under-
laid by the Galena-Trenton formation, and usually appears in val-
leys and on hillsides. The distribution of the solid rocks as they
would appear if the soil which covers them in most places were
stripped off, is shown by Plate XXV.

Where the Lower Magnesian limestone lies on top of the bluffs,

it frequently forms ecliff like exposures. At the mouth of Green
River, west of Woodman, about 50 feet of it outerop on top of a pre-
cipitous hill overlooking the road to Fennimore. It is a tough, fine
grained, thick-bedded rock, full of flint nodules, which probably
would make a good road material unless its. habit of breaking into
jagged fragments gives it too high a per cent of wear. _
"The bluffs which border the Mississippi River valley are com-
posed of the Galena-Trenton formation, which also underlies nearly
all of the-uplands east of the river. A few high patches in the
southern part of the county are underlain by the Cincinnati shale,
and on Sinsinawa Mound, there is a small body of Niagara lime-
stone.

In the central part of the county, many valleys are underlaid by
St. Peter sandstone or by Lower Magnesian limestone. It is not
probable, however, that ledges of the latter which would be fit for
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road material occur. They are small, and usually consist of rotten,
weak material.

Outcrops of the Galena-Trenton formation are too numerous to be
listed. Attention will be called to a few of the quarries and mine
dumps, and to the fitness of the road materials which could be
gotten from them. The outerops of the Trenton will on the aver-
age furnish better road material than those of the Galena lime-
stone,

The mine dumps in and around Platteville afford an abundance
of road material. A great deal of it, however, is of poor quality,
the limestone being porous, and honey-combed with cavities. Some
material of good quality can be seen on the dumps of the Enterprise
mine, See table XXIII. The report of the Office of Public
Roads on an average sample from the Enterprise mine dump is as
follows: ‘‘This rock shows average hardness, low toughness and
resistance to wear and fair cementing value. Should prove satis-
factory for plain macadam roads subjected to light traffic or for
use with bituminous binders.”’

Northwest of Platteville, at the old city quarry, and at the
quarry on the west bank of the Little Platte river, in section 8 of
the town of Platteville, limestone of good quality for loeal roads
could be gotten. At the latter place about 54 feet of limestone is
exposed. It is easily accessible and the supply is practically un-
limited.

The city of Lancaster has gotten its supply of crushed rock from
the City Park Association quarry north of Lancaster. The rock at
this quarry is the Galena-Trenton limestone, the following section
of which is exposed.

Feet
Soil and broken limestone........cociviiieiiiinnianeronnnns about 1
Blue and buff limestone beds with clay seams............ccvuvuens 13
[0 52 O 3
Thin-bedded limestone with clay and oil rock partings............ 3
Thick-bedded limestone, compact but slightly clayey........ocuv. 6

The report of the Office of Public Roads on this sample is as fol-
lows: ‘‘This rock shows average hardness and resistance to wear,
low toughness and fair cementing value. Should be fairly satis-
factory for plain macadam roads subjected to light and medium
trafic or for use with bituminous binders.”” TFor tests see Table

- XXTIIT.

Numerous quarries are located on the cliffs of Galena-Trenton

limestone which rise above the Mississippi river valley back of Cass-
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ville. The following are reported as operating quarries at Cass-
ville:

Kirchenberg and Titus
Jacob B. Ortscheid
Jacob J. Bernhardt
A. B. Teasdale

E. Rockefeller

W. G. Welch

The upper beds of the Cassville section are very soft and porous,
and would make an inferior road material, but the lower beds are
of better quality. The material of the section as a whole has not
proven satisfactory as a railroad ballast.

The section at the E. Rockefeller quarry of Cassville in descending
order is as follows:

1S T3 0 AU PN stripped off
Open, cavernous, thick-bedded limestone with flint nodules 30 feet
Same as above, without flint.......... o iviiiiiiiniaen 8§ «
Clay Ded ..iiiviiiieineeeeteretcroaenseessesasssononas 3 inches
Cavernous limestone with calcite-lined openings.......... 5 feet
Blue, coarsely crystalline limestone........ccevveneeennn 2 0«
Earthy blue limestone........coiviiiiiiiinienseconees 1«
Clay and oil roCK. ......iivriiiiiiiinieneennenseanennns 6 inches
Thin, white glass rock like beds, brittle and compact..... 16 feet
UneXpoSed ...ccvitiieennrontseoseaveoosasssosasassvsane 6
Blue, medium-grained, compact limestone in creek bed.... 2

An average sample of this section was tested, with results as given
in Table XXIIL

The office of Public Roads reports on this sample as follows: ‘“This
is a soft rock, showing low toughness and resistance to wear and
good cementing value. Not recommended for plain macadam con-
struction, exeept for extremely light traffic, but might be used with a
bituminous binder.’’

Along the valley leading up to the village of Potosi from the Mis-
sissippi river, there are several quarries of (Galena-Trenton lime-
stone from which very satisfactory road material for local purposes
could be gotten. In the quarry owned by Adam Schumacher, the
following section is exposed in descending order:

Stripping ...ciiii i e i it it e a few feet
Alternating layers of coarse and fine grained limestone.... 7T 0«
Thin-bedded layers, fine grained, dense, and brittle. Have

appearance of the glass rock of the lead and zinc

oY =9 (e ) ¢ O PO 20
Buff and blue thick-bedded limestone.................... 20
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The quarry, although near the top of a bluff is not difficult to
reach by team, and contains for practical purposes an unlimited
quantity of stone.

TasLe XXIIL

Tests on Limestones from Grant County.

Nature cf Test. 1. 2. 3. 4, 5.
Specific gravity ............ 2.75 High..... 2,60 Medium...| 2.70 Medium.| 2.85 2.45
Pounds per cubic foot..... 172, High.....| 162,00 Medium...| 168.00 Medium.; 178. : 153.
Pounds of water absorbed 5

per cubic foot ............ 1.57 Low...... 1.67 Low....... 1.43 Low...... 6.9 A4
Percent of wear........... 7.4 High..... 4,1 Medium...) 9.6 High..... 22,5 2.3
French coeflicient of wear. Low......; 9.7 Medium...| 4.2 Low..... 17.3 1.8
Hardness ...........ooovunue 15.0 Medium.| 14.8 Medium...] 12.3 Soft...... 16.5 4.0
Toughness........c..oeveune. 5. Low...... 8, Low.......| 4. Low..... 13. 2.0
Cementing value........... Fair...... Fair....... GOOd..evfeuennen fusevanns
Suitable for................. Light traffic....| Light and med- .
. ium traffic..... Light trafflc....f.eeeuis [onnianen

Limestone from Enterprise Mine, Platteville, Wis. Wis. road sample No. 17.
Limestone from Lancaster, Wis, Wis. road sample No. 21.

Limestone from Rockefeller quarry, Cassville, Wis. Wis. road sample No. 27.
Maximum for Wisconsin limestone.

Minimum for Wisconsin limestone.

PuRpeors
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CorLumpra CouUNTY,.

The northwestern portion of Columbia County is underlaid by the
Potsdam sandstone; the southwestern part by Potsdam sandstone
and Lower Magnesian limestone. In the eastern part of the county
the chief underlying rock is the Lower Magnesian limestone, but
several small patches are underlaid by Galena-Trenton formation
and St. Peter sandstone. The distribution of these formations at the
surface as well as beneath the soil and loose debris which covers
them in most places is shown by Plate XXVI.

‘Where an area underlaid by Liower Magnesian limestone borders
an area which is underlaid by Potsdam sandstone, the limestone beds
occupy the tops of steep sided bluffs. The Potsdam sandstone un-
derlies the lowlands adjacent to the bluffs and sometimes the lower
slopes of the bluffs. It is along bluffs or escarpments of this kind
that most of the outerops and quarries of Liower Magnesian lime-
stone occur. ’

The J. E. Johnson and L. G. Thompson quarries both near Lodi,
were the only ones examined in this county. The Johnson quarry
is located about 3 miles east of Liodi on the stde of a bluff. It is eas-
ily accessible, and containsg a practically unlimited quantity of stone,
The section exposed consists of about 10 feet of thick bedded, com-
pact limestone, free from flints. Tests on this stone are not availa-
ble, but it appears to be of good quality. For local use on roads it
probably would be satisfactory.

The L. G. Thompson quarry is situated on a bluff 2 miles south
of Lodi, west of the C. & N. W. Ry. The quantity of stone available
at this quarry seems to be limited. Its quality, however, is about
the same as that of the Johnson quarry.

