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The Red Rock sandstone constitutes the most important
gource of building stone in the county. There are unlimited
‘quantities available and it merits a much wider use than it has .
at present.

The Coal Measures sandstone in Jasper county, as elsewhere,
is not sufficiently indurated for high grade crushed stone prod-
ucts. As the county is near enough to draw on the Des Moines
river supply of sand and gravel expensive development work
for stone is scarcely warranted.

JEFFERSON COUNTY.
' SAND AND GRAVEL,

With  the exception of a few exposures of dirty. sand and
gravel sparingly distributed in the eastern tier of townships,
Jefferson county is practically devoid of water-laid materials.
Most of the cement and concrete materials used in the county
are shipped from Ottumwa.

‘In reference to gravels, Mr. J. A. Udden in a report on
Jefferson county* says: ‘‘In the eastern part of the county a
few places were noted where gravels and sands rest on bed
rock and are covered by bowlder clay. The most extensive
-exposure of this kind is at the southwest corner of section 1,
. Walnut township, in the south bank of a ravine which is fed
by a number of springs that issue from the gravel at intervals
for a distance of some thirty rods. The deposit is fully twenty
feet thick and lies at an elevation of about.100 feet above Skunk
river. .To the west it is .covered by bowlder clay and for a
mile in this direction there are wells in which the water comes
from the same gravel, and has a strong mineral taste. The
deposit. is highly ferruginous and almost ocherous, brownish
yellow in color, and in places cemented into a soft stone. The

*Towa "Geological' Survey " Volume XII.
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lower part is gravel, but the upper fifteen feet are evenly
bedded, laminated sand of variable texture, with here and
there silty seams. Deposits like this, but more silty, were noted
in the base of the drift at two other localities in this region;
on the wagon road at a shallow draw near the center of the

west line of the northwest quarter of section 12 in Walnut

‘township and at the base of the bluff in the wagon road which
leads down to the ford across Skunk river in the east southeast
quarter of section 11 in Lockridge township. Some indurated
brown gravel or sand was again noted in the south bank of
a ravine above the wagon bridge near the southeast corner of
section 24 in Roynd Grove townsth The section at this place

-was as follows:

. : g FEET.
4. Bowlder clay (interbedded with No. 3). - '
3. Sand and gravel, yellow, quite evenly bedded............ 5
2. Sandstone, browm, hard enough to be used for building
2o o[- e A P RE U e A A I oS- 1%
1. Sand and gravel, slightly indurated, brown............... 4

“‘The same gravel occurs in the two next streams which cross
the east boundary of the county to the south of this place, and
it was also noticed resting on the bed rock in two ravineés run-
ning into Cedar creek in the southwest quarter of section 35
of Lockridge township.’’

The age of these gravels is problematical. From their strati-
graphic position they could be either a glacial or a preglacial
formation. Pebbles of igneous origin are a point in favor of
glacial origin, but the fact that out of 500 of them-none were
found scored is strongly against such origin. Another fact
supporting a preglacial age is that the proportion of different
rocks is quite variable for different localities and in glacial

deposits this proportion is fairly constant in the same region.

Mr. Udden also notes that, ““The degree of induration and the
thoroughness of oxidation and leaching also indicate a con-
giderable age for these gravels.”” Calcareous materials are al-
most entirely absent. Some unique pebbles testify to this ex-
treme leaching. On section 1 in Walnut township, the gravel
contains some pebbles of limonite which are hollow. They are
the shape and size of an empty shell of a hazel nut. Presum-
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ably these limonite shells have been formed as incrustations
around calcareous pebbles, which. afterward have been leached
out by slow percolation through the crust, leaving this empty.
The overlying bowlder clay resembles the Kansan, but an earlier
clay may have been removed. Since some of the facts are con-
tradictory and others prove nothlng either way the age and
origin of these gravels is uncertain,

Gravel is unknown save in the three eastern townships, and
the same can be said of sand with one exception. Part of the
sand used in Fairfield comes from a small creek a mile and a
kalf south of town, while the rest is shipped in from Ottumwa.

STONE,

Jefferson county belongs to the region of thick drift, which,
according to Udden, averages one hundred and fifteen 1eet in
thickness over the entire county. Both the drift and the Coal
Measures have been completely removed by the principal
streams in Penn, Walnut and Lockridge townships in the north-
east, and to a less extent in Round Prairie, Cedar and Liberty
townships bordering on the south line of the county. Numerous
outcrops of Saint Louis limestone appear in all of these town-
ships. As a rule, such exposures are of small extent and often
much obscured by the heavy talus almost everywhere present.
While the county has produced a large quantity of stone for
local use, and is capable of producing much more, there is not
a single worker in the county who depends upon the quarry
industry for a livelihood.

The following sections will give a fair idea of the natural
resources of the county along this line.

Walgren’s Quarry, southwest quarter of the southeast quar-
ter of section 3, Lockridge township.

. FEET.
4. $Soil and drift of varlable thickness. o
3. Clay and marl, yellow.........cviiiiiiiiiiiniriinnennnn. 31
2., Limestone, dark gray, porous, somewhat cherty in places 7
-1. Limestone, grayish yellow, exposed...................... -5

Monson’s Quarry, northeast quarter of the northwest quar-
ter of section 8, Lockridge township. : -
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FEET.
6. Soil and drift of variable thickness. :
5. Limestone, compact, fine-grained, almost lithographic in
texture, pyritic ...... . i i e 14
4. Limestone, soft, gray, in thin beds...................... 2
3. Limestone, gray, in a single 16dge. .. ......ovveeeemarnrnns 21
2. Limestone, dark gray, compact and slightly bituminous.... %
1. :

Marl, blue, shaly, exposed. ......... o vivivneerrnnenn A

Numerous sections are exposed' along Walnut and Burr Oak
creeks and their tributaries in the three northeastern town-
ships. - The hard beds are quite generally brecciated and are
associated with marly and shaly layers. .

In the southern portion of the county outcrops are fewer.
Near the south line of Round Prairie township, a quarry has
been opened in the southwest quarter of the southeast quarter
of section 34. The section is. given herewith.

: FEET.

4. Soil and drift of variable thickness. :

.3. Marl, gray, fossiliferous.............. R M ol oo rl 2

2. Limestone, white, with a ledge of vei‘y fine, almost litho-
grophle {eXtiure, . .5 - o imidim il aalbe d dee B aats oo bih% 2

1. Limestone, gray, in ledges varying from six inches to one

foot in thickness, with shaly parting near the middle.... 5

Other exposures-occur in Round Prairie, Cedar and Liberty
townships. Quarrying has also been done to the northeast of
the center of section 10, in Liberty township. The beds worked
are as follows:

7. " Soil and drift of variable thickness.
Shale, green, pockety, belonging to Coal Measures.

5. Limestone, gray, weathering into rounded bowlders, in
places with small crevices filled with calcite, fossiliferous 4

4. Marl, light colored, with occasional stone concretions, fos-

hed

siliferous .......... UL R b i F e G AR o S 2
3. Limeshone; BYAT .ciccoio. hmnisnees smom as s omboinee e b o 24
2. Marl, similar to number 4............ .. ... ..o, SLTI-.

" 1. Limestone, gray, pyritic ............. et s e doBAS e B8 3

Practically all good quarry stone belongs to the Pella beds,
and comprises heavy ledges of compact limestone, alternating,
especially above, with seams of greenish, marly shales. Oceca-
sionally the limestone is slightly broken up and brecciated, but
to a much less extent than the Verdi beds below. Some of the
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beds are almost lithographic in character. The beds are usually
more or less pyritic throughout. ' o -

JOHNSON COUNTY.
" Samd AND vam.

Sand and .some o'ra,vel may be obtained from Iowa river in
the vicinity of Iowa City. -Good gravel is relatively scarce.
Sand of fair quality may be found in low terraces, sand flats
and bars along the river and its immediate tributaries. Sand
deposits also occur in the Towan drift area southeast:of Solon.
Sand is scarce in the southwestern portion of the county.

While the older gravels are believed to be present, they are
almost wholly concealed by the later drifts and are, therefore,

not available.
. STONE.

The Niagaran limestone occupies a small triangular area in
the northeast corner of the county. The two phases of the
Gower stage, well marked in other counties, are represented
in section 2 along Cedar river in Cedar township. The hard,
fine- grained,- subcrystalline, light cream-colored dolomite, ag-
gregating twenty feet in thickmess, represents the TeClaire
beds, while the massive, vesicular, laminated dolomite, aggre-
gating forty feet in thickness, is referred to the Anamosa stage.

A complete section of the bluff which faces Cedar river in
sections 2 and 3 in Cedar townsh-ip is as follows: '

N . FEET.
5. Loess, a,renaceous, light colored....... T 53 et 8 5 e L. 24
4. Drift, pebbly, containing a large number of bowlders from
one to three or four feet in diameter..,.......... tee.. 46
3. Limestone, laminated, without definite. partings, cherty.... 30
2. Limestone, yellow, nonlaminated, in layers from four to
eleven inches in thickness............................ 10

1. Dolomite, light colored, subecrystalline................... 20

Number 1 represents the LeClaire horizon and is essentially
a pure dolomite admirably adapted for the manufacture of a
bigh grade of lime. Numbers 2-and 3 belong to the Anamosa
beds and have long found favor with the quarrymen, although
the beds have never been developed extensively on -account. of
lack of transportation facilities.
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Rocks of Devonian age immediately underlie the drift over
more than half of the county. Numerous exposures occeur along
Towa river and its more-important tributaries. The beds rep-
resented are referred to three well known' substages of the
Devonian. The lowest belong to the brecciated stage of the
Wapsipinicon and are exposed at only a few points in the north-
eastern portion of the county. These beds have been quarried
in a small way at Solon and near Elmira. The layers are much
shattered as a rule, and the blocks obtainable are rough and
poorly shaped for structural purposes. The stone supplied
from these beds is of local interest only.

The Cedar Valley stage is well developed and affords the
largest number of outerops. Quarries have been opened and
operated at numerous points. A few, only, are given for refer-
ence. The majority of the openings are without transportation
facilities but show the latent wealth of the county in structural
materials. A quarry opened south of the old Terrill mill in
Towa City shows the following succession of beds:

TERRILL MILL SECTION.

: FEET.
8. Hard, ferruginous, reddish brown sandstone of Des Moines

stage, Upper Carboniferous ......................cvin.. 6

7. Limestone, whitish gray, fine-grained....... e g 8
6. 7Tdiostroma beds, containing as usual many massive strom-

atoporoids and some coralla of Acervularia.............. 16

5. Limestone, heavy, tough ledge.......... ! o s et Tin

4. Limestone, bluish gray, weathering yellow, containing large
coarse-ribbed Atrypas and the small branched, small
. celled Cladopora found at same horizon in Eicher’s

St e e e o L 8

3. Limestone, bluish gray, in two ledges, first ledge containing -
many crinoid STeM8 .. .vv..ciiiiiiriinn et piinan 4

2. JOOGRN HERE i B 5 6 65 8y ol DA R G B s # arile e e ¢ P 2

1. Limestone, bluish, with great numbers of broken, crushed,
detached valves of Spirifer parryanus and the robust,
large celled Cladopora (C. iowensis Owen 8p.) described
as Striatopore rugosa by Hall ........................ 2

The coral reef bed is very persistent and constant. The beds
above the reef vary considerably. In places they are hard
bluish gray limestone, in other places, partly on account of
weathering, they are yellow limestone and in still other locali-
ties they present the appearance of yellow calcareous shales.
At the old railway quarry on the west bank of the river north
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of Coralville, the following beds may be seen beneath the over-
lying loess and drift:

CORALVILLE SECTION.

FEE1.

5. Limestone, white ......... ... ... i 12

4. Limestone, stratum crowded with casts of Straparolius
cyclostomus Hall ... iiiii ittt e 1%

3. Limestone weathering into thin fragments, containing some
specimens of Idiostroma and colonies of a cylindrical
Favosites ... i e e 4

2. Limestone, gray, crowded with Idiostroma and other stro-
matoporoids. This with No. 3 represents the Idiostroma

beds of preceding sections.............. .., 8
" 1. Limestone, hard, blue, containing some large coralla of
Acervularia ............ P o] Py S 4

These beds were formerly worked by the Rock Island Rail-
way Company for crushed stone. A switch was extended to
the quarry and a large amount of railway ballast produced.
One of the most extensive quarry sections may be observed on
the east bank of Iows river in the northwest quarter of section
27, Newport township. The following beds below the loess
and drift are exposed:

FEET.
9. Limestone, brown, with crinoid stems, a Cladopora related
to the form described by Hall as Striatopora rugosa, but
having the branches and polyp tubes very much smaller, 2
and a large coarsely ribbed variety of Afrypa reticularis 4
8.. Limestone, drab, granular, no fossils...................... 8
7. Coral reef composed chiefly of coralla of Acervularia david-
soni E, & H., but containing many coralla of Favosites
sod PiyoHophylIom . . ... ... . . vt st il ;
6. Limestone, moderately hard bed with crinoid stems, Spirifer
parryanus, Atrype reticularis, Favos1tes Cyathophyllum,
20 00) S A0 11 oo Tl {1 coieet it o P WS i P S o8 o 1 114
5. Limestone, shaly, with many small crinoid stems, Chonetes
scitula Hall, Spirifer parryanus Hall, Tentaculites hoyti
White, and Monticulipora monticola White.............. 114
4. Limestone, hard ledge with many small crinoid stems,
Cladopora, Ptychophyllum and some large coralla of

353

Acervularia .. 5 eme o mi T e A s W m e S B e e A 2
3. Limestone, yellow shaly bed with Atrypa, Orthis, etc...... 2
2. Limestone, yellow and gray, shaly, without fossils.......... 13

1. Limestone, moderately hard, intersected by a number of
oblique joints, light colored, laminated, with many stem
segments and some perfect calyces of Megistocrinus and
other species characteristic of the Megistocrinus fauna.
Megistocrinus beds .............. ... ... e, 15
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The quarry north of the iron bridge in section 25, Jefferson
township, shows some modifications of the succession of strata
occurring farther down the river. The section is as follows:

FEET.
20, LUOESS  « ittt e e .. 210
9, Pebbly drift, Kansan .............oviuiiniennn. —_cto sk, - 3

8. Limestone, decayed, with. bowlders of disi-n-tegration em-
bedded in highly oxidized dark reddish brown residual
i CHAT, 255 00 s WP T @ o o i e i e e e Mg ok 2 et | 3
7. Limestone, light colored, evenly bedded, fine-grained...... 10
6. Coral breccia, composed of coralla of Acervularia, small
cylindrical Favosites, a peculiar Diphyphyllum, a very
elongated Cyathophyllum, Idjostroma and massive strom-
atoporoids ........ I WU | LT i IR (i o e EERRE 5-8
5. Reef of closely crowded masses of Acervularia............ 2
4. Limestone, regular heavy layers of fairly good quarry stone,
containing coralla of Acervularia and Favosites sparsely :
jol {Zir g 08y 0 2] PP SRR S o PSR AR SV LAY e N L e L 5
3. Limestone, blue, in layers from 6 inches to 2 feet thick,
composed of fragments of crinoids and broken shells of

v

BERCDIODOAEST e a s s et L s s Ao s s T g e oot 5 T
2. Shale and shaly limestone ................ .ooiioiiil 1%‘
1. Limestone, heavy, blue, with concretions of pyrites...... 2

Nearly all of the beds given in the above sections supply rﬁa—
terials suitable for foundations and rough masonry and have
been so used to some extent at one time or.another.

The uppermost member of the Devonian as developed in the
county has been named the State Quarry Limestone.by Profes-
sor Calvin, and is not known to occur in any other:county in
the state. The formation is assigned to the Upper Devonian
and attains a thickness of forty feet, and.while it has been
recognized at a number of points in the county, it is typically
developed at the State Quarries, or North Bend quarries, in
sections 5 and 8 of Penn township. On fresh fracture the State
Quarry rock is light gray in color. In texture it varies some-
what in different beds but near the middle of the formation
it is composed of coarse, imperfectly comminuted fragments of
brachiopod shells cemented together, the spaces being filled
with interstitial calcite. The shells, or fragments of shells,
making up the limestone are not embedded in a matrix but
are simply piled on each other and cemented.
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PraTe XXIV—State quarry beds, State Quarry, Johnson county.
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Near the middle of the formation the rock consists of thick
ledges which, some years ago, were worked extensively. From
these beds came the large limestone blocks used in the founda- -
tion of the new state capitol. Although the ledges show no defi-
nite lamination, and split as readily in one direection as another,
the weathered surfaces on opposite sides of the numerous joints
often show obscure signs of oblique bedding. The chief quarry
ledge. is five feet thick and rests on a four foot ledge which is-
not used. The next usable ledge in ascending order is also five
feet in thickness and is separated from the first by two or .
three feet of talus. The fourth ledge is four feet thick and is
very fine-grained. Above this the beds range from six inches
to two feet in thickness; these beds are made up wholly of
crinoidal remains. Below the first heavy ledge mentioned rock
is thinly .bedded.

While there is still-a large amount of excellent material for
bridge work and massive masonry. available the lack of proper '
transportation facilities has caused the temporary abandon-
ment of the quarry. _

'JONES COUNTY.
SAND AND GRAVEL,

The gravel deposits along Maquoketa river in Delaware
county are continued into Jones at least as far south as Mon-
ticello. In the northern part of Monticello township terraces
are not prominent but there are great quantities of sand along
the river valley. In the south half of section 9 the Chicago,
Milwaukee & Saint Paul Railway has opened up an immense
pit in these sands. The pit is forty feet deep and the top of the
bed is at the same level as the adjoining prairie. The sand is
fresh, fine and clean, without bowlders, and ‘with no foreign
pebbles over an inch in, diameter although some chert frag-
ments are mingled with the finer material.

About one-half mile southeast of the pit, in the northeast
quarter of section 16, a small gully in the roadside shows red,
oxidized gravels resembling those of Buchanan age. There
seems to be considerable sand and -gravel in this neighborhood

2
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Fi16. 44—Chicago, Milwaukee & St. Paul Railway sand and gravel pit. Monticello,
Jones county.

but as the surface of the deposit blends with the general level
its. extent cannot.be determined. A little nearer the river is a
stone quarry in which the stone rises nearly to the surface while
across the road a cemetery which lies between the gravel ex-
posure and the river shows gravel, geest and loose rock in the
excavations. It seems probable that whatever beds of gravel
there are in this vicinity are banked against an old rock-walled
valley and probably do not extend very far back from the present
valley wall. I pton g

A large part of the city of Monticello is built upon a broad,
rather low flood plain. In a few pldces Buchanan gravels are
exposed in excavations-but there do not seem to be any well
marked terraces or other deposits. On the left bank of the
river below the lower bridge is a large terrace deposit and at
the power plant Mr. H. J. Lang has opened a pit for the pur-
pose of securing gravel for making concrete for reenforcing
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Fi16. 45—Chicago, _Milwa.ul{:ee & St.'Paul sand p'it, Monticello, Jones county.

the dam.  This gra§e1 1s said to have given excellent satisfac- .
tion. One part of cement was used to six or eight of gravel.

The pit: shows about ome foot of loam at the top, probably

chiefly alluvium, then one to three feet of sand and clayey sand..

Below this bed are four to eight feet of gravel considerably

stained and cemented with iren oxide in the upper part but clean-

below. The coarser material shows a considerable proportion
of limestone and chert, and the whole deposit is quite irregu-
larly bedded. This gravel bed becomes finer below and grades

into sand at the bottom of the pit. Both the gravel and the

underlying sand.are very free from clay or similar impurities.

This terrace extends back from the river for several hundred -

feet and also for a considerable distance along the valley. It
must contain a practically exhaustless quantity of material of

excellent .quality for road and especially for concrete and plas- .

tering ;purposes. Most of the gravel ‘at present used in- the
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town is taken from the river, but this terrace material is said
to give better results.

Gravels and sands occur along Wapsipinicon river between
Anamosa and Hale although not so abundantly as along other
streams. Near the northeast corner of section 14 and near the
center of the east line of section 13, Fairview township, are
exposed beds of gravel near the river, and in the wide plain
between Newport and Olin fine sands are spread out.. Similar
sands are found along the road across the north part of sec- .
tion 9, Hale township.

Gravels of the upland phase oceur at numerous localities. In
the extreme northeast corner of section 36, Jackson township,
a bed has been cut into to a depth of several feet in grading
the road. Similar gravels show along the road leading west
and northwest from Monticello across Monticello township and
sections 24, 14, 15, and 9 of Castle Grove township. Here they
occur on the hills and also near the streams. ‘

STONE.

The Niagaran limestone series comprises the country rock
over the entire county and excellent exposures may be viewed
along the principal streams. While each stage of the Niagaran
furnishes construction materials suitable for some economic
use, the Anamosa stage and the evenly bedded horizon near the
top of the Hopkinton, furnish the only building stones of com-
mercial importance, while the hard, subcrystalline, irregularly
bedded LeClaire affords an 1nexhaust1b1e supply of material
suitable for high grade limes.

The building stone beds of the Hopkinton stage afford some
excellent material, particularly in the neighborhood of Clay
‘Mills, Canton and Temple Hill. Near Clay Mills the ledges
vary from three to fourteen inches in thickness. The stone is
generally of good color, it is firm, compact, without laminz, and
in the most trying situations, it resists admirably the action of
the weather. All the exposures of the Hopkinton stage build-
ing stone are unfortunately located, so far as relates to facilities
for transportation. Their only use for many years to come
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will be the furnishing of building material to supply local de-
mands.

The commercial quarries are all dependent on the evenly
bedded, finely laminated strata of the Anamosa phase of the
Gower stage. The most important quarries of this phase are
located near the western border of the county in Fairview and
Cass townships. :

The evenly bedded stone in the river bluffs west of Anamosa
early attracted attention. The first extensive use of it was
made by the United States army in constructing military roads
while Jowa was yet a territory. Some of the old bridge piers-
built under the direction of the military engineers, are still
standing and bear conclusive testimony to the durability of
stone from this horizon. KFor some time the quarries were
worked on a small scale and supplied only a local trade, but the
market widened as the qualities of .the stone became better
known, and long wagon hauls were made in order to secure this
material for use in structures of sufficient importance to justify
such expensive methods of transportation. In 1852 stone was
hauled from what is now Stone City to Mount Vernon for use
in construction of one of the first buildings belonging to Cornell
College.

Shipments by rail began from this locality in 1859, and after
that time the stone industry of the region increased rapidly.
From supplying a very restricted local trade, the business of
quarrying and shipping stone has grown until it now reaches
markets distributed throughout Iowa, Illinois, Wisconsin, Min-

- nesota, South Dakota, Nebraska, Kansas and Missouri. Many

of the most important structures in the several states named
are built of Anamosa stone. It competes in Chicago and Min-
neapolis with the product of quarries more advantageously
located, so far as distance is concerned. All the important rail-
ways of the northwest have used Anamosa stone in the con-
struction of bridge piers. The stone has been used extensively

in erecting the shops and other buildings at the Rock Island

Arsenal. Iowa and Nebraska have both used it in building
hospitals for the insane. It meets the requirements of all grades

-of architectural work from the humblest to the highest.
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The ‘Anamosa 'limestone varies locally, but in general it is’
composed of evenly bedded, perfectly laminated layers of impure
dolomite that ranges in color:through shades of buff to gray on
the one hand, and almost white on the other. The beds are
broadly undulating, but may be practically horizontal. The
same beds thicken and thin gradually, but for limited distances
are essentially parallel faced. The stone splits-much more
easily along bedding planes than in other directions, although

- clay partings are not common. Vertical joints are few and far

between although more numerous in some quarries than in
others. Texturally the stone varies ‘considerably, from fine-
grained, compact, nonlaminated beds to somewhat vesicular,
coarse-grained and evidently laminated beds. At Stone City
the Anamosa beds have an aggregate thickness of sixty feet
and are divided into two nearly equal parts by a porous, worth-
less ledge. The lower thirty feet is known as the ‘‘gray lime-
stone’’ while the beds in the upper half constitute the ‘‘white
limestone.”” ‘The most valuable quarry stone comes from the
lower or gray limestone. The upper beds are imperfectly ce-
mented, ‘and the cleavage along lamiration planes is more per-
fect than in the beds below, for which reason the rock in this
part of the quarry tends to split into thin slabs, and long
exposure to the weather reduces it to chipstone. As a conse-
quence its range of usefulness is somewhat limited, but it gives
good service when used in ordinary masonry. The lower beds,

- on the other hand, lie below the level of the ground water, are

more perfectly cemented, and furnish excellent material for
almost all kinds of structural purposes. There are some planes
in this division, however, along which the rock is vesicular,
the cavities being of rather indefinite shape and ranging up
to two or even three inches in diameter. Some of these are
decorated with crystals of calcite or quartz or both. Cherty
concretions are found in the upper limestone.-

The most important quarries are located along the Wapsi-
pinicon in Stone City and vicinity, and along Buffalo creek about-

- three miles west of Anamosa, where the State ‘quarries_’ are

located.



Prate XXV—Champion quarry showing track and derrick arrangements and channeler, Stone City, Jones county.
E is the chlef product at present.

Crushed stone
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_ SToNE CLTY

Four important companies are operating here at the present
time, as. follows:

J. A. Green & Son; H. Dearborn& Sons J.A. Erickson; and
John Ronen.

All of the quarries exhibit about the same sequence of beds,

and all of the companies have about the same equipment. All
have railway connections, own and use one or more channelers
(single gang) and a number of steam drills, steam derricks,
. pumps for hydrauhc stripping, and a crusher plant each to
utilize the refuse. All of the quarries furnish crushed stone,
riprap, rubble, bridge stone, ﬂaggmg, and all grades of dlmen-
‘sion stone. Pr-ofessor- Calvin has worked out a detailed section
for Champion quarry-No. 1, which fairly represents the district
and also -classifies the .various ledges according to their uses.
The section is given herewith. The quarry was opened by Mr.
Green in .1867. : -

CHAMPION QUARRY No. 1. SECTION. ,
FEET. INCHES.

26. Loess, varying in thickness, maximum............ 20

25. . Fine sand associated with loess, the sub-loessial
sand of Norton ..............ccoiiuiininnnnen 2-6

24, Drift and residual clay......:....... IR S S |

23. “Shelly stone” the partially decomposed beds of
the upper, or white limestone, broken into thin

Poker "or. GhiPS. .« &5 e, 2o 230 4t A, LN 2-10
22. “White stone” splitting readily into smooth sur-
faced slabs, used chiefly for riprap.............. 16

21, “Rotten layer,” a soft vesicular ledge of poor qual-
ity which separates the gray from the white lime-

SLONE 7 &iitdrcs B ms mrh S B T s wpw bt ts B Sy i1 facamtn 2 4
20." Compact fine-grained ledge, good building stone.. 1 5
19. Same 88 20" o ov .o dmung e r b e o« s 5 s R 5T 1 5
18. Ledge of good bulldmg stone .............. T e by 11
17. Same ag TB7 . orin s St i atasi e e 8 e A W 11
16. Upper bridge stone, coarse..............c.ccvevnnn. 2 6"
15. Inferior layer containing many small cavities lined

With LRICIEG i o s o peranits femsstipomensats s st s smnbmsr e doss ol 10
14. Fine-grained building stone...................... 1 1

13. Ledge containing at base a thin layer of very fine-
grained, compact limestone, which cracks into
angular fragments under the action of frost (the
bands of very fine-grained limestone differing
from the ordinary granular dolomite are called
“flint” by the quarrymeén).................... 1 3

12. Ledge with bands of “flint”.................oo... 1 11
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11. Solid ledge of good building stone................ 1 4
10. Compact ledge, best quality afforded by the quarry 1 2
9. “Wavy ledge” good for ordinary masonry; the lam-
ins®e are more or less undulated............... 2143 . .
8. Good building ledge ............. ..o, .. 11
" 7. “Flint ledge,” compact limestone, breaking into
angular fragments on exposure to weather.... %-1 4
6. Flagging ledge, easily split...................... 1 4
5. Ledge containing cavities lined with crystals ...... 1
4. Ledge of good building stonme..................... .. 11
3. Lower flagging ledge....... e e 2
2, Lower bridge stone ledge, very durable though

occasionally containing cavities lined with crys-

talS ... B b e G B GRTEIE . e o s 2 4
1. Ledge that may again be split into blocks conven-
ient for building purposes .............. e 3

Below the quarry stone there are here, as everywhere in this
region, massive beds of the LeClaire liméstone. The uppermost -
ledge of the LeClaire at the Champion quarry ranges from two
and one-half to three feet in thickness and was formerly quar-
ried to a limited extent for use in heavy bridge piers.

The principal output of the Green quarry at the present time
is crushed stone. Two sizes are produced and are used for
both macadam and concrete. The crusher plant has a daily
capacity of eight cars of twenty-two cubic yards each. .The
., upper ledges from the west end are harder than the others,
are a dark gray dolomite, some ledges finely vesicular and gran-
ular with no lamina while other ledges are distinetly laminated.
The softer ledges are lighter gray to buff. All of the material
is rather soft for road work, but gives good satisfaction for
concrete,. i VT

STONE CITY QUARRIES.

The Stone City quarries were opened by Mr. H. Dearborn in
1869. They are now owned and operated by H. Dearborn &
Sons. They are located near the middle of the south half of
the northeast quarter of section 6, Fairview township. The
quarry facée forms a long sweeping curve about a quarter of ‘a
mile in length and nearly parallel with the sweep of Wapsipini-
con river that here flows close to the foot of the bluffs in which -
the quarries were opened. ' The quality of the stone and the
succession of ledges are essentially the same as at the guarries
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PLATE

XX VI—John

Ronen quarry, showing arrangement of tracks, derricks and crusher plant.

Stone City, Jones county.
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PLaTE XXVII—State quarry, Anamosa, Jones county. This gquarry is unigue among the largér quarries of the state in the
absence of improved machinery. All power is hand power.
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already described. Overlying the stone is a bed of loess, sand
and drift, with an average thickness of five feet and a maxi-
mum thickness of fifteen feet. Some six or eight feet of stone
at the top of the quarry are to be counted with the refuse, the
beds being broken into small angular pieces as a result of
weathering prior to the deposition of the superficial drift and
loess. These quarries expose the whole thickness of the ‘‘gray
stone’’ or lower half of the Anamosa beds, above which are
serviceable beds of the ‘‘white stone,”’ or upper half, having
a thickness of ten or fifteen feet. The beds are worked out
down to heavy ledges of nonlaminated LeClaire. The quarries
are capable of furnishing dimension stone from three to thirty-
three inches in thickness, and of any desired length and width.

The spalls and other waste materials from the entire quarry
are utilized as crushed stone. A Gates No. 5 crusher does the
work, ' :

ANAMOSA QUARRY. g

The Anamosa quarry was the first' in this locality to ship
stone abroad, the first shipments by rail being made in 1859.
The quarry was opened by David Graham, but its present owner
is Mr. J. Ronen, who has operated it since 1881. The Anamosa
quarry is located near the northwest corner of the southwest
quarter, section 5, Fairview township. Mr. Ronen’s quarry is
indeed double, for there are two openings a short distance apart.
At the first opening.the amount of clay stripping is very small.
Beneath the clay there are a few feet of nonlaminated worth-
less rock belonging to the Bertram stage. Then in descending
order there follow fragmentary beds of the ‘‘white limestone,”” -
“‘shell rock,”” then the usual succession of ledges.down to-the
lower bridge layer, or No. 2 of the Champion quarry section.
Owing to the eastward dip of the beds'at this locality, the lower
bridge rock at the second Ronen quarry is too low to be worked,
the lowest workable beds being about the level of the ‘‘flint
ledge,”” or No. 7 of the section at the Champion.

_ STATE QUARRY.

In 1884, the present State quarry, or Penitentiary quarry, was !
opened. Formerly ‘the stone for the penitentiary buildings at’
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Anamosa was obtained from-what is known as Champion quarry
No. 2.- In the year named the state bought property on Buffalo
creek, in the southwest quarter of section 33, Cass ‘township,
and began operating the present quarry. Thé quarry is worked
altogether by conviet labor. Abeve the stone is-a bed of loess
and drift varying in thickness from a few inches: to ten ortwelve
feet. Below the drift there are a few: feet of decayed and
broken ‘‘shell rock’’ belonging to: the upper part of the ¢‘white
stone’’ of the Anamosa phase. Lower.in the quarry the ledges
present the same features as in-corresponding parts of other
exposures. The Anamosa beds dip strongly to the morth to
accommodate. themselves to the uneven upper surface of the
. LeClaire. - Most .of the work at this quarry.is .done by hand.
‘There are several large derricks for handling the stone, but they
~are all operated by hand power. The State quarry uses no
crusher, but breaks some rock by hand. Most of the rock is
used for structural purposes. The spalls and other waste are
. broken up at the Reformatory. Each city and road. district
of the state is entitled to rock from this quarry upon payment
of the freight. Over twenty cars were shipped on this account
in 1908, but the freight is too high to permit of long shipments.
The Chicago and North Western Railway takes out riprap and
similar rock, paying $5 per car, for its own use. Dirt and
. such waste from quarrying is given to the road. The stone is
shipped over a spur of the North Western Railway, which runs
up the valley of the Buffalo and accommodates all the quarries
in this part of the Anamosa stone basin.

Other quarries have been opened in the v101n1ty, but show
no new features worthy of mention.

- In addition to the Anamosa and Stone City distriet, there are -
several small areas where the Anamosa beds are. available and
are being developed on a, small scale. The two worthy of notice
are near Olin and Hale. The Rummel quarry near Olin in
Rome township may be taken as a type.in the district. (North-
east quarter of the southeast quarter of section 24, township 83
north, range III west.) The quarry is opened in the low buff
on the west side of the valley of Sibyl creek. The stone belongs
to the Anamosa phase of the Gower stage, and, except that it
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is buff in color, it corresponds well with the ‘‘gray stone,”’ or
lower portion of the formation as seen near Stone City. There
are no definite bedding planes, but the rock cleaves readily
along any of the planes of lamination. The surfaces of the
lamine are not so smooth and true as they are at the correspond-
ing horizon near Stone City, but are irregularly undulated, ap-
parently as a result of wave action at the time the beds were
forming. The strata dip southeast at an angle of 5°.

In quarrying, only the simplest tools are used. Drills, crow-
bars, wedges, picks, shovels and wheel barrows make up the
equipment. The soil or clay overlying the stone is only a few
inches in thickness. For two or three feet below the soil the
beds are broken into chips or spalls by weathering. With better
means for quarrying, the greatest part of the exposure would
furnish marketable stone. The present method of quarrying,
however, involves the use of large quantities of powder in a
single blast. Drill holes are filled, or nearly filled, with powder,
and the firing of such a blast loosens up great masses which are
further separated and removed with pick, crowbar and sledges.
The firing of these great blasts shatters the stone badly, render-
ing much of it worthless, and leaving even the best of it in con-
dition suited for use in only the cheaper grades of masonry.
Were the demand such as to justify the expense of putting in
improved machinery, stone of high grade for many purposes
might easily be obtained.

Several other quarries have been opened in the immediate vi-
¢inity but present no new features of importance.

The Hale quarry located near the center of section 11, Hale
township, three-fourths of a mile east of the village of Hale, may
be taken as a type of the district of the same name. The stone
in the Hale quarry is finer than that in the quarries near Olin,
but it resembles the Olin stone in the uneven, wave-marked sur-
face of the several beds. The stone comes practically to the sur-
face, there being only a few inches of soil overlying the upper
beds. For about six feet at the top of the quarry the stone is
much broken and disintegrated, as a result of weathering. Be-

low the weathered portion the rock is solid and shows the char-
25
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acteristic lamination of this horizon. Partings between the beds
are inconspicuous. The flexures of the beds and the dip in all
directions (quaquaversal dip) forming a low dome near the
north end of this quarry, are interesting features. The quarry
supplies local trade only.

Quarries have also been opened south of the town and south
of the river. An enormous amount of excellent material is avail-
able, but at the present time is not being utilized.

The following paragraphs describe a few of the principal
openings of the county not previously noted.

East of Hale about a mile is the C. O. Woodard quarry. The
lower beds here are buff, nonlaminated, vesicular ledges, while
the upper beds are gray, banded, fine-grained dolomite, slightly
softer than the lower-lying layers. Waste material is taken
out of the quarry by the township and put on the roads. The
larger fragments are broken up on the road. The sandy spots
are being improved in this way.

In Anamosa a number of streets have been paved with crushed
rock mingled with fine material. Surfacing is done with cin-
ders and the result is an excellent, durable roadway.

Across Maquoketa river from Monticello in the southeast
quarter of the northeast quarter of section 22, Monticello town-
ship, are the H. J. Lang quarries, both small openings in the
river bluff. They are located just below the electric light plant
and are fairly easy of access. One of the quarries shows below
a foot or two of soil several feet of loose and waste rock, which
in a part of the quarry is mixed with clay, probably geest. This
material is said to make a good quality of road metal, as it packs
well and is durable. It has been used to good advantage on
roads in the vicinity. Below this material are six to ten feet of
very hard, heavy-bedded gray dolomite, coarsely vesicular,
sugary, -containing Cerionites, corals, brachiopods and various
other fossils. There is a considerable amount of flint in the
upper layers of the quarry. '

The rock of the other quarry is somewhat softer when first
removed, but it hardens on exposure. Otherwise it is similar
to that of the first quarry. : P
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Northeast of town in the northwest quarter of section 23 is the
Stumbaugh quarry, sixty feet above the Lang openings. Its face
presents below about two feet of sandy soil four feet of waste
rock fairly hard, some of it broken up. This has been used on
roads in town and over the neighboring country, and is sald to
pack well and afford good satisfaction when mixed with some
dirt. Some of the rock is softer and needs no clay. Below are
four to six feet of solid gray rock used for buildings. The
quarry is located on the hill by the roadside and is very easily
reached.

Immediately below the bridge, on the north bank of the river,
on the west line of section 15, is the Rickell quarry, which lies
at approximately the same level as the Lang quarries. The rock
. here exposed is a gray sugary dolomite, vesicular, with numer-
ous flint nodules, some of them quite soft, between the layers.
Stratification is better developed here than in the Lang quarries.
On top are six feet of waste rock with very little soil. At the
time the quarry was visited (October, 1908) the quarry was
being exploited for the purpose of obtaining macadam for use
on the streets of Monticello.

At Oxford Junction waste rock from the Niagaran has been
used for street improvement, apparently with satisfactory re-
sults, :

KEOKUK COUNTY.
SAND AND GGRAVEL.

Sand and gravel deposits are found only in the channels of
the present streams and then only in small units. Both branches
of Skunk river are in the old age stage, and as a consequence
are characterized by mud banks and flats. The tributaries of
Skunk river and South English river and its tributaries earry
some sand and gravel—mostly dirty sand which is used locally
and serves a useful purpose.. The individual deposits are small
and widely scattered, but when considered in the aggregate, are
worthy of consideration. Extensive improvements which re-
quire sand and gravel in quantity must depend on outside
sources of supply. At present Eddyville is the chief source.
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STONE.

The Osage limestone is believed to occupy a triangunlar area
in the northeast corner of the county and several patches are
known to occur in the interior of the county. The most im-
portant outerops may be seen along Rock creek and Skunk river
north to northwest of Ollie. The formation rises forty feet
above the river. The stone varies from light brown or white to
gray in color. It is medium to coarse-grained, subecrystalline,
and lies in ledges usually three to ten inches in thickness, sep-
arated by clay and chert bands. It is highly fossiliferous, often-
times consisting largely of a shell breccia and fragments of
crinoid stems. The most extensive section occurs in the vicinity
of Manhattan Mills. The following sequence was determined by

Bain:; FEET.
7. Soil and drift of indefinite thickness.................c.u.. 2-40
6. Sandstone, quartzose, in part calcareous, soft, yellow.... 114
5. Limestone, finely brecciated........ ... ..., 1
4. Limestone, compact, gray, cherty............ccvvieeenvn... 20
3. Limestone, earthy, brown, containing numerous chert
modules: B ot e R L e s S o satie e S 2 o L | 16

oo

Limestone, coarsely suberystalline, blue and gray in color,
fossiliferous, in ledges 9 to 20 inches thick, separated by
shales 6 to 8 inches in thickness; bands of chert nodules
3 to 10 inches thick near the top................coutn. 26

i e e SO m T ) O B e e o s o ve el a3t ol 14

Numbers 1 and 2 in the above section belong to the Osage, the
first being exposed in the Weber quarry near the mill, while num-
ber 2 comprises the chief formation in the Cook quarry. Number
3 is referred to the Springvale beds, and outerops above the
quarry tracks, while numbers 4 to 6 inclusive belong to the Verdi
beds of the Saint Louis stage and are exposed along the old
right of way leading to the Cook quarry.

The railway switch has long since been abandoned and the
steel removed. Quarrying is carried on-only to supply the local
demand. In a local quarry still in openation, the following beds
are displayed: R

4, Tueaa9, was toLARAARTRE;. &0 v b L SR e R R S T 1-5
Limestone ledge, similar tonumber 1..........ccccvivvnnn.. 114

3.
2. Limestone, thinly bedded, concretionary and cherty; shaly 3
il

Limestone, blue-gray, evenly bedded, about five ledges ex-
posed, varying from 6 to 12 inches in thickness; some-
times there is a shaly parting near the middle; fossilif-

i {=r o b b | Pt A SES  re I ELLAR L T R R L b 2 (e 3
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Numbers 1 and 3 afford a good quality of stone for coursing
and rubble work. The several other exposures of Osage lime-
stone present no new features.

The Saint Louis limestone immediately underlies the drift
over three-fourths of the county. While its three divisions are
represented, only the Verdi beds are of sufficient importance to
merit consideration commercially. The Springvale beds have
been recognized at Springvale Mills, in the upper portion of the
Cook quarries north of Ollie, and at one or two other points
along Skunk river, These beds comprise a blue, earthy lime-
stone of marked shaly character, which weathers readily into
a soft, brown to buff limestone. It is magnesian and often pre-
sents an arenaceous facies. Clean cut exposures are rare on ac-
count of its weathering properties. The beds occasionally pre-
sent a pseudo-conglomeratic character as seen in the Cook quar-
ries. They rest unconformably on the Osage limestone, and ag-
gregate twenty to twenty-five feet in thickness.

The middle member of the Saint Louis, the Verdi beds, covers
the larger portion of the county, and affords the principal lime-
stone outcrops, and the only limestone quarries in the county
with the exception of those northwest of Ollie. Typical expo-
sures may be viewed along both branches of Skunk river, Eng-
lish river, and along the creeks north and west of Sigourney.

The beds present comprise fine-grained, light colored, calcare-
ous sandstones in bands two to six feet in thickness, interbedded
with the limestone. In places, however, clean sandstones of much
greater thickness, up to thirty or even forty feet, with limestone
above and below, are seen. The most usual type of limestone is
of a light ash to buff color, fine-grained, exceedingly compact and
hard, almost cherty in character. This is the limestone found
interbedded with the sandstone. A second equally well known
type cemprises the brecciated beds. In these beds, the limestone
is broken up into irregular fragments and cemented together,
the whole forming a distinet calcareous conglomerate or breccia.
The usual cementing material is calcareous, though ferruginous
material is sometimes present. The rock fragments appear to
possess the characteristics of the Saint Louis limestone itself.
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They vary greatly in size, ranging from grains a fraction of an
inch in diameter to slabs.and blocks four feet long and six. to
eight inches in thickness. The br.ecc_la‘ted blocks are usually one
or two inches in diameter. Local uncomformities, false bedding,
.and. other irregularities are not uncommon structural features.

A few of the numerous sections exposed are given below and

.are believed to be fairly representative.
. The:following beds are exposed in a railway cut about one and
-a half miles west of Ollie:

P

FEET.
S0i1 and DOWIAEr ClAY. .. .. iuuecreeensiar s e enannenseenn 10
Sandstone, cross-bedded, yellow, fine-grained; becoming
harder for six inches and apparently calcareous below....
Limestone,, COmDagizr —ore okl oo e 2t ey g, o %4
REar] Al LSRN L s b wn i s o s o e R e e P g %
Limestone, fine-grained, grading into number 2............. 4
Limestone, finely brecciated, in places almost o6litic........ 2

Limestone, compact, exhibiting conchoidal fracture, exposed
MR (e SR S e M PR e T L e L e R i o S

Several small quarries have been opened from time to time
along Sugar creek near Showman station. Here the beds are
very irregular and false bedding on a large scale is well shown.
A typical section is about as follows:

FEET.
Soil and drift of variable thickness........................ 0-30
Limestone in fairly even ledges................cocovol... 4
b e S sl kel oy kg0 & S e A e e ) e S e [ 3
Limestone in heavy ledges, shaly below, shows a decidedly
concretionary facies when weathered.................... 4
Limestone, hard ledge, separated from number 1 by a shaly
partine,-brittlecandscompact’, . o Fi o . L8 et d e e 0% 114
‘Sandstone, cross-bedded and unevenly indurated, dip of bed-
ding planes inconstant, but ranging up to 35 degrees..... 10

Number 5 furnishes the principal quarry rock of the neigh-
‘borhood. Number 2 apparently rests uncomformably upon num-

‘ber 1.

Numerous small quarries have been worked at one time or
another north and west of Sigourney. The Miller quarry, located
about two miles north of town, may be taken as an example:

(
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PLATE XXVIII—a. Near view ol!.qua.rry face, Tracy, Marion county, showing Pella

eds.
b. Miller quarry, about two miles north of Sigourney, Keokuk
county, showing Pella beds.
e¢. Local unconformity in Verdi beds, near Showman statlon,
Keokuk county.
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: FEET.
4, Soil and drift almost nil at the quarry face, but thickens
grantly; intherbimdl. Crtcic ow ot ey B0 el L e i B L 24

3. Limestone, similar to number 1, with arenaceous to argilla-
ceous partings; less evenly bedded than 1 and weathers

concretionary; calcite lenses and nests present.......... 3-6
2. Sandstone, with shaly partings, fine-grained, and but slightly
G RV E T oo gl S e O SR S TR TR R A s B 2

1. Limestone, hard and compact, gray, evenly bedded, beds
ranging from 4 to 12 inches in thickness; numerous pyritic
balls present, mostly weathered to limonite.......... 6

The beds dip strongly to the east, and do not appear to be
persistent in character. The stone crops of the region appear
to rise about forty feet above the creek. The sandstone as a rule
is the most conspicuous member, is heavily bedded but imper-
fectly indurated.

Outerops in English river are less common than along the
Skunk, but are in a general way, repetitions of those already
given.

The quarries of the county, while numerous, are small and
without exception are of local importance only. The stone avail-
able is, as a rule, rather soft for road work, but is fairly satis-
factory for most kinds of conerete construction.

KOSSUTH COUNTY.

SAND AND GRAVEL.

Kossuth county lies entirely within the area covered by the
Wisconsin glaciers. The sand and gravel deposits are of two
kinds, pockets in the drift hills and gravel trains along the
streams.

Stream Terraces—By far the greater part of the streams of
Kossuth county are younger than the youngest one of the drift
sheets which were responsible for the gravel trains in northern

and northwestern Towa, and are devoid of deposits of this kind.

Such gravel terraces as are to be found in-this county occur in
the Des Moines valley in the few miles between Algona and the
Humboldt county line. From a point about two miles south of
Algona to where the river leaves the county its channel has been
choked with gravel. Just at the south edge of the town of Ir-
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vington, the Chicago & North Western Railway has removed
enormous quantities of gravel for ballast from the terrace on the
east side of the river. This pit is now abandoned, but an open
face some forty feet high may still be seen. The gravel here con-
tains much limestone and shale and a large proportion of sand.
It is still being used to a considerable extent in a local way, and
large quantities of road and concrete materials can still be ob-
tained.

At Irvington the river turns abruptly west for two or three
miles, and the north bank is a huge gravel bench. Where the
road crosses the edge of it on the west line of section 36, Cresco
township, a coarse, somewhat dirty, iron-stained gravel is ex-
posed. This same material may be seen everywhere along the
road on the north and west sides of section 36. The terrace is
about forty feet above the river, and has an area of one and a
half t0 two square miles,

On the south side of the river in sections 1 and 2 of River-
dale township there is also much gravel. The road here crosses
a bench not more than half as high as that on the north side, and
gravel has been plowed up in building an approach to a bridge.
This bench seems to be continuous practically all the way
through section 2 and the east half of section 11, Riverdale town-
ship. On top of it the fields are dry, the crops reported as being
always poor, and indications would seem to show that practically
the whole of it is gravel. Through sections 13, 14, 23 agd 24 of
the same township gravels occur almost everywhere along the
road, and the latter has been surfaced with materials taken
largely from shallow excavations.

These gravels have been opened in various places all along
the river. In the pasture north of the school house at the south-
east corner of section 26, Riverdale township, is a small pit which
shows four or five feet of coarse dirty gravel. This pit will
doubtless furnish ample supplies for all purposes within several
miles.

As has been remarked before, the other streams of the county
are devoid of gravel and sand. The source of these streams is
almost invariably a swampy or marshy depression, and they
seek their way among the drift hills as best they can.
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:Miscellaneous Deposits—Kossuth county is covered over its
whole area- with Wisconsin drift clay. As to the possibility of
finding pockets or cappings of gravel in the hills of glacial till;’
Macbride told the whole story when he said: ‘‘Occasionally the:
typical Wisconsin bowlder clay gives place to piles and beds of
sand or gravel, but this is unusual.”’

LEE COUNTY.

SAND AND GRAVEL.

Lee county is bordered by three large rivers, the 1 '\I1s51s51pp1
the Des Moines and the Skunk. All are in advanced stages of
development and capable of handling only the finer materials.
As a consequence sands of various grades are abundant while-
gravels are scarce in and along these streams.. Some of the
tributary streams have accumulated coarser materials, but the
stream gravel beds are in comparatively small units and widely
scattered. Sufficient.of these materials can usually be obtained.
for the local demand within reasonable distances, but no deposits
large enough to supply gravel by the train load are known in the
county. Interglacial gravels are usually too much obscured to

be considered commercially available.

STONE.

' The Osage limestone comprises a very considerable portion of
the country rocks in Lee county and forms the greater part of the
vertical extent of the bluffs on all of the streams bordering the
county. In the interior it is largely overlain by the Salnt Loms
and the Coal Measures.

It includes quite a diversity of beds which for convenience in
discussion are divided into three groups of limestones which are
separated by shales and chert beds. The lowest member is gen-'
erally known as the Burlington, which many 1nvest1<rators have
divided'into Upper and Lower Burlington. This is separated by
chert beds from the middle member, the Keokuk limestone, which
in turn is separated by shales and geode beds from the upper—
most member known as the Warsaw PR N e
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The Lower Burlington, while composed in part of heavy beds
of suberystalline limestone, is unimportant in the present con-
nection as it comprises only a narrow strip along the base of the
Skunk river bluffs north of Wever and a few miles east of the
town of Augusta in the northeastern part of the county.

The Upper Burlington is very similar in character to the
Lower Burlington, but usually occurs in thinner beds and carries
a greater abundance of chert in irregular nodules and thin bands.
The Upper beds are best exposed in the bed of Skunk river at
Augusta. The flinty beds of the Upper Burlington are some-
times called the Montrose cherts. They appear along Mississippi
river from Montrose to Keokuk. Between these points they con-
stitute the bed of the river and cause the obstruction to naviga-
tion known as the Des Moines rapids. While both members of
the Burlington afford good material for constructional purposes,
neither is sufficiently accessible to merit extended notice.

A quarry has been opened in the Burlington limestone, west
of Wever. The beds worked are as follows:

FEET.
5. S30il.and@rOnifll.., o | e e A Sl B T PR sl o o | 4
4. Limestone, brownish, thinly bedded, with some chert, en-

(0 W00 |7 PR b= W M 0 S5 T 0 SR D Rl el FE R 1%
3. Limestone, white, rather soft, somewhat cherty in places.... Y%
2. oimestone]. yallovwhsh s -t S AR L L e e s 214

1. Limestone, hard, brown, encrinital, heavily bedded, exposed 2

Other openings have been made in the near vicinity, but while
the stone is durable and pleasing in appearance, the aggregate

annual output has never been large and is practically mil at this
time.

The Keokuk beds are typically developed in Lee county, but
at the same time their surface area is relatively small. These
beds occupy the larger portion of Denmark township and a part
of Washington. In addition thin beds are exposed in the bluffs
facing all of the larger streams. Along Des Moines river, while
the Keokuk is present above the water line, it is largely obscured
by heavy talus slopes. In general the formation consists of
twenty-five to forty feet of coarse-grained, bluish, often ecrin-
oidal limestone, overlain by rather more than thirty feet of
shales, generally known as the geode beds. Chert is quite preva-
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lent through the limestone, while some beds are somewhat argil-
laceous and from these two causes, many of the layers are unfit
for dimension stone, but are serviceable for crushed stone pur-
poses. The best layers for dimension stone are known as the
‘““White ledge,”’ which is quarried in Keokuk and vicinity. The
heaviest beds and thinnest partings are near the base, while the
beds become thinner and more argillaceous in character near the
top, grading into the geode beds above. (See plate XV, a, page
227.) _

The geode beds are of small importance in the discussion of
‘“‘quarry produects’’ save as a possible source of shales suitable
for use in the manufacture of Portland cement. The lower half
is made up largely of more or less indurated calcareous shales
with some chert and occasional bands of limestone, graduating
downward into the limestone below. The upper half is more ar-
gillaceous, sometimes slightly arenaceous and less calecareous
and slakes more readily under weathering influence than the
lower portion. The siliceous and caleareous concretions give
name to the formations and are quite generally, although not
universally, present in southeastern Iowa.

The Keokuk limestone has always been a large contributor to
the stone output of the county. Numerous quarries have been
* opened, and it is this horizon which affords the greater portion
of the quarry rock in the vicinity of the city of Keokuk. As a
rule the formation is compact, rather hard, often subcrystalline
rock, of an ashen or bluish gray color. It presents an even to
conchoidal fracture.

The Warsaw beds comprise a buff magnesian limestone at the
base, in a massive layer often ten to twelve feet in thickness;
blue arenaceous shales with intercalated limestones in thin bands,
and at the top a buff, sandy limestone locally called ‘‘sandstone.’”
These beds are typically developed at Warsaw, a town five miles
below Keokuk on the Illinois side of the river.

The quarry rock of the Warsaw is chiefly a magnesian lime-
stone containing some sand and small pebbles. It is generally
called sandstone. The principal quarries are located at Sonora
on the east side of the river. The rock occurs in a massive layer
ranging from six to twelve feet in thickness, is bluish to yellowish
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incolor when first taken out of the quarry, but, on exposure to
the weather for some time, it changes to a buff or brown. The
stone has been used in the building of the locks and many of the
most important structures in the city of Keokuk, It has also
been used in pier and bridge work. Itis very durable and highly
prized for all grades of dimension and cut stone work. The
principal quarries in the county are located near the city of
Keokuk, within half a mile of the railway bridge .crossing Des
Moines river, and near Ballinger, above the city along Missis-
sippi- river. : ‘

Of the numerous sections of Osage available, only sufficient are
selected to illustrate the principal features of the beds: There
is an almost continuous outerop of these beds in and about the
city of Keokuk and facing the principal streams on the three:
sides of the county. ;

The Tigue quarry, a short distance west of the Rand lumber
yard, is one of the oldest openings in the vicinity. It has been
in operation for more than forty years. The sectlon. is as fol-
lows: '

FEET.
4 o O e R e e e, B R S e 8
3. Limestone, thinly bedded, with considerable calcareous shale 6
2. Limestone, more massivethan 3............. ... . iiiui.en 9
1. Limestone, rather sandy, with shaly partings, exposed to rail-
SWAY L EAERE L e e a Hen o it fprE . Setn T 14

In the west part of the city of Keokuk, along Soap creek for
a distance of fully one mile, quarries have been opened at a num-
ber of points. The section exposed near the mouth of Soap
creek i s 01ven below-

FEE’f (i

8. " Soil and drift of variable thickness.
TR ST 1T Dk S (R T e et e R I N e e L A O o D) [ 6
6. Shale, calcareous, with mtercalated beds of limestone; some

g tols o TR B g A el i a2 b 8
5. Limestone, drab, impure, heavily bédded, shaly below....... 12

4. .Limestone, light colored, with nodular masses of chert the
i Y G0 D e i b A ek L g R g ar e 1

3. Limestone, argillaceous and massive, with spheroidal masses
of calcite, sometimes carrying millerite.................. 5-6

: 2. _leestone coarse, gray, encrinital, cherty.................. 3
Ik leestone ‘with chert in irr egular beds, exposed... ... i G
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North of the city about one-fourth mile north of Ballinger
station on the Chicago, Burlington & Quincy railway, the Tucker
and McManus quarry displays the following beds:

7.7 863, loesBiandeGetil = ok . ba g o e E A BTG AR 0-10
6. Limestone, weathered, soft, yellowish above, blue-gray be-
low; yields some rubble where protected; somewhat
T B e T By e i et el ek, o e IS e T 10-15
W U3 (ISt a a0 23 Al RS I R il 50 ey Tl N T iy Tl = 1
4. Limestone in two heavy beds, the upper about three and
the lower 314 feet in thickness, separated by a one foot
shaly parting; fossiliferous and subcrystalline ......... T1%
3. Limestone, cherty, subcrystalline, similar to 1, somewhat
irregularly bedded; where sufficiently free from chert

yiclds good Tubble 'stole. .. s oo da. L e e o e v e e 8 8
2. Limestone, evenly bedded, gray-blue, suberystalline......... 114
1. Limestone, chert present as bands and nodules, irregularly

distributed throughout, exposed......................... 6

In this quarry the beds dip to the northwest. Numbers 2 and
4 furnish the best dimension stone. Only hand methods are
used in quarrying, although a steam drill is employed. Power
for drilling is supplied by an ordinary traction engine. The
waste stone is loaded in cars with removable beds. The car beds
are swung up to a Gates crusher by means of the only derrick
used in the plant. All of the stone below the weathered zones is
utilized. The crushed stone is graded by being passed through
a cylindrical screen. Storage bins are provided for the larger
sizes. The dust is removed by a belt conveyer and dumped on
the ground. In addition to crushed stone, rubble and dimension
stone are produced. This is the most important quarry in the
county at this time.

The Saint Louis limestone comprises some of the most impor-
tant rock formations in Lee county, occupying about one-third
of its superficial area. Numerous outcrops appear along the
streams in West Point and Franklin townships, and in the bluffs
below Montrose on the Mississippi and along the Des Moines
above Sand Prairie.

According to Keyes and Gordon, the Saint Louis consists of
a lower magnesian or somewhat sandy limestone, grading at
times into a calcareous blue sandstone and an upper white com-
pact or granular limestone. A brecciated zone often separates
the two members. From a study of the field relations of the
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above beds and those already discussed under the head of the
Osage, it would appear that the upper or so-called Warsaw beds
of the Osage are the same ag the arenaceous member of the Saint
Louis of Keyes and Gordon. Whatever the taxonomic relations
of these beds may be, both members of the Saint Louis as given
above are quarried to some extent, the limestone being the more
highly prized, in the numerous outcrops available.

The sections given below give a fair picture of the leading
characteristics of the beds.

A mile west of Sand Prairie the Saint Louis appears in sev-
eral ravines opening into the Des Moines valley, and from these
some stone has been produced for local use. One-half mile above
Hillsdale, the Santa Fe Railway worked extensively years ago.
The section is shown as follows:

FEET
Bl ol ian Ry aniniel peth b b g Lo Tl b Sk T M T i 6+
5. Limestone, brecciated, with pockets of green clay, sometimes
rudely and coarsely stratified................. ... ...... 30
4,  Limestone, blue, -enerinital ... . .. camh o b o hmiaem s oo o s aie e o 3
3. Fhale DIVE, cOloAFCOMBIE .. o i hin o lons b e oo oy asse bl sa seane, (@5 3

2. Sandstone, blue, calcareous, with discontinuous beds of blue
shale; the principal quarry rock. .......cveeiuncnnnnnnn
Fi saShral e R o e A e i N N e B e 15

The stone was used largely for bridge work; the rubble and
small sizes were put through the crusher.

Just below Belfast some quarrying has been done. The stone
was used largely by the Chicago, Rock Island & Pacific Railway
for bridge work. The section quite closely resembles the Santa
Fe quarry, though the sandstone horizon was more extensively
develpped. The section which may be seen at the present time

is as follows:

.BELFAST SECTION.
FEET.

5. Soil and drift, which thicken considerably back in the bluff,
variable at the face.

4, Limestone, earthy, yellowish, gray to blue-gray, weathers
clayey; probably attains much thickness in the bluff, ex-
EOWETE el 0 L BRI s R L d i T i el 4

3. Limestone, brecciated and concretionary and shaly, in places.
The concretions appear to be compact, brittle, blue, lime-
stone, uniform neither in thickness nor in appearance.... 4

2. Limestone, arenaceous, especially below, fossiliferous; gray
to blue-gray; thinly bedded, although bedding planes are
notrapparent, A1 20 ewtaed o ol Nl Fomime N DR e 8
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Prate XXIX—a.

c.
26

Abandoned Santa Fe quarry east of Belfast.
Principal quarry section southwest of Mt. Pleasant.
Geode bearing shale, west of Farmington, Van Buren county.
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FEET.
1. Sandstone, calcareous, or limestone, highly arenaceous, in
heavy beds up to five feet in fresh exposure; beds rather
uneven and show some tendency to wedge; cross-bedding

is-eviflent in places, exXposed ... .i.cceechareansneneaas 12
» 1

The base of the section is about four feet above the railway
track. No quarrying is being done at the present time.. About
a fourth of a mile below the railway station in Belfast, twenty
feet of plastic shales are exposed along a small creek entering
the Des Moines from the east.. The shale appears to be quite
-uniform in character throughout and lies clearly below the beds
in the above sections. The section continnes about one hundred
yards up stream, where it is obscured by talus. Near the east:
end of the outerop, a weathered caprock appears at just-about
the level of the Chicago, Rock Island & Pacific railroad track.
The depth of the shales below the stream channel is unknown.