The Galena-Trenton limestone of Columbia county has been quar-
ried for road purposes at the Columbus city quarry, about 8 miles
west of Columbus. The quarry has been abandoned, however, be-
cause of its distance from the city and because of the inferior qual-
ity of the stone. The section exposed in this quarry is as follows:

Feet
170 0 Y About 2
Thin-bedded 1imestone «.....vvviinierenrneneieraorosessasssnsens 6
Thin-bedded, brittle, fine-grained limestone similar in appearance to
the glass rock of the “lead and zinc” region..........ccccvennn 4
Thick-bedded, blue, fine-grained, clayey limestone.........cccvveeues 4

For tests on an average sample from this quarry see table XXIV,
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TaeLe XXIV.

Tests on Limestone from Columbus City Quarry, Columbus.

Columbus City |Maximum | Minimum
Quarry. Wiscon-| for Wis- | for Wis-

N ' y Py . Pt
Nature of test. sin Road Sample| consin consin;

No. 57. limestone.| limestone.

Spectfic gravity..oivetiviiiirii i eaen e 2.65 Medium 2.85 2.45
Pounds per cubic font..v..vvevreraririinereieresnnns.n 165. Medium | 178. 153.
Pounds of water absorbed per cubic foot 2.75 Medium 6.9 M4
Per cent of wear.......... 5.7 Medium 22.5 2.3
French coeficient ot wear 7.0 Tow 17.3 1.8
HaTdness..covueeiiiiiisiiieeiiiiiin e iieeiereieerennanees 12.7 Soft 16.5 4.0
TORERNeSS. .ottt s e e e e eae e 3. Verylow 13. 2.
Cementing value..voooeueeirniiieiinaieeieeenerinens Good

.............................................. Very light traffic.

The report of the Office of Public Roads on this material is as fol-
lows: ““This is a soft rock, showing low toughness and resistance
to wear and good cementing value. Only suitable for very lightly
traveled waterbound macadam roads. Suitable for use with bitumi-
nous binders.”’

At the Wm. Fritz quarry about 3 miles southeast of the Colum-
bus eity quarry, about 12 feet of Galena-Trenton limestone are ex-
posed. The quarry is easily accessible, although located in a field
about 14 mile from the public road. The quality of the stone is
about the same as that of the city quarry.

Glacial field bowlders are common throughout Columbia County,
and in many localities they are sufficiently abundant to constitute
a source of road material. For use on roads they are superior to the
limestones. Qravels, although not as abundant in this county as in
parts of Rock County, are found in many places. A gravel pit has
been opened near the middle of the Town of Arlington, and another
in the southwest eorner of the Town of Courtland. The fitness of
gravels for use on roads is extremely variable, and much care must
be exercised in their selection. '
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Savk County.

The low lying portions of Sauk county are mostly underlaid by
the Potsdam sandstone, while most of its ridges, excepting the Bar-
aboo range are capped by the Liower Magnesian limestone, which is
at present the chief source of limestone road material in the county.

The Mendota limestone constitutes rock benches and ridges which
appear at lower levels than the lower Magnesian limestone, but in
most places it is too soft and weak for use on roads, excepting pos-
sibly as a binder for quartzite roads. Nevertheless, it may be con-
sidered as a possible source of road materials. In the Baraboo
quartzite range of the central part of the county, quartzite underlies
muech of the surface, and also appears in numerous outerops. As a
road material, however, it has not given very satisfactory results.
At various points along the edge of this range, voleanic rocks appear
which deserve careful consideration as sources of road material.
They are located northwest of Denzer on the Mellenthien farm, in
section 10 of the town of Denzer, northeast of Denzer on Markert’s
farm, north of Myers Mill on Otter Creek, at Alloa, and west of
the Lower Baraboo Narrows. The distribution of these formations
as they would appear if the soil and loose material which covers
them in most places were removed, is shown by Plate XXVIIL

East of the red dotted line running north and south through the
eastern part of the county map the rocks are mostly covered with
glacial drift. To the west of it lies the driftless area in which the
soil is residual. Gravels are rare; and loose bowlders are seldom
seen far from ledges. In the glacial drift area, however, bowlders
of granite, trap, and other crystalline rocks are abundant and have
been used very effectively in road construction. Gravel deposits
have also been utilized to a slight extent, but less successfully.

The best exposures and quarries of Lower Magnesian limestone
which may become Important sources of road material, are in the
southern part of the county. For location of limestone quarries
see Plate XX VIII.

About 4 miles west of Sauk City, roughly 43 feet of Lower Mag-
nesian limestone cap the precipitous bluff known as Mill Hill. The
section from the top down is as follows: ’

Soil with limestone fragments.........ooiiiiiiiiiiiiiiaes 4 feet
Rotten, greenish, thin-bedded limestone (Poor road material). 2 *
Dense, thin-bedded limestone; good road material............ 3«
Dense, buff limestone; good road material.................... 3 “

Coarse-grained rotten limestone with a few chert seams; poor
road material ........ciieriieiii it rtteieieranienaaan 29
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The upper 12 feet of this section have been used in building a
road between Sauk City and Mill bluff, which was in excellent con-
dition in 1912.

On Ferry bluff at the mouth of the Honey Creek, west of Sauk
City, there is the largest sections of Lower Magnesian limestone in

this part of the state. From the top down it is constituted as fol-
lows:

Fine-grained, dense limestone................. et eseersiseaes 3 feet
- o 3 4 12 «
Limestone, SamMe a8 AD0Ve. .t .veerereereererenessesensnsanens 2 «
103 O 4 “
Limestone, same as ab0Ve. .. ....cveieriternnennnenenencnanana 6 «
Fine-grained, dense, thin-bedded limestone.................. 23 «
Thick-bedded limestone .........ceuiiereieinnnrnsracnceanans 24 -

No road tests of this stone are available, but it appears to be well
fitted for road material.

The bluff is about 310 feet high with precipitous sides towards
the river, which would make it possible to roll rock which had been
blasted from the top, down to the road at the foot of the hill.

Lower Magnesian limestone has been gotten for road material
from a quarry on the hilltop north of Spring Green to the east of
the public road. The section exposed consists of:

L~ 0 1 P 2 feet
Limestone with flint........ .o it iiiiiiiiiaea, 4 “
Porous, rotten layers of limestone interstratified with hard re-

sistant beds .. .cviviiin ittt ettt g8

No tests of this stone are available, but its appearance is very
unpromising. ,

The Mendota limestone is exposed at Wood’s quarry in section
10 of the town of Baraboo and at Eiky’s quarry in section 25 of the
town of Greenfield. At Wood’s quarry, 10 or 15 feet of earthy, por-
ous, finely crystalline and rough surfaced limestone cap a small
ridge. At Biky’s quarry, the beds are similar to those of Wood’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. No road tests on stone from these quarries
have been made. The deseriptions indicate, however, that the ma-
terial is not very good for use on roads.

In the towns of Washington and Ironton in the western part of
the county, the Lower Magnesian limestone caps the ridges and is
so deeply decomposed, that outerops are probably lacking. Be-
tween Reedsburg and Limeridge, outcrops of Potsdam sandstone
and Mendota limestone ean be seen along the road leading to.the
top of the ridge southwest of Reedsburg. Along the top of the
ridge, flint residual bowlders are very numerous, sufficiently abund-
ant locally to be used on roads.
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Ricaranp Counrty.

Richland county lies wholly within the unglaciated region of Wis-
congin, Practically its only source of road material is the Lower
Magnesian limestone which caps nearly all the high ridges and level
uplands of the county. On some of the highest, the St. Peter sand-
stone immediately underlies the surface. The Potsdam sandstone
underlies the valleys but one of its limy layers, known as the Men-
dota limestone, usually appears on the sides of bluffs, where it forms
benches and projecting ledges. So far as known this stone is too
soft to make any but'a poor road material, but it may be regarded as
a possible source of material. The distribution of these formations
as they would appear if the soil and loose material which covers

them in most places were stripped off is shown by Plate XXX.

" Exposures of the Lower Magnesian limestone are known in the
N. W. 14 of Section 19, town of Eagle; N. E.'14 of Section 30; town
of Henrietta; on the N. E. 14 of Section 19, town of Orion; and in
several places in the vicinity of Richland Center.

There is very little information at hand concerning the fitness of
the Lower Magnesian limestone of Richland County for road build-
ing. It has not been tested nor used extensively. In the southern
part of the county, its quality is probably the same as in the south-
ern part of Sauk county, and therefore may be counted upon as a
source of fair road material, but in the northeast part of the county,

it probably is too badly decayed to be valuable for road construe-
tion.
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CrAWFORD COUNTY,

The chief source of road material in Crawford county is the Lower
Magnesian limestone, which caps most of the bluffs and highlands of
the county. The Galena-Trenton formation underlies most of the
ridge between Seneca and Prairie du Chien. There is also a small
outlier on a high ridge in the town of Marietta. For distribution
of the formations which underlie Crawford County see Plate XXXI,
The St. Peter sandstone underlies narrow strips flanking the Galena-
Trenton limestone areas. The valleys of the county are nearly all
underlaid by Potsdam sandstone.