Exposures of Saint Louis continue up Des Moines river but
almost no quarrying is done at the present time, and no new:
phases are shown. ' :

One of the best sections exposed in the interior of the county is
located along Sugar ereek about one and a half miles east of the
town of Franklin. The following beds are exposed:

GRANER QUARRY.
TR e ot i i s S | N R (L 10

9. Limestone, white, granular, oblitic, even-textured, more or
less distinctly cross-bedded........... SRR ST Je 0

33t Himegtone, SSUDETFSEALIIE.. .. - vt he o oo o bns smmee i oo v s 2
7. Limestone, blue, concretionary....................o.... L S 1
1,6, - Bha e RIaE e s e s e e S i TiE A b7
b. « Liimestore Seranlar, ol g .t ohak vaste - bowv o sds o s - et 6
4, Limestone, FIFCISE I 0 8 e e L e SR SRR o [ 10
3. Limestone, brown, arenaceous. . ........oeuensrnereensnrn. 8
25 Shalesiblire.ami® i IWECE IS W gl S en = ) o pats o, LB o v 10
L., Shale,| BluctoliRsrEod e st S e Sl UL L B 20

Beds 5, 7 and 8 dress well and have been used in making tomb-
gtones. Number 3 has been used for all kinds of rough masonry
and for bases of monuments. All the layers were used formerly
for manufacturing lime, but number 7 was the best for this pur-
pose. : ‘ : ok
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LINN COUNTY.
SAND AND GRAVEL,

There are extensive bodies of upland gravels in the neighbor-
hood of Viola and Springville. Several of the hills south and
east of Viola are capped with Buchanan gravels and these are
said to extend several miles northwest of the town. Three miles
to the northwest the county owns an acre of land whence consid-
erable gravel has been removed for road making. A well sunk
near the county line about a mile east of Viola is reported to
have penetrated thirty-seven feet of gravel. Underlying the bed
a brownish hardpan was encountered. The gravels also extend
to the southeast as far as Martelle in Jones county.

A large pit has been opened on the west side of the road about
one-half mile south of Viola, in the southwest quarter of sec-
tion 13, Brown township. Part of the pit is owned by the county
-and part by Mrs. Rosella Corbett, who owns the adjacent land.
This pit shows, under one or two feet of black loam, about three
feet of coarse gravel with which is mingled considerable clay,
enough to give a sticky feel to the moist material. Some of the
pebbles in this layer are from two to four inches in diameter, but
many of them, especially the granites, are badly decayed. Be-
low the gravel are exposed four to five feet of finer sand, with
some clay. This layer is very much reddened and its iron con-
tent oxidized. In several places streaks of dirt are shown in the
pit. This material must be contemporaneous in its deposition
with the sands.

The material from this pit has been used on the streets in
Viola and gives excellent satisfaction. The clay serves as a
binder and assists in packing the roadbed and keeping it free
from dust. The county hauled out about twenty carloads in the
summer of 1908, chiefly for use on the boulevard between Cedar
Rapids and Marion. The gravel also gives good results in con-
crete work.

Very little stripping is required to reach these gravels. There
is no loess overlying those in the pit just described and the same
holds true for a small pit across the road and a few hundred



LINN COUNTY 406

vards eastward. A small exposure on the south edge of town
has a little loess covering and some loess is seen along the road-
side.

Along the road between sections 15 and 22, Brown township,
the gravels are exposed and in the southwest corner of section
16 is a large pit opened in gravels similar to those at Viola.
Under a foot of humus are found six to ten feet of irregularly
bedded, alternatingly coarse and fine gravels very much red-
dened and iron-stained, and with the granite pebbles badly de-
cayed. Local seams of clay are present, but there is not so much,
apparently, as in the Viola deposit. At the bottom of the pit
is a fine red sand, rather incoherent and breaking down quite
readily, while the coarser gravel is somewhat indurated and
stands up fairly well. There may be some clay as well as iron
present. The gravels have been used on the roads near Spring-
ville and in most cases with excellent results. The roadway is
firm and hard and fairly free from dust and loose sand. Where .
the cleaner sand was used, however, the roadbed is still soft and
dusty.

STONE.

The Niagaran limestone includes an irregular strip which
crosses the east end of the county and comprises one-third of its
superficial area. Tongue shaped projections extend up all of

"the more important streams, reaching Cedar Rapids along the

_Cedar. The Niagaran presents its usual phases, including a
lower heavy bedded, coarse, cherty dolomite now referred to the
Hopkinton, which is followed by the suberystalline, hard, brittle,
often highly inclined beds of the LeClaire and these in turn, sue-
ceeded by the smooth, evenly bedded gray to buff, dolomitic
layers of the Anamosa phase of the Gower, which are followed in
turn by hard, compact, brittle magnesian limestones, which Nor-
ton has designated the Bertram, and which complete the series.

Practically all of the important quarries in the county are
operating in the Anamosa beds which are typically developed at
Stone City, while the lime producers are developing the LeClaire
beds. A wealth of exposures oceurs along nearly all of the prin-
cipal streams. A few only are given by way of illustration.
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The sections already given for Stone City and vicinity may be
taken as a standard, as the beds are more extensively exposed
and developed at that point than at any point in Linn county. At
Mount Vernon practically the same beds appear and differ only
in being of slightly coarser grain. The quarries are connected
by a switch with the main line of the Chicago and North West-
ern Railway and are equipped with a steel derrick, cars, track-
age, an inclined plane to a No. 3 Gates crusher and the usual
" number of elevators, screens and bins. The quarry section
shows the following sequence of layers:

MOUNT VERNON SECTION.

FEET.

43 801l loasE ande et il d s b . e e e e 0-10

3.. Limestone, dolomitic, weathered to spalls and chipstone..... 6-8
2. Limestone, dolomitie, in layers up to eight inches in thick-

: LaE st R R T T T =i 3-5
1. Dolomite, in layers ranging from six to thirty-six inches in

: thicklless, asgree AN NeRDOSetl. " S R e 12

'The pit is filled with water at the present time so that number
1 is obscured very largely. The property is in litigation and the
quarry has not been operated save in a very small way during
the past few years. Stone suitable for bridge work, caps and
sills, dimension and cut stone purposes, is available and equal in
quality to any produced from the Niagaran in Towa. Other quar- .
ries have been opened in the district, some of which are still
operated intermittently.

Splendid sections of the Anamosa stone may be viewed along
the Wapsipinicon northwest of Stone City. Several quarries
have been opened at Waubeek and vicinity, but owing to the
lack' of proper transportation facilities, stone is produced to
supply the local demand only. The beds available are essentially
the same as those exploited at Stone City and are as easily
accessible. ‘

The Devonian limestones cover about two-thirds of the super-
ficial area of the county and are quite generally exposed along
the principal streamways, but notwithstanding these facts, com-
paratively little dimension stone is derived from any of the beds.
The Anamosa beds of the Niagaran practically have a.monopoly



PLaTe XXX—Quarry of the Chicago and North Western Railway, Cedar Rapids, showing steam shovel, drill rig and broken
stone.
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of the commercial building stone trade in this part of the state.
All of the members of the Devonian represented in the county
furnish some stone suitable for structural purposes, especially
crushed stone.

The Coggan beds of Norton, formerly referred to the Niagaran
but at present included in the Devonian, are dolomitie, heavy-
bedded, destitute of lamination and often porous and highly
vesicular. When sufficiently compact, the stone is well adapted
for bridge work and other heavy masonry. A quarry near the
railway station at Coggan gives a fair idea of the beds and is as

follows:
¢ COGGAN SECTION.

4, Soil, loess and drift of variable thickness.

3. Limestone, gray, hard, compact, subcrystalline, magnesian;
layers from one to four inches thick, weathering into
T 1E e ol 1D 5000 I e R el 17 7T el i B S S 2

2. Limestone, massive, pale buff, magnesian, moderately hard,
granular, subcrystalline; porous or vesicular, with a few
irregular cavities about an inch in diameter; in layers
eighteen to twenty-four inches thick. In places the rock
weathers into chipstone, and is a brownish buff, semi-
earthy, semicrystalline limestone; exposed to quarry

O e o R T Eed b b et Do donafob 5 VL [T B Bl e T 8
1. Slope to water in river, elsewhere seen to be occupied by
massive limestone as above........ Rt (P Sl ot 7o i T 31 o o 6

The beds exposed here are quite variable texturally and in
color, They vary from a compact suberystalline limestone to
a highly vesicular to earthy material almost pumaceous in char-
acter. The full thickness of the Coggan beds is displayed a short
distance above the dam at Central City. The sequence is as

follows:
CENTRAL CITY SECTION.
¥EET.

222

Soil, loess and drift, variable thickness.

5. Limestone, even-bedded, nonmagnesian above, becoming
more and more magnesian below, and so graduating by
thin layers into the beds below that the line between them

is somewhat arbitrarily drawn (Otis Beds).............. 1234
4, Limestone, magnesian, light buff, compact, granular........ /e
3. Limestone as above, darker, also nonfossiliferous excepting

some minute vermicular cavities; in three layers........ 1

2. Limestone, massive, buff, magnesian; with moulds and casts
of fossils, as at Coggan; porous and vesicular; upper layer
cherty, with dark nodules forming in places a continuous
band. The layers from above downward are respectively
one foot, five feet and ten inches, eleven inches, and four
feet ten inches in thickness...........cviiiiviiiinninan 127/5

1. Uhexpoged-horriver s, il Aaihe ) Lt e e TR 10
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Numbers 2, 3 and 4 of the above belong to the Coggan beds.
These beds maintain their level to a fine exposure on the left
bank of the river, two miles northwest of Central City, at
Granger’s old quarry. :

The Otis beds of Norton have been exploited more extensively
for crushed stone than any other. Several large crusher plants
are located in Cedar Rapids and vicinity and furnish stone for
street and road work, conerete and railway ballast. The prin-
cipal plants are located east and south of town on either side of
Cedar river. One of the largest plants running at the present
time is operated by J. J. Snouffer, Jr., and is located along the
Chicago, Rock Island and Pacific railway in the south part of

town. The beds exposed are approximately as follows:

TEET.
B Sl TS SR 50 (0! Sallse e el L P A Bl S e | e S O RN 12-20:

11. Thin-bedded, shelly, weathered limestone, for the most part
worthless; portions of lower ledges usable in crusher....11-12

10. Light brown, saccharoidal limestone, heavy ledge, tvontain-

ing cavities and masses of crystalline calcite, in places,

contains numerous fragments of soft yellow limestone,

prominent in face of quarry.............ciiiieiiiiiinn. 4
9. Similar to No. 10 but more distinctly laminated and sepa-
rates readily along bedding planes...................... 2

8. Laminated, soft magnesian limestone, sandy to the feel,
porous; thin-bedded and breaks well both horizontally and

vertically, contains occasional small calcite cavities...... 4
7. Limestone, dense brown, noncrystalline ledge.............. 2%
6. Ledge, dark brown in color, including in places thin layers

of black, carbonaceous Clay.........covurerinrnnernann 1/

5. Limestone ledge, light drab in color, has suffered shattering,
cut- by thin, irregular veins of crystalline calcite; close

texture and conchoidal fracture............. ... oo, 13/,
4. Dark brown limestone, in large part coarsely crystalline; |
hard and breaks very irregularly....................... 1Y%

3. Hard, close-textured limestone, has apparently been shat-
tered and recemented by numerous veinlets of calcite;

displays fine wavy laminations......................... 2'/,
2. Shale, black, carbonaceous and contains fragments of lime-

stone, in places soft and plastic...... A i P VeV

1. Sugary brown dolomite in layers from two torsix inches,
alternating lamine of varying shades; the darker weather-
ing to a residue of dusty sand; breaks irregularly except
along planes of stratification........... A P Lt 5

This quarry is located in close proximity to the Chicago, Rock
Island and Pacific tracks. At present the total output is crushed
stone. The crusher is located on the railroad and the stone
hauled by horse and cart up a low incline. Four grades of
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.crushed product are put on the market, viz.,, No. 1 ranging in
size, from 1 to 2% inches; No. 2 from % to 1 inch; No. 3, 14 to
%, and No. 4, below 14 inch in diameter and termed ‘‘rock
dust.”” ‘ )

The:upper beds of the Wapsipinicon are quite generally brec-
ciated and as a consequence have been but little quarried. These
beds have been developed in a small way at Marion, and in the
vicinity of Cedar Rapids and Flemingville,

The Cedar Valley beds are often too shaly to be of much use
for building or crushed stone purposes. As developed in Linn
county, they break up readily under the action of frost and are
not evenly bedded. The best quarries are in the vicinity of Cen-
ter Point, Toddville and Troy Mills. At best the stone produced
is not recommended for important structures as a coursing stone,
but may be used as crushed stone.

LOUISA COUNTY.
SAND AND GRAVEL,

The gravel and sand deposits of Louisa county represent at
least three horizons geologically, viz., Aftonian, Buchanan and
recent. The benches which occur along Iowa and Cedar rivers
may have been formed from the waste from melting Iowan ice.

The Aftonian.—The Nebraskan or lowest glacial till in
Louisa county is almost invariably overlain by sand and gravel,
varying in thickness from two to ten feet. This is occasionally
cemented into a mortar-like rock. The prevailing color of the
deposit is yellow. A peculiar relation which it maintains to the
till below is that pockets of the sand extend down into the
otherwise level surface of the latter. These pockets are from
one to several feet in width and of equal depth. Occasionally
they form “‘filled tunnels’’ in the drift. This stratum is the main
water sand in all the deep wells of the upland. Along the level
of its outerops in the bluffs there are a number of springs. These
gravels will be described in some detail in the report on
‘Union county.
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Buchanan Gravels.-—Above that part of the Kansan till which
is east of Iowa river, there often lies another sand which has
the same relation to the Kansan as the Aftonian has to the
Nebraskan. This is seen in several places along the Muscatine
North and South railroad, particularly in section 10, Grand View
township. In the northeast quarter of the northeast quarter of
this section.it rests on an almost horizontal plane surface on the
Kansan bowlder clay. This plane is sharply marked and can be
seen for a quarter of a mile. The sand is evidently a glacial
product. It is somewhat gravelly, contains occasional striated
pebbles, and is rather imperfectly assorted. Here and there it
has a long slanting or curving oblique lamination and is also
seen to run into silt. Occasional pockets extend into the under-
lying drift. In the southwest quarter of section 11, Grand View
township, it is ocherous from the infiltration of ferruginous ma-
terial. In other places it is leached to a gray color. Sometimes
its upper part changes.into a soil-like stratum, either directly
overlain by loess or plainly covered by another till.

Terrace and Allwviwm.—The greater part of the higher low-
lands along Towa and Cedar rivers lie from thirty to forty feet
above the flood plains. This higher lowland, usually known as
the ‘‘second bottom,’’ is an ancient terrace which probably was
built up, in part at least, at the time of the ITowan ice invasion.
It consists of sand and some gravel with a thin veneer of loess.
In many places the surface materials have been drifted by the
wind into sandy ridges. The depth of the terrace sand is not
certainly known, except at a few points along the river. Around
Wapello and north of Columbus Junction it is seen to rest on
the Nebraskan till and is some thirty or thirty-five feet deep.
This same terrace is continued up the valley of Long creek as far
as section 13, township 756 N., R. V ' W. It is also present along
the lower courses of some of the other tributaries coming from
the uplands. On Long creek the terrace sand is sometimes over-
lain by a few feet of a fine, laminated, grayish blue silt, above
which there is the usual loess capping. Along Otter creek in
sections 1 and 2, township 73 north, range IV west, this loess
capping with a soil layer on top has been covered over by a few
feet of more recent alluvium.
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On the bottoms of Mississippi river a similar terrace extends
south from Muscatine county in sections 4 and 9, township 75
north, range II west. This is probably a remnant of an exten-
sive terrace built up over these lowlands by the drainage of the
Wisconsin ice.

The most recent deposits are represented by the alluvium
fiom the present streams now laid down over their flood plains
during high water. This consists in the main of dark sandy silt
and gray sand. The most extensive alluvial tracts are along
Mississippi river, where only a few vestiges of the earlier ter-
races remain.

STONE,

The underlying, indurated rocks that are exposed in Louisa
county belong almost exclusively to the Kinderhook and Osage
stages of the Mississippian. The Kinderhook beds consist chiefly
of soft clays and impure limestones, with occasional strata of
sandstone. The Osage is represented by the heavier, more dur-
able beds of the Burlington limestone. Exposures are found in
the southern and southwestern portions of the county. They
appear to best advantage in the bluffs west of the Mississippi
and south of Iowa river in Elliott, Wapello and Morning Sun
townships. Outerops are also common along the streams in
Columbus and Elm Grove townships.

The best stone comes from the Upper Burlington beds and all
of the present working quarries make use of these strata. The
lower beds were formerly worked on the property of J. D. Ander-
son, just south of Elrick Junection, but this rock is usually too
much weathered to furnish durable building material. The prin-
cipal quarries are located near Morning Sun on Honey creek and
on Long creek and its tributaries.

The Chas. B. Wilson quarry, one and one-half miles east of
Morning Sun in the southwest quarter of section 28, affords a
characteristic section of the Upper Burlington. The following
details are based in part on data found in the Geology of Lowisa
County.*

*J. A. Udden, Iowa Geol. Survey, Vol XI, p. T6.
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6. Disintegrated crinoidal limestone, brown to.yellow........ 314
5. Partially weathered crinoidal limestone containing some
chert; ledges 4 to 6 inches thick, fair stone.............. 22/,
4. White chert, nearly fails in places ...................... Y%
3. Yellowish crinoidal limestone with chert above and contain-
e O G N S e A T e N ot o L e e 4

2. Yellowish fine-grained limestone, containing open pockets
often lined with botryoidal calcite or quartz crystals, soft
and can usually be crumbled to a powder in the fingers.. 1-3

1. Coarsely crystalline pure limestone, light brown to bluish
white; in ledges from one foot above to massive three-foot
ledges below; stylolitic jointing very common; free from
TRHETFIT e = gt s o ot SR o e R e ) "L ok s 6

The quarry base is about twenty-five feet above low water in
Honey creek. This depth consists largely of cherty limestone
in part obscured. A face approximately one-fourth mile in
length has been opened on both sides of the stream and a large
amount of stone removed. With the exception of the upper few
feet, there is little worthless material in the section, and num-
bers 1 and 3 especially afford a most excellent stone for any
of the finer grades of work. A considerable acreage is available
at this point, both to the east and west of Honey creek, over
which there is no drift and little else to require much dead work
in stripping.

A similar succession is found at the W. C. Bryant quarry just
south of the Iowa Central track in the southeast corner of sec-
tion 29. Seven and one-half feet of number 1 are quarried, and
the opening has reached such a depth that number 2 is quite
firm and unweathered. It is seen to be a coarsely granular and
fossiliferous brown limestone similar to number 3, save for the
presence of numerous geode cavities. The heavy beds furnish
suitable stone for heavy foundations, bridge piers, and other
masonry work, besides walls and finishings. The white stone
does not, however, split with uniformity in any direction except
along well defined lines of stratification.

The stone is handled in this quarry by derrick to wagons and
some is shipped from Morning Sun.

Number 1 in these quarries is an unusually pure limestone as
shown by the chemical analysis, given herewith, of a sample from
the Wilson property.
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Trisoliphleseall, | Spiiampue ol e S L LR b T S il 1.60
Iron oxide and alumina (Fe.Q, + ALO;)................ 1.20
Limse: carbemate: ((GaiCOs ) s s I« s i v fr o & e chahard o ire praers 4 o 97.02
Magnesium carbonate (MgCOg)......ovvviieninenenn.. .32
Hygroseoplie, mioIStare ... . . i e ol b et s s e s o bl eyl .34

0 e e A AR o T2t P S M BEFRSLTE w B 100.48

The very low magnesia content commends the stone for the
manufacture of Portland cement. It would also make, without
doubt, an excellent grade of white lime.

Both the Wilson and the Bryant quarries are conveniently
located for transportation of the output by rail. The stone is
of high quality and limitless quantities are available. The ter-
ritory to be supplied is principally the counties to the westward
of Louisa which are heavily drift laden and possess no building
stones of their own.

The Ackenbaum quarry is located in the northwest quarter of
section 27, Morning Sun township. The beds here consist of
about three feet of overlying disintegrated crinoidal limestone,
associated with the lighter colored heavier beds as exposed on
Honey creek. The latter are beds coarsely crystalline to sac-
charoidal in texture. A stylolitic structure is common, but the
rock splits irregularly and with no greater facility along such
lines of jointing. The stone outcrops for some distance along
Gospel run and at the quarry face is covered with but one to
three feet of loesslike soil. Immediately back from the streams,
however, there is a heavy drift covering.

There are a number of small quarries situated along Liong and
Buffington creeks 'in Columbus and Elm Grove townships re-
spectively. The old Wasson, now C. J. Gipple, quarry, in the low
terrace along the south bank of the south branch of Long creek
in' the northwest eorner of section 23, Elm Grove, affords the
following section : '

9. Soil in small amount which does not thicken materially for
several rods from quarry face.

8. Limestone, badly shattered, containing much chert below... 7

7. Disintegrated limestone carrying much chert. Worked back
in the hill, becomes a fairly firm rock of bluish color and
crystalline texture; separates into ledges of 6 inches to 1
At Uoale e m NN TR St e A R T Tl
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FEET.

6. Yellow, disintegrated limestone, in part solid and coarsely
CrpaallIng, e g i e L B e WL ety 3
8. Blue: Shale, 7calthnaolis ais b e ol s ol oi¥he Lise g e 1

4. Band of chert, fossiliferous, persistent, used for"building
e (eV: et ol oo b ahaaub ooy Ty DRSS CRBIa Ba o S el B L gh g T

3. Yellow, badly disintegrated crinoidal limestone with geode
cavities, in part a ecrumbling brown sand................ 4

2. Yellowish, partially disintegrated but usable limestone. .. .. 114
1. Crinoidal white limestone, in ledges from 6 to 10 inches.

Number 1 is not now in sight but has been taken out to a
depth of twelve feet as the prinecipal quarry rock. The base of
the full quarry face would therefore be somewhat below water
level in the creek.

These same beds crop at an indefinite number of points in
this vicinity on Long creek and in section 14 of Elm Grove town-
ship on Buffington creek.

J. L. Thurston takes out a small amount of stone near the
northwest corner of section 14, and J. E. Gray and J. M. Mar-
shall quarry the same ‘‘white’’ beds in the north part of section
3, Columbus township. At the Marshall quarry, considerable
stone has been quarriéd in the past and there is less stripping
needed than at other observed points where quarrying is done.

Western Louisa county in general is heavily drift laden and
the rocks are exposed only at infrequent intervals along the
streams.

LUCAS COUNTY.

SAND AND GRAVEL.

Luecas county is wholly within the loess-covered Kansan area.
Chariton river, the principal stream in the county, has a low
grade and is characterized by mud flats and bars. Sand and
gravel deposits are exceedingly rare. Some of the smaller
streams contain meager amounts of sand and gravel in their
channels, not sufficient, however, to satisfy the local demand.
Practically all of the road and concrete material used is im-
ported. The older gravels are concealed.

STONE.

The country rock of Lucas county belongs entirely to the Coal
Measures. The formation consists almost wholly of shales with
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seams of coal and accompanying beds of fire clay. Occasional
thin bands of dark bluish limestone and moderate thicknesses of
sandstone are found associated with the heavy beds of shale.

In Pleasant township, near the northeast corner of the county,
ten to fifteen feet of a coarse, grayish blue sandstone outerop
along Flint creek. Quarrying to any extent has not been done,
but the beds are available at a number of points along this
stream and its tributaries. On a branch of the Little White-
breast in the northeast quarter of section 32, English township,
a soft yellow sandstone occurs associated with bituminous shales
and has been quarried in years past.

Upper Coal Measure beds may be seen on Long Branch in the
northwest quarter of section 3 of English township, where lime-
stone quarries were formerly worked. The beds consist of about
four feet of light gray overlain with buff limestone, separated
in ledges by calcareous shaly partings. The stone is said to pro-
duce a high grade of quick-lime and has been used for this pur-
pose. Limestone has also been quarried and burned for lime
on the Little Whitebreast two miles northeast of Chariton.

On the whole, the building stone resources of Lucas county are
very limited, the valuable beds being in general so associated
with other sedimentary strata as to render their utilization im-
possible.

LYON CCUNTY.

SAND AND GRAVEL,

Lyon county is bountifully supplied with sands and gravels,
in the main closely related to the various drift sheets as gravel
trains which margin the present streams, as terraces, and as
kames which are more or less irregularly distributed over the
uppland. In addition to these deposits the present streams have
classified and deposited large quantities of sands and gravels as
bars and banks.

Stream Terraces.—The stream terrace gravels are by far the
most important in Lyon county.” Enormous quantities are to
be found in the terraces of Rock river especially, and in lesser
quantities along the smaller streams, such as Little Rock river,

Otter, Tom and Plum creeks, ete.
27
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The most extensive openings of the Rock river gravels have
been made at Doon. Here there are two pits, one owned by the
Great Northern Railway and the other by Miller and Montgom-
ery. In the latter pit there are twenty-five to thirty feet of
gravels under a cover of soil and alluvium which varies in depth
from three to eight feet. The upper portions contain more
coarse material, and pebbles of quartzite and red sandstone up to
three inches in diameter run in more or less continuous thin
bands. The lower eight to ten feet are chiefly clean white sand
interspersed with some very fine-grained, even clayey streaks,
and containing ocecasional rounded clay balls which are some-
times as large as a man’s head. The supply here is unlimited,
and a most excellent grade of clean sand and gravel for any
purpose is obtainable.

In the railroad pit, located in southeast 26 and northeast 35,
Doon township, southwest of the town of Doon, practically the
same section as described above may be seen.

Enormous quantities of sand and gravel may easily be ob-
tained at Doon and Vicinity. The town itself is located upon
this gravel terrace, and hundreds of acres south and southwest
of town will furnish a supply which is practically inexhaustible.
This area is readily accessible as it is an easy task to build a -
railway spur to almost any portion of it.

From Doon to Rock Rapids gravel deposits do not compare in
amount with those just named. The Rock river terrace is not
continuous and while the gravels may be seen in many places,
and it is practically certain that they are present in others, there
is no place where a pit could be opened on anything like the
scale possible at Doon or north of Rock Rapids.

There is an exposure north of Doon on the west bank of the
river at the bridge just northwest of town. Here is a portion
of the same terrace in which the large pits farther south are
located, and a small opening shows the same material. Gravel
may be seen along the road between Rock and Garfield town-
ships just west of where the railroad crosses it. The same ter-
race gravel is in evidence beside the road in southeast 15, Rock
township, and also in several places along the road through

Ve
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Doon, Lyon county.

pit showing pit methods.

PLaTe XXXI—The Miller-Montgomery



PLats XXXII—XLehatchka and Pattengill pit which shows great irregularity in bedding.

Rock Rapids, Lyon county.

AINNOD NOAT
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sections 15 and 10. A considerable amount of material could be
obtained from pits opened at or near these places, especially
from the terrace south of the road in southwest 10. The latter
would furnish an abundance of material for use within teaming
distance. :

Rock Rapids itself is situated, for the most part, upon this
terrace, which here is some fifteen feet above the river. Much
inconvenience on account of the gravel is experienced in the dig-
ging of cellars and ditches, and the covering over it is so thin
that in the summer it is difficult to keep sufficient moisture on
lawns, gardens, ete. Just in the northeast edge of town, on the
east side of the river, Mr. Libbey has a pit from which much of
the material used in town is being taken. This pit shows some six
or seven feet of moderately coarse gravel on the side of the ex-
posure nearest the river, but reduces down to about three feet
on the opposite side. Below the gravel, and separated from it
by a narrow band of bowlders up to six inches in diameter, are
three feet of clean, fine, cross-bedded sand, in which are streaks
of fine gravel. The whole is covered by alluvium to a depth of
three to four feet. This gravel has been used on the streets in
Rock Rapids for a number of years, and its value as a road ma-
terial is attested by the excellence of the same.

North of Rock Rapids the terrace is continuous to the Minne-
sota line and beyond, and will average one-half mile wide all the
way to the boundary of Iowa. There are two places close to
town from which gravel is beng taken, the city pit at the old
pumping station in the edge of town, and the one owned by Le-
hatchka & Pattengill. The latter, which is perhaps one-half
mile from the edge of town, shows the following section:

FEET.
S a0 e et L At s b mat s e B b e ey e e B fopns 2-4
Gravel, fine and clean, with lenses of sand................. 34
Sand, silty in streaks, and having some fine gravel......... 1-2
Pebble Babidh . 2 al s e ey v A e e By e S Y e W
Sand, cross-bedded, and with streaks and lenses of gravel.. 2-3
Gravel, cross-bedded, iron-stained in part.................. 2
Sand and fpesgrayallin s ta: et N Y Sk iz )

. To water line (not exposed) ......ccvovirrinnnernnnnennnnn a2

This gravel is being used by the owners for the manu.facture
of cement tile, blocks, ete.
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Records of city and private wells indicate that there are up-
wards of thirty feet of gravel here, at least within a mile of
Rock Rapids. It doubtless is not so deep as this further north,
but no authentic records of its depth could be obtained.

The problem of opening these gravels on a commercial scale
is a simple one. A railroad spur could be built to any part of
this region at a minimum cost, and a large area could be opened
with but a small amount of trackage. The soil covering is only
moderately heavy and could readily be removed.

Along Tom creek northeastward from Rock Rapids a gravel
terrace can be followed for miles. At some places, as in south-
west 33, Riverside township, it is not particularly prominent nor
are the gravels readily seen; while at others, as in section 34,
the gravels are exposed along the creek in many places. This
terrace, while hardly of sufficient size to furnish material work-
able on a large scale, should yield a sufficient amount for use on
roads and in concrete work within hauling distance.

Along Little Rock river a terrace can be made out all the way
from Little Rock to its union with Rock river at Doon. In the
vicinity of Little Rock, notably at the bridge north of town, the
terrace has been opened in several places. The material exposed
is rudely stratified gravel and sand covered by a varying depth
of alluvium.

Practically all the way to Doon terrace gravels are exposed in
various places. Through section 9 of Grant township the terrace
is more prominent than at any other place. Here it rises sharply
above the river plain and the edge is continuous for a half mile
or more. Two openings in the terrace, one on the north and one
on the west lines of section 9, near the bottom and top of the
terrace respectively, indicate that large quantities of gravel
might possibly be available at this particular place. Develop-
ment work is an easy problem,

Below George the terrace is not nearly so well defined as
above. In only a few places can a definite bench be recognized,
and then the surface slopes back to higher ground very rapidly.
There are many openings from which road and concrete mate-
rials have been taken, but the supplies seem to be adequate for
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local consumption only. The large pits at Doon, deseribed pre-
viously, are located on the broad flat at the junction of Little
Rock and Rock rivers. '

Along Big Sioux river entirely across the county there are
remnants of what must at one time have been an enormous gravel
terrace. By far the greater part of what can be recognized as
terrace lies on the Dakota side of the river, the river now cutting
under the bluffs on the Iowa side most of the way across the
county. '

One of the largest openings in this terrace is the pit a mile
west of Granite, which is owned by Mr. Iverson and leased by
the Rock Island Railway. This pit shows some twenty-two feet
of stained, unassorted gravel, overlain by four feet of alluvium
and resting upon limy, pebbly drift clay. The pebbles are largely
granite and quartzite and range in diameter from six inches
down. There is much yellowish clayey matter admixed. In de-
scribing it, I. A. Williams says: ‘‘Too dirty for cement work, but
good for ballast.”” The terrace is fully half a mile wide and is
as flat as a floor for a distance of one and a half or two miles
toward the north. Although no actual openings were seen in
the northern part of this area, it is highly probable that the
whole of it is underlain by this water-deposited material.

Along a small creek in southeast 7, Centennial township, the
top of the terrace is opened for several feet. The section shows
rotten bowlders and very much iron-stained sand and gravel. - No
stratification whatever could be made out, the whole being but
a heterogeneous mass of rotten bowlders, pebbles and sand.
Bowlders a foot and more in diameter crumbled to small bits at
a stroke of the hammer, and the sand grains were so deeply
stained as to be hardly recognizable. It is hard to believe that
this is Wisconsin material, in spite of the fact that it lies at the
top of the terrace which has been considered by Wilder and
others as a Wisconsin gravel train.

For a mile or so northwest of Klondyke the terrace is about
a quarter of a mile wide and broadens to a half or three-quarters
in section 17. It is quite probable that it is composed largely of
the old gravels noted several times. An exposure of some fifteen
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feet of these may be seen east of the bridge at Klondyke, and a
smaller one west of the school house at the northeast corner of
section 21, where Plum creek has cut into the Big Sioux ter-
race. At Klondyke bridge the top of these gravels is about fifty
feet above the water in the Big Sioux.

- From Klondyke to Beloit the terrace is mainly on the South
Dakota side of the river, and at the latter place it has a maxi-
mum width of nearly two miles.

The high bluffs all along the river are a serious obstacle in
the way of opening many of the river benches. It is practically
impossible to haul gravel and sand by team over most of the
hills. The only other outlet is along the river, and there are
no open roads on the Jowa side. The roads on the Dakota side
are not now available because of the absence of bridges.

Along Blood run and Plum creek, tributaries of the Big Sioux,
there are small gravel terraces. The gravels in these are entirely
different from those in the main terrace along the Big Sioux,
and the amount of available material is not large. Along Plum
creek the story is practically the same. The terrace is low and
indistinet and at no place has it a very large area. ‘On the south
side of the creek near the southwest corner of section 6, Logan
township, is an open pit which shows material somewhat similar
to that on Blood run. This is a clean fine sand, topped by six
to eight inches of gravel and the whole covered by three or four
feet of soil and wash. Only two or three feet are exposed, but
the depth may run up to ten feet. A few rods south and west
of here the creek-exposes the whole section. Here are some
seven or eight feet of gravel and sand in all; the fine sand as
noted above grades downward into fine gravel, which in turn
rests directly upon blue clay.

These terrace gravels are being used for concrete and other
purposes within a few miles of the open pits. While there is
not, economically speaking, a large amount available, yet the
supply will probably prove adequate for almost all needs within
a reasonable hauling distance. This is not so true of Blood run
as of Plum creek, but the former will furnish a large and easily
accessible supply.
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- Outwash Gravels—An important deposit of gravel in the
county is the outwash plain in the northeastern part. A moraine,
the age of which is now a disputed question, crossed the very
northeastern corner of the county. Waters flowing away from
the melting ice deposited an enormous amount of gravel as an
outwash plain in front of the glacier. Exposures of this may
now be seen in any number of places over an area of several
square miles. '

Farmers all over this district report finding gravel in wells,
ditches, etc., and in some cases even in post holes. The depth
of the cbver varies considerably, but at almost no place is it
more than two or three feet. The material itself is quite vari-
able, as would readily be expected from the manner of its depo-
sition. In places it is clean and sharp, and usable for any pur-
pose; at others so iron-stained and dirty as to be good for al-
most nothing. Variations between coarse and fine occur within
inches.

Within this area are several pits which have furnished gfavel

for cement and other purposes. On the south side of the creek

in southeast 24, Midland township, several hundred feet west
of the road, is a pit which supplies gravel for cement work in
the neighborhood. This opening shows some six feet of sand
and gravel, very much iron-stained, and containing pebbles up
to two and three inches in diameter. Fine sand occurs in lenses,
and the gravel contains a large percentage of fine material.
The covering is a stony soil, about one foot deep at the open-
ing, but increasing in depth toward the upland. Probably fif-
teen or twenty acres would prove productive here, and the de-
posit is very easily accessible. Just west of the bridge on the
line between sections 23 and 24, Midland township, is an en-
tirely different material. The creek here has exposed clean
fine sand overlain by a few inches of coarse gravel, the whole
covered by some eighteen inches of soil. There is also a small
pit about forty rods north of the southeast corner of Midland
township, in which are exposed up to five feet of fine, rudely
stratified gravel. Most of the material is below three-quarters
br one inch in diameter, but pebbles up to three or four inches
aré common. Pockets of sand are numerous, and the whole
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section is somewhat iron-stained. Coarse and dirty gravel is
exposed on the north side of the creek some sixty rods west of
the bridge on the east line of section 1, Grant township. Prob-
ably dp to thirty acres or so will yield gravel here.

These are but a few illustrations of the variation in the ma-
terial which is found in this outwash plain. The openings are
found indiscriminately on high land and low, and gravels may
be found where almost any kind of excavation goes through
the thin covering of soil over the gravel.

Reworked Materials—The sand and gravel bars in the
streams of Lyon county are, from an utilitarian standpoint,
practically of no importance. The enormous quantities of other
gravels which are so readily at hand and which are so much
more dependable in quality and quantity have reduced their use
to the veriest minimum. Sand and gravel bars are, however,
present in nearly all the streams. Those of the Big Sioux are
of course the most prominent, because of the enormous amount
of gravel in the river terraces which is easily reworked by the
stream. Small amounts of the material in these bars are used
occasionally for local purposes and numerous openings have
been made from time to time.

The same is true of all the other streams. The bars are not
particularly prominent along Rock river. Little Rock river has
a few of varying importance which have been used at a few
places. Those of the other streams are hardly worth mentioning.

Deposits of Other Kinds—It has been remarked previously
that a moraine crosses the very northeast corner of Liyon county. .
The area included within this later drift is little more than a
dozen square miles. The town of Little Rock is situated just
within the edge of the area, and a ridge of morainal hills ex-
 tends from here northwestward, swinging thence back to the
north in a long almost circular eurve and passing out of the
county near-the north center of section 8, Elgin township.

‘Within the area of this latest drift are to be found low hills
and knobs, often composed wholly or in part of gravel, which
are characteristic of some glacial deposits. Some of these knobs
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have been opened and considerable amounts of gravel and sand
removed. One of the more prominent of these is situated on the
farm of William Anderson in southeast 23, Elgin township.
A small opening has been made on the top of this hill and three
or four feet of sand and fine gravel are exposed. These ma-
- terials are much iron-stained, and contain many pebbles up to
five and six inches in diameter, but have been used for con-
crete. Near the center of section 26, Elgin township, is a kame
from which a considerable amount of gravel has been removed.
This pit shows mostly sand with fine to medium gravel inter-
- mixed and plenty of big bowlders, some of them ranging up to
six or eight feet in diameter. It is quite dirty where it can be
seen. About ten feet have been opened to view.

A high hill, the apex of which is just at the southwest corner
of section 27, Elgin township, supplies gravel and sand for
cement work in the town of Little Rock. There are about ten
feet exposed, the amount decreasing toward the slopes. This
is coarse gravel, iron-stained, and stands so firmly at the open
face as to require some little force to break it down.

There are many morainal hills and knobs north and northeast
of Little Rock that will doubtless yield abundant sand and gravel.
Only a few of these have been opened, but there is scarcely
any doubt that more of them will prove as productive as those
that are now open. Many of these hills are several acres in
extent, and it is highly probable that an adequate supply of
road and concrete material may be had within short hauling
distance of any part of Elgin township. )

‘What is now believed to be the terminal moraine of the South
Dakota lobe of the Wisconsin glacier just touches the western
boundary of the county near Granite. What has been said of
the gravel-bearing hills and knobs in Elgin township is equally
true here. A few exposures of gravel may be seen on the hills
west and southwest of Granite.

There are a few unimportant exposures of upland gravels
other than those in Wisconsin drift hills in various scattered
places. Of these, Professor I. A. Williams says, ‘‘Outside of
the gravel trains, on the uplands, it is likewise not at all rare
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to find accessible deposits of the older (Buchanan) gravels.
These always lie beneath the loess, which is itself usually the
obstacle in the way of their development, varying in thickness
from inches to great depths. Such deposits, as would be ex-
pected, are found and are most apt to be, along the courses of'
" upland streams that have cut their way a greater or lesser
distance into the surface materials. Inwood and Larchwood
both draw their supplies from beds of this kind and position.”’

STONE.

The Sioux quartzite appears in the extreme northwest corner
of the county. The stone is highly indurated, being a true quartz-
ite, and rises some thirty feet above the level of Big Sioux
river which has cut a narrow gorge through it. The quartz-
ite outerops cover a wedge-shaped area in Iowa of about
twenty acres, the Big Sioux serving as the base of the wedge.
The beds dip west of north at a low angle and form marked
rapids where they cross the river. The twenty acres mentioned
have no overburden. About a half mile to the east the quartzite
is exposed over a very limited area by a recent gully and the
probabilities are that it is not far from the surface over a con-
siderably larger area than indicated above. Extensive outerops
appear beyond the Jowa boundaries in South Dakota and Min-
nesota.

The stone is highly indurated, hard, strong, and excellently
adapted for road and concrete work. It is equal or even su-
perior to granite for service demanding strength and wearing
capacity. It is admirably adapted for use in the wearing sur-
face in road and concrete. The amount easily available in Towa
above the water level in the Big Sioux exceeds a million cubic
yards. It is probable that the area available is greater than
indicated and that quarrying can be carried on much below
the water level in the river. In addition to crushed stone, stone
suitable for piers, culverts, abutments and paving block can be
produced.
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Prate XXXIII—Sioux quartzite escarpment along Big Sioux river in the extreme northwest corner of Iowa; the best material
in Towa for crushed stone products.
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PLaTe XXXIV—Sioux quartzite ledges outcropping in the channel of Big Sioux river and forming rapids. The river cuts a
gorge here within a hundred yards of the extreme northwest corner of Iowa.
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MADISON COUNTY.
SAND AND GRAVEL.

Gravel and even good sand are rather searce in Madison
county. Both are found only in the beds of the streams. North
river has some sand south of Earlham, but it is rather too fine
and dirty for good concrete work. Otherwise this stream has
nothing but mud and quicksand. Middle river has the only sand
of value and this occurs only intermittently. Near Webster
there is quite a bit of good coarse, clean sand with good gravel
in places, but both sand and gravel are wanting from here east
until Winterset is reached. Some sand is hauled from the river
near the latter place, but the quality is so poor that most of the
sand and gravel used is shipped in from Commerce, Avon or
Des Moines. At Patterson there is a large amount of clean
coarse sand and fine gravel, but below this place there is neither
sand nor gravel along the river. South river has no sand nor

gravel.
STONE.

The Missouri limestones underlie about two-thirds of Madison
county, and belong entirely to the Bethany substage. The four
limestone members representing this substage are well repre-
sented in the county and all may be observed along Middle river
in Lincoln township. A composite section, produced by blending
the beds exposed along the ravine in section 22 in Lincoln town-
ship with the lower beds which may be seen in the locality of the
Devil’s Backbone, is as follows:

FEET.

13. Glacial debris variable in character and thickness.
12, Limestone, yellow, earthy; thinly bedded, Fusulina zone.... 4
11. Shale, variable in color and composition, bisected by compact
limestone and decidedly calcareous above............... 13
10. Limestone, coarse, with shaly partings.................... 3
9. Shale, dark, carbonaceous in part and with calcareous, fossil-
1ferons | DATRAE. kiitie, e ok 475 et s, Tt SR ) ) e oo 8
8. Limestone, blue, fossiliferous, with shaly partings.......... 3
7. Shale, dark above; lighter and calcareous to marly below. . 5
6. Limestone, yellowish above, shaly partings below.......... 17
5. Shale, black above; variable, earthy, yellowish, calcareous
hedy Delowins L bt nn e A L e Ly 7
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3. Shale, black above, arenaceous below; the two members sep-
arated by a thin band of limestone..................... 18

2. Limestone, exhibits a nodular structure in weathering; frag-
mental, with shale parting near the middle..............

1 OB A O D DS B L o T r T il g VS AR SR 4 e Ayl A a1 20

Number 2 in the above section corresponds to the Fragmental
phase of the Bethany, typically developed at Bethany, Missouri,
and forms the ledge over which the water falls at the Backbone
mill. Number 4 represents the Earlham, number 6 the Winter-
set, and number 12 the Fusulina or DeKalb phase, according to
Bain in his Decatur county report. All of the members are com-
paratively pure, the limestone being essentially non-magnesian
and reasonably free from iron pyrite. The associated shales are
usually more or less caleareous and often carry considerable of
the iron sulphides. The two middle limestone members are the
ones most widely distributed in the county, and are the only
ones quarried extensively. :

The Fragmental limestone apparently occurs in heavy beds in
fresh exposures, but where the beds have been exposed some
time, they readily show their fragmental character, and are
practically worthless for structural purposes, though service-
able as erushed stone.

The Missouri limestones are responsible for a prominent top-
ographic feature producing a well marked escarpment which
crosses the county diagonally in a northwest-southeast direction.
The principal streams cross the escarpment at right angles and
the most important outerops occur where the streams debouch
on the Lower Coal Measures. Quarry opening has been limited
to the streamways which have railway facilities, and three cen-
ters are worthy of mention. These, named in their order from
northwest to southeast, are as follows: Earlham, Winterset, and
Peru. Unimportant quarries have been opened and operated
from time to time at numerous other points but at present do
not merit individual mention.

The Earlham beds have been most extensively quarried and
afford a fair grade of stene suitable for dimension stone, rubble,
and crushed stone. Near Earlham two quarry companies have
operated extensively, and are directly connected with the main



PLATE XXX V—Iowa Portland Cement Company qua.rrjr, Earlham, Madison county,
their characteristic clay partings.

showing the principal limestone beds with
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line of the Rock Island Railway. The first is owned and oper-
ated by the Earlham Land Company with offices in Des Moines,
and is located about one and one-half miles south of the railway
station in Earlham, along the north branch of North river. The
section exposed is as follows:

EARLHAM LAND COMPANY QUARRY SECTION.

Lioess and drift, of variable thickness...........c.ccvuuan. 10-14
3. Limestone, in regular beds, with shale parting near the mid-

151 (- AR MRk D ot it e ) i Wik et Bt ot Wbl (BCM R L 9
2. Limestone, less evenly bedded than the above, hard and brit-
() CER S VA NP = T T e ) A Tl g e T IR S I

1. Sandstone, calcareous and shaly, exposed.

-

The second is located along the main line of the Chicago, Rock
Island and Pacific Railway two miles east of the town of Earl-
ham, on Bear creek, and is owned and operated by the Iowa
Portland Cement Company of Des Moines. The sequence of
beds is as follows:

IOWA PORTLAND CEMENT COMPANY QUARRY SECTION.

FEET.
7. Loess and drift, variable.........ocvevennuenn. L 2-8
6. Limestone, gray to buff, evenly bedded................... ; 2
5. Limestone, irregularly bedded, with some cherts..... i i LS
4, Limestone, evenly bedded, becoming shaly near the middle.. 4
3. Limestone, shattered, unevenly bedded, cherty............. 1%
2. Limestone, rather evenly bedded above, and unevenly bedded

below. Hard and compact, but in thin ledges............
1. Sandstone, calcareous and shaly, exposed.

A composite sample was selected from the second quarry
and analyzed. The result of the analysis is given below:

TRSEOLTUDTE 8T, by werimompna o5 1 i bt e o u Bl s e won B Stk B 7.85
Iron “oxider aid ~al I RS . b bt temit b, e i i e ot ool ofe 1.00
Caleiunm! (DT St s Fo e kot o ciomew vl Fierbmh 8, Wt b ey 91.15
Magnesiumm. = CarbORMIET b b iah'c fa hebuimerit s o s forots for o e fo Enop e 0.61

L. G. MicHAEL, Analyst.

The beds lie almost in horizontal position, and have little
overburden. Quarrying is carried on according to the most
approved methods and the entire limestone product is used by
the present owners in the manufacture of Portland cement.
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The quarry of the Harlham Land Company has been
worked only intermittently during the past few years. The
amount of overburden is rather greater than at the cement
quarry. The equipment and quarry methods employed and prod-
ucts put upon the market are practically the same at both
quarries.

The Winterset limestone has been most extensively developed
in the vicinity of Winterset. The stone used in the Madison
county court house was obtained from the local quarries. The
building was erected nearly forty years ago, bearing the date of
1876, and all parts are in an excellent state of preservation save
some of the stone steps, and one or two of the large columns,
which show signs of failure due to selection of poor materials.
One of the porch columns has become roughened owing to the
presence of ‘‘clay balls’’ which appear to be one of the most
serious defects in the stone but could be avoided by careful
selection. Several of the steps have been replaced while others
show signs of werkness. The failure in this instance was due
to spalling and opening of cracks along bedding planes. Most
of the materials used in the court house were obtained from
the quarry in the northwest quarter of section 12 and the ‘‘Back-
bone’’ quarry, both in Lincoln township.

FiGc. 46—Winterset quarry located about one-half mile southeast of the court
house, Winterset, Madison county.
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A good section showing the Winterset beds may be viewed
within the city limits about a half mile southeast of court house
square. The sequence is as follows:

FEET.
7. Drift and soil (thickems greatly in the bluffs)............ 3
6. Limestone, disintegrated, uneven on the upper surface and
probably thickens toward the bluffs, exposed............ 3
5. Limestone, gray, heavy-bedded, somewhat porous and fossil-
1, 011 e g e B ol e g B . WP o 1 SO D Sy | el 3
4. Limestone, fossiliferous and presents a concretionary facies;
decidafly. " aneiiataoles o s e s fa b AR NI A T N 1Y/,

3. Limestone, gray to buff, hard, brittle and fossiliferous; un-
evenly bedded, top and bottom layers thickest, slightly
concretionary ............... A e e Lt e Y, g 8

2. Limestone, shaly, gray to yellow, highly fossiliferous...... 114

1. Limestone, buff to gray, somewhat unevenly bedded and
slightly clayey; massive in unweathered sections, exposed 4

The base of the.above section is about sixteen feet above the
roadway, which follows the ravine down to Middle river. A
black shale band appears in the bluff about ten feet above num-
ber 6 in the section.

F1a. 47—Quarry near top of hill southwest of Winterset, showing limestone above
the black shale which appears well up in the ravines south of town.
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Analysis of Winterset limestone selected from City quarry.

ThasomIble A i e L Tl M LSl s 12.63
Tron and alominas . cohog daimd il sl s Lo i e 1.18
Caleium carbonate. .o .o vreeeiiereearnrnnenceennceeaonns 84.34
Magnesium carbonate. ......coveieriiirieeirnennneanans 2.19
3U113 52010 4 RO Stk g, Crani iy S U ik A o S 0 0.02

A e e T L A O e e e 100.36

Similar limestone deposits are to be found along the Chicago
Oreat Western railway at Peru. According to T. E. Savage,
the beds exposed at this point are as follows:

: FEET.

10. Yellow colored l0eSS ......viiieisinrncnnaarnnnsoneeranss 5-8
9. Drift, reddish brown above grading down to gray below; con-

taining numerous bowlders in the lower portion........ 9-15

8. Gray or yellowish limestone, argillaceous, fine-grained; in
three layers respectively 15, 18 and 12 inches in thickness.

Much stained in Upper PATt..........ccvviiriernnrennn.. 48
7. Bluish colored shale, with a band of limestone 1 to 5 inches in

thickness near the middle portion...................... 1%/,
6. Dense, gray limestone, in layers 16, 24, 6 and 16 inches in

o0 e By e T b S T | R s P | SRR e b e T =
5, ABant ot ey Ay ShAled T TS Lt . & ST e N 2/s
4. Layer of gray limestone, crinoidal in lower portion........ 214
3. Ledge of gray limestone similar to number 4 above, in two

layers respectively 12 and 30 inches in thickness........ 3%k
2. Band of grayish blue shale.......covtiiiivininnrnnnenennn 1%/,
1. Talus slope with occasional outcrops of limestone, to level of

R i o I s e ML e 20

The principal product of the quarry at the present time is
crushed stone, which is used extensively in and about Des
Moines.

According to Mr. Savage the bluff continues a distance of one-
half mile along Clanton creek. A composite sample was selected
from the limestone members of the above section and analyzed,
and the results of the analysis are given below:

SUNTE N oraemt e T b A e eyt o Lo TR ! | Sl ] 17.16
Tron -oxide and aluming. .., .. cc0oeeevrvoeieoeseaesssn. 2.64
Falairian) "enbomalier. v M R L T TR Eh L 72.76
Magnesium carbonafe...........coiiiiiiiiiiiiiiiieen s 2.86
(3010 0L BB 4 (5 e - g NS s e o SOt P - e PR eSS B = 0.95
571009 210y 1 o - Rt S SPTALAI Pt Sg  SR R  Lyy, o8 Bl o sl o7 see. 0.30
Combined wtar, o L e L L ey, 3.12

Analyzed by L. G. MICHAEL.

The Earlbam and Winterset limestones are of good quality
and satisfactory for crushed stone products.
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~ MAHASKA COUNTY.
.......... . SAND. AND GRAVEL,

Des Moines river affords an abundant supply of sand and
gravel of excellent quality, sufficient to supply the entire. county.
At the present time this storebhouse of road and concrete ma-

tarials is being extensively exported from but a single point,
Eddyville,

The Eddyville Sand Company is operating a plant located
on a spur of the Minneapolis and Saint Louis railroad in Eddy-
ville. The plant is equipped with a barge upon which an engine
and sand pump are located, sand barges, a shell econveyor and
overhead tram to transport the sand from barge to car and a
power plant located on the shore to operate the shell and tram
and move the cars on the railway as needed. The pump on the
barge is an eight inch centrifugal with pipe line to match. The
sand and gravel are not screened when loaded on the barge.
Driftwood and float material, present in almost insignificant
amounts, are removed by hand picking. The clam shell holds
about one-half cubic yard. The barges have a capacity of sixty
to eighty-five cubic yards. The output is shipped north and east
to a distance of fifty miles.

None of the other streams in the county are of importance as
sources of sand and gravel and none are producers worthy of
mention, although small quantities are obtained at several points
from stream channels and used locally. The interglacial gravels

are not available,
STONE.

All of the more important streams crossing the county have
cut through the drift and overlying Coal Measures to the sub-
jacent limestone, at least throughout the greater portion of their
courses. The beds represented are believed to be equivalent to

" the upper beds in Marion county, which are generally known as

the Pella beds. Small quarries have been opened from time to
time at a number of points, mainly along the two branches of
the Skunk river. Perhaps the most important quarry section
may be viewed in the Mayer quarry about two miles north of
New Sharon near the North Skunk. The section is as follows:
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Wik INCHES.
9. Drift and Coal Measures of indefinite thickness.
o TR ) )0 R T S, oA L of L RN o e e 50 {: 6
o ey TREETOTIE. . 5 oh B Ehans o b i ome iy g e o b i o, o g 5 5 s oD
el Db 05 Feys ol Wb U S SR P . el S P R 5
5. LirZhtong ket s T b T amy, o Tl ey o 14
4, LimasiOone L. leidilcian b bisem e d d 200 T s i i 5 20
3. LiXQEICOTQ e woorsoogehimTiis bl bxens] i oners o msbs wn eyl oy o ovom 8
2. Clayshale .................... s Wt et o [Pl i B 6
1.

Limestone, exposed.

The stone exposed is fine-grained, compact, ash-colored to
gray limestone, brittle and breaking with a conehoidal to uneven
fracture. The above divisions represent ledges which are sepa-
rated by clay partings. Less important exposures occur at Union
mill and MeBride mill on the North Skunk ; near Peoria and near
the Oskaloosa water works on the South Skunk; in the vicinity of
Bellefontaine on Des Moines river and along Muchakinock
creek. The same thin-bedded, compact, brittle limestone char-
acterizes all of the leading quarry exposures and affords ex-
cellent material for road and concrete work.

MARION COUNTY,
SAND AND GRAVEL.

The sand and gravel supplies of Marion county are limited
to the flats of Des Moines river, and to beds and bars in the
channel of the same stream. Sand bars are of frequent occur-
rence all along its course, and are utilized as sources of local
supply in numerous places.

J. A. Wilson is shippiing sand and gravel obtained from the
Des Moines river flats. The present pit is located on the Oska-
loosa branch of the Chicago, Burlington and Quincy Railroad,
and is on leased ground. A clam dipper and steam plant is in-
stalled, which has a capacity of from five to ten cars per day.
The dipper holds one cubic yard. The pit section is as'follows:

4. Alluvial material ...................... oo e o S, 13
3. Sand with gravel seams, cross-bedded..........coviun... 16-20
2. Sand and gravel much coarser than above................ 15-20
1. All resting on shaly limestone.
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Numbers 3 and 4 are above water level in the pit, which cor-
respornids to the water level in the river. Occasional tree trunks
and hard ledges are encountered in the lower gravels. Some
coarse material is obtained from an extensive gravel bar just
below the Chicago, Burlington and Quincy railway bridge. Im-
mense quantities' of sand and gravel are obtainable from the
river bars and river flood plain in this vicinity:

STONE.

The Saint Louis limestone appears only in the eastern half of
the county and there only along South Skunk and-Des Moines
rivers and their immediate tributaries. Only the two upper sub-
stages are exposed, the Verdi beds overlain by the Pella beds.
The former beds are not persistent and comprise a rather com-
plicated series of sandstones, cherty limestones, clays and shales.
The upper beds are prevailingly limestones, fairly low in mag-
nesia and other impurities. While both formations have been
exploited to some extent, quarrying operations have been con-
fined largely to the upper beds.

" One of the most extensive sections exposed in the county oc-
curs about two miles southwest of Tracy, on the sontheast quar-
ter of section 35 in Clay township. The sequence is as follows:

TRACY SECTION.

FEET.

7. Loess and drift of indefinite thickness..................... 2-10

6. Sandstone, argillaceous, much weathered and iron-stained. . 6

5. Shale, arenaceous, variable in color and state of induration. 4
4, Limestone, argillaceous to arenaceous, weathers decidedly

(k) ope LR UE IR o PRE R 0y ol o) Bt R R R mRe i Dirag Sl - SN 4

Limestone, similar to 1, but harder; in a single heavy ledge 2
2. Limestone, argillaceous, but hard and brittle, splifs into thin
layers on exposure; highly fossiliferous above and below. 4
- 1. Limestone, gray-blue, in heavy beds, finely brecciated, fossil-
iferous and slightly crystalline; in three ledges.......... 4

‘oo

Numbers 1 to 4 inclusive are referred to the Pella beds.
Numbers 1 to 3 are the principal ledges quarried and appear to
be well adapted for dimension stone, rubble and possibly bridge
stone. Number 2 yields a fair flagstone. The individual ledges
in numbers 1 to 3 are uniform in thickness and appear to be
persistent. The layers are fine-grained, oftentimes bluish when
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first exposed, but turn white when long exposed to the weather.
Number 6 appears to be quite compact when fresh, and large
blocks may be removed. When exposed to the atmosphere, the
blocks disintegrate rapidly to a drab product resembling clay.
It is highly fossiliferous throughout.

A switch of the Chicago, Burlington and Quincy Railroad has
been laid into the quarries. These have been opened up on the
north bank of Cedar creek for a distance of more than half a
mile.

In the vieinity of the town of Harvey the limestones belonging
to the Pella beds of the Saint Liouis and the Lower Coal Measure
strata are exposed at many points in the valley of English creek
and along the west border of the Des Moines valley. They ap-
pear also in the hillsides along the ravines and small streams
in sections 10 to 15, Clay township. All of the exposures of the
Pella limestones observed in this vicinity are covered with a
greater or less thickness of the Des Moines shales and glacial
drift. As a rule the amount of these materials is so great as to
prohibit the quarrying of the limestone.

(Good exposures of the Verdi beds may be Vlewed along Skunk
river in Lake township, especially in sections 23, 24 and 26.
A composite section for the district shows the following beds:

FEET.
6. Loess and drift, of variable thickness.

5. Sandstone, buff, cross-bedded, lower part very soft......... 5

4. Limestone, massive, cherty, breaks irregularly............. 4

3. Sandstone, gray, soft to quartzitic in places.............. =

20 Simestone Sohemtyset=1 Sy Lo 1L Sty s darn - el 2

1. Sandstone, massive, yellow, with interbedded arenaceo-

calcareous bands one-half inch to four inches in thick-
ness. These bands are very hard, compact, fine-grained,
and are more resistant to weathering than the sandstone,
so that layers stand out on weathered surfaces: Occa-
sional irregular fragments of this limestone, 1 to 2 inches
in -diameter, are found in the sandstone; exposed...... 20

Number 4 is quarried to some extent, the product being used
for rough masonry. The heavy overburden and the difficulty of
producing regular blocks preclude any possibility of its extensive
use as a coursing stone.

The Pella beds have been quite extensively developed at Dur-
ham and between Durham and Flagler; southwest of Pella on
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the Pella-Knoxville road, and north of Tracy. The quarry
opened between Durham and Flagler, between the Chicago, Rock
Island and Pacific and Chicago, Burlington and Quiney rail-
ways, shows the following sequence of beds:

5.
4.
3.

2.

1.

FEET.
Loess and drift.........ovviiiennreninenenn.. AR SR 3
Limestone, thinly bedded............oiiiiiniiinernnnn. 6
Limestone, in well defined ledges, varying from 6 to 20

b5 ol Vel a1 5T Bl oy (o] P o Uy S St TN W (100 ¥ S8 b = St S PR R 516 .
Limestone, soft, granular, of little value for structural pur-

IR B o e AR i ot onih 5 B o e o el e o 3 et ek A 1%/
Limestone, very hard, breaks irregula‘rly ................. 3

A twenty inch ledge near the middle of number 3 is the prinei-
pal layer in the quarry. It is coarse-grained, dark colored, but
weathers white. The vertical joint planes are a sufficient dis-
tance apart to permit the removal of blocks of large size. Much
of the product from this quarry and the old quarry northeast of

F16. 48—Exposure of Saint Louis limestone, near Harvey, showing Pella beds.
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Durham has been shipped to points along the Chicago, Rock
Island and Pacific Railroad as far east as Washington, JTowa.
Most of the stone used for structural purposes and flagging in
Pella has been obtained from two quarries located about one and
one-half miles southwest of the town on the Pella-Knoxville
road. The beds exposed are very similar to those which are
shown in the preceding section, save that an extensive deposit of
marl similar to that which occurs in the Tracy quarries over-
lies the limestone.

The Durham-Flagler section is almost exactly duplicated in a
quarry opened on the southeast quarter of section 13, in Clay
township, about three miles southeast of Harvey. The beds ex-
posed here are as follows:

_ FEET.
5. Loess and drift, of variable thickness.
4. Limestone, thinly bedded, greatly fractured............... 2
3. Limestone, in ledges varying from 4 to 20 inches in thick-
o TR MRS e T e R
2. Shale, black above and gray below, soft................... 13/,
1. Limestone, thinly bedded, erystalline..................... 1

Here as before a twenty inch ledge just below the middle of
number 3 is the principal ledge in the quarry. It is granular
in texture, with vertical joint planes from four to ten feet apart.