Crawford county does not appear to have been glaciated with the
possible exception of the southwest corner of the county. Field
bowlders, such as granites, traps, gneisses and other ecrystalline
rocks which furnish an abundance of excellent road material in
certain parts of the glaciated region of the state are lacking here.
Gravels also are scarce. Small deposits are known along the Mis-
sissippi river. Usually they are situated near the mouths of valleys
tributary to the Mississippi. It is not probable that any of them
with well rounded pebbles, and their content of limestone or other
well rounded with pebbles, and their content of limestone or other
cementing material is so small that they probably would be unsatis-
factory as a road material.

Deposits of sandy gravel have been observed at the village of De
Soto and at the mouth of Sugar Creek below Ferryville and along
the valley of the Mississippi for some distance above and below this
locality. These beds usually oecur at an elevation of 20 feet above
the river.

The largest outerops of the Lower Magnesian limestone are along
the Mississippi river. Quarry openings are numerous, and many of
them would furnish an excellent road material. The most durable
and resistant beds are those which form bold precipitous outecrops.

At the Prairie du Chien city quarry, the following section is ex-
posed, beginning at the top.

Feet
Porous, coarse, crystalline limestone with flint layers............ 20
Compact limestone with flint nodules.........cociiieiianennn e 7
Banded IImMesStone .....coeveiiiinnetneetonrresanrrasaccassssasan 5
Limestone with quartz openings parallel to the bedding.......... 4
Coarse, porous, limestone known as “lead layer” by local quarry-
01 + 315

Compact JIimMestone ......eceviirreresescossstactnctonancanaens 13
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For tests on an average sample from this quarry see Table XXV.

The report of the Office of Public Roads on this sample is as fol-
lows: “‘This is a very soft rock, showing low toughness and re-
sistance to wear and fair cementing value. Not recymmended as a
road-building material in plain macadam construction, but might
be used with bituminous binders.”’

For 93 feet up the bluff from the top of the quarry beds there are
no outerops. At this elevation 28 feet of limestone are exposed.
Persistent outerops appear at this level along all the bluffs within
sight. This appears to be a horizon of very resistant rock, which
probably would furnish an excellent road material, although more
inaccessible than the ledge at the foot of the hill where the city
quarry is located.

On the high bluff to the north of the city quarry at Prairie du
Chien, 10 feet of thin-bedded Galena-Trenton limestone is exposed.
It is a fine-grained pure limestone, and would make a satisfactory
road material. )

In the vicinity of Liynxville there is one of the best sites for a large
road material quarry along the Mississippi river. It is situated about
134 miles south of Lynxville. The thickness of the Lower Magnes-
ian limestone is about 210 feet. Its quality is excellent and quite
uniform from the top of the hill down nearly to the bottom. The
stripping would probably average 4 or 5 feet on top and practically
nothing on the sides. When the great thickness which this would
uncover is considered its cost would be negligible.

The quantity is extremely large. An area 1000 feet wide and 2000
feet long parallel to the C. B. & Q. Ry. track could be quarried and
more if desired. With a thickness of 60 yards this would give nearly
15 million cubic yards of stone in the ledge or from 22 to 26 million
yards of crushed stone.

In the S. E. 14 of Section 6, town of Prairie du Chien, the follow-
ing section of Lower Magnesian limestone is exposed on a bluff over-
hanging the Mississippi river valley.

Feet
1. Slope of hill covering Lower Magnesian limestone........... 45
2. Hard, flinty, light-colored limestone..........cciivvuienareans 15
3. Heavy-bedded limestone; with disseminated flints........... 10
4. Beds of yellow limestone from one to two feet thick containing
I3 5 4§ P 8
5. Limestone containing numerous flints...................... 5
6. Beds of limestone without flint. Layers from one and a half
to two feet thick. Good building stone.........c.......... 7
7. Heavy-bedded limestone with irregularly disseminated flints.
Hard and compact. .c..veiiriieieieenerevasncssansonsoeos 14
8. Limestone containing regular layers of flint................. 24

9. Alternating beds of limestone and flint...........cciivenunn 15
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10. Fine-grained, light-colored limestone........couueeevenroeens 3

11. Slope of hill covering limesStone. ..ot eerrnreoeasnonesnnse 16
12. Quarry rock, consisting of thin beds of limestone, each one

foot thick, containing no flints........ciiiiirveriiennnnnn. 3

13. Heavy beds of limestone, streaked with light-colored bands... 7
14. Alternating beds of limestone and flint, the latter being in lay-

ers sometimes three feet thick.........coiveveennennnns, 22

15. Hard, light-colored Iimestone. .....coveivririrnerennrennnens 3
16. Beds of flint, from six inches to two feet thick, alternating

with thin layers of limestone to the bottom of the hill..... 10

Total oeieiiii it et ii s itretnsascsaconcsnsasaacanea 207

In the N. W. 14 of Section 18 of the town of Kastman along the
Mississippi river, there are long continuous cliff-like exposures of
the Liower Magnesian limestone, overlying the upper beds of the
Potsdam sandstone, and affording excellent quarry sites.

At De Soto, there is a quarry in the Lower Magnesian limestone
about 14 of a mile south of the village. It is owned by O. G. Lewis,
cashier of the bank of De Soto. At this locality, the Lower Magnes-
ian limestone first appears about 300 feet above the river, the lower
portions of the bluff being Potsdam sandstone.

The thickness of limestone exposed here is about 35 feet. The
stripping is slight. It is a fine-grained, compaect, flint-bearing
limestone of good quality for road material.

The quarry owned by Lawyer and Carrol at Bridgeport is the only
shipping quarry in the western part of the state. It is an old quarry,
having furnished some of the stone for the old Capitol building at
Madison. About 35 feet of Lower Magnesian limestone are exposed
in the quarry. The lower beds consist chiefly of coarse, sandy, rot-
ten limestone and flint beds. The upper 14 feet are thick-bedded,
compact, and of good quality for road building. In 1912, the quarry
produced about 3 cars of crushed rock per day. Most of this came
from the lower beds. When the upper beds are crushed a better
quality of road material will be gotten.

The road tests of an average sample of crushed rock from this
quarry see Table XXV.

The following is the report of the Office of Public Roads on this
sample: ‘‘Material is rather soft and shows low toughness with
fair cementing value. Only suitable for plain macadam roads sub-
jected to light traffic or for use with bituminous binders.”’ '

In the Kickapoo valley, Lower Magnesian limestone can be gotten
from the tops of the bluffs which overlook the valley. On the ridges
and high uplands away from the valleys, outcrops are scarce. Weath-
ering has penetrated to considerable depths. Residual flint bowl-
ders are about the only solid rocks near the surface.
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About 114 miles northwest of Wauzeka, there is a small quarry at
the road side. The rock exposed is the Lower Magnesian limestone.
At thig place it is a soft, weathered rock, and does not appear to be
a good road material.

To the north, around Soldiers Grove, the Lower Magnesian lime-
stone also appears to be weakened by decay. At the Clayson quarry
2 miles east of Soldiers Grove in section 26, about 10 feet of Lower
Magnesian limestone are exposed about 40 feet above a creek bottom
where the Potsdam sandstone can be seen. The limestone is soft,
fine-grained and very compact. There are several small quarries,
similar to this one, near the road about 34 of a mile north from here.

For tests on an average sample from the Clayson quarry see Ta-
ble XXV. The report of the Office of Public Roads on this material
says: ‘‘This is a soft rock, showing very low toughness and regist-
ance to wear, and low cementing value. Not recommended for plain
macadam construction, but might prove satisfactory when used with
bituminous binders.”’

TaBLE XXV.
Tests on Limestones from Crawford County.

Nature of test. 1. 2, ] 3. 4. 5.

Specific gravity......ocovunnn. 2.65 Medium 2.8 High 2.6 Medium 2,85 2.45
Pounds per cubic foot........ 165. Medium { 175. High 162, Medium | 178. 153,
Pounds of water absorbed

per cubic foot.............e. 2,65 Medium .65 Low 2.96 Medium 6.9 14
Per cent of wear 7.4 High 8.4 High 22.5 2.5
French coeffictent of wear...| 5.7 Low 4.8 Low 17.3 1.8
Hardness................oo0n 5.8 Low 12.7 Soft 11.3 Soft 16.5 4.0
Toughness .....ooovevueinnnnns 4, Low 8. Low 4, Low 13. 2.0
Cementing valune............. Fair Fair Fair  ficeifeerenees
Fitness........c.oovviiiinnnn. No good Light traffic Nogood.  |...evoiifeeninnns

1. Limestone from Prairie du Chien city quarry, Prairie du Chien, Wis. Wisconsin Road
Sample No. 25.

2, Flinty limestone from Bridgeport quarry, Bridgeport, Wis. Wisconsin Road Sample

0. ,6.