‘While the beds which comprise the Pella substage are per-
sistent and uniform in texture, and of convenient and sufficient
thickness for building and other structural purposes, they will
probably never be extensively developed on account of the small
aggregate thickness of the beds which are usable as compared
with the amount of overburden and worthless layers which must
be handled. Some of the upper beds will not stand alternate
freezing and thawing, and should not be used in permanent
structures. The principal ledges, however, appear to withstand
weathering indefinitely as indicated by their fresh appearance,
both in natural quarry sections and in walls which have been ex-
posed to the elements for more than twenty years. (See plate
XXVIL, a, page 391.)

The following tests were made by Professors Marston and
Weems on specimens secured from the Tracy quarry:
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CRUSHING TEST.

- 1 Breaking St —Pounds
Helght Crot?gnSec reaPe?gqu;ﬁ?Incg
Stone in Square
Inches Inches Spalling | Failure
No. 31, Saint Louis Limestone.... 1.96 412 7,300 9,600
No. 32, Saint Loui$; Limestone. ... 2.00 4.20 5,200 9,900
ABSORPTION TEST.
Per Cent of Increase
Stone
24 Hours | Week l Total
No. 31, Saint Louis Limestone.......... | 2.28 | 0.99 | 3.27
CHEMICAL COMPOSITION.
Galeiwnil ‘capbohate (CaC@F ) . o s o = i b s ey 94.60
Magnesium carbonate (MgCO,)........c.coiviinn... 3.17
8102 00 oY T0) )l e g e o st el ot Bt | e 0.49
Tront oxtdds™ CReO-Fef@ Ol L Lot I AL 0.17
RO SORRIDYGESE e SR T s iy R o e B e 1.57

Extensive beds of sandstone occur in the Coal Measures of
Marion county. The most important deposits are found in the
vicinity of Red Rock along Des Moines river. One-half mile
northwest of the town a large quarry has been opened, the main
face of which is thirty to forty rods in length. There is a maxi-
mum thickness of 100 feet of beds here exposed. The stone was
channeled, by which method of quarrying blocks of almost any
desired dimensions were obtainable. The sandstone separates in
ledges five to six feet in thickness. Quarrying operations were
formerly carried on here on an extensive scale. A switch was
connected with the Wabash at Cordova and the product was
shipped to points along this line from Des Moines to St. Louis. .
The quarries have been worked only intermittently during the
past fifteen years and are now practically abandoned.

The sandstone appears to form an elongated lens about ten
miles in length and three miles wide. The longer diameter of
the lens extends in a northeast-southwest direction. From the
maximum thickness of over 100 feet attained by the beds, they
thin rapidly. The higher portions of the sandstone ridge have a
light overburden of loess, but this attains considerable thickness
on either flank. The rock is massive and the heavy beds are

practically free from joint planes. The sandstone is imperfectly
29 '
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indurated, varying in hardness from exceedingly friable to al-
most quartzitic. The color is also variable, ranging from almost
white or pale yellow to deep shades of red and brown. In some
of the beds the coloring matter is irregularly distributed, pro-
ducing a blotchy or mottled effect. The prevailing cements are
the oxides of iron and silica, although the upper beds are some-
what calcareous. While predominantly soft, the Red Rock stone
resists weathering well and may be rated as fairly durable. It
is not suitable for crushed stone products.

MARSHALL COUNTY.

SAND AND GRAVEL.

Sand and gravel deposits in Marshall county are confined to
Towa river, Minerva creek and some of the small tributaries
of the latter which issue from the Wisconsin drift. Stream
terraces are so poorly developed within the county as to be un-
important, the large part of the gravels occurring as beds and
bars in the stream channels.

Excavations of various sorts show the presence of large quan-
tities of sand and gravel in the Towa river bottoms. Twenty to
thirty feet of these materials are known to exist in some places,
under an overburden of silt and fine sand ranging from zero to
five or six feet in depth. Between Marshalltown and Albion the
sand flats along the river furnish an inexhaustible supply of
good building sand.

At and near Clemons the Wisconsin valley train gravels of
South Minerva creek have been extensively developed both as
railway ballast and for structural purposes.

Both the Aftonian and Buchanan gravels are represented in
Marshall county, but to hardly such an extent as would warrant
consideration from an economic standpoint. At Albion ten feet
of stratified sand and gravel referable to the former stage may
be observed. Gravels which doubtless are of the Buchanan age
are typically developed at Albion. The gravels near Gifford
probably belong to the Wisconsin gravel train. At Marshalltown
there are five to ten feet of siliceous material at the base of
the loess. These sub-loessial gravels are widely distributed over
the county and often attain a considerable thickness. -



PrLAaTE XXXVI—Typical section in quarry of LeGrand Quarry Company, Quarry, Marshall county.
beds are suitable for road and concrete materials.

The entire assemblage of
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STONE.

The Kinderhook immediately underlies the drift over the
northeast one-third of Marshall county, and extensive outerops
may be viewed along the Iowa river in the vicinity of Quarry
and LeGrand, along Nicholson creek at Rockton, and on Timber
creek, about two and one-half miles southwest of Quarry. All of
the leading exposures are near the trunk lines of railway which
cross the county, and all are connected by switches extended
from these lines.

In the southeastern portion of the state, there are extensive
outerops of the Kinderhook, notably at Burlington, which con-
sist of shale, fine-grained sandstone, and suberystalline lime-
stones, of which the first and last members are the most im-
portant. In Marshall county, the calecareous beds greatly pre-
dominate. Five fairly well defined divisions can be recognized
readily, the lowest member of which is a shale which resembles
the shale member in the pit of the Granite Brick Company, at
Burlington. This is overlain by a fine-grained, blue to gray cal-
careous sandstone which is in turn followed by beds of odlite.
Above the odlite, cherty magnesian limestones are present in
considerable thickness, and completing the section are the brown
to gray subecrystalline limestones.

The Kinderhook shales are not exposed in Marshall county,
but are present in well sections which penetrate the indurated
rocks. The basal member exposed is the fine-grained sandstone
which appears only in the eastern portion of the county. The
‘leading quarries develop the odlite and the magnesian limestone,
although all of the members above the shale have been exploited
to some extent. The most extensive section in the county is ex-
posed north of LeGrand, near Iowa river. The following se-
quence of beds may be observed at ‘this point:

FEET.
18. Loess, interstratified sands and silts below................ 16
17. Bowlder clay oxidized a deep brown and containing bowl-
Gers MTIGH v Qaa a5t i n o El ol b .o s s e oroce g b e o 5-10
16. Limestone, suberystalline, pebbly...............ccivio.s. 3
15. Oblite, fine-grained, with many brecciated grains ........ 4
14. Limestone, gray, slightly' o T el I e o M BT T e 214

13. Limestone, gray above and yellow below.................. 2
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FEET.
12. Limestone, buff, magnesian, rather heavily bedded, bisected
s by chert band about four feet from the base.......... 9
11. Limestone, mixed gray, blue and buff, breaks very irregu-
" “larly (“Brindle” of the quarrymen) really an intraforma- -
tlonals .conSlomeralarl oot R g i o i S T . L e e 314
AT 1o MW S T ol A e e e e Lo P 4
9. Limestone, soft, yellow, arenaceous; in thin layers; earthy
an plleiedst e T LIP iR net e e L DR T e M 214
S e T L e e i bt ot IS el b e R o B e s, 14
7. Limestone, blue, variegated to yellow-brown............... 6
CHL TG0y Aol & By B ol el N o P Sk s b %A
5. Fossil breccia with lenses of crystalline calecite............ 1
4. Limestone, buff, magnesian, fine even texture and massive;
cherty concretions scattered promiscuously throughout.
One quite persistent band of chert about four feet from
NI A i . T el 2 e s e S i R O By e 12
3. Limestone, blue, variegated to brown, hard, conchoidal frac-
e, HnhiiiTedv slaypersins S8 £l Il gl R e e e e 8 315
2. Oblite, in layers 14, 12, 8, 9, 6, 36, 26, 24 and 42 inches in
T R T S L A T e e e | T [ Wl T b e 15
1. Sandstone, fine-grained, blue, calcifercus, in part shaly, ex-
) il et et L, e PR e T ol T e T I 10

The beds dip gradually to the southwest, and as the ground
rises in that direction, are soon carried below the surface of the
river. Near Indian Town in Tama county, the base of the oélite
lies more than twenty feet above the water level. At the north-
east quarry above LeGrand, it is about ten feet above the water
level, while in the west quarries, both the odlite and the sand-
stone lie below the bed of the river. At the west quarry, the
upper members in the above section are better developed. Num-
ber 16 shows a thickness of about twelve feet. At Rockton only
numbers 14, 15 and 16 are exposed, .and the beds are more shat-
tered and weathered than their equivalents in the LeGrand quar-
ries. The section exposed near the Minneapolis and St. Louis
railway is second only in importance to the Quarry and Le-
Grand sections. The beds exposed are as follows:

FEET.

8.a Lioeasy b Sandi ThelOpvte [ i it i ol b CE Ll Yo 0 Ny 10
T Bowlder selay o CRamRBamy). . e e e e o T2 s el ese 6
6. Limestone, brown, subcrystalline, thinly bedded, and rubbly

above, heavier below ............. gt T e e e 8
5. Limestone, yellow, brittle, with occasional small caverns

decorated with concretionary calcite................... 1%
4. Limestone, blue; hard; "brittler <5 e i iie e o v es 2

3. Oblite in three layers, 8, 22 and 6 inches respectively...... 3



- MARSHALL COUNTY ¢ 455

FEET.

2. Limestone, gray-brown, with layers of blue, subcrystalline
limestone interbedded ... ........c.eeeinrnarnrraenerns 6

1. Limestone, gray-blue, close-textured, soft when first exposed,
weathered portion, yellow; layers vary from 6 to 18
inches, very evenly bedded, magnesian................ 12

The oo¢lite in the Timber creek section is undoubtedly the
equivalent of the oblite exposed at Rockton, and the upper oélite
of the LeGrand section. Numbers 1 to 6 in the Timber creek
section find their counterparts in 12 to 16 in the LeGrand section,
with the possible exception of Number 5, which was not certainly
recognized farther north and east. :

The differences in physical properties and coloration are
largely if not wholly due to differences in the weathering. The
Timber creek beds are in large part below the water level, and
the prevailing colors of the beds developed are shades of blue
and gray, while the tones of yellow and buff which prevail in the
east quarries at LeGrand are believed to have been brought
about through the action of weathering agencies. The hardness
of the Timber creek stone increases materially on exposure.

Kinderhook beds are also exposed northwest of Liscomb, near
the center of section 2.

Quarry Industry.

The Kinderhook beds have been exploited mainly in the vicin-

ities of Quarry and LeGrand, and Timber creek. Quarries were

operated formerly at Rockton, but have been abandoned for
gsome years. Stone has also been taken out along the river, near
Liscomb, for local use only. -

LE GRAND QUARRY COMPANY.

The pioneer in the quarry industry, as well as the largest com-
pany operating in the county at the present time, is the LeGrand
Quarry Company, with its central office in Marshalltown. The
company owns and operates quarries at Quarry and Timber
creek.
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Quarry.—Three quarries are connected with the Chicago and
North Western railroad, by branch lines at this point. Active
operations were begun as early as 1860, when a limited quan-
tity of building stone and lime was produced. Two years later
the railway tracks were extended into the quarries, and the
company has operated continuously ever since.

- At present only the southeast quarry is being operated.

The quarries are now under lease by the Chicago and North
Western Railway Company and are being operated by Dolese
Brothers of Chicago. Crushed stone is the only product.

The plant-is fully equipped throughout with the most ap-
proved machinery for producing crushed stone economically.
Hand labor is reduced to a minimum. The quarry rock is first
shattered by blasting, then loaded by steam shovel into dump
cars which are conveyed to foot of crusher incline by dummy
engines, hoisted by cable and dumped directly into a number
11 Gates Gyratory crusher. The product from the large crusher
passes into a trommel screen, the oversize being conveyed to
two auxiliary crushers. The entire product is elevated to the
top of the building, sized and distributed to the appropriate
storage bins. This is the most complete crusher plant in the
state.

Timber Creek—The LeGrand Quarry Company has also de-
veloped an extensive quarry in Timber creek. A side track is
laid in from the Minneapolis and Saint Louis railway and the
plant is well equipped with modern machinery. The beds worked
are the same as those at Quarry, from the magnesian lime-
stone upwards. As has been mentioned, the magnesian limestone
here differs in color from its homologue at Quarry and Le-
Grand. At the latter places shades of buff prevail, while at
the Timber creek quarries the chief beds are a gray-blue with
occasional layers in part light yellow. The fact is emphasized
that the predominating color in the unaltered LieGrand beds
is a gray-blue, which is changed to tones of buff and yellow
through weathering agencies. Here as in other places, the mag-
nesian layers succumb less readily to disintegrating forces than
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Quarry, Mar-

plant in Iowa.

crusher plant

PrLaTte XXXVII—The LeGrand Quarry Company

perhaps the largest crusher

shall county.



MARSHALL COUNTY

459

Quarry, Marsha]l county.

PLaTE XXXVIII—LeGrand quarry showing the results of successful blast.
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the associated beds, and as a consequence stand out prominently
in natural quarry faces.

The upper odlite and brown suberystalline limestone are of
more importance here than at the exposures along Iowa river.

The Coal Measures in Marshall county consist chiefly of shales
with occasional beds of sandstone. A heavy bed of sandstone
appears in Timber Creek township, and has been developed to a
limited extent. Quarries have been opened on sections 8 and 9,

and stone suitable for the rougher grades of masonry has been

produced. The sandstone is reddish brown in color, and appar-
ently durable. It exhibits a conglomerate facies in part. Well
polished grains of sand and gravel are laid in a matrix of ferric
oxide. Some of the iron oxide is found in the form of small
nodules which frequently are hollow and possess the conecentric
structure peculiar to concretions. The impressions of trunks
and branches of trees which have retained their woody texture
in a remarkable degree, although their original organic sub-
stance has been entirely replaced by mineral matter, occur
throughout the beds. In some instances, a pulverulent ash sur-
rounded by a highly ferruginous shield is all that remains. One
case exhibited a central core of very hard material, almost
quartzitic, around which was a zone of wood fibre, and sur-
rounding all, a concentric, ferruginous shield. All of the stems
are in a recumbent position.

At the present time only the upper layers have been exploited.
The lower beds are more regular and afford a stone suitable for
building and trimming.

The sandstone here as elsewhere in the Coal Measures is not
suitable for crushed stone products.

MILLS COUNTY.

SAND AND GRAVEL.

There are only a few places in Mills county where gravel has
been found, and these are along the Missouri river bluffs. Out-
crops may be seen in section 4 of Oak township and section 10
of Lyons township. Extensive operation of these pits is not

- feasible on account of the rapidity with which the loess cover
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deepens back into the bluff. Local supplies for small work only
are taken from these pits, the materials used for work of much
importance being shipped from Platte river in Nebraska.

The town of Farragut obtains small amounts of sand for local
consumption from the east fork of Nishnabotna river.

STONE.

The constitution of the Missouri in Mills county is almost an
exact duplicate of the stage in Fremont county to the -south.
The shale members greatly predominate, and as before, the ex-
posures of the indurated beds are limited almost wholly to the
bluffs facing Missouri river. A few exposures are found else-
where, especially along Nishnabotna river and its immediate
tributaries. While the limestone ledges appear at a consider-
able number of points, quarrying operations have been carried
on at a very few, and the probabilities are that the industry
will never attain any importance in the county. The leading
sections are given below.

Section in the bluffs in the southeast quarter of section 16,
Lyons township:

FEET.
13. Loess and drift of indefinite thickness, which reach great

depth immediately back from quarry face, average.... 18

12. Limestone, o6litic above and compact below.............. 3

11. Shale, gray, with two calcareous stone layers about 314 and
414 feet from the upper surface, fossiliferous throughout 614

ELOMRR DUarasi0f vary e e o e b T S S B = PR I e RO 1
9. Shale, gray, calcareous and fossiliferous.................. |
8. Limestone with a band of chert.......................... 134

* 7. Shale, gray and black, slightly calcareous, with occasional

sfreakRs ioripoctRats aGoak A s il o L s . e 1%
6. Limestone, compact, white, breaking preferably along verti-

(F- | ) Z e it e . RN Sl oo e o BRI Bl St i T 1
5. -Shale, varying from slightly to highly calcareous.......... %

4, Limestone, gray, fragmental, some of the fragments clean
and some covered with o0litic crust, all imbedded in a

G 111255 T BT T by <y e oot S e il o, - e P 31
3. Limestone, shaly, grading into 4.......................... 1
2. Limestone, yellowish gray, in heavy ledges, showing a tend-
ency to wedge out, shale partings present.............. 4

1. Shale, bluish gray to black, and talus.................. 8

The above is the most important section in the county, and
continues along the bluff for about half a mile. Extensive



MILLS COUNTY 463

quarrying was carried on formerly, but the industry has been
practically abandoned. Number 2 appears to have furnished the
most important quarry stone. A small quantity of stone is now
burned for lime at this place.

Section formerly exposed in the quarry near the Missouri
river bluffs, at Mills station:

FEET.
6. Loess and drift of variable thickness.................... 50-60
5. Disintegrated limestone containing Fusuline cylindrica.... %
4. Yellow shale or disintegrated limestone containing Fusulina
ORI L« 0 g A s e by o e S  Sslaevme o . Vi 234
3. . Limestone, decayed and yellow above, gray and sound below,
containing numerous nodules of fossiliferous chert.... 3
o (Qoncealed, = probably tshale 5. Lo, oL Sl s A0l et © 2
1. Bluish; dark gray Hmestone. ... ... .eeee-cpmmss nomens 1

Only No. 3 is now visible in above section. The same stone
appears in the stream channel south of the railroad.
Section in the quarry at Henton:

FEET.

5. Loess and drift of variable thickness.
4, Shale, gray, with thin calcareous layers and occasional small
A ealeareous concrations . ... L, ca . oo ety e 2
3. Limestone, BTay or FellOW. ... ...cvvniounneeeecrrannnnnens 1%
2. Limestone, gray to cream-colored, with dark cherty conere-

tions several inches in diameter, somewhat pyritic..... 1
1. Limestone, light' bluish gray, in heavy ledges with some

shale partings, and irregular nodules of chert; fossil-

IO SE W = Tl Ty sl P T B o Ty e AT e i 3

Several small quarries have been opened in this vicinity.
Quarrying operations have, however, been carried on only inter-
mittently, and then in a desultory way. Away from the Missouri
bluffs, very few quarries have been opened, although the lime-
stone members are occasionally exposed. The section given be-
low shows more limestone than the average.

Section near the banks of Silver creek, one-third of a mile west
of the center of section 5, White Cloud township:

FEET.
7. Loass and enmvel Iy AEiite & a1 el i b e 5 b s o 174
6. Shafe, TErly- | sl i e . R i TR i I Uy
5. Limestone, grayish yellow, in three or four heavy ledges,
cherty and cavernous ........ B e Al TRt S e e
4. Limestone, grayish blue, compact........................ 24
3. - Talus=glaney . gl Sl o s TR orr o e R e [ e Sl 2
2. Limestone, yellow, fragmental...............cccvvuurnnn. 2
1. Limestone, formerly quarried, but now concealed to water

level of Silver creek, about...........ccciviiinrennnn. 3
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These beds are much obscured, the outcropping edges of No. 5
being the only stone visible in place. Quarries were formerly
operated in section 36, Rawls township, the upper ledge being
striated. Stone is no longer quarried in the vicinity. While
the limestone ledges exposed are of fair quality for crushed
stone purposes the large percentage of materials which must
be wasted makes quarrying unprofitable.

MITCHELL COUNTY.
SAND AND GRAVEL,

Mitehell county is almost completely covered with Towan drift
except for a few ‘‘islands’’ of Kansan drift overlain by loess.
‘While the Towan drift is often covered by a gray loess, the
thickness of this is measured in inches rather than feet. Bu-
chanan gravels are represented by both the valley phase, ap-
pearing now as stream terraces, and the upland phase. (See
Buchanan county report.) In addition, reworked materials and
Towan gravel trains are present. The former appear ‘as sand
and gravel bars in Little Cedar river-east of Osage, and in the
Wapsipinicon near Riceville, but as a source of supply are of
minor importance.

. Stream Terraces.—The valley phase of the Buchanan gravels

makes its appearance along Little Cedar and Wapsipinicon
rivers. A low terrace rising from ten to fifteen feet above the.
flood plain of the Little Cedar probably contains sand and gravel,
judging from the springs above and the bogs below, yet no
pits could be observed.

Terraces of Iowan age may be seen occasionally along the
Cedar valley. The city of Osage derives much of its supply of
sand and gravel from a pit in a broad terrace fifteen feet above
the river flood plain in the northern part of section 34, Cedar
township. This pit is operated by the Osage Cement Products
Company. The section shows:

FEET.
Solls  pebbly- vor- S A MR SR et et Lt tl MME VR 1%-1
Gravel, fine, some sand amd coarse gravel, dark brown...... 1-2
- Gravel, similar to above but lighter colored................ 1-2

Gravel, fine to coarse, fairly clean, containing limestone slabs
and a little clean sharp sand, exposed.............. 5
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Several acres of similar materials are known on N. W. Nel-
son’s farm, where pits have been opened. In section 21 of the
same township, there is another broad terrace similar in its
essentials to the one just described.

Upland Gravels—The upland phase or outwash aprons of °
the Buchanan stage are of prime importance in road construec-
tion as they are more evenly distributed than any of the other
forms in which suitable materials occur. Professor Calvin in
his report on this county in volume XIIT of the Iowa Geological
Survey describes a few pits in the following way, ‘‘There is
a typical pit of the upland phase of the gravels a short distance
southwest of Osage in the northwest quarter of section 35, Cedar

~

B A T O ALY Tt EF o0 Sony T e, o
township. The deposit is very ferruginous and weather-stained.
Most of the crystalline pebbles are profoundly altered and de-
cayed. The section shows four feet of coarse, ferruginous gravel.
Along with the northern granites and greenstones are some
fragments of the local lithographic limestone, and it is inter-
esting to note that the limestone has suffered less from weath-
ering than most of the crystalline pebbles. Above the gravel is
30



466 ROAD AND CONCRETE MATERIALS IN IOWA

a mantle of fresh Towan loess. There is no Iowan drift. The
pit is located on a knob which rises eighty feet above the level
of the river. A short distance west of Mitchell is another pit of
rusty Buchanan gravel similarly located in a loess-Kansan area
which rises conspicuously above the level of the adjacent Towan
plain.”’

Gravel is common along the river but it is found on the bluffs
and not in the valley. An example of this is an iron-stained
gravel qceurring on the bluff at the west end of the mill dam in
Mitchell. Extensive deposits are also fairly common on the up-
lands remote from the streams. It seems hardly necessary to
mention each deposit but it might be added that Jenkins and
Douglas townships have these gravels in greater abundance than

other localities.
STOXE.

The Cedar Valley limestone of the Devonian forms the country
rock over the entire county. Excellent sections may be seen
along the principal streams, especially along Cedar river west
of Osage. Practically the entire series of beds known to ocecur
in the county appear in a single section aggregating about
cighty-five to ninety feet. According to Professor Calvin in his
admirable discussion of the Geology of Mitchell county the de-
tails of one of these standard sections are as follows:

The Chandler Cliff Section, located on the east side of the
river on the southeast quarter of the southeast quarter of section
21, directly west of Osage:

FEET.
26. Residual clay in which thin, weathered slabs and flakes of
limestone are embedded, part of mantle of waste...... 4
25. Limestone, coarse-grained, rough, weathered, magnesian.. Y%

24. Limestone, firm, fine-grained, lithographic ledge, somewhat

L concretionary and containing imperfectly preserved
SHEFOMATODOROTAS A = o fef o e et 55 ha 58 Dl e T et b Sdfiyers 1

23. Limestone, partly decayed and partly shaly layer........ 1

22. Limestone, fine, light colored, lithographic bed. The bed as
usual shows two divisions which are separated by a pecu-
liar suture-like joint due to the interlocking of small
prominences from the apposed surfaces. This interlock-
ing joint is seen in all the exposures of this vicinity. The
interlocking denticles show stylolitie strueture.......... 2

s ) gy i Ao Vel SR A B St St e LS e i B ot el il S Y
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FEET.
20. Limestone, lithographic, in three parts; upper part as usual
: very fine-grained and homogeneous..................... 2%
BT 5T R 0 LRI o i el ey e o, - - il Twib Ve
18. Limestone, lithographic, fine- gramed ...................... 1
17. Limestone;.coaxse, dolomitic. ... . .0 . o L. s 1
16. Limestone, fine-grained, laminated........................ 1
15. Dolomite, coarse, granular, in beds ranging from six inches
feM e Toat it elen gas . e L e A na s b 4
T SHAl v S RBIEE T S s, o e S T A G T R e %
13. Limestone with lithographic nodules embedded in granular
1L E T ol e e o Ll e T e R g i el Al b il 1%

12. Limestone, heavy layer which is dolomitic helow and partly
lithographic above. The lithographic portion is joined to

the coarser dolomite by a wavy and irregular line...... 1
11. Shaly band, variable in thickmess, averaging about...... %
10. Dolomite, heavy layer, suberystalline..................... 114
ws WS IR P VBT i sy 58y - gt ety bt b e e e ot LBl Ve
8. Limestone, thick layer, coarse and granular at the base, up-

per six inches partly lithographic...................... 1%
7. Limestone, hard, light gray, lithographic stonme.......... 17
63 Eimestare,; SRalY,  GeCAVEd . il il L a T m e e e e o e b s e 1
5. Limestone, light gray, crystalline, good building stone...... 1%
4. Dolomite, evenly bedded, yellowish, good quality, quarried

for building stone at many points in the county, layers
ranging up to a foot or more in thickness, no fossils.... 9
3. Dolomite, irregularly and indefinitely bedded, much checked
and cut by joints, carries numerous casts of Athyris
vittata and other species characteristic of the same hori-
zon. This member will be referred to hereafter as the
A A 7 O i 4 5 oot 1 (gl et b i SR e R AL ke e 12
Limestone, two heavy, irregular, nonlaminated, dolomitic
beds, containing many shapeless cav1t1es lined with cal-
o TR s RSt s e ST L B 2 Bt TR e L 5

1. Limestone, magnesian, partly dolomitic, in regular layers.. 15

[

For convenience a generalized section may be composed from
the above section and one or two others in the immediate neigh-
borhood. The following is believed to,closely approximate the
truth:

GENERALIZED DEVONIAN SECTION. :
FEET.

8. Magnesian limestone above the lithographic zone, repre-
sented usually by Weathered chlps ..................... 6
7¢  Lithographie 7o e mas g opp ot W Suh ey | Ui k)
6. Assemblage of variable beds between the lithographic zone
and the evenly bedded quarry stone.................... 15
5. Quarry stone, No. 4 of the Chandler cllff section........ 10
4> Athynid Bads=es | oo cow B A R el bl ety e - = -12
3. Coarse, vesicular bed with calcite-lined cavities..:....... . 5
2. Regular bedded dolomite at base of Chandler section...... 15
1. Folded and brecciated zome..................ci.in.nn g b 3l 5]
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Fi1c, 50—Cliff below the wagon bridge in the northeast quarter of section 28,
Osage township, Mitchell county. There are folded and brecciated beds at
the base of the cliff; the lithographic limestone appears at the top.

Number 1 in the general section may be seen one-fourth mile
below the electric power plant just below the wagon bridge di-
rectly west of Osage. The upper portion of the section closely
resembles Chandler’s Cliff.

The principal streams in the county are strike streams and
the general slope is parallel with the dip south and west. The
beds which are quarried at St. Ansgar are essentially the same
as those quarried at Orchard, and those being developed in the
vicinity of MeIntire find their counterparts in the quarries along
Rock creek. j

In the vicinity of Osage quarrying operations are limited al-
most wholly to the lithographic beds. Near Mitchell and St.
Ansgar, and along the Little Cedar from Stacyville to Brown-
ville, the regularly bedded dolomites, corresponding to number
4 in the Chandler section, are worked. At McIntire and along
Rock creek the lithographic zone is the one mainly utilized. At
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Otranto the Athyris bed is worked and it would appear that
number 1 of the Chandler section ought to be within working dis-
tance of the surface. In order that the details may be better
understood and the latent resources of the county more fully
appreciated, a detailed quarry section from each of the more
important districts is given below. A considerable number of
quarries have been opened along Sugar creek southwest of
Osage. One of the most important of these is known as the
Lewis lime quarry. The section is as follows:

F1a. 51—The Lewis lime quarry, in southeast quarter of section 27, Osage town-
ship, Mitehell county, one and one-half miles southwest of Osage. The beds
exposed are hard and compact and are fairly representative of the vicinity.

LEWIS LIME QUARRY.

FEET.
10. Dark brown residual clays with some granular, calcareous,
residual material resembling fine sand, and many weath-
ered "chipg of Himestone-i = . s b 0§ Srdde Lk o 4
9. Limestone, firm, whitish, fine-grained ledge of concretionary
hthogra.phlc stone contammg a number of obscure strom-
ATOUOrHIAg s b b Yot B L o h et s el e s i 5%

8. Limestone, shaly, fossiliferous, fossils mostly in the form of
comminuted brachiopod shells ........................ A
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7. Limestone, hard, ﬁne-grained, lithographie, with lamination

planes well defined in some places, less perfectly defined

in others, and with a tendency to split up into individ-

ual -layers of varying degrees of thickness............ 14
[~ s G oo, st T s B e g s o B L e e R %
5. Limestone, heavy ledge of fine-grained lithographic stome

dividing into two parts, the upper ten, the lower seven-’

teen inches in thickness. The lower five inches is very

fine and homogeneous in texture and tends in places to

separate as a distinct layer.............c ... i 214
A~ Phintechalye Damblh e i s e e e s s e L s e

3. Limestone, ledge of fine-textured lithographic stone in three
parts, eight, seventeen and one-half, and three and one-

alfl Inches - PesPeckiVEly - 5l L e uem st s s Srte o fote i 4 214
2. Shaly parting ......... SR T T L M S T Pk
1. Limestone, coarser and less perfect lithographic stone, in

two parts, eleven and nine inches thick................ 124

Beds 3, 5, 7 and 9 are fine-grained and light colored, break
with conchoidal fracture, and would all be classed as lithographic
limestone. It is the upper eight inches of No. 3 and the lower
five or six inches of No. 5 that are fine enough and homogeneous
enough to give promise of possessing commercial value as serv-
iceable lithographic stone. All the beds are checked and jointed
on an extensive scale, and this renders it difficult to obtain blocks
of usable size for lithographic purposes.

The lithographic beds are quarried at an opening on the land
of Dr. W. H. Gable in the northwest quarter of the southeast
quarter of section 27 about half a mile northwest of the Lewis
quarry. The lithographic beds here, as elsewhere, are remark-
ably durable as evidenced along natural fissures. Detached
blocks which bear evidence of long exposure, ring when struck
with the hammer and show slight indication of surface softening
and disintegration. An average sample was taken from the
(Gable quarry and analyzed. The results were as follows:

g elefoin. | ) (e b I dpcR L I 0 U poe N Lot e=t Al E B 2.21
Tron" and RIEIDal -8 e Lo o o o o 3.82
Chilcinm, -caRbopatie v, Tad Sl L raa ke e 90.17
Magnésivim: - CArbenate: ..J o o9 SRS il s it il g = 1L08)
Moisture and organic matter ............... ... oL 2.63

99.86

A. O. ANDERSON; Analyst.

The sections exposed at St. Ansgar and Mitéhe]l show no new
facies. The dolomitic beds are worked the most though the
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lithographic beds are available at the latter place. At Otranto
only the lower beds exposed in the Chandler section are known,
while along the Little Cedar the middle to lower beds are
available.

Near MelIntire the following section exposed near the mill
southeast of town may be taken as a fair average. The beds
exposed are as follows:

FEET.
5. .Loess and soil....: sl ol ettt i gl SN IR S B R e T 6
4. Limestone, decayed, magnesian, granular.................. 2
3. Limestone, laminated, lithographic stone................. =75
2. Limestone, solid, gramular and fossiliferous.............. 114
1. Limestone, thin-bedded, partly lithographic stone, variable. 2

In the bed of the small creek between the quarry and the mill,
there are firm dolomitic beds below the level of the above section.
The entire assemblage of beds in this part of the county are sup-
posed to be the equivalents of those exposed near the top at
Osage and Orchard.

Notwithstanding the abundance of excellent structural mate-
rials available none of the quarries are of more than local im-
portance. ‘

The Cedar Valley limestones, as a whole, especially as devel-
oped in Mitchell county, are thoroughly indurated and are above
the average in quality for crushed stone purposes. At the pres-
ent time transportation facilities are not available at most of
the best quarry sites. :

MONONA COUNTY.
SAND AND GRAVEL.

The important sand and gravel deposits of Monona county
are in the main similar to those of Harrison county; they are
the old, loess and drift covered Aftonian gravels. Professor
Shimek, in his report on Harrison and Monona counties in 1909,
enters into a quite comprehensive discussion of this formation,
and the parts of it that have bearing on the substance of this
report are reproduced in the discussion of Harrison county.
Duplication of that material is hardly necessary here, and the
reader is referred to the first few pages of the report on that
county for the general facts which relate to both.
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As mentioned in the report on Harrison county, the sequence
of numbers of the detailed descriptions by Shimek covers both
counties. Those which follow here are all within Monona
county, and the numbers will be found to supplement those
previously reported. It has been convenient to arrange them
here by townships. ;

Belvidere Township.

8. FElliott Pit.—This is a sand pit located in the.northeast
part of Turin. Sand and gravel in this pit are typically Afton-
ian in the cross-bedding, streaking with iron and MnO,, the
presence of silt and drift nodules or pellets and white, soft cal-
careous nodules, and the occurrence of mollusks in the sand and
mammalian remains in the gravel. The Aftonian is exposed to
a depth of about twelve feet. In the greater part of the expo-
sure the fine sand lies above the gravel, though there is some
interbedding, but near the south end a layer of coarse ferru-
ginous gravel rests on the sand. A distinet band of bluish or
reddish laminated silt was found above the sand and gravel. It
is about two feet thick, and grades downward into fine sand.

There are two small pits in section 34; and a gravel pit show-
ing Loveland in Crabb’s bluff in northwest 27.

Kennebec Township.

9. Ordway Pit.—Located on a bluff on the southwest side of
Maple river, opposite Castana. The Aftonian here rises about
forty feet above the Maple bottoms and shows the following
section: :

5. Loess, abundant on ridge above section.
A O ORETIT & . o ot L AL G Feh e e et Lt TA e e | 5-6
357 FEAN TN AT oaaa T i o ot b S hitden WGt B R R = sl T L R 6-18
2. Aftonian, fine, cross-bedded, with interstratified silt and
other characteristics of typical Aftonian............... 5-8
1. Aftonian ferruginous gravel, in part forming conglomerate
o, B o R (e g BT S A IR R L LT Bl e D T e R 3-4

Both this and the following section are on a sloping Kansan
bench with no overlying loess. In the northern part of the
same pit a layer of gravel three feet in thickness lies under the
sand. Several large bowlders rested on this gravel layer.
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10. Ordway Well—This is excavated on the same terrace-
like slope about one-eighth of a mile northeast of the pit. It
shows the presence of Aftonian sand, with a little gravel, un-
derlying Kansan till and resting on a deep bed of Nebraskan
drift.

16. Wemiger Pit.—A sand pit located in the east half of sec-
tion 18, in the bluffs facing the Missouri valley. It shows eight
feet of sand and gravel, on which typical Kansan drift rests un-
conformably. The Aftonian here rises about forty feet above
the Missouri bottoms.

MONROE COUNTY.
SAND AND GRAVEL.

Terrace gravels occur along some of the larger streams in
Monroe county, but the deposits are somewhat interrupted.
Large quantities of excellent material may be obtained from
Des Moines river in the vicinity of Eddyville, both from the
present.stream channel and from the flood plain. The Chicago,
Burlington & Quincy Railroad Company has put down a number
of test pits along Whippoorwill creek in Wayne and Guilford
townships. The pits show from ten to twelve feet of gravel.
The gravels are evidently stratified and in some of the pits
show materials fairly free from silt and clay, which are suit-
able for railway and road work. These gravels form a terrace
some twenty to thirty feet higher than the present flood plain.
As a rule, the terraces at lower levels are composed of fine
gravel with predominating sand and some silt and are not so well
suited for road work. The lower terraces are usually covered
with alluvium from zero up to four or five feet in thickness.

The older gravels are not available. The principal source of
supply is Des Moines river outside the confines of the county.

STONE.

The Saint Louis limestone outerops along the principal

~ streams in the immediate vicinity of Eddyville. The harder

beds afford excellent materials suitable for road and concrete
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work, but only limited quantities ‘are available on account of
the excessive stripping whén the beds are followed into the
bluffs. ' '

MONTGOMERY COUNTY.
SAND AND GRAVEL.

The only deposits of sand and gravel in Montgomery county
which are of any importance are found in East Nishnabotna
river. These are very small, however, and are of practical value
only from Stennett to a point a short distance below Red Oak.
Other streams have some sand and gravel, but in such small
amounts as to be of no economic importance.

Sand which is practically uncemented and usable for struec-
tural purposes is occasionally found in the Cretaceous beds
which underlie the surface deposits. In the upper portion of
the Cretaceous between Coburg and Red Oak the conglomerates
and loose sandy and pebbly layers are quite accessible and could
be made available. At the former place the combined section as
given by Lonsdale in his report* on the county, is as follows:

. FEET.
L OERET o e I T ey s Bl oot o8 o AT T 12
4. Conglomerate or pudding-stone with hard limonite and
c¢lays as matrix; thickness variable.................... 9
3. Gravel and sand in alternate cross-bedded layers.......... 3
2. Gravel and sand, VEry COATSE.......ovvevevmnnivernn- ! s 2
1. Sand and gravel; light colored; variably cross-bedded...... 18

On the top of a high knob in section 22, Douglas township, is
a large deposit of clean sharp sand. A similar.bed has been
opened on a slope about a mile east of Villisca. The material
from both of these has been used for mortar and plaster.

In section 17 of Grant township the Chicago, Burlington &
Quiney Railroad has a pit from which the loose material from
the Cretaceous conglomerate is being removed. This conglomer-
ate, or ‘‘pudding-stone’’ lies on the east slopes of the East
Nishnabotna almost continuously from Red ‘Oak to the southern
boundary of the county, and has an average thickness of some
twenty-five feet. In places it is firmly cemented by limonite
and again the pebbles and sand are loose.

*Jowa Geological Survey, Vol. IV, p. 419.
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In none of the deposits named do the materials occur in any
quantity. For work of any importance outside sources of
gravel and sand must be relied upon. At present most of the
material shipped in comes from Platte river in Nebraska.

The Stennett limestone and the Cretaceous and Coal Measures
shales are possible sources of road material. The gumbo clays
have been burned in the past for railway ballast, and it would
seem that they might be made to serve a useful purpose in road-
making. i

STONE.

Strata belonging to the Missouri stage of the Upper Carbonif-
erous underlie the whole of Montgomery county. They are cov-
ered in part by Cretaceous beds, but are exposed at a large num-
ber of places along the principal streams. Carboniferous strata
are the country rock of all lowlands, where the drift or alluvial
beds rest directly upon them.

The principal exposures of economic importance occur along
‘East Nishnabotna river and Walnut creek in the western half
of the county, and on the lower course of Tarkio river and the
upper course of the West Nodaway in the eastern part of the
county. The quarry industry is not at present in a very flourish-
ing condition, but stone suitable for common building purposes
has been taken out at times from a score or more of different
places. Many of the quarries that were formerly worked on a
scale of some magnitude are now abandoned and good, unob-
scured sections are somewhat difficult to find.

The town of Stennett in the southern part of Sherman town-
ship is the center of what have been the most extensive quarry
operations in the county. Lonsdale* records in his report on
Montgomery county in 1894, nine working quarries in this dis-
trict. Some dressed stone was produced and large quantities
were shipped. At present stone is being taken from but one
opening, the W. Stennett quarry, and this is sold locally. The
section here as given by Lonsdale is as follows:

*Iowa Geological Survey, Vol. IV, 189%4.
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: FEET.
B S O Y S e o] L O sl &0 1 5 e PR e e ol B ol e o s 8
11. Clay, residuary, red to brown in color.................... 114
10. Limestone, weathered .............cotiiviniinrnnrnnneans
9.1 Shalel fareiialeONs S fa Tl . oo A5 «samedd DU Wil cinp el . gt 35,
8 T SO IMe R MR .| fo el Bl i L e i, Mot M R S 2N 124
7. Shale, clayey, buff to gray.................... Frogittar £20 A A 31%
6. Limestone, earthy, in part ocherous....................... 215
b7 ¢ liirnesthnersshalyit re et i LRne it (0 e o lovi gl e b g
4. Limestone, impure, earthy.........ccoviiiiveneninrnrnnnn 1
3. Limestone, hard, subcrystalline.............. i il e 24
2. Limestone, contains much dark chert...... e SRl L A
1. Tujmestone;.in Sthimylayers . « o eaw . A lnlan s b 0 6

Number 8 is persistent in all exposures in the vicinity, and
is one of the principal ledges used. It is hard, blue in color,
and a very good building stone. As observed in the quarry, the
other beds appear less stable under weathering influences. Oc-
casional thin bands of shale separate the limestone ledges in
most exposures. An overburden of two to eight feet of soil and
loess is usually present, and this, along with an average of five
feet of worthless stone, must be stripped. )

The principal quarries that have been worked here are located
in sections 22, 26 and 27, of Sherman township. There are con-
siderable areas in this vicinity in which the limestone is not
far beneath the surface, and where it would be available without
an excessive amount of stripping. Near the southeast corner of
section 21, and in section 22, along a small tributary, is exposed
a thickness of some twenty-six feet of limestone strata, the prin-
cipal layers of which are lower than the Stennett quarry sec-
tion given. A maximum depth of twenty feet of loess covering
is present a little back from the present face.

Following is the section at the old MeCalla quarry, in the
southwest quarter of the southeast quarter of section 23, Sher-
man township: ‘

- FEET.
3 e SO P b SRR R el e gl SRR A I i T 1.
12. Limestone, decomposed, Fusulina-bearing ............. i Tl
11. - Clay, .fori theiimost’ partiresidual. L oot oaat w Sl di f e 114
10. Limestone, hard, light to dark gray...................... 24
9. Limestone, with black flint, hard in central part; many
Fusulina present throughout .......................... 6

8. Limestone, buff to brown in color, Fusulina irregularly dis-
Ty £ 7 Lol e T e e - et et S i i T e o R 1



PLATE XXXIX—Typical exposure of the Missouri stage of the Coal Measures. Fate quarry, Stennett, Montgomery county.
The stripping and Iinterbedded .shales and clays make quarrying unprofitable.

ALNNOD AYHMNODLNON

LLY







MONTGOMERY COUNTY 479
FEET.
7. Limestone, light, 12-inch ledges; weathered............... 124
6. Unexposed, probably similar to No, 9.................... 4
5. Limestone, thin layers, shaly partings.................... 5
4. Limestone, hard, grayish brown; concretions of dark flint
disseminated in central portions.................... 1%
3 Limlaston e e sy e T e e e e & el 24
244 ShalipSpar e et e D e e s, T O S s Rl | 3
1., v Limgstone, shufl; learthiy . . s oo it oo Sl s d s 1

Several ledges of usable stone are here available, and the cov-

ering is not thick.

Limestone has been quarried along Walnut creek, in the east
half of section 1, Walnut township. The following section was

formerly exposed:

: FEET.
6. Soil and residual material............... ... et 5
AR R 0 Ui T oo e o e P ot B SSERIRIER 24
4. Limestone (decomposed), and shales................... 5
3k o Lamiestiome, RGBS ATTNG 1 oo o LT i e e e Bt e 1%
2. Limestone, hard, grayish, in two ledges; very fossiliferous,

b 0ra T2 afsh kaTe WG (o) [ N et g U OSBRSS 114
1. Limestone, ‘“blue layer,” dimension stone.............. 14

Near Climax in the southeast quarter of section 19, West
township, some ten feet of the Missouri strata under a heavy

overburden were formerly quarried. They were:

FEE1
/5" SRSl | S o LS T B U U e A T M e Pl T e L o e 5 i 18
6. Limestone, hard, drab, fine-textured, not fully exposed.... 1
beml Limestonetandl ishalle, mably: =, o o L cabohe L2 s s, darbiod § - 3
S 02 e TR R TR e e R IR B e A R ey e (L 2
3. Limestone, bluish, dull, earthy...........cciviiiiiiiinn 1
2 SHAleN IR TLE/CE OIS BRI AIYA 5 1o omae o o b 155 b eani it B e i ol 2 o ohe ol 1
1. Limestone, light blue, hard; dimension stone.............. 1%

Two or three small quarries have been worked along Middle
Tarkio river and its tributaries in section 20 of Scott township,
and stone has been taken out at other points northward to Stan-
ton. The stone used came from two ledges, each about one foot

thick, and separated by six inches of marly shale.

The upper

layer is a yellowish gray, earthy limestone; the lower, a hard,
grayish blue limestone, containing particles of iron pyrite which
are often oxidized to the brown hydroxide or iron rust. Both
strata are suited for undressed dimension stone and for founda-

tion work.
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A small amount of stone has been removed from an opening
one and one-half miles east of Villisca. But one bed of value
occurs here, and it is covered with several feet of shales, From
this point northward, the Upper Coal Measures can be traced
along the West Nodaway to the north county line.

Suitable stone for quarrying is found in the vicinity of Grant
(Milford) in Douglas township. Here a number of quarries have
been worked, but from only one is stone now being removed. The
section is almost entirely limestone, and the ledges vary from a
few inches to more than three feet in thickness. The old Fisher
quarry, located near the south edge of section 3, and west of the
river, is now worked intermittently by Mr. Richard Berry. The
strata now exposed are:

FEET.
6. Soil, loess, oxidized drift, sand and gravel................ 5
b: - Shale; "plastic, gray=toyyellows . Ll e rms 1%
4. Shaly limestone, fossiliferous, thinly laminated and of no

R kol SRR TRESSEER & 0N il At | TRt i el B GIISSS 4 4 1
SR =117 . X of e ()1 (6D U TG ST Tl L T I e T F, 1-2
2. Weathered limestone, nodular, yellow, marly texture, flint in

lower portion, distinctly separated from No. 1.......... 124

1. Limestone, filled with Fusulina which stand out on weath-
ered faces. Many small and large flint nodules often in-
cluding the Fusulina; yellow to gray in color, numerous
cavities lined with calcite. One solid ledge and appar-
ten ) b)) el by e (T L Ty S i, R 31

The rock is exposed at the mill dam at Grant, and at other
points up the river into Cass county. It has been quarried di-
rectly across the Nodaway from the Berry opening. No stone
has been taken out for some time, but there is an old face some
600 feet in length along the hillside. The covering is not ex-
cessive. :

It is obvious from a casual inspection of the sections given
above that considerable limestone of usable quality is present
in Montgomery county, but it is equally obvious that the ex-
cessive amount of materials which must be wasted in the form
of overburden and interbedded shales and clays make economie
quarrying for road and concrete materials unprofitable.
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MUSCATINE COUNTY.
SAND AND GRAVEL.

‘With the exception of the Mississippi river deposits the sand
and gravel resources of Muscatine county are extremely lim-
ited. Some gravel has been obtained along the railroad in the
east bluff of Mad creek, near the northwest corner of section 25,
in Muscatine township. It has been used for ballast on the rail-
road. Other pits have been opened near this place, the most im-
portant of which is located on the Sinnett Estate in section 24
of Bloomington township. Here the gravels attain a thickness
of forty feet. The material is variable in texture and composi-
tion, ranging from sand to coarse gravel carrying some cob-
blestones and more or less silt and clay thronghout. The de-
posit is overlain by loess and wash from zero to ten feet in
thickness. It is well adapted for road work, but carries too
much dirt for use in concrete. From the outerops it appears
that four or five acres of these gravels are easily available on
the west side of Mad creek. A somewhat more extensive
deposit of gravel and sand occurs under the Kansan till in
the bluff near the center of section 6 in Fruitland township.
This gravel is in part sand. Some years ago it was used in
~macadamizing the Hershey Avenue road for a distance of three
miles west of the city of Muscatine. In the railroad excava-
tion made west of Stockton, gravel was uncovered in the west
side of a low flat hill which lies to the south of the road and
was used for ballast on the road bed. The deposit was not far
from twenty feet in depth at one place. Most of the pebbles
- consist of Devonian limestone.

River Sands and Gravels.—Mississippi river has deposited
enormous quantities of sand and gravel in its channel. The
proportion of gravel to sand is, however, small. Local supplies
for Muscatine and other towns are obtained from the river,
the material being pumped into barges which are towed out
into the river.

Practically all of that wide flat plain below Muscatine known

as Muscatine Island, and also several square miles to the west
31
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and north of Muscatine Slough, which forms its western boun-
dary, is probably underlain by sand and gravel.. In the south-
east corner of section 16, Fruitland township, these materials
are being removed by the Northern Gravel Company of Daven-
port. The sand is being pumped out. The water level in the
pond is about six or eight feet below the general level of the
plain. This sand is clean and bright, and is being used in
all kinds of construection work.

STONE.

While stratified rocks of Devonian age are believed to form
the country rock immediately under the glacial debris over the
larger portion of the county, exposures are practically limited
to Moscow, Sweetland, and Montpelier townships. Unimportant
outerops are also known to occur in the city of Muscatine. The
lowest limestone beds exposed are prevailingly brecciated in
character, and carry a high percentage of calcium carbonate,
being almost pure limestones, and are nonfossiliferous. The
upper limestone beds are rich in organic remains and oftentimes
are magnesian to dolomitic in character. Quarrying operations
have been carried on only on a small scale, save near Missis-
sippi river where considerable material has been used for Mis-
sissippi river improvement work by the Federal (Government.
A composite séction compiled from the outerops in the vicinity

of Moscow is about as follows:
6. Drift and surface detritus of variable thickness.
5. Limestone, hard, gray, in rather irregular ledges, fossil-
iferous and somewhat brecciated; mixed with the rock
I IR e ot S, M L T il o e o e malc i i Pl 5
4. Limestone, softer than above, mostly concealed, with fre-
quent crinoid stems above; blue and fine-grained ledges
farther down, slightly crushed or brecciated in the lowest
BTt = OSSR RO S, L B L e e ol 3 e B Ao ate < 8 b sl 29
3. Limestone, strong, gray, in moderately heavy and regular
ledges, slightly broken or brecciated in a few places,

ToSsIIETOMS, . & DAL o = .. oo oty A m et e ol M el e 8
2. Limestone, coarsely brecciated, emitting a faint, bituminous

¢odor ‘under the Bammer. ... ... ol o o it oo th e 4
1. Limestone, white, evenly bedded, in thin layers............ 4

Numbers 1 and 2 are exposed only along Sugar creek north-
east of Moscow, while the upper members appear west of the-
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town. Quarries have been operated from time to time at sev-
eral points.

Numerous outerops of Devonian limestone somewhat higher
in the series than those about Moscow may be viewed along
Mississippi river and its immediate tributaries from the eastern
border of the county to the city of Muscatine. The best de-
veloped and least obscured sections occur in the vicinity of
Montpelier and along Pine creek.

Along Sulphur branch, a creek which enters the Mississippi
about one mile east of Montpelier, the following beds appear:

FEET.

7. Drift and soil, of variable thickness.
6. Limestone, weathered ledges, with scattered casts of cup

I Ta bl o gl b BT T S e PSR ¢ B e S B e 214
5. Limestone, black, carbonaceous, with Stromatopora........ 4
4. Limestone, bluish, dolomitic, thick-bedded, with fossil casts 9
3. . .Shale, dofil, fOSSIIITTOWS. . . . oo n s o obhe s s e os g B 1
2. Limestone; in thin hard ledges, with small, kidney-shaped or

ca kel ko -SromIEToPOR, . @l o e bl b e & Bs ane e gt oremess = 2
1. Limestone, dolomitic, bluish, finely granular; fossiliferous,

[T UG I S il et b i el ko Ll i A e 4

Near town number 1 in the above section is seen to rest on
a bluish clay of unknown thickness. The upper beds have been
quarried, number 4 having been quarried most extensively.
These ledges exhibit some of the characteristics of a ‘‘free-
stone,”” breaking almost as readily in one direction as in an-
other. The bedding planes are even and well marked.. The
lowermost ledge of number 4 is two feet in thickness. When
subjected to weathering influences, the beds tend to become
clayey.

Near the center of section 21 in Montpelier township, large
quantities of material have been obtained for the construction
of wing-dams farther down the river. The section exposed at
this point and near vieinity is as follows:

FEET.

8. Drift and soil, variable thickness.

7. Limestone, hard, brown, weathered, apparently somewhat
brecciated and containing fragments of Stromatopora.... 4

6., ‘Concezleds L0 skl Ao o 0l o St Chh B A1 i U SRy 54

5. Limestone, weathered, apparently brecciated, with a large
Stromatopora above a dark carbonaceous layer near the
base, carrying casts of an Amplexus.................... 4
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FEET.
4. Limestone, dolomitic, almost white, bluish, finely granular

and evenly bedded; in heavy ledges, the lowermost nearly

four feet thick, rapidly turning darker blue and yellowish

on exposure; oblique, curving fracture in some places,

fossilbleray i, e o e L S A R S R S
3. Limestone, hard, in thin layers and rough, but straight

layers above; fossilferous ....... cvveitiunevnnneesin 214
2. Concealed .............. B R 3
1. Limestone, dolomitic, bluish or gray, with Cystodictya.... 2

Number 1 disappears under the creek and also under the
water in the river.

Sections along the lower course of Pine creek are practically
the same as the one just given. Higher up the stream beds
lower.in the series appear. Possibly the most extensive succes-
sion may be studied in an old quarry in the south bank of a
small tributary of Pine creek in the northeast quarter of the
southeast quarter of section 4 in Montpelier township.

CARPENTER QUARRY SECTION.

FEET.
8. Drift and soil, of variable thickness.
7. Limestone, much decayed and appears to -be a yellow clayey
o terial  foSsTIEeromBy & 1 . r it Lo s & il e R el 7
6. Limestone, hard, solid ledges, a foot in thickness, in places
bkl  ToSAMFEEr OMUSH | 1ot Fd 0 it L i 51 saeriiene s e 3
5. Limestone, fine-grained ledge, cut by a network of vertical
plates made up of material like that in the ledge above.. 3%
S ICIE N (2.0 e i ) M Sl o A R WA LS o Rt ) £ Ve
3. Limestone, fine-grained, gray, thin-bedded above, thicker
bedded and dolomitic below, Gomphoceras and a reniform
Stromatopora in upper part, Cystodictya below.......... 2
2.0 CohpealBdri Tt F L el L o B 3 Tt S e e Y e 5
1. Limestone, gray, in somewhat irregular ledges, fossiliferous,
T R TR S L L b e e R B 3

Numbers 3 to 6 are the beds developed in the above quarry
and in the immediate vicinity.

From the mouth of Pine creek, crops of Devonian limestone
continue to the city of Muscatine, but none are of sufficient im-
portance commercially to merit individual mention.

The upper Devonian beds exposed in the county constitute
the Sweetland Creek beds of Udden. They are prevailingly ar-
gillaceous in character, although they ¢ontain certain hard mag-
nesian to dolomitic layers below. The well indurated beds are
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neither sufficient in quantity nor sufficiently accessible to be
worthy of consideration. Certain of the shale members are
highly bituminous while others contain a considerable percent-
age of lime phosphate.

The Des Moines stage of the Coal Measures occurs in a nar-
row outlier along Mississippi river about five miles in width
and extending from Scott county to a point about three miles
west of the city of Muscatine. The beds which represent the
Des Moines are largely mechanically deposited sediments, rang-
ing from coarse conglomerates to fine shales and fire clays,; with
unimportant seams of argillaceous limestone and coal. The
sandstones constitute the most important beds and occur in
rather thick lenses. They are variable in texture, coloration
and state of induration. On account of their inconstancy they
are not as highly prized for structural purposes as might other-
wise be the case. They have been used quite extensively in the
past for foundations, retaining walls, and other structural pur-
poses. At the present time, but little sandstone is being
quarried in the county. The principal quarries are located on
the West branch of Pine creek in Montpelier township, on
section 21 in the river bluff in Sweetland township, and on
Lowes river in section 32, Bloomington township. The quarry
stone attains a thickness of sixty feet in the first quarry, is in
heavy beds up to four feet in thickness, is rather fine-grained,
and is characterized by peculiar, wavy, ferruginous bands,
probably due to infiltration of iron.

In the second quarry, the beds are a little coarser in texture,
but otherwise similar to those in the first, while those quarried
on Lowes river are less ferruginous and as a consequence,
lighter in color, with occasional darker layers.

O’'BRIEN COUNTY.
SAND AND GRAVEL.

The gravels of O’Brien county are very similar to those of
Lyon and Sioux counties, being in the main, terraces along
the streams and morainic deposits of the Wisconsin drift.
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-Stream Terraces—There are gravel deposits of more or less
importance along practically all of the streams of the county.
Along Floyd river north of Sheldon are several openings which
are now being worked. Near the pumping plant in the north
edge of town are several pits which afford good material for
almost any purpose. Omne of these, near the center of section
30, Floyd township, shows clean cross-bedded and interbedded
sand and gravel under some four feet of alluvium. About
twelve feet of these materials are exposed.

T. H. Macbride and I. A. Williams, who have done previous
work in this vicinity, differ somewhat on the mode of accumu-
lation. This has been gone into more fully in the report on
Sioux county. Suffice it to say here that Macbride has listed
all these deposits as morainie, of Wisconsin age, while Williams
recognizes in addition a stream terrace which he is prone to
call a Wisconsin gravel train. The openings which have been
observed might lead to the conclusion that Williams is right
in recognizing a gravel train, since several of them are located
at a uniform height of twelve or fifteen feet above the water
line, and the terrace has quite distinct features in various
places.

The opening in section 30, mentioned above, and one in the
rorthwest corner of section 21 of the same township would
- seem to be of morainic origin. Openings which are located in
southwest 21, northeast 16, and northwest 12, Floyd township,
and in northeast 7 and northwest 9 of Franklin township ap-
pear to be in the gravel train.

Along the Little Floyd southeast of Sheldon, somewhat sim-
ilar gravels are exposed. A deposit reported by the owner
as being twenty feet deep occurs in northwest 31, Franklin
township. Near the place where the gravel is exposed fifty
or sixty acres may prove productive. Various other gravel
exposures may be seen along the Little Floyd. These have
been observed in northwest 1, southwest 3, northwest 8, and
middle 6 of Carroll township. In all of these places the ma-
terial is fine gravel and sand, and is quite clean and free from
iron stain. ' '
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PrLaTE XL—Griffen pit, Sheldon, O’Brien county.



PLaTE XLI—McCracken pit, showing gravel above and sand below, Paullina, O’Brien county,
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Along Mill ereek there is a low terrace ten or twelve feet
above water all the way from southeast Summit township to
the county line. The width of this bench varies from a hun-
dred to as much as a thousand feet and in one or two places
noted the width ran up to a mile or more. As far south as
Paullina the openings in the terrace are very superficial, and -
no good section is visible without digging. In south 22, Dale
township, is a good. exposure in a bend of Dry river. The top
of the terrace here is about twelve feet above water, and doubt-
less corresponds to that along Mill creek. In section 22, Dry
run has gouged into its bank and uncovered about four.feet
of fine to medium gravel with streaks of sand interbanded.
Several minor exposures a foot or so in depth along Mill creek
show material very similar to this, and it is probable that the
section described above is typical for the whole terrace.

In section 3, Union township, along the road east of Paullina,
is an open pit from which the town obtains its supply. The top
three feet shows excellent fine gravel, clean and sharp, in which
banding is evident, but not prominent. Below this are about
eight feet of clean sharp sand, in which stratification and cross-
bedding are conspicuous. Along the creek there are several
places where virtually the same section may be seen. Two prom-
inent ones are two or three hundred feet north of the pit men-
tioned, and a short distance southeast of the bridge on the line
between sections 3 and 10. In the road on the east line of sec-
tion 33, Dale township, and just south of the road on the east
side of the stream in northwest section 3 of Union township,
very similar gravel can be seen.

The largest piece of terrace along the creek is located on the
east side of the stream near the middle of section 28, Union
township. At this place the bench is about a quarter of a mile
wide. The creek has cut into it and exposed the following
section:

) FEET.
Logaslanidiaaillv o 4 i LN TR n e e i a s won I SRS TN e e 10-12
Gravel' and fine sand, mixed. ... o dF s st e B e ek 10
Coarse sand and some fine gravel........ccviiinieiiriennnnn 7

Sand, fine: and CLEAIT . va seir sl vs s it s oUn ah s e oo e s 5 10
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There are fifty acres or more in this terrace through section
28, which it seems will run fifteen to twenty feet deep in gravel.
The depth of cover varies largely, the upper limit being up to
fifteen feet. This terrace could readily be opened on a large
scale. A spur track from Paullina would afford a ready means
of access and would not be a difficult engineering feat to accom-
plish.

Through sections 33 and 34 of Union township there are rem-
nants of the terrace all along the river, but they are small and
not continuous. It is highly probable that there is gravel and
sand in all of these.

A description has been given previously of an opening of
gravel along Dry run in section 22 of Dale township. On the
south side of the stream here there is another higher terrace
rising ten or twelve feet above the one in which the former
mentioned exposure occurs. This upper terrace has been opened
and sand and gravel from it are being used in the neighborhood.
There are exposed here some eight feet of coarse and fine gravel
intermixed, the whole being much iron-stained. The cover at
the open face is one to two feet of pebbly soil, but this apparently
deepens back into the hill. These gravels are not at all the same
as the ones in the bend of the creek farther west as described
heretofore. They are much older, much coarser, and only
roughly stratified. A distinet band about six feet from the top
separates the materials into two zones; the lower one coarse and
apparently laid down by water having a high velocity, and the
upper noticeably finer, as though the velocity had been greatly
reduced. This upper terrace can be distinetly made out as far
as the northeast corner of section 23, above which point it be-
comes indistinet and blends with the upland.