3. 2Limestone from Clayson quarry, Soldiers Grove, Wis. Wisconsin Road Sample No. 28.

4, Maximum for Wisconsin Iimestone.

5. Minimum for Wisconsin limestone,

Attention is called to a number of old quarry sites in the Lower
Magnesian limestone, where lime has been burned. They have not
been examined, but they may be regarded as possible sources of
road material. Their locations are as follows:

8—L.
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On the west side of one of the small branches of Knapp creek in
Section 35, town of Scott.

On Horse creek, a tributary of the Kickapoo river, in the N. W. 14
of Section 19, and the S. W. 14 of Section 21, of the town of Haney.

At the head of, a ravine, emptying into Coopers creek, 1 mile west
of the village of Seneca, in the S. W. 4 of Section 9 of the town of
Seneeca. :
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VErRNON County.

The high ridges and gently rolling uplands of Vernon County are
mostly underlaid by the Lower Magnesian limestone. See Plate
XXXII. The highest elevations are underlaid by St. Peter sand-
stone. The edges of the uplands and ridges are usually marked by
abrupt slopes or cliffs, which descend to broad, flat valleys under-
laid by the Potsdam sandstone. Along the tops of the bluffs and
cliffs overlooking these valleys there are numerous exposures of
Lower Magnesian limestone.

Vernon County lies wholly within the driftless or unglaciated
area. Hence drift bowlders of granite, trap, and other crystalline
rocks which constitute an important source of road material in many
parts of the glaciated portions of Wisconsin are lacking here. Gravel
deposits are also scarce. Some are known along the higher levels of
the Mississippi river plain. They have also been found at slight ele-
vations above the river plain at the mouths of the tributary valleys.
These deposits usually lack the characteristics desirable -in a good
road gravel. The pebbles are smooth, rounded, and water worn in-
stead of angular and jagged. They consist almost entirely of non-
cementing materials—trap, granite, quartz and other hard, resistant
materials. Usually, the pebbles are mingled with a great deal of
sand, which woud necessitate screening, an additional item of cost.

Deposits of sandy gravel have been observed about the sides of
the valley of a small stream, at an elevation of 20 feet above the
Mississippi river in section 4, town of Wheatland, and between
Genoa and Coon Slough, the deposits are continuous, and as high
as 50 feet above the Mississippi river.

On the high bluffs, along the Mississippi river, there are almost
continuous exposures of Lower Magnesian limestone. These would
furnish excellent road material for local purposes. The superior
quality of certain beds of this limestone along the Mississippi might
even warrant the expense of shipping to distant parts of the state.
This is not advisable, however, until it can be shown that the ad-
vantages in durability and general satisfaction gained by using the
Mississippl river stone more than offset the expense of shipping.
Local materials even though somewhat inferior are frequently found
cheapest and most satisfactory in the end.

Along the Mississippi river, the Lower Magnesian limestone con-
sists of 3 well defined parts. The lower part is from 30 to 40 feet
thick and is made up of a soft easily quarried rock that makes
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excellent building stone and flagging. This soft rock is porous and
generally not well suited for road material. Above this is a thick
layer of what some of the local quarrymen call ‘‘Niggerheads.”” It
is a very hard, dense, resistant stone, which constitutes the tops of
the bluffs along the river from a short distance south of Lynxville
in Crawford county northward to Prescott in Pierce county.

The topmost layer of the Lower Magnesian limestone, which is
a weak, soft, thin-bedded material of moderate thickness, has all
been stripped off by erosion in the western part of Vernon county.

From the thickness of the Lower Magnesian limestone at the fol-
lowing localities an estimate can be made of the thickness of the
top beds, which are most desirable for road materials.

On bluffs north of Stoddard........ccovevnveiineriniincennees 60 feet
North of Genoa. ... vevvriiiieiesnnsnescansasessrnsnsassnss 40 feet
South Of Victory . vve it iiiieeneneencarenesoseneanancsnssns 120 feet

Towards the eastern part of the county, outeroppings of Lower
Magnesian limestone become less numerous and occur along the es-
carpments which overlook the valleys underlaid by Potsdam sand-
stone. The soil covering becomes deeper, and weathering has ex-
‘tended to considerable depth beneath the surface. The quality of
the stone towards the east is therefore less satisfactory.

The following is a list of owners of limestone quarries in Vernon
county, and of the locations of the quarries. These quarries have
all been operated in recent years, although some of them may be
abandoned now. ‘

Isaac Mornson, Viroqua.

Geo. Flick, Genoa.

Jae. Stroek, near Stoddard.

Jacob Beans, Stoddard.

John Brittlich, Stoddard.

Village of LaFarge, LaFarge, Wis.
H. Seidal, Stoddard.

Ludwig Scheck, Stoddard.

The Scheck gaurry is the only one which is reported to have fur-
nished road material in 1912.

Large outcrops of Lower Magnesian limestone exist in the village
of Springville of the town of Jefferson, and along the banks of
the stream below the village. Extensive quarries were formerly
opened up in this locality. The limestone occurs in beds from one
to four feet thick, of a light yellow color, free from flints, and is
a handseme building stone. These outcrops were not examined but
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from the descriptions?, it seems probable that they would furnish
excellent road material for local purposes.

Along Coon Creek, in the town of Hamburg, there are numerous
good exposures of the lower beds of the formation. In this part
of the state the lower 30 feet of this limestone are usually softer
than that above. Notwithstanding this fact, it is probable that
road material of satisfactory quality for local purposes can be got-
ten from these ledges.

It seems probable that limestone for road material could be se-
cured from the sites of some of the old lime kilns which formerly
dotted this region. Nome of these localities were examined, however,
and no facts can be given as to the location and character of the
stone from which the lime was made. To aid prospecting for lime-
stone road materials, the following list of former lime kiln sites are
given:

Near the forks of the Bad Axe river in Section 12 of the town:
of Genoa.

One and a half miles north of the village of DeSoto.

Near the head of a small branch of Coon Creek in the NE.14 of
Section 24 of Coon township.

In the SE.Y4 of Section 27 of the town of Franklin.

At the head of small tributaries of the Kickapoo, about 314 miles
northeast of Viroqua.

* See Geology of Wisconsin, Vol. IV, p. 68.
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La CrossE AND MoNROE COUNTIES.

LaCrosse and Monroe counties lie  wholly within the driftless or
unglaciated part of Wisconsin. Hence the charadteristic glacial
field bowlders which constitute so important a source of road ma-
‘terial in the glaciated portions of the state are lacking in these
counties. Gravel deposits also are scarce. Deposits of sandy
gravel are known along the bluffs east of the city of Lia Crosse. They
seldom attain an elevation of 50 feet above the river. This gravel
so far as known is not well adapted to road building. The pebbles
are well rounded and smooth instead of rough and angular. They
consist almost entirely of non-cementing materials such as granite,
traps, quartz and other hard crystalline rocks. Their intimate mix-
ture with sands would make it necessary to sereen them, which
would probably involve an expenditure hardly warranted by the
results. '

Nearly all of the northern parts of Monroe and La Crosse coun-
ties are underlaid by the Potsdam sandstone. The same formation
underlies most of the deep valleys of the southern portion of these
counties. The Lower Magnesian limestone caps the high hills,
ridges, and table lands. Most of it occurs in the southern part of
the eounties. For distribution of these formations as they would
appear if the soil and other loose material which covers them in
most places were stripped off, see Plate XXXIII.

‘Whether a certain locality is underlaid by Lower Magnesian lime-
stone or by Potsdam sandstone can easily be discerned as a rule
from the surface features. The hills of the sandstone region are
generally low and gently rounded. Outcrops are uncommon. As
a rule the sandstone is covered with soil. Hills of this type are
common along the road between Sparta and Lia Crosse. Hills that
are capped by Lower Magnesian limestone are always steep-sided,
even precipitous. They can be seen in all stages of erosion. Some
of them are worn down to a steep cone with only a small cap of
Liower Magnesian limestone. Onee this cap is removed, the hills
are rapidly reduced to a gently rolling swell. Others appear as
long, steep-sided ridges which are topped by a few feet of lime-
stone. Occasionally, one can be seen where the top has been worn
to a mere ridge-line, barely wide enough for a foot path, and from
which the sides descend at a steep angle, like the roof on a house.
On others, the top is wider, or even expands into a gently rolling
table land several square miles in extent.
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In some localities limy, well-cemented layers oceur in the Pots-
dam sandstone which resist erosion very effectively, and give rise
to ledges which stand out as steep-sided or even precipitous hills.
Of this type are the many isolated cliffs in the eastern part of
Monroe county.