At the fem places where the lower light colored gravel and
sand was found in sections 28, 27, 23 and 13 of Dale township,
and at two or three other points along Dry run, they had been

_gouged into by the stream in its present flood plain and were cov-
ered by alluvium up to eight or ten feet in depth. The older
iron-stained gravels, as noted principally on the south side of
the creek in sections 27 and 26, occur in a conspicuous terrace
above these lighter materials. This upper terrace is very promi-
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nent on the south side of the creek throughout sections 27, 26 and
24, but is almost indistinguishable on the north side. After
passing into section 13 that portion of it on the south side loses
its identity, as it also does as it passes into section 28. In the
southwest part of the latter section the lower, lighter colored
gravels form the terrace, and continue to be the bench mate-
rials on down south and east of Paullina.

A few small exposures of gravel and sand may be seen along
Mud creek in the northwest portion of Union township, but these
are small and not at all important. i

Along Nelson and Willow creeks are low terraces which have
been opened in a few places. The one along Willow creek is
perhaps the most prominent and is quite continuous up the creek
to section 20 of Liberty township, in which it loses its identity
as a terrace. Above this point the creek flows through a valley
with gently sloping sides.

Along Waterman creek the terraces which have been noted
along the other streams are absent. The topography of the
stream is erosional. Gravels are exposed and used at many
points, especially from hilltops bounding the valleys. Likewise
toward the head waters of many of its branches extensive beds
of sand and gravel overlying the drift and with loess covering
are common, Of this stream, Prof. I. A. Williams says, ‘‘Along
the Waterman a drift terrace appears some twenty feet above
the stream. It is usually capped with coarse gravel which is
seldom thick enough to be important. The drift itself is often
very gravelly and makes good roads. Gravels are, however,
distributed often in heavy beds in the flood plains of these
streams. All of these streams are vigorous, and local beds may
be found in the channels and exposures in convex sides of curves
in the stream channel. These beds are often beneath heavy al-
luvinm, but nevertheless are ample and of great value loeally.”’
The hilltop gravels mentioned by Williams may be seen in
northwest 3, Waterman township, in the road between sections
27 and 34, Grant, and at many other points northward to the
pits northwest of Hartley that supply that town.

As Sutherland is approached from the east, gravelly knobs
and benches appear along Murray creek in sections 16 and 17,
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Waterman township. In southwest 8 and in section 7, east and
northeast of town, a bed of clean, fine gravel, fit for cement
work, underlies considerable areas along the small streams.
Pits are open along the road in the east half of section 7 and in
the edge of town. :

Drift Gravels—The town of Calumet obtains its supply of
sand and gravel from a huge knoll at the northwest corner of
section 22, Liberty township. The top of this knoll rises fifty
feet or more above the surrounding country, and seems to be
practically all gravel. Where it has been opened on the north
side there is a foot or so of very dirty gravel, or very gravelly
dirt underlain by gravel and sand.” The latter is coarse above
and grades into finer below. The thickness varies from five to
eight feet. Below this is a layer of fine, clayey, iron-stained
sand varying in thickness from one up to five or six feet, resting
upon four feet of very coarse gravel. This latter is much iron-
stained and so firmly cemented as to be almost a conglomerate.
Underlying this coarse gravel is a fine gravel which is very
markedly cross-bedded, the beds lying at an angle of about 30°.
There are perhaps ten feet of this below the coarse gravel. The
lower fine gravel has the appearance of being markedly older
than the materials lying upon it. Above the upper line of the
former there are thin streaks of sand here and there which are
absent below. The lower portion is more deeply iron-stained
than that above. This knoll is in a ridge which runs in a general
northwesterly direction and has all the characteristics of a
moraine. To the west the surface is quite flat and rolling for a
considerable distance; to the east the country continues hilly
for a few miles. :

Reworked Materials.—Sand and gravel bars of greater or less
extent are present in practically all the streams of O’Brien
county. These bars are, however, of little importance -from a
commercial standpoint. They are utilized in several places as a
source of local supply where the terrace materials are not read-
ily available.
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OSCEOLA COUNTY.
SAND AND GRAVEL.

-The deposits of sand and gravel in Osceola county are from
a geological standpoint practically all of one kind, viz., outwash
gravels from the Wisconsin glacier. These deposits occur along
the present streams, in the channels of ancient streams which
are now recognizable as such only to the trained geologist, and
as upland deposits laid down by the ice. .

Prof. T. H. Macbride, in his report* on this region in 1900,
has the following to say in regard to the origin of these gravels:

The terrace or gravel deposits * * * are all laid down
with uniformity more or less pronounced, are all stratified, their
materials assorted, arranged and re-arranged as by aqueous
agency. The materials besides are all water-worn and their pe-
culiar distribution, as we shall presently see, can lead to no con-
clusion other than that these deposits were laid down as the
debris of former streams whose channels even yet may here and
there be noticed, and measured by the islands and sand bars
they have left behind. These streams were glacial streams; they
were coincident with the final retreat of what we have been call-
ing the Wisconsin sheet when it had, in this region at least, been
for many years reduced to no more than a series of gigantic
glaciers lying in the constructional valleys of which mention
has been made. As every one knows who has watched the be-
havior of even the smallest streamlet, the finer materials are
always swept away, deposited far down the stream, while sands
and gravels are piled up in regular order wherever the valley
widens or the current becomes in any locality for any reason less
efficient. The streams that accumulated Milford sands (a de-
posit in Dickinson county analogous to those.in Osceola) seem
to me to have been possibly, in part at least, superglacial
streams; they passed along on top of the ice. No streams in
volume adequate to the effect could have passed down the valley
of the ““outlet’’ without showing more characteristic signs of
erosion than now appear. But the deposits in question begin
near the mouth of the outlet as if at the time of their deposition
a glacier lay in all the valley occupied by the present lakes, ex-
tending even far down the outlet. Over this icy mass swept
down the stream or streams that brought in part at least the de-
bris that fills the Milford valley. It may be remembered in this
connection that glacial ice, especially morainic or marginal ice,
is seldom pure; it is often covered with morainic materials filled

*Towa Geological Survey, Vol. X, p. 221.
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with sand bowlders and the gathered accumulations derived
from the surface of its transit. It is difficult on any other theory
to account for the distribution of the deposits which seem in
other places to represent the formation now considered—for
they are scattered over our entire area, often, generally, far
above the course of any present drainage system, entirely out
of reach of any recent waters. Yet they are all water-laid, strati-
fied, cross-bedded even, in unmistakable fashion. In Osceola we
have the great Ocheyedan mound, not to speak of others, the
upper part of which, 150 to 170 feet above the present stream,
is made up of stratified sands and gravel. More remarkable
still is the great pile of such debris which forms the famous
Sibley gravel pit. Here is a deposit twenty or thirty feet in
thickness far away from any present water channel, but plainly
of water-laid materials, resting unmistakably upon the uneven
surface of the Wisconsin drift, * * * the only explanation
of the gravel pit is to be found in the carrying power of some
broad drainage current flowing across the Allendorf moraine
to find its outlet in the broader valley of Otter creek as it widens
a mile or two southeast of Sibley.

Of the outwash gravels mentioned by Machride, several ex-
posures may be seen in the vicinity of Sibley. Just at the east-
ern edge of that town are two open pits, one being worked by
the city and the other by the railroad. In the city pit about fif-
teen feet of gravel are exposed under two feet of cover. The
top is coarse, very much iron-stained gravel, varying in depth
from three to six feet. Below this is interbanded gravel and
sand. The gravel is mostly fine, with here and there a streak of
pebbles up to four or five inches in diameter. Stratification is
quite distinet, but there is no cross-bedding. Up to ten feet of
this latter are exposed. This material is on the whole clean and
sharp, but there is a slight iron-stain noticeable throughout. The
bottom four feet exposed is coarse, iron-stained gravel, having
pebbles up to three and four inches in diameter. Perhaps fif-
teen acres of the city’s property will still yield the full depth of
gravel as exposed, and to the west several acres more, which are
plotted as city lots, would doubtless yield the same material.

In the railroad pit, south of that owned by the city, the same
section is exposed, the cover here being perhaps a little deeper.
In the “‘forty’’ in which this is located, perhaps fifteen acres
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Prare XLII—City

gravel pit showing elevator and loading chute.

Sibley, Osceogla county,
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PrLaTe XLIII—Chicago, Rock Island and Pacific Railway pit showing loading trap. Sibley, Osceola county.
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more are available. On the west and south of these property
lines a total of twenty-five or thirty acres are probably under-
lain by the same gravels, some eight or ten acres of which are
now plotted in town lots.

The Rock Island Railway has a pit near the northeast corner
of section 30, East Holman township. About twenty feet are
open to view here under five or six feet of cover. This is practi-
cally the same material as shown in the city pit at Sibley. South
and west of this opening is a flat area some sixty acres or more
in extent, all of which is probably underlain by gravel.

Other minor exposures are reported in various places over the
territory between Sibley, Allendorf and Gopher. These seem to
bear out the truth of the theory of Macbride stated previously.
It is highly probable that gravel under varying amounts of cover
might be found over an area of fifty or sixty square miles east
and southeast of Sibley. Sufficient material for road surfacing
and concrete work in this area are apt to be found within a short
distance of where it is needed if a little careful prospecting is
done.

Along Otter creek in the southwest portion of the county many
evidences of the gravel bench formed by the flood waters from .
the melting glacier may be seen. Between Ashton and Ritter
the terrace is especially prominent, and several openings show
the quality of the materials. In southeast 21 of Gilman town-
ship is a small open pit. This shows a face of seven or eight
feet consisting of fairly coarse gravel at the top and grading into
finer materials below. There is practically no stripping, and
the whole is slightly iron-stained. This material has nearly all
the characteristics of the sections exposed at Sibley. Through
sections 21, 28 and 29 of Gilman township the portions of the
terrace which give promise of yielding gravel will aggregate in
the neighborhood of 150 acres. There are some promising op-
portunities for commercial development here, as this section is
easily accessible by railroad. This same bench seems to con-
tinue on down the.creek and into O’Brien and Sioux counties.
Several small openings in shallow road cuts and in the stream
show the presence of gravel all the way. Detailed prospecting
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would probably demonstrate the accessibility of enormous quan-
tities. ‘

There is no doubt that Ocheyedan river was an outlet for large
quantities of water flowing away from the Wisconsin glacier. It
flows through a broad flat plain which in places exceeds a mile
in width, and is bordered on both sides by morainal hills. At
many places there are slight elevations above the general level,
evidently islands and sand bars in the old channel. In many
places where the roads cross these old bars, notably on the lines
between sections 14 and 15, and 14 and 23, Ocheyedan township,
the slight veneer of alluvium has been dissected and a gravel
surface is exposed. On many of these bars the cover is very
slight, and gravel and sand in amounts sufficient for use on roads
and in concrete work within a few miles can be obtained with
but little trouble and expense.

In the channel proper of the old stream the gravels are more
deeply buried. This covering is largely alluvium, probably de-
posited for the most part by the old stream when its original
flood had subsided and the velocity of its waters had become
greatly reduced. It was ascertained, largely through inquiry,

. that practically every well in the whole river bottom through-

out the county south of Ocheyedan is in gravel. Ditches and ex-
cavations of all sorts strike the gravel horizon at depths vary-
ing from two or three up to eight or ten feet. Six to seven feet
seems to be a good average depth for the river plain proper.
Natural openings of these gravels are rare, but in a few in-
stances they may be seen in bends in the stream. Where the
present river channel has been straightened in sections 26 and
35, Ocheyedan township, the material removed from the channel
shows unmistakable evidence of the presence of gravel.

Little Ocheyedan river is skirted by a low terrace which fur-
nishes a good supply of road material after the removal of two
feet or so of alluvium. This may be seen on the west and south
sides of section 33, Ocheyedan township, and at occasional other
points up and down the stream. The most important source of
gravel along this stream is a bed exposed in its lower course
twenty to twenty-five feet above the water. Gravels ocecur on
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the tops of low flat hills bordering the valley and often, as in
north section 10, south section 13 and also in sections 23 and 24,
Baker township, as a marked flat terrace. The gravels rest on
yvellow bowlder clay and vary in the outerops seen from a very
gravelly till to well-sorted material. The gravels are prevail-
ingly dirty, but make good road materials when the larger bowl-
ders are excluded or crushed. Pits are opened in southeast sec-
tion 15, Baker township. The gravels continue to the Ocheyedan
valley, where they are conspicuous in sections 20, 28 and 29 of
Harrison township.

Kame Gravels—In the vicinity of Ocheyedan are several
mounds or knobs which stand out prominently above the general
level of the country. By far the largest and highest of these is
Ocheyedan Mound, located at the southwest corner of section 12,
Ocheyedan township. This mound rises some 150 feet or more
above the river to the west, and is a conspicuous landmark for
miles around. There are two openings for gravel on this mound,
one at the crest and the other on the north side some fifty feet
lower. These openings show well-sorted material, varying all
the way from six-inch cobbles to fine sand. These gravels are
so variable in a short space that predictions as to depth can not
be made with any degree of confidence.

The town of Ocheyedan obtains its supply of gravel and sand
from pits in similar, but much smaller mounds in sections 3, 4
and 5 west of town. On one of these, beside the road between
sections 4 and 5, is an open pit from which a considerable amount
of material has been removed. There are some fifteen feet of
dirty, iron-stained unassorted gravels here.

Northeast of town near Rush lake are similar hillocks. Omne
of these at the southwest corner of the lake shows interbedded
sand and gravel under two feet or so of soil. The bedding is
parallel to the surface of the mound.
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PAGE COUNTY.
SAND AND GRAVEL.

Only stream gravel and sand are available in Page county,
and the materials found here are suitable for only low grade
work. The largest pits are located on the south bank of the
East Nishnabotna in sections 7 and 8, Grant township. Similar
materials are also obtained from a small stream in section 12,
Harlan township. Platte river sand and gravel are generally
used for all work of any importance.

Burnt clay is mentioned as a possible road material, and this
county could furnish an abundance of gumbo clay suitable for
the purpose.

STONE.

The strata belonging to the Missouri stage in Page county:
are composed very largely of argillaceous beds, varying from
typical shale to marly clays, and clayey limestones. Relatively
thin beds of limestone are found in most exposures, alternating
with much thicker beds of shale to such an extent as to make
economical quarrying of the limestone impossible.

Fic. 52—Exposure of the Forbes limestone near Hawleyville, Page county.
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Two distinet horizons of Missouri limestone strata are ex-
posed in the county, one along the East and West Nodaways,
and the other principally along Middle Tarkio river. Strati-
graphically the latter come above the beds exposed on the Noda-
way rivers, and are considered by Calvin to be the equivalents
of the limestones quarried at Stennett in Montgomery and near
Macedonia in Pottawattamie counties.

Limestone has been quarried at Coin in the southern part of
Lincoln township, and the same strata have been worked at in-
tervals along the Middle Tarkio to the north line of the county.
In most places the outeropping ledges are displaced and weath-
ered, and a section of any considerable thickness is seldom seen.

A new quarry opening on the farm of Mr. Burns near the
southeast corner of the southwest quarter of section 22, Tarkio
township, affords the following section:
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1. Blue, fine-grained, hard limestone, breaking at right angles
to bedding planes into excellent blocks for building pur-
poses. Fossiliferous, and containsg occasional sphalerite
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Professor Calvin* gives a composite section from a number
of openings in this same region and in section 27, which includes
the following members, coming below those just given:
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Number 1 is an excellent stone for a variety of purposes and
is the ledge chiefly sought in all of the quarries. It is durable
and the most important building stone in the county.

The next good exposure is to be seen in section 18, Douglas
township, on a small tributary to the Tarkio:

*Geology of Page county, Jowa Geological Survey, Vol. XI, p. 430.
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4. Fusulina limestone cap above quarry ledge................ 24
3.. “Blue ledge” limestone, No. 1 of Burns’ quarry section...... 14
2. Calcareous and fossiliferous bluish shale.................. 7
1. Yellow, marly clay, apparently weathered limestone........ 1%

As stated, the ‘“blue ledge’’ is the one sought at all of the nu-
merous small quarries along the Tarkio, the associated strata
being almost universally of too incoherent a nature to be of
value for building purposes. This ledge lies about eight feet
above the water in the Douglas township exposures while in
Tarkio and Lincoln townships it appears twenty to thirty feet
above the stream. Although it crops out in both sides of the val-
ley at intervals for miles, the heavy drift covering and its asso-
ciation with worthless argillaceous beds that require remgval,
render very limited in extent the quarrying possible at any one
point. From the natural outerop it is seldom possible, with the
present hand methods of quarrying, to work back over twenty
feet before the overburden becomes too heavy. Locally, how-
ever, this stone has been and will continue to be a very valuable
resource to the county.

On a small branch of the East Nodaway, three-quarters of a
mile above Hawleyville in Nebraska township, there is an expo-
sure of some magnitude, composed of strata which lie, geolog-
ically, below the Tarkio beds. The section comprises alternating
bands of calcareous and argillaceous material. The individual
members are seldom more than a foot in thickness, and it is not
probable that any of them will ever possess more than a very
limited local value for building purposes. Similar beds are ex-
posed below the mill at Braddyville in section 31, Buchanan
township. At both localities the Missouri beds are overlain by
heavy deposits of loess and drift.

PATL.Q0 ALTO COUNTY.
SAND AND GRAVEL.

The sand and gravel deposits of Palo Alto county seem to be-
long to two horizons, geologically speaking, viz., the outwash
materials from the Wisconsin glacier, and those derived from
the Kansan drift, known in Iowa as Buchanan.



PALO ALTO COUNTY 507

The discussion by Mr. T. H. Macbride in Volume XV of the
reports of the Towa Geological Survey, sheds a considerable
amount of light on these deposits, and is worthy of at least par-
tial quotation here. The part of his report which deals with
the origin of these sands and gravels is quoted almost ver-
batim.

Waisconsin Gravels—Stream Terraces—The deposits so
named are the immediate effect of the outpouring of the waters
accompanying the melting and retreat of the Wisconsin ice. As
. the face of the ice cliff moved northward the floods of water

seem to have covered the country and the gravel and sand with
which the streams were charged were deposited everywhere;
especially, of course, in the forming valleys and channels of
drainage. Sometimes these channels were no doubt on or in
the ice itself so that gravel deposits may, and often do, now ap-
pear far out of the way of any present drainage system of any
sort whatever; in isolated mounds, on the flanks of hills, in low
ridges athwart what were otherwise a level plain. The valley-
plain of West Des Moines river is a gravel plain, all gravel of
varying depth and width, from the Minnesota line or near it
south to Humboldt county. The present stream is as nothing
when compared to that earlier river. Des Moines river in the
year of 1903 is described as high beyond the previous experience
of observers, and yet it by no means covers this gravel plain.
The present stream has its own flood plain which in times of
freshet it may cover or erode, but this old-time valley owns no
relationship to the present river. One might suppose that the
action of the earlier, larger current continued not very long,
but we must reflect that the erosion force in this, its upper chan-
nel, was limited by the work that must be done farther south
and east, where the indurated Paleozoic formations were en-
countered and set bars to the agents of erosion as at this day.
The result is that the gravels of that older river lie in these
upper stretches largely undisturbed, slow-mouldering with the
lapse of centuries.

‘When we come to investigate the composition of the gravel
trains we discover, first of all, the evidence of the mode of their
deposition. No better sections need be wished of the entire de-

- posit than those encountered at Estherville, in Emmet county.
Here one may easily see the sorting and cross-bedding resultant
from the water-currents that once swept the stony debris on
and down. But the materials themselves are of every imagin-
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able source, i. e., one may find samples of rock of almost every
description and of all sizes from merest pebbles to stones weigh-
ing hundreds of pounds. Some of these pebbles are of great age
as such and have long been buried, subject to the slow action of
waters, filtering, bearing all sorts of solvents in solution. Such
pebbles no longer hold together as rock at all, but crumble no
sooner exposed to light and dryness, and may be picked from
the bank and crushed in the fingers. Through large gray bowl-
ders the steam shovel passes as through sand. Such sections
may be commonly observed. These were doubtless, some of
them already long constituent parts of the older Buchanan
gravels which the Wisconsin ice in these latitudes so generally
swept away. Possibly the larger part of these vast recent de-
posits consists of but a resorting of those older piles and trains
laid down by the waters of the Kansan so long ago.

Buchanan Gravels.—Perhaps some of the earlier gravel, even
in these river valleys still lies in place here on the blue clay that
stretches everywhere beneath all surface deposits in these re-
gions. Thus if anyone will closely scan the exposed wall of the
gravel in the excavations south of Estherville, he will easily
discover that the lower portions of the exposure are different,
strikingly different, from the upper overlying part. "Above,
the gravel is more loose, fresher and evidently more recent,
judging from appearance; below, the material is imperfectly
stratified, often stained with iron, deep brown sometimes, the
pebbles and bowlders more or less cemented together and asso-
ciated with concretionary nodules of impure hematite (Fe,O;).
The line of demarcation is not well defined, but is sometimes
quite evident. One is inevitably led to conclude that the lower
gravels are here older than the upper.

However we may name these lower gravel strata, the wide
distribution of the Wisconsin subwash and overwash is indis-
putable. Not only by the river, but far away from streams
now flowing or even the possibility of streams, piles of water-
laid sand and gravel surprise the traveler. In many cases
these gravel deposits rest unmistakably on the country drift,
so that there can be no question as to their relative age. In-
deed it seems as if it (Buchanan) may be looked for almost
anywhere as a bottom deposit of what has been here denomi-
nated the gravel plain.

Observations which seem to verify the statements of Mac-
bride regarding the origin of the sands and gravels may be
made almost anywhere along West Des Moines river in Palo
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Alto county. North of Emmetsburg the river plain is be-
tween one and two miles in width all the way to the Emmet
county line and beyond. The whole valley between the sharp
hills which border it on both sides and rise some thirty feet
above the plain, is filled with sands and gravels deposited by
the rushing waters from the melting ice. Some two miles north
of Graettinger, just over the line in Emmet county, the Rock
Island Railway is removing large quanties of the material for
ballast. About twenty feet of gravel are exposed here, the
top being fairly coarse and grading into finer below. The open
face exhibits iron stain throughout its entire depth. A large
proportion of the pebbles are limestone, with granites next in
importance. Many of the latter pebbles are badly weathered
and crumble readily in the fingers. (See also figure 28, page
252.)

Several minor openings between Graettinger and Emmets-
burg exhibit the same characteristics. A small pit along the
Chicago, Milwaukee and St. Paul railway on the east side
of the river in section 26 of Emmetsburg township, reveals
coarse, iron-stained, water-laid gravels very similar in appear-
ance to the top layers at the Graettinger pit. In the southwest
edge of the city of Emmetsburg, almost at the edge of the
gravel plain, the Shadbolt Lumber Company has a pit from
which gravel and sand for cement products is being taken.
This pit is about fifteen feet deep, but the bottom ten feet are
under water and the sands are pumped out. The product of
this pit is much finer than that of any of the openings previously
noted, which observation is in keeping with what would be ex-
pected when we reflect that the current here at the edge of the
stream was in all probability much slower than that farther out
in the channel.

South of Emmetsburg the general relations of the stream,
gravel plain, and bounding hills remain unchanged except that
through West Bend township the width of the stream ‘‘bot-
toms’’ is not more than half as wide as throughout the re-
mainder of the county. South of the Des Moines river bridge
on the road between sections 1, Great Oak, and 6, Nevada town-
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ships, gravel very similar in character to the top layers at
Graettinger may be seen under two feet of alluvium.

In many places where the river has gouged its bank the
sands and gravels which underlie its whole plain may-be seen.
As might readily be expected, the cover of alluvium over the -
gravel is deepest near the stream, thinning out back toward the
hills. Wells and other excavations all over the river plain show
the presence of gravel and sand, although there are but few
open pits.

As previously noted, deposits of sand and gravel derived
from the Wisconsin ice may be seen in places entirely removed
from any of the present lines of drainage. At Ruthven there is
an abundance of this material in the lowland west of the city,
nor less on the top of the hill in the city itself near the Min-
neapolis and St. Louis station. Kast of Cylinder, in Fairfield
township, is also a broad gravel plain some three or four miles
in length and of the outwash type.

Reworked Materials—Sand and gravel bars occur in the
streams of Palo Alto county the same as in other counties where
stream terraces and other deposits are prominent. West Fork
of Des Moines river, by far the most important stream of the
county, has a sluggish current, and sand bars are by no means
a prominent feature along it. The same is true of the other
streams. Cylinder and Prairie creeks are typical prairie
streams, such as are common on the Wisconsin drift. plain.
Willow creek serves as an outlet to Silver lake, and is not
important from a sand and gravel standpoint.

Miscellaneous Deposits.—Palo Alto county lies wholly within
the area covered by the Des Moines lobe of the Wisconsin
glacier, and its whole topography is characteristic of this for-
mation. Sand and gravel may be found in many of the mounds
and hillocks over its surface, especially in the western portion
where the Altamont moraine lies within the borders of the
county. Perhaps at no one place are these deposits of particu-
lar importance, yet they serve a useful purpose in supplying
gravel and sand for local use on the roads and for concrete con-
struction. Careful prospecting will in all probability reveal
to the engineer or road and bridge contractor quantities suffi-
cient for use within easy hauling distance.
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PLYMOUTH COUNTY.
SAND AND (GRAVEL.

The gravel and sand deposits of Plymouth county are of
two kinds, viz., a gravel train along Big Sioux river, and beds
underlying the loess and found quite generally over the county.

Waisconsin Gravel Train.—Along the Big Sioux there are evi-
dences of a gravel train composed of materials derived from
the Wisconsin ice. This is, however, so deeply covered as to
be seen only in a few places. When compared to the loess-
covered gravels of the county it is not a really important source
of supply.

Loess-covered Gravels.—Over the whole of Plymouth county
gravels underlie the loess. No one in need of sand or gravel
seems to have serious difficulty in finding it with little search.
The depth of the loess cover varies between quite wide limits.
The cover is sometimes so deep that the gravels have not been
exposed where there is every reason to believe that they are
present.

Just east of Millinerville, on the east side of Broken Kettle
creek, a good gravelly sand is obtained beneath the loess per-
haps seventy-five or eighty feet above the stream. Gravel is
also obtained along the creek flowing into Broken Kettle at
this point.

In northeast section 9, Sioux township, is an opening show-
ing some ten feet of gravel above the water level. The cover
here consists of twelve to fifteen feet of loess and silty sand.
The upper three feet or so of sand has interbanded silt, then
fine gravel to water. A pit in northeast section 10 shows vir-
tually the same material, with possibly a little less cover. In
both of these places the gravel seems to underlie large areas.

Along Floyd river clear across the county gravels can be
found with little search, yet they are seldom if ever exposed.
The slopes to the river are very gentle, and only black alluvial
material is seen in the channel. At Seney a low bench at the
north edge of town furnishes a good supply of coarse gravel.
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Sand with gravel bowlders is also seen in the road east of the
river on the north side of section 34, Klgin township. This
is covered with a thin veneer of loess.

The gravel used for sidewalks in LeMars is taken from be-
neath the clay on the river at the clay plant in the northwest
corner of the city. The top three and one-half feet are clean
fine gravel with little sand. The largest pebbles seldom ex-
ceed one inch in diameter. Below, as deep as can be seen,
is a bed of fine white sand which is said to continue for an in-
definite depth. Perhaps six feet of gravel and sand may be
had above water. Laterally the material varies rapidly be-
tween clean and dirty streaks in the upper gravel especially.
At the west end of the pit streaks and lenses of plastic sandy
blue clay interbanded with the gravel make care necessary
in order to get clean material.

At the LeMars Brick and Tile plant are five to eight feet
of loess resting upon three and a half feet of stratified gravels.
Cross-bedding is common. Up to five feet of sharp white sand
underlie the gravel.

The west fork of the Floyd flows in a broad depression with
ill-defined boundaries, the loess slopes leading gently down to
a very narrow flood plain. The benches are loess-covered, but
no sand or gravel is to be seen, even where these benches are
dissected to considerable depths. It is possible that sand is
present quite generally beneath the loess but the latter is so
deep that it is seldom uncovered. From LeMars south to
Sioux City gravel is not seen along the river, but there is a
possibility of its presence.

Willow creek is of no more importance in Plymouth than in
O’Brien county, and yet gravels are apt to be found exposed
or available along it as is the case with the other streams. No
doubt a continuation of the bed used northwest of LeMars is
tapped along both the Chicago, Saint Paul, Minneapolis and
Omaha, and Illinois Central railways northeast of town, the
former in northeast section 9 and the latter in northeast 10,
America township, south of Willow creek. As at LeMars,
little of the gravel is above water, so it is dredged with clam-
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loading chutes, LeMars, Plymouth county.
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shell dippers dropping from a cable. Each railway has such
an equipment. The amount of stripping here is heavy. The
sand is shipped in considerable quantity as well as used locally,
and this seems to be the source of supply for considerable
territory. It is used for cement blocks in LeMars.

-Along Deep creek from near LeMars to Remsen gravels ap-
pear and are used at intervals. They are always beneath loess,
Good sand is taken from beneath the loess in section 1, west
of Remsen, for use in that town.

Stratified beds may be seen near the Remsen city dump in
section 6 of Remsen township. The exposure shows about six
feet of rudely stratified coarse gravel in which the bowlders
are fresh and unweathered. There is also some clean white
sand.

At Kingsley the cement works use sand which is taken from
beneath a considerable depth of loess along a branch of the
west fork of Little Sioux river southwest of town.

Reworked Materials—Sand bars occur occasionally along the
course of the Big Sioux. At Akron there is a bar perhaps one-
half acre in extent, although all of it is not above water. The
size of the pebbles varies from three inches down. Several
bars are reported a few miles to the south. The lower fifteen
miles of the Sioux within the county resemble the Missouri in
that the banks are muddy and sand bars are not prominent.

STONE.

The Cretaceous beds in Plymouth and Woodbury counties
comprise an extensive and somewhat complicated series of sand-
stones, shales and limestones. The limestones often present a
marly facies and are practically confined to the upper portion,
the Benton substage, of the Cretaceous. The principal cal-
careous member of the Cretaceous in this locality was named
The Inoceramus Beds by White.* Tater, the beds were re-
ferred to the Niobrara division of Meek and Hayden, but more
recent studies show that they are to be correlated with The
Green Horn Limestone, the middle division of the Benton group

*Report on the Geol. Surv. of the State of Iowa, by Charles A. White, M. D,
Vol. I, p. 293; Des Moines, 1870.
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as it is developed in the Edgemont quadrangle, South Dakota.
In the vicinity of Sioux City, the arenaceous beds are highly
indurated in places and become quartzitic in character. They
have been quarried to a limited extent, but the excessive over-
burden renders any extensive development of the beds commer-
cially impossible. The calcareous beds are best exposed in
Cedar Bluff and vicinity, near Westfield, and near LeMars.
At all of the above places they are interbedded with shales
and arenaceous deposits and usually overlain with a thick de-
posit of loess -and glacial debris. They attain a maximum thick-
ness of about thirty feet and are sufficiently pure to be used
in the manufacture of lime and Portland cement. The follow-
ing partial analyses were made for the Survey:

2 IT.
Calcium carbonate (CaCO;)............von... 83.70 94.39
Magnesium carbonate (MgCO;)................ 2.48 0.70

I. Chalk rock from old quarries on Big Sioux river south of
Westfield, Plymouth county.

II. Chalk rock from Deep creek northeast of LeMars, southwest
quarter of section 2, America township, Plymouth county.

While the beds were formerly used in the manufacture of
lime, the introduction of cheap limes of better grade from
other localities has caused the abandonment of the industry.
The great amount of stripping which must be done in order
to develop the beds renders them unavailable under present
conditions for the manufacture of Portland cement.