The largest exposures of the Lower Magnesian limestone are
along the tops of the bluffs east, and to the south of La Crosse. On
Grandfather Mountain east of La Crosse, about 150 feet of Lower
Magnesian limestone overlie the Potsdam sandstone. The lower
100 feet of this are quarried by the La Crosse Stone Company.
~ The section from the top down is approximately as follows:

Soil and unexposed TOCK......cieiiurirrnntecronnnaccnacenssanns
A weathered, porous, soft, flint-bearing Ilimestone. This was

crushed for road material by the La Croses Stone Co. in 1912,

................................................... about 30 feet
Very compact, dense, white limestone used for building stone 20 feet
Limestone with flint nodules, not used in 1912............... 12 feet
Limestone, most of it soft and weathered. Not quarried when

seell IN 1912, ... . iinene o nisareronneseannnes about 48 feet

i

In the vieinity of Lia Crosse, quarries are also operated by Wm.
Hass, Goldish and Salamonitz, E. S. Mead Stone Co., H. Roesler,
Ole Wold and L. Kriebach (8 miles east of La Crosse).

At Onalaska, north of La Crosse a number of quarries are opened
up but most of them have been idle in recent years. Owners of
quarries in Onalaska are Wm. Kenyon, L. W. Hohmann, Geo.
Pierce.

Limestone quarries are also operated at Holmen, West Salem,
and Mindoro in La Crosse county.

Lime is said to have been burned in the SE.14 of Section 26 of
the town of Greenfield, at the head of Mormon Coolie. This local-
ity was not examined, but it is likely that limestone outcrops or
old quarries exist in this vieinity.

In Monroe county, outcrops and quarries of Lower Magnesian
limestone are not so common as in I.a Crosse county. Those which
do exist however, may therefore prove all the more important as
future sources of road material for local purposes. Limestone quar-
ries are operated by August Schmeichel, John Nichols, A. E. Smith,
and J. J. Ewers in the vicinity of Sparta. There are other lime-
stone quarry openings around Sparta, besides those mentioned.
Quarries are also operated at Tomah and Rockland.

The J. J. Ewers quarry is located about 9 miles to the northwest
of Sparta on top of a high, steep-sided hill. Rock quarried here
Las been rolled to the valley below, and hauled 9 miles to Sparta
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where it was crushed for road material. The section at the quarry
consists of: S -

Soil and limestone fragments. ... eeeieneenerisnrresescnnnns 4 feet
Porous, weathered limestone with flints..................cu.s 2 feet
Compact 1ImeStone ...vveiernvevrearsssansssssassasconceasaces 3 feet
Shaly, friable, SaDAY laYerS. .. ceeiieeienncerocronsronoenaanns 3 feet
FlHRt Bed cvvviriniiieis criieianencennesssassansssonsnsonas 4 inches
Thick-bedded limestone, a fair road material........cccevu.n 3 feet

The following locations in Monroe county where lime has been
burned are given because they may be useful in prospecting for
limestone road material, as no doubt each kiln was closely connected
with a limestone quarry.

About 7 miles southeast of Tomah in the town of Oakdale, on
the northern line of outerop of the Liower Magnesian limestone on
the SW.14 of Section 31.

On an isolated outlier of limestone about six miles southwest of
Tomah in the SW.14 of Section 22 of the town of Adrian.

In the NW.14 of Section 12 of the town of Wells.

At the foot of a high isolated, outlying bluff capped with Lower
Magnesian limestone in the SW.14 of Section 28 of the town of Lit-
tle Falls.
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TREMPEALEAU COUNTY.

The Lower Magnesian limestone is about the only source of roacil
material in Trempealeau county. The county lies wholly within
the driftless area; hence it lacks the glacial field bowlders which
constitute a valuable source of road material in most parts of the
glaciated area of Wisconsin, nor is it known to have gravel depos-
its of good quality.

Most of the Lower Magnesian limestone which once underlaid
Trempealeau county has been removed by erosion. Only a few of
the highest ridges and hills are still capped by it. See Plate
XXX1V. The Potsdam sandstone now underlies most of the county.
Hills capped by Lower Magnesian limestone can readily be dis-
tinguished from those which are constituted of Potsdam sandstone
by their steep-sided or even precipitous character. Those under-
laid by the sandstone have gently rounded contours.

The principal areas of Liower Magnesian limestone are between
the town of Trempealean and the mouth of the Trempealeau river,
and to the northwest of Galesville.

On the hills north of the village of Trempealeau, Liower Mag-
nesian limestone of fair quality for road material could be gotten.
One diffieulty here is that the ledges are almost inaccessibly high.
The section at this locality is as follows:

Feet
Dense, thick-bedded Lower Magnesian limestone, lower beds sandy 35
The upper beds would make the better road material.
Potsdam sandstone ......veveviviriirsorcioscissrsosascoeascnsane

There are many small limestone quarries in the ecounty which
supply local building material. Many of these might also furnish
road material which would be satisfactory for local use.

The following own. limestone quarries in Trempealeau sounty:

Near Arcadia—George Ziegler, Wenzel Kreibich, Herman Schrei-
ber, John Rohn, Gustav Rube, George Motzko, Christ George, Mar-
tin Rebhahn, John Roesch.

Near Galesville—Nicholas Perkins, I.. S. Keith.

Near Dodge—C. George.
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Burraro County.

Buffalo county is underlaid by Lower Magnesian limestone and
Potsdam sandstone. The Potsdam sandstone underlies most of the
valleys, and low, gently rounded hills. The Liower Magnesian lime-
stone caps the steep-sided hills, ridges, and high table lands of the
southern portion of the county. For distribution of the formations
which underlie Buffalo county see Plate XXXV,

The principal exposures and quarries of the Lower Magnesian
limestone in Buffalo county are along the tops of the bluffs facing
the Mississippi river. Here also the quality of the limestone for
road making is on the average better than to the northeast. Away
from the river, outcrops are less numerous, the soil mantle becomes
deeper and the exposures are more decayed.

On the bluffs near Fountain City, limestone quarries are owned
by the Badger Stone Co. and H. F. Murr.

About 130 feet of Lower Magnesian limestone caps the bluff di-
rectly north of Fountain City. The section is as follows:

* Feet
UneXPoSed . ..vvcevinieniienerneses sosssasscssssssscancnsan about 40
Fine-grained, thick-bedded limestone with numerous cavities lined
with calcite. Flints occur in lense-shaped nodules also in
honey-combed forms having cavities....ooiviieeiiieieieennan 40
UNEXPOSEA « v e vt vvvtnroeneeserenssnne snsessensanssasonnsans about 10
Thick-bedded limestone without flints. Sandy seams near bottom 40

Most of the rock of this section is rather soft, and porous. While
much of it would make fair road material, it is not as good as the
best. Lower Magnesian limestone exposed along the river in Craw-
ford and Vernon county.

About 114 miles north of Cochrane there is an excellent quarry
site. The thickness of the Lower Magnesian limestone is about the
gsame as at Fountain City, approximately 140 feet. The quality
also is about the same or a shade lower. Opposite Cochrane, and
about 1 mile south of it, there also are very good quarry sites.

The following own quarries at Alma—John F. Harry, Wm. Sel-
lers, Butzman and Stenger, and John Eberle.

The section of Lower Magnesian limestone on the hill just north
of the town, where the Eberle quarry is situated, is as follows:

Feet
Soil with limestone fragmentS...ccovevevrsrocionessssescaaansss 4
Fine-grained, compact limestone with flint nodules and lenses..... 10
Massive compact limestone, nearly devoid of bedding............. 12
Thick-bedded limestone mostly coarse-grained.........eeveevveens 12

Quarry floor. '
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The stone exposed in this section is not so porous and cavernous
as that at Fountain City. It appears to have better qualities for
road construction than the latter.

The region to the west of the dotted red line on Plate XXXV
of Buffalo county has been glaciated, and has a few deposits of
gravel and some field bowlders. The gravels will be of local value
for road construction. It is not probable that field bowlders are
sufficiently abundant to constitute a source of road material.
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Perin Counrty.

The formations which underlie Pepin county are the Lower Mag-
nesian limestone and the Potsdam sandstone. For the distribution
of these formations as they would appear if the soil and loose ma-
terial which covers them in most places were stripped off, see Plate
XXXVI.

The Lower Magnesian limestone caps steep-sided or even preeip-
itous hills, ridges, and table lands, whose lower slopes are com-
posed of Potsdam sandstone. These are especially prominent along
the Mississippi river. A hill in which the lower layers are Pots-
dam sandstone, and the cap rock is Lower Magnesian limestone,
can almost always be recognized by its steep-sidedness. As soon
as the protecting limestone ledge has been removed by erosion, the
hill is rapidly reduced in elevation, and assumes a gently rounded
form. These differences between the surface feature of hills cap-
ped by Lower Magnesian limestone and those which are constituted
of sandstone may be of some use in prospecting for limestone road
material.

The best outcrops of limestone for road material are near the Mis-
sissippi river. Here the limestone is thickest and least weathered.
It attains its maximum thickness in this county to the north of
Stockholm, where it is about 100 feet thick. The exposures are
nearly all at the edge of the beds, that is, along the rim of the
bluffs which the limestones cap. The quality of the Lower Mag-
nesian limestone for road-making in this part of the county is gen-
erally fair and ‘more uniform than in the south central part of the
state. It is softer as a rule than the best Lower Magnesian lime-
stone which can be had from the bluffs along the Mississippi River
in Crawford and Vernon counties.

Away from the river, the Lower Magnesian limestone is usually
found only on small, isolated outlying bluffs. Generally only its
lowest layers are present. These are usually softer and more
sandy than the layers between 40 and 100 feet above the base of
the formation. These thin outlying ledges are also on the aver-
age more weathered than those which appear near the river.

Numerous small limestone quarries have been opened up in
Pepin county, especially along the river. Only a few of them have
been worked in recent years, and these only intermittently.

The region to the west of the dotted red line running through the
town of Lima, as shown on Plate XXXVI and to the northeast of
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a similar line passing through Pleasant Valley has been glaciated.
Drift bowlders, however, are probably not abundant enough in any
part of this region to constitute an important source of road ma-
terial. Gravel deposits may be looked for within the glaciated por-
tion of Pepin county, especially along the flood plain of the Chip-
pewa river. There is at hand no data on the quantity, quality, or
availability of these deposits for road-building.
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Pierce Counry.

In Pierce county, the Potsdam sandstone is the surface rock for-
mation only in the lowest lands. By consulting Plate XXXVIII, it
can be seen to underlie a narrow strip along Lake St. Croix and the
Mississippi river, and portions of the small stream valleys of the
county, such as the Trimbelle River, Isabelle Creek, Rush River,
Plum Creek, and Cady Creek. The Lower Magnesian limestone
underlies the greater portion of the county.

Away from the stream valleys, the surface underlaid by Lower
Magnesian limestone is gently rolling or nearly level. The lime-
stone itself is mostly covered with drift and soil, and outcrops are
scarce. Where the Potsdam sandstone underlies the stream valleys,
the Lower Magnesian caps steep or even cliff-like bluffs, which hem
in the valleys on each side. Striking cases of this kind can be seen
along the Mississippi River, Trimbelle River, along Cady Creek,
and other streams. Outcrops of limestone are numerous along such
bluffs, and quarries have been opened up in many places. Along
the Kinnikinnic river there are numerous outerops in the river bed,
which at River Falls are the cause of a series of rapids.

The Galena-Trenton formation underlies several high and nearly
level table lands, chiefly between Ellsworth and River Falls. As
shown by Plate XXXVIII, there are many small isolated outlying
patches of this formation. In all cases they appear on flat-topped,
steep-sided butte-like mounds or on the top of steep cone shaped
hills. All the areas underlaid by this formation are surrounded
by belts which are underlaid by St. Peter sandstone. Outecrops of
the Galena-Trenton . formation occur chiefly along escarpments
which mark the edge of the areas underlaid by it.

It is reported that the Lower Magnesian limestone has been quar-
ried on the hills overlooking Lake St. Croix between Prescott and
the Kinnikinnic River. In one of the gorges on the south banks of
the Kinnikinnie River north of Prescott, in the SW.14 of Section
13, of the town of Clifton, about 50 feet of this limestone are ex-
posed. The beds are well exposed at the head of the gorge, which
is easily accessible, and nearly on a level with the surrounding
country. The upper portion of the section is thick bedded, com-
pact, and very hard to break. It would supply a good quality of
road material. From eye inspection, it would appear that this
limestone would make a far better road material than any of the
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Galena-Trenton formations seen in the county. An average sample
of the upper beds of this quarry was tested by the Office of Public
Roads. For results see table XXVI

The Office of Public Roads reported on this sample as follows:
“This rock shows average hardness, low toughness and resistance
to wear and fair cementing value. Only suitable for plain ma-
cadam roads, subjected to light traffic or for use with bituminous
binders.”’

South of Spring Valley on Section 27 of the Town of Spring
Lake, there is an abandoned quarry of Lower Magnesian limestone,
from which the local furnace formerly got its supply of flux. An
unlimited supply of road material of good quality could be gotten
here. The accessibility of this quarry makes it especially recom-
mendable. It is on a spur track of the C. & N. W. Ry. Cars could
be loaded by gravity, since the quarry floor is some 40 feet above
the track. " About 50 feet of very thick bedded- flint bearing, and
slightly cavernous limestone is exposed in this quarry.

An average sample from this quarry was tested by the Office of
Public Roads. For results see table XXVI.

The report of the Office of Public Roads on this sample is as fol-
lows: ‘‘Average hardness, rather low toughness, low resistance to
wear and good cementing value. Should only be used on water-
bound roads subjected to light traffic or for use with bituminous
binders.”’

The Galena-Trenton formation has been quarried in many local-
ities in the vicinity of River Falls, Ellsworth, Beldenville, and Pres-
cott. Detailed descriptions can be given of only a few.

Dill’s Quarry is located in the Galena-Trenton formation about
three miles northeast of Prescott. At this loecality, about 15 feet
of the Galena-Trenton formation caps a small butte-like hill which
rises to a height of about 100 feet above the surrounding country.

About 10 feet of buff, soft, weathered limestone is exposed. The
upper layers are frost broken. The lower layers are thick-bedded
and in fair condition. This rock may be very satisfactory for cer-
tain building purposes, but for the average country road it would
be too soft.

The Thos. Walker Quarry is in the Galena-Trenton limestone
which caps the bluffs east of River Falls. The section exposed is
as follows:

Soils

Thin bedded, brittle, frost broken limestone..............c... 10 feet
Thick bedded, buff limestone—a fair road material.......... 4 feet
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For tests of an average sample from this quarry see table XXVI.

The report of the Office of Publiec Roads on this sample is as fol-
lows: ‘“This material is low in hardness, toughness and resistance
to wear, and shows a fair cementing value. Should be suitable for
use in waterbound macadam under extremely light traffic or for
bituminous macadam construction.”’

The Campbell Quarry is located in the Galena-Trenton limestone
about 14 of a mile north of the railway station at Ellsworth. About
12 feet of limestone are exposed. The upper 4 feet are thin-bedded
and frost broken. The lower portion is thick-bedded and fine-
grained. The rock is medium in hardness, and probably would
make a fairly good road material. The supply at this place for
practical purposes is probably inexhaustible. The soil burden 1is
slight. A good road with an easy grade leads to the quarry.

For tests of an average sample from this quarry see table XXVI.

The Office of Public Roads reported on this sample as follows:
““This rock shows average hardness, low toughness and resistance
to wear, and fair cementing value. Suitable for use on plain ma-
cadam roads subjected to light traffic, or with bituminous binders.”’

The J. Holman Quarry about 14 a mile north of the Campbell
Quarry is also located in the Galena-Trenton formation. The beds
here are about the same as in the Campbell Quarry.

The city of Ellsworth has a small limestone quarry about 14 mile
west of the C. & N. W. Ry. station. The beds exposed belong to
the Galena-Trenton formation. The quality of this rock for road
construction is the best of any which was seen in the vicinity of
Ellsworth. The section is as follows:

07 6 9« S Y 4 feet
Thin bedded, bluish, fine grained, dense limestone............ 4 feet
17 42 1 foot
Thick bedded, bluish limestone........ccvvveiiieirirencnroas 6 feet

The Jasper Miller Quarry is opened up in the Galena-Trenton
formation 1% mile west of Ellsworth. About 12 feet of rock are ex-
posed. The lower 8 feet are thick-bedded, dense, and fine-grained.
The upper beds are thin and frost broken. The soil burden is about
3 feet thick. The quality of this stone for road-making is fair.
For practical purposes, the amount of stone in this quarry is prob-
ably unlimited. It is accessible, being about 100 feet from the main
road. This quarry could be a valuable source of road material for
local purposes.

Pierce county has been glaciated, and field bowlders may be suffi-
ciently abundant in some parts of the county to constitute a source
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of road material. (lacial gravels also occur in many places. Usu-
ally they constitute ridges on hill tops.

TaBrLe XXVI.
Tests on Limestone from Plerce County, Wis.