POCAHONTAS COUNTY.
SAND AND GRAVEL.

Pocahontas county is entirely within the limits of the Wis-
consin drift. Its surface exhibits the typical flat, marshy topog-
raphy which is so characteristic of the regions covered by the
latest ice sheet. All the streams with the exception of one, the
Des Moines, are younger than the drift, and the only deposits
along them are small sand and gravel bars.

Stream Terraces.—West Fork of Des Moines river cuts across
the northeast cornmer of Pocahontas county, having a total
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length within its borders of not to exceed eight miles. It flows .
through a low flat plain very similar, though narrower, to that
which it follows through Emmet and Palo Alto counties. In
those counties, however, evidence of gravel in the river plain
is everywhere abundant; here it is conspicuously lacking. It
seems hardly likely, however, that the river plain is entirely
devoid of material suitable for road and concrete work.

A pateh of what seems to be an old terrace appears on the
west side of the river in sections 14 and 23, Des Moines town-
ship. In northwest 24 the river has cut some six feet into blue
clay and shows resting immediately upon the clay a bed of
fine sand four feet deep. The sand is covered by a heavy mantle
of alluvium which is fully ten feet deep at the river bank.

The top of the alluvium is the surface of the terrace just
mentioned. It is flat on top, with perhaps a slight rise to the
west away from the river, and has an area of some fifty or
sixty acres. In all probability the sand exposed in the river
bank continues back if not to the extreme edge of the terrace,
at least under a considerable portion of it. However, the thick-
ness of the entire formation above the blue clay can hardly
exceed fifteen feet, and the upper two-thirds of this is alluvium.

Another and much larger remnant of what seems to be the
same terrace may be seen along the west side of the river
through section 1 of Garfield township. There is a small open
pit on the edge of this beside the road through the center of
section 1. This opening shows only a foot or so of sand under
a cover not to exceed three or four feet in depth. Back from
the edge of the bench here the surface of the ground is per-
fectly level for over a mile, but it is rather a far call to assert
that the sand would be found under all of it. The indications
are sufficient however to warrant thorough test-pitting.

Along the east side of the river the bench is entirely absent.
Residents of the neighborhood disclaim any knowledge what-
ever of gravel and sand deposits save those in the river
channel.

. Reworked Materials.—Sand bars in Des Moines river fur-
nish a large part of the sand and gravel used in the northeast
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part of the county. Gravel is very scarce, most of the material
being sand, with occasionally a pocket or small bar of fine
gravel. These bars are quite common on the concave side of
bends in the stream, and in many places deposits have formed
up against the bank on the convex side.

Sand and gravel bars occur to a greater or less extent along
many of the smaller streams. These streams are all younger
than the drift, and do not have terrace gravels along them.
The sands in the bars are materials which are derived from
the drift and concentrated in the bed of the stream. The town
of Rolfe obtains its supply of building sand from bars in Pilot
creek. -

Drift Hill Deposits.—All that can be said concerning the pos-
sibility of gravel in the hills and knobs of the Wisconsin drift
area has been said in various places elsewhere. The reader
is referred to the reports on Emmet, Palo Alto, Buena Vista,
Osceola and other counties.

'There are quite a number of openings of various sizes in the
drift hills of Pocahontas county. In the northeastern part
there are now open pits in northeast 14 and center 35, Des
‘Moines township, west center of 2, Garfield township, ete.
These are but examples of deposits which have been and may
be found in the drift hills. In a region so devoid of gravel
as is Pocahontas county, these pockets in and cappings on drift
hills become of prime importance, and although small amounts
only are available in any one place a diligent search is war-
ranted and may prove profitable.

Buchanan Gravels.—A deposit of gravel older than the Wis-
consin, the Buchanan, overlies the stone in the quarry at Gil-
more City. A discussion of these gravels in detail so far as
observed will be found in the reports on Emmet, Palo Alto,
and Buchanan counties. They are not of commercial impor-
“tance in Pocahontas county.

STONE.

But a single exposure of the indurated rocks is known in
this county. The Saint Louis has been quarried for a number



Prate XLVI—Fort Dodge Portland Cement Company quarry showing steam shovel, drill rigs and track arrangement.

quarry supplies one of the largest crusher plants in the state. Gilmore City, Pocahontas county.
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of years two miles north and one mile east of Gilmore. The
quarry is now owned and operated by the Fort Dodge Portland
Cement Company. The following beds may be observed:

FEET.
1Y Sead vsaRd-amdrsgravel ) ve e e i s Sl e, 5
10. Crystalline limestone, light brown in color, cavernous due to
weathering, much shattered and of little value........ 4
9. Limestone, light brown, coarse in texture and suberystalline,
splits well with bedding planes, but in an irregular man-
ner vertically, heavy bed.............c..ciiiiinanan.. 3 RE3
8. Ledge, as above, underlain with two inches plastic, var-
iegated red and greenish clay.......oovuiiiiiiiniinnnn 11,
7. 'White to pinkish brown limestone, in part fossiliferous;
beds broken by vertical joint planes along which water
has formed many small caverns and on which small
pyrite nodules and fossils stand in relief. Ledges run-
ning two inches up to three feet in thickness........ 10

T. H. Macbride in Geology of Humboldt County* gives the
following additional strata then visible below the above section:

FEET.
6. Blue shales, limestone and clay; very fossiliferous...... 2
5. Lithographic limestone, much inclined to angular fracture. . 114
4. Heavy-bedded, fine-grained limestone, no fossils.......... 3
3. Shaly, thin-bedded limestones, with few fossils......... bl 2
2. Coarse-grained, fossiliferous limestone, containing fragments
of No. 1, but separated from it by a parting of shale... 1

1. Lithographic limestone, fine-grained and very hard........ 2

This author regards the lowest beds as equivalent to those
quarried at Humboldt in the adjoining county to the east.

Numbers 7, 8 and 9 constitute the principal quarry rock. An
analysis made of a sample from these members is given here-
with :

Silica (8i0.) ...... o e o R M) P e TR 0.32 [
Calciam CarBonate s (CAE O, ). v o o s, oh v oo o e whamcs ms 99.62
Water: Jand’ undetermaimed .. o, .0 oh s bidee s mie a0 0.06

J. B. WEEMS, analyst.

A casual inspection of this analysis shows the limestone to
be almost absolutely pure and it appears to be of high quality.

The old quarry is located in the lowest portion of a broad
depression which appears to be the site of a former pond or
sinkhole. It is a local center of drainage and some trouble
with water has been encountered. { '
" “Iowa Geol. Survey, Vol. IX, p. 132.
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The present company have opened a new quarry to the north-
west of the old quarries and have installed a modern crusher
plant of large capacity. They have also built in a spur from
the Chicago, Rock Island and Pacific railway with sufficient
trackage to permit an economic distribution of their output.
Crushed stone is the only product at present. A considerable
area of limestone is available under light stripping. The qual-
ity is excellent for crushed stone purposes.

POLK COUNTY.
SAND AND GRAVEL.

Polk county is generously supplied with gravel and sand,
and is one of the largest exporters of these materials among
‘the counties of Towa. Enormous quantities are to be found
in Des Moines and Raccoon rivers. Water-laid materials also
occur quite commonly in the drift hills, but are not so largely
developed as the former deposits.

Terraces~—Remnants of a greatly eroded and dissected ter-
race about sixty feet above Des Moines river appear in sec-
tions 29 and 30, Madison, and 3, Jefferson townships. Thor-
ough prospecting done by the Chicago, Milwaukee and Saint
Paul Railway showed from fifteen to eighteen feet of gravel
under one to three feet of alluvium. The material is in gen-
eral ‘fairly coarse, and in places is quite badly iron-stained.
A remnant of a higher terrace may be seen on the north side
of the river and near the Polk-Dallas county line. In Greene
county a terrace corresponding.to this is gravel-bearing.

There is a terrace along a .small creek in section 18, Madi-
son township, that may contain a large supply of gravel. The
terrace is 500 to 1,000 feet wide and perhaps half a mile long.
The gravel is fine and rather dirty where it can be seen, but
good exposures are wanting. The alluvial covering is perhaps
two feet thick.
~ Along Big creek in sections 10 and 22 of Madison township
there is a terrace some eighteen feet above the creek. The
terrace consists of two feet of alluvium underlain by six to
seven feet of fine gravel. ey '



Prate XLVII—Pump scow and pipe line of Coon River Sand Company, Des Moines, Polk county.
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Below Des Moines terraces are occasionally to be seen, but
these are almost always composed only of drift.

H. F. Bain reports that all the larger creeks, such as Four
Mile, Camp and Mud, have gravel terraces, but these are not
at present being exploited. An exception to this is the ter- -
race deposit at Avon.

Reworked Materials.—Enormous quantities of sand and
gravel are to be found as beds and bars in Des Moines and
Raccoon rivers. These have been and are being developed on
a large scale in the vicinity of Des Moines, and materials taken
from here are shipped over a wide territory. Depths of gravel
up to thirty feet are common in the stream beds. The usual
method of working these deposits is by a centrifugal pump
mounted upon a barge, but scraper buckets and other devices
are occasionally used.

Quite large quantities of clean coarse sand and fine gravel
are to be found along Four Mile creek from Alleman south.
Similar materials occur on Mud creek between Altoona and
Des Moines river. Skunk river is destitute of even sand.

Miscellaneous Deposits.—The northern part of Polk county
lies within the area of the Wisconsin drift. Capitol Hill in
Des Moines marks the extreme advance of the Des Moines
lobe. Kames are common over the northern portion of the
county, but do not furnish a large supply of sand and gravel.
‘Even where kame gravels and sand are available the farmers
prefer to haul their supplies rather than spoil parts of their
fields. In a few instances sand and gravel have been removed
and the land smoothed out again. Farmers report that such
land is more easily tilled than formerly.

In section 31 of Madison township is a large kame whose
surface shows gravel in places, but which has not been opened.

STONE.

The Coal Measures as developed in Polk county comprise
shales, argillaceous limestone, sandstone and occasional coal
seams. The argillaceous deposits greatly predominate. The
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sandstones are usually imperfectly indurated, while the lime-
stones occur only in thin beds or as ‘‘Caprock,”’ and neither
affords any considerable amount of material suitable for strue-
tural purposes. The sandstones have been quarried to some
“extent but are not used in important structures. The sandstone
beds exposed at the foot of Capitol Hill have probably been
more extensively developed than any other in the county and
are said to have supplied material for the walls of old Fort
Des Moines. The beds are exceedingly variable in color, tex-
ture and hardness and are easily accessible. The county must
depend upon other sources for road and concrete materials.

POTTAWATTAMIE COUNTY.
SAND AND GRAVEL.

Sand and gravel are really scarce articles in Pottawattamie
county. Missouri river has and does in places show evidence
of an old gravel train, but these materials are so deeply buried
as to be practically negligible. In speaking of these gravels,
J. A. Udden, in his report* on the geology of the county pub-
lished in 1901 says, ‘‘The valley of the Missouri river has a
filling about seventy feet deep under the present flood plain,
and there is a similar filling in the upper part of the West
Nishnabotna valley. The lower part of this filling usually
consists of sand and gravel, and the upper part is mostly
stream sand and silt.”” The depth of the covering varies from
a few feet to upwards of thirty feet.

Opposite Qakland there is a terrace on the west side of
West Nishnabotna river, and some second bottom lands are
also seen south of Avoca on the east side. These are rem-
nants of an old flood plain which must have been some thirty
. feet higher than the present bottoms. This terrace is covered
with at least twenty feet of loesslike silt. A similar but higher
terrace is seen occasionally along Mosquito creek, as below
Neola. At the latter place loess, which forms the upper twenty
feet of the material of the terrace, rests on stream sand and
gravel, into which some wells have been sunk. Traces of a ter-

*Jowa Geological Survey, Volume XI, p. 201,
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race are also seen.on the East Nishnabotna, on Keg and Silver
creeks, in the- bluffs of Missouri river, and along the lower
courses of some of its tributaries.

Nishnabotna river 1is terraced between Harlan (Shelby
county) and Oakland. The principal terrace ranges from
twenty-five to thirty feet above the flood plain and is composed
of the following:

FEET.

Loess and alluvial wash............. A X\ ot NI Ry e 6-10

Sands, intenbedded with thin clay seams.............c.covinnn 10-12
Sands, coarser and cleaner than the above, clam shells and

occasionally bones are reported to occur in the lower sand.. 10

The old glacial gravels which occur capping the till and under.
the loess form an important source of supply. The report by
Udden cited above seems to contain all the available informa-
tion on these deposits, and consequently is reproduced ver-
batim,

Valley Drift Gravel—‘In the bluffs bordering the larger
stream valleys the till is often capped by more or less gravel
and sand. Nearly all of the sand and gravel pits which have
been worked in the county belong to this class. These de-
posits are evidently of glacial origin, for in some places they
are seen to be interbedded with lentils and layers of bowlder
clay, or overlain by the same. The greatest development of
glacial gravel and sand is under the loess along the bluffs
of the Missouri river, especially north of Kane township. They
frequently reach a thickness of twenty to thirty feet, and have
in many places been cemented into a solid mortar rock by
percolating calcareous water which drains through this open
stratum from the uplands back of the river. Along the West
Nishnabotna these gravels have a much smaller development,
but present the same characters. Some are seen about fifty
or sixty feet above the flood plain in the west bluff three miles
south of Avoca.

““Without wishing to express it as a mature conclusion, the
author ‘is inclined to the view that these deposits represent

34
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the work of the present streams at a time when their course
was first marked out on the stagnant ice field which brought
the underlying bowlder clay. These streams may then have
followed open valleys or extensive tunnels in the ice. In either
case there would be opportunity for the ice to float out and
deposit some till with the stream gravel. Another feature of
these deposits not mentioned above is the presence in some
places of sharply and clearly cut joints and faults that follow
numerous straight and intersecting planes in the gravel and
sand. Such faulting could hardly have taken place in this un-
consolidated and heterogeneous material unless it was frozen
at the time. A conspicuous instance of complex faulting of
this kind was observed in a gravel pit just south of Loveland
station.”’

In the vicinity of Loveland are two or three pits which
doubtless belong to this class. These may be seen both north
and south of town. In southwest section 14 of Rockford town-
ship and again a little farther south similar exposures may
be seen. Another which probably belongs in the same cate-
gory is located in section 11 of Lewis township. Bank sand
has been and is being used at several points near the foot of
the bluff both above and below the city of Council Bluffs. In
the vicinity of Avoca bank sand, apparently subloessial, is ob-
tained at several points south of town and is used for mortar
and plaster.

Sand and gravel are scarce in Council Bluffs and vicinity.
The Missouri river sand is used to some extent, but carries a
high percentage of silt. Most of the sand and gravel used for
street purposes is imported from Nebraska. The most exten-
sive local deposits occur near Henton’s, across the line in
Mills county. Outerops of limestone occur in the same neigh-
borhood. Neither stone nor gravel has been used to any ex-
tent in road work in the west end of Pottawattamie county.
River sand is used to some extent. Sand for conerete is shipped
in from Platte river or Des Moines river. At Oakland sand
is obtained from Nishnabotna river by means of centrifugal
pumps mounted on scows. Two of these are in operation at
the present time. The sand ranges from fine to medium and
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carries a comparatively small percentage of aggregates up to
one and a half to two inches in diameter.

STONE.

With the exception of small areas near the eastern edge of
the county, the underlying indurated rocks belong to the Mis-
souri stage of the Upper Carboniferous. These are limestones
and shales. In general they lie deeply buried beneath the
glacial deposits and where exposed along some of the larger
streams, are usually overlain with great depths of drift and
loess.

There are but two districts where Missouri strata are ex-
posed. In Carson and Macedonia townships, in the vicinity
of the towns of Carson and Macedonia, several small quarries
have been operated. No stone is, however, being taken out at
the present time, and all exposures are greatly obscured.

At the John Marten quarry near the northwest corner of
section 23, Macedonia township, the main quarry beds are cov-
ered with fifteen feet of marly shales and weathered fossilifer-
ous limestone, above which are eight to ten feet of drift and
loess. The layers quarried consist of three ledges of gray,
compact limestone, each about a foot thick -and separated hy
seams of marly material. The upper layer contains nodules of
dark chert. Below the gray stone are three feet of a soft,
yellow limestone filled with Fusulina cylindrica. Similar strata
were formerly worked near the northeast corner of section
27 in the Tompkins quarry. West of the river and opposite
the town of Carson in section 3 of Carson township, rock has
been quarried at several points along the edge of the valley.
The following section was formerly exposed on the land of
Mr. David Snapp:

Drift’ and: 10688 0 awet e r R0 FERNIE 5 TR RICH, SRt o 20
Limestone, gray, hard, strong, highly fossiliferous........ 6
Shale, gray, indurated.................coiiiiiiiiiiia a

Limestone, dark, soft, of fine and uniform texture, gray to
(01§20 ol o oY1 00 b bi(es ol DRt st EOLME (ot st liinn | & [ R Py | M ot VIR

SHhalel.. . tanbi st aher o aib edin Gl e D R S S b
Limestone, dark, impure, fine-grained, soft................ 5
1. Shale, greenish gray, exposed.........coviiiieiineanena.. 2
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All of the rock ledges open to view.in this distriet are much
weathered, and of a poor grade for building purposes. These
conditions, along with the heavy stripping that would be re-
quired, the thinness of the individual usable ledges, and their
being interbedded with such large proportions of worthless
materials, are all unfavorable to the development of the quarry
business. .

The Missouri limestones have been quarried at two other
points in the county in past years; below the town of Crescent
in sections 27 and 34, and on Mosquito creek, section 21, Garner
township. At the former locality, the following strata outerop
almost continuously for three-fourths of a mile at the base of

“the Missouri river bluff.

FEET.
6. Loess and drift up to..............oiiiiiiiill, 100
5. Limestone, yellowish to gray, in ledges six inches to one foot
in thickness, occasionally brecciated and in places having
€00 (5D AP [0) 0 10 (3 AT 0 e T e el e S A i s S S e
cLFSL: W et (AT AR, Fm el o TOWE et [ ¥ e B v P EPREL 2
3. Limestone, yellowish gray, compact, occasionally odlitic,
HOLTS 0 SN oNi s Ml oy sl O i, st st ol I o e U B
2. Shale, gypseous, highly fossiliferous.................c.... 5
1. Limestone, massive ledge, fine-grained, oélitic, fossiliferous,
€XPOFEH” | o 2 T 3 P o S N R e e s et 1o

These strata afford a good quality of building material, and
lime was burned here many years ago. But the enormous quan-
tity of stripping necessary to render any considerable amount
of the stone available, is a barrier to further development at
this point.

The Mosquito creek quarry has long since been abandoned
and the strata are very meagerly exposed. Here also the ex-
tremely heavy overburden renders the further working of the
quarry practically impossible.

Strata belonging to the Cretaceous system underlie portions
of ‘Pottawattamie county east of West Nishnabotna river.
They consist of beds of clay and soft, friable sandstone, the
latter varying in color from white to gray and brown. The
entire county is deeply covered with Pleistocene deposits and
the only evidence of the presence of the Cretaceous comes from
deep wells and a few scattering exposures near the extreme
southeast corner of the county. '
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J. A. Udden* records a maximum thickness of forty-two feet
of Cretaceous sandstone occurring in the northeast quarter of
section 36, Wright township, as an escarpment over a quarter
of a mile in length, facing the river. It is again seen near the
southeast corner of section 1 of this same township, also in
section 28 of Grove township. In all instances, the rock is of
uniform fine texture, but the grains of sand are poorly ce-
mented so that it will usually crumble in the hand. Bedding
is not conspicuous, great thicknesses appearing as one con-
tinuous ledge. All the exposures noted are heavily covered with

glacial deposits. Aside from being the source of local supplies
of good sand, the Cretaceous sandstones of thls county are of
little economic value.

POWESHIEK COUNTY.
SAND AND GRAVEL.

The loess-veneered Kansan drift covers practically the entire °
surface of the county. No large streams cross the county and
none of the smaller streams head back in the Wisconsin drift
territory. As a consequence sand and gravel deposits on a
commercial scale are not believed to be present. The sub-
loessial sands, sometimes more or less gravelly, are quite gen-
erally present and important as a water-bearing horizon, but
are of little importance as a source of road and concrete ma-
- terials. Most of these materials used in the county are shipped
in from Polk and Mahaska counties.

RINGGOLD COUNTY.
SAND AND GRAVEL.

All of the sand available in Ringgold county is obtained
from the beds of the streams. Grand river, which is the larg-
est stream, deposits but little sand or gravel in the vicinity of
Knowlton, Diagonal or Benton. A small tributary of this river,
entering about a mile south of Diagonal, supplies the local
community with sand, and small amounts of the same mate-

*Geology of Pottawattamie county, Iowa Geol. Survey, Vol. XI, p. 237.
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rial are reported from some of the streams between Diagonal
and the Missouri line.

The northern half of the county is practically destitute of
sand and gravel deposits. Most of the sand used at Mount
Ayr is shipped from Davis City or Blockley, but some has
been hauled from Waterson, ten miles south. The pit from
which this is taken is in the bed of a small creek about one and
a half mile southeast of town. The annual output is perhaps
thirty cars. There is but little sand in Grand river between
Mount Ayr and Kellerton. The same is true of Platte river in
the vicinity of Benton and Diagonal. R

SAC COUNTY.
SAND AND GRAVEL.

The important sand and gravel deposits of Sac county may
be classified under two main heads; gravel trains along the
streams which were without doubt deposited by flood waters
from the melting Wisconsin ice, and water-laid materials in
or upon the Wisconsin drift hills themselves. In a few isolated
places the Buchanan gravels, which in the northwestern part
of the state so generally underlie the loess, and the Aftonian
- gravels, older than the Kansan series and underlying it, have
been exposed by erosion. These latter, however, are of no
importance from a practical standpoint, and discussion of them
must be brief in a report of this nature.

Stream Terraces—Marked terraces occur in places along the
" course of Raccoon river throughout the county. Crossing the
line from Buena Vista county almost exactly at the northeast
corner of Delaware township, the Raccoon meanders in a wide
flood plain to section 1 of that township, in the south half of
which it cuts through a range of drift and gravel hills. Below
this point, and to within a mile of the corporate limits of the
town of Sac City, it finds its way through and around heaps
of glacial debris of undoubted morainal origin. To the south-
ward the river has distributed some gravel, but in only a few
places is any now seen. In sections 24, Delaware, and 30,
Douglass townships, the gravels appear as a terrace some forty



% '.I_-
= -
e i L

H?‘]'t

=
W

7 i,
Tm e

R

L




Prate XLVIII—Hammen pit showing

pit end of conveyor and rear view of pit, Sac City Cement Pipe Company, Sac City,
Sac county.
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Prare XLIX—Hammen pit showing belt conveyor,

elevator and screen,
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feet above water, and are seen at a few places to the east. After
the numerous windings of the river here there is nothing in
sight but drift, until the northern part of section 14 of Jackson
township is reached where a conspicuous terrace appears. This
terrace is some twenty-five or thirty feet above the waterline,
seems to be nearly all gravel, and is more or less continuous
through Sac City. The railway has removed large quantities
of gravel where it cuts through this terrace in the north part
of section 14.

At Sac City these gravels are used by the Sac City Cement
Pipe Company and by Phil Shaller for cement work. The for-
mer company has located a pit close to the river, and a twelve
to fifteen foot section is open. The total section exposed in
the two pits named shows some three and a half feet of wash
covering, below which are seven to eight feet of uniform, rather
fine sand with streaks of fine gravel. TUnderlying this are
ten to twelve feet of medium fine, well-proportioned gravel rest-
ing upon clay some three feet above water. At the Cement
Pipe Company’s pit there are only five or six inches to be
stripped, then good eclean gravel, finer below, the whole face
averaging well for concrete work.

The Raccoon valley is narrow below Sac City to northeast
Wall Lake township, where it widens out and continues so into
Coon Valley township. The flood plain itself is usually prac-
tically nil, and the bottoms are largely gravel trains. The
gravels are exposed at many points and are frequently used;
e. g., in south section 12 of Coon Valley township, where an
unnamed stream from the east has exposed fifteen to twenty
feet of them. A similar opening may be seen in northwest
section 32 of the same township.

The river valley narrows again in south Coon Valley town-
ship. In section 28 the gravel plain is nearly a mile wide.
The valley narrows in section 33 and on into Sae township
where it is still bordered by a terrace which here seems to be
largely drift, not even gravel covered throughout. At Grant
City the terrace is about forty feet above water.

Cedar creek is nearly the size of the Raccoon, and flows
through an alluvial valley which becomes somewhat steep-
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walled as the Raccoon is approached. In section 20 of Cedar
township a well-defined gravel terrace appears on the west,
and suggestions of it may be seen on the east of the creek,
some thirty feet above the stream. This terrace has been
opened in the middle of the section where the road crosses it.
There is no terrace in Sac county above this point, but it con-
tinues below to the confluence of Cedar creek and the Raccoon.
The gravels are not prominent but appear in a few places.

Indian creek and its branches are important waterways, but
geologically are uninteresting except-in the vicinity of Wall
Lake. The upper water courses are meandering swamp streams.
In southwest Wall Lake township the creek whittles its way
through the drift at the west morainal front until, at the town
of Lake View, it turns abruptly east and northeast through a
maze of morainal hills. The gravels at Lake View and around
the west end of the lake are terrace materials and appear to
extend southward, continning in the direction of Indian creek.

A prominent terrace some thirty-five feet high begins just
northwest of Lake View, and extends two miles south of town
around an arm of the lake. A pit is worked in town by Messrs.
B. Kennedy and Molder. The section shows soil two feet;
coarse rusty bowlders one to two and one-half feet; good gravel
and sand, 10 to 12 feet. A two-'to four- or six-inch clay streak
comes in three to four feet from the base of the present pit,
below which are perhaps twenty feet of good material down
to water level of the lake. In the K. & M. bank a band of drift
clay apparently a foot or so in thickness contains irregularly
arranged pebbles up to the size of one’s fist. This is covered
by four or five feet of coarse gravel and is underlain by sand
or gravel. The boundaries of the layer of till are definite.
About ten feet of gravel and sand are now exposed below the
till, but not much is being taken out.

Below the town the terrace has been worked on a large scale
by the railroad company, and enormous quantities of gravel re-
moved. i

There are also considerable amounts of sand and gravel
about the town of Farly, called Wisconsin outwash by Mac-
bride. The school house is on a gravel mound, and the ceme-
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tery east of town occupies a similar position. The town water
supply is reported to be from gravel at a depth of twelve feet.

There is a small opening on the McCormick farm in the
northeast quarter of section 10, Boyer Valley township, and
a large one in the southwest quarter. The latter pit furnishes
suitable gravel for all purposes. The upper eight to nine
feet are rusty and somewhat impure but furnish fair mate-
rial for road work. Below comes apparently clean and fresh
gravel, which Williams thinks belongs to the Wisconsin gravel
train.

Morainal Deposits.—The east half of Sac county lies within
the Wisconsin drift area. The topography of this portion
of the county is typically morainal. Many of the gravel-bear-
ing hills have been and are being developed, and they afford
a useful and valuable supply of materials suitable for road
and concrete work.

All through west Wall Lake township, from section 32 of
Jackson, in sections 5, 8, 17, 21, 28 and 29 occur sharp morainal
knobs, always gravelly, and sometimes affording gravel and
sand, as at north 17, northeast 29, and so on.

In section 28 of Wall Lake township is a series of elongated
hills having a general north and south direction. These hills
kave been opened on the farm of Krie W. Scott, and much
gravel has been removed from a pit near the middle of this
section. The Scott pit is in a ridge or esker, which has been
- opened for a distance of forty rods or so. The cover varies in
depth from zero to several feet on both sides of the ridge.
There is usually fine sand at the top, grading downward into
gravel. The gravel overlies a band of eight to sixteen inches
in thickness of very silty and worthless sand, which latter does
not run regularly, but pinches out, only to appear again higher
or lower. Below this clay band are four to five feet of clean
cross-bedded sand above gravel, although this sequence is often
reversed. The clean gravel rests upon a yellow-brown-black
base of partially cemented gravel and sand that is very irreg-
ular. It is broken through in places, and a usable iron-stained
coarse gravel is then found. As a rule this iron-stained gravel
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is at the bottom of the pit. A maximum depth of about twenty
feet is worked, and several cars a day are being shipped. The
gravel contains a marked quantity of shale, which is especially
noticeable in the sand as it caves and runs down.

Throughout sections 27, 22 and 23 of Wall Lake township
kames are abundant. To the north of Indian creek these
sometimes resemble drift hills, level, with gravel caps. They
have been opened in many places, notably in south section 22.

Buchanan Gravels—The western half of Sac county lies out-
side the Wisconsin drift area, and the surface materials are
Kansan drift covered by loess. In many places Buchanan
gravels, the water-laid materials from the older drift sheet,
may be seen. These impure subloessial gravels appear in
places in road cuts, as on the township line between sections
25 and 30 and 13 and 18, Eden and Delaware townships re-
spectively. They are always highly iron-stained, and an abun-
dance of limestone is always noticeable. They do, however,
usually afford good and needed road ballast.

The same subloessial, iron-stained gravels appear at rare in-
tervals along the edges of the upper Boyer valley, as in north-
east section 11 and southwest 22. There are no signs of ter-
races anywhere on this part of the Boyer, but in the broad
flats of the stream in Eden township there seems to have been
a small amount of gravel distributed, which now occurs at
intervals underneath low alluvial benches, perhaps eight to
ten feet above water. These are seldom uncovered or made
use of, and are indeed unimportant, although much needed.
The only exposure of these gravels noted is in the road be-
tween sections 21 and 22, Eden township, north of a stream
from the west. The same low flats are seen at points to the
north and northeast, but none have been opened.

 In section 10 of Boyer Valley township, just southeast of
Barly, is a ridge running diagonally northeast to southwest
which appears to be gravel capped if not entirely composed
of gravel. The relation between loess, drift and gravel here
is the usual one, and these seem to be only a more prominent
development of what may be seen in a loess-covered country,
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comparable to the Sibley, Sheldon, LeMars and Correction-
ville pits. They bear no definite relation to any present stream,
but are fifty feet above the Boyer, and remind one of a similar
occurrence south of Alta (Buena Vista county) along the Little
Maple and again on the same stream just over the line in
Cherokee county.

Reworked Materials—Sand and gravel bars are variously
distributed in the streams of Sac