Nature of Test. 1. 2, 3. 4 5. 6.
Specific gravity 2'.80 High....] 2.7 High....t 2.45 Low..... 2.7 Medium.| 2.85| 2.45
Pounds per cu-

bic foot...... .1 175, High....|172. High....] 153. Low.....| 168. Medium.]178. [153.
Pounds of water

absorbed per

cubic foot.....] 1.06 Low,....| 1.35Low.....] 6.9 Low.....| 2,86 Medium.| 6.9 14
Per cent of

WeAl..cvneeens .54 High ....| 5.6 High.... 7.3 High.... 7.3 Bigh,....| 22.5 | 2.3
French coeffi- )

cient of wear..; 7.4 Low..... 7.1 Low.....; 5.5 Low.....| 5.5 Low.....|17.3] 1.8
Hardness....... 15.2 Medium.{ 15.5 Medium.| 12.7 Soft..... 15. Average.j 16,5 | 4.0
Toughness.,....} 7. Low.....}] 1I. Low..... 5. Low... 7. Low.....| 13. 2.0
Cementing val-

Ue...ueenenn...d Falro.... PR Good........... Fair............] Fair....... RPN s e
Suitable for....| Light traffic...| Light traffic... V:ryﬁi light Light traffic...}......|......

raffic.

1.
2,
3,
4.
5.
6.

Limestone from Prescott. Wis.
Limestone from Spring Valley, Wis.
Limestone from Walker Quarry, River Falls, Wis.
Limestone from Campbell Quarry, Ellsworth, Wis.
Maximum for Wisconsin limestone.
Minimum for Wisconsin limestone.

9—L.

Wisconsin road sample No. 34,

Wisconsin road sample No. 36.
Wisconsin road sample No. 43.
Wisconsin road sample No. 44,
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Pork anp«8r. CrROIX COUNTIES.

The low-lying portions of St. Croix and Polk counties are under-
laid by Potsdam sandstone. Plate XL shows the distribution of
the bed rock formations of St: Croix county and a part of Polk, at
the surface, and beneath” fhe soil and loose material which covers
them in most places. The Potsdam sandstone is confined mainly
to the northern and western parts of this area. However, in the
towns of Glenwood and Springfield, of the eastern part of St.
Croix county, it underlies the valleys of Sandy, Tiffany, and Beaver
Creeks.

Where the Potsdam sandstone disappears beneath the Lower
Magnesian limestone the edge of the Lower Magnesian limestone
beds forms a distinet escarpment. Along this escarpment outcrops
and quarries are common. The surface underlaid by this limestone
is gently rolling.

In the southwestern part of St. Croix county there are a number
of high, isolated, flat-topped, steep-sided hills and stretches of high
table land, which are capped by the Galena-Trenton formation.
Each of these areas of limestone is surrounded by a strip which is
underlaid by St. Peter sandstone. Limestone quarries and outerops
are common along the margin of the Galena-Trenton formations,
where the beds appear on the sides of bluffs.

The northwestern part of Polk county is underlaid by a broad
belt of voleanic trap rocks, which outecrop in many places. Pie-
‘turesque exposures of these rocks occur along the Dalles of the
St. Croix river. These trap rocks are the best road material in the
county.

One of the largest exposures of Lower Magnesian limestone in
St. Croix county is at the falls of the Willow River, west of Burk-

hardt. In descending order, the beds at this locality are as fol-
lows:

Lower layers of St. Peters sandstone......ovevieervianenanns 25 feet
Alternating layers of reddish sandstone and limestone. A
poor road material. ... ... ...ttt 10 feet

Buff to fawn colored limestone. Many layers are porous.

Heavy layers above. Thin compact layers below. Poor

road material .......... v ciannn et rieeeesaereaen 20 feet
Buff, granular, crystalline compact layers. Fair road material 15 feet
Fawn colored, very compact, thin bedded limestone, in part

slightly sandy, in part a nearly pure limestone. Fair

road material
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Similar to preceding. More porous and broken. Numerous

flint layers. Poor road material........cc.coueierecennnnn 30 feet
Heavy buff beds, showing between several layers, numerous

cavities. Fair road material.................. ereceaen 25 feet
Heavy uniform beds. Good road material................... 30 feet
Massive buff beds, fine grained. Good road material......... 20 feet

An average sample taken from the lower 80 feet of this section
was tested by the Office of Public Roads. For tests see table
XXVIL '

The Office of Public Roads reported on this sample as follows:
““This is a very soft rock, showing low toughness and resistance to
wear, and fair cementing value. Not recommended for plain ma-
cadam construction, but might prove satisfactory when used with
a bituminous binder.”’

About 8 feet of Lower Magnesian limestone are exposed on a
hill top to the north of the road about 14 mile east of Prescott
Road, in the NE.14 of Section 6, town of Troy. The rock was very
difficult to break, and seemed to be exceedingly tough and hard.
It was accessible, being on a low hill overlooking a sandy, public
road. As to its quantity nothing definite could be said. The
amount in sight is small. There is very little soil on top of the
rock here, but a fair estimate of the quantity could only be made
after the ledge had been uncovered in a number of places.

An average sample from this quarry was tested with results as
shown in table XXVII. The Office of Public Roads reported on it
as follows: ‘‘This is a rather soft rock, showing very low tough-
ness and resistance to wear, and good cementing value. Not rec-
ommended for plain macadam construection, but might be suitable
for use with bituminous binders.”

The McDonald Quarry is located 114 miles to the northwest of
New Richmond. In this quarry there are about 5 feet of very com-
pact, tough, thick, limestone beds, which would make good road
-material. They are overlaid by 12 feet of decayed limestone and
soil. The amount of stone available from this quarry is consider-
able, and would warrant the installation of a small crusher. The
accessibility of the quarry leaves little to be wished for. It is con-
nected with the public road by a level streteh of private road about
14 mile long.

An average sample from the lower 5 feet of this quarry was tested
by the Office of Public Roads with the results as shown in table
XXVII. Tts report on this sample is as follows: ¢‘Soft rock, with
low toughness and resistance to wear, and good cementing value.
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Should only be used on waterbound macadam roads subjected to
light traffic or for use with bituminous binders.”’

The Levi Oakes quarry, about 1 mile southwest of New Richmond,

presents a section of Lower Magnesian limestone, which is about 10
feet high, and several hundred feet long. It is capped by about 5
feet of soil. TUnfortunately, the rock in this quarry is mostly soft
and weathered, and the lower beds are quite sandy. The supply of
stone for practical purposes is inexhaustible. The guarry is only
about 300 feet from the pubhc road, and only a short distance below
it in elevation.
" An average sample from this quarry was tested with the results as
shown by table XXVII. It was reported on by the Office of Publie
Roads as follows: ‘‘This is a soft rock, showing very low toughness
and resistance to wear, and good cementing value. Not recom-
mended for plain macadam construction, but might be used with a
bituminous binder.’

Low eliffs of Lower Magnesian limestone are exposed in the gorge
of the Apple river, about 14 mile west of Little Falls, in Polk county.
This small ecanyon is cut below the general level of the surround-
ing country. The limestone beds begin to appear about 30 paces
north of the public road, and a little below it in elevation. An inex-
haustible supply of road material of fair quality could be gotten

from this locality. The section exposed is as follows in descending
order:

Thick bedded limestone with flint nodules................... 30 feet
A very much weathered bed of limestone.................... 4 feet
A dense, compact, white limestone ........... ... 4 feet

At water’s edge, a bed of weathered limestone

For view of this locality see Plate XXXIX.

An average sample from this section was tested by the Office of
Public Roads. For results see table XXVII. Its report is as follows:
“‘Sample shows low hardness, very low toughness and resistance
to wear, and good cementing value. Not recommended for plain
macadam construction but might be suitable for use with bituminous
binders.”’

Alongside of the public road, about 1 mile west of Glenwood, in
the eastern part of St. Croix county, about 20 feet of Lower Mag-
nesian limestone are exposed in a small quarry. The quarry face is
about 30 feet long. The beds are capped by several feet of soil. The
upper layers are thin and frost broken, and contain numerous flint
nodules. The lower beds are fine-grained and thick. The rock is
soft and weathered, and would not make a good road material. It
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is improbable that there exist in this part of the county ledges of
limestone which would bear traffic satisfactorily.

The J. Wall quarry is located about 2 miles south of Osceola on
the bluffs overlooking the St. Croix river. About 20 feet of thick-
bedded, soft, decomposed, flint bearing limestone are exposed. It
is a poor road material, but probably is as good as any limestone
in this vicinity. The supply of stone, is, for practical purposes,
inexhaustible and the quarry can easily be reached from the main
road.

An average sample from this quarry was tested by the Office of
Publiec Roads. For results see table XXVII. Its report is as follows:
““This a soft rock, with low toughness and resistance to wear, and
low cementing value. Not recommended for plain macadam con-
struction, but is suitable for use with bituminous binders.”’

About 70 feet of the Liower Magnesian limestone are exposed on
Apple river near Star Prairie, 20 miles northwest of Hudson. Most
of the section consists of alternating layers of green sand and thin
bedded limestone, which would not do for road material. In de-
scending order the beds are as follows:®

Coarse, brecciated, non-uniform limestode, Much green ma-

terial near the toP.....iv ittt it et rteennasanannn 15 feet
Compact, dark gray, angular limestone. Lower portion thin

bedded with greensand between layers and in cavities.... 10 feet
Compact, heavy beds below, with green particles uniformly

distributed .......c. i e e e e 10 feet
Medium beds composed of wave-like laminae. Dark gray,

compact tocherty. ..o i i e 5 feet
Heavy layers with one containing himmock-like elevations

five feet from the base .......c.coviiieiiiiinenenneeanns 10 feet
Coarse, crystalline limestone, dark buff to gray. A fair road

material .. ... i i et et e 10 feet
Alternating layers of limestone and sandstone. The upper .
layers of limestone are somewhat regular, but the lower
ones are very irregular and hummocky. The middle layer
of sandstone is argillaceous and friable, while the lower
one is composed of coarse sand, and is of medium hard-
ness. The colors are buff to reddish yellow............. 10 feet

At Rose Lake in Section 18 of the Town of Stanton, St. Croix
county, there is an exposure of massive, heavy bedded, coarsely
crystalline limestone, which would make a fair road material for
local purposes.

On the railroad at Wilson, flinty Lower Magnesian limestone is
exposed. The section is as follows in descending order.?

1 Geology of Wisconsin, Vol. 4, page 127.
: Geology of Wisconsin, Vol. 4, page 128.
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Compact layers, fine grained at top, crystalline below. Cavi-
ties in lower portion lined with quartz. Interbedded

masses of int. ... . iiiiiiiii i i i it iereinnnneaan 38 feet
Similar to above but more heavy bedded............cccun.n. 30 feet
Heavy beds quite regular, free from flint. Granular and

erystalline .....i.iuvineiiiieit i ierteeieet e 14 feet
Irregular, fragmental limestone. Locally cavernous and with-

out stratification. Thin beds of sandstone at bottom.... 8 feet
Buff, fragmental and cross laminated layers........cccuvunn 5 feet

The upper 80 feet probably would make a fair road material.

East, south and southwest of Wilson, the layers of the Lower
Magnesian limestone cap many of the bluffs and ridges. Exposures
are numerous, but all are quite similar to the limestone at Wilson.

The Galena-Trenton formation is quarried on top of a high mound
east of Bass Lake, in the Town of St. Joseph, St. Croix county.

The section in descending order is as follows:

Broken, thin bedded, fine grained brittle rock............... 4 feet
Shaley Beds . .vivitirtiiiiiuiecnntrssescococnessossascansonas 4 feet
Fine grained, thick bedded buff limestone......ceveveveieenn 4 feet

The material is soft, and weathered, but the lower 4 feet proba-
bly would make a fair road material. A large supply of stone
could be gotten here, but hauling from this quarry would be some-
what difficult because of its situation on a high hill.

On the high mound, about 1 mile southeast of Burkhardt, 10 feet
of Galena-Trenton formation are exposed in a quarry. The charac-
ter of the beds is similar to those of the quarry east of Bass Lake.
They are soft and would not make good road material. Their qual-
ity is inferior to the Lower Magnesian limestone exposed at the
falls of the Willow river near Burkhardt.

About 3 miles south of Prescott Road, at the Ryan quarry, about
12 feet of Galena-Trenton formation are exposed. The section in de-

scending order is as follows: :
L3210 1 Y very little
Thick bedded limestone. ... ... verieeeienenrerneceracasnans b feet
Thin bedded, cream colored limestone.....c.ovovveveevncocans 3 feet
Thick bedded limestone......c.vvieieriininnnennnnancans 4 feet

The quality of this stone for road making is about as good as any
limestone from the Galena-Trenton formation in northwestern Wis-
consin. For tests of this stone see table XXVII. The sample tested
was reported on by the Office of Public Roads as follows: ‘‘This
sample shows rather low hardness and toughness, low resistance
to wear, and good cementing value. Only suitable for lightly trav-
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elled, waterbound macadam roads or for use with bituminous bin-
ders.”’

A large supply of stone could be gotten frém this quarry. Al-
though situated on a bluff about 100 feet high above the public road,
it is accessible, having a good road leading up to it.

Besides limestone, field bowlders and gravels are available for
road material in many parts of St. Croix and Polk counties. While
all of these counties have been glaciated, only the area north of the
red dotted line on Plate XL was covered by moving ice during the
last glacial epoch. Gravels are most common along the margin of
the last drift, and in many localities will constitute an important
source of road material. The trap rocks of Polk county make excel-
lent road materials well suited for heavy traffic. On the Minnesota
side of the St. Croix river, they are being utilized for this purpose.



TasrLe XXVII.

Tests on Limestone from Polk and St. Croiz Counties.

Nature of Test. 1. 2. 3. 4. 5. 6. 7. 8.
Speclficgravity..ooooveervrreiiianeniienaenen verns| 2,65 Med. 2.80 High.| 2.65 Med. 2.60 Med. 2,55 Med. 2.70 Med. 2.70 Med. | 2.8
Pounds per cuble foot ...oc.viananin veveerenres.| 165.00 Med. | 175.00 Med. | 165.00 Med. | 162,00 Med. | 159.00 Med. | 168.00 Med. | 168.00 Med. {178.00
Pounds of water absorbed per cublc foot ......| 3.59 Med. .86 Low. 2,82 Med. 2.51 Med. 3.13 Med. 1.86 Low. 2.67 Med. | 6.90
Percentof wear .........c.oouvne teeensarssesanns 7.60 High.| 9.20 High.| 6.10 High.! 8.00 High.| 11.30 High.| 10.70 High., 7.40 High.| 22.50
French coefficient of wear,.............o.ovoe.. 5,30 Low. 4,30 Low. 6.60 Low. 5.00 Low. 3.50 Low. 3.70 Low, 5.40 Low. | 17.30
Hardness....... Cerreeresresrienssianeiesenassess| 4,00 80ft. | 13.70 Soft. | 12,70 Soft. | 12.00 Soft, | 11.70 Soft. 7.00 Low. | 13.30 Soft. { 16.50
TOUZHNGSS. e s vvvverevsronreassrsssrsaersennsarsssl 3,00 LOW, 4,00 Low. 5.00 Low. 3.00 Low. 4,00 Low. Low. | 12.00 Low. | 13,00
Cementing value.......ooceveinanes Cieverraeeies Fair, Good. Good. Good. Good. ? Good. e
Fitness.......... NPT thiresissiiiaeniaeneaeses| NOgood, Nogood. |..c.ivvvvenans. wieveeses| Nogood. Nogood. l..cciieriianes

Limestone from Burkhardt Mill, Wis.

Maximum for Wisconsin limestone.
Minimum for Wisconsin limestore.

€O 80 =1 S Uk &0 B bt

Limestone from Prescott Road Ledge, Wis,
Limestone from McDonald Quarry, New Richmond, Wis.
Limestone from Qakes Quarry, New Richmend, Wis.
Limestone from Little [alls, Wls. Wisconsin road sample No. 46.
Limestone from Walls Quarry, Osceola, Wis,
Limestone from Ryan Quarry, near Prescott Road. Wisconsin road sample No. —.

‘Wisconsin sample No. 40.
Wisconsin road sample No. —,
‘Wisconsin road sample No. 41.

Wisconsin road sample No. —,

Wisconsin road sample No. 45,

981
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DuxN AND BARRON CoOUNTIES.

Along the western border of Dunn county and in the southwest
eorner of Barron county, there are high bluffs capped by Lower
Magnesian limestone, overlooking a nearly level regiom to the east
which is underlaid by the Potsdam sandstone. The distribution of
these formatioms, as they would appear if the soil and loose ma-
terial whieh covers them in most places were removed, is shown by
Plate XLI.

‘Wherever examined, the Lower Magnesian limestone of this re-
gion was found badly decayed. It rarely outerops, and is not quar-
ried excepting for local uses which do not require a good grade
of stone. On the hills south of Knapp, it has been quarried in a
number of places, but none of it would do for road making. It is
improbable that good road material can be gotten from any part
of the Lower Magnesian limestone of these counties.

Although the greater part of Dunn and Barron eounties has been
glaciated, drift bowlders are common only within the area of the
last glacial drift which lies in the northwestern part of Barron
county.

Gravels may be looked for along the margin of this drift sheet.
The dashed red line in the northwest corner of Plate XLI indicates
the edge of the ice sheet.
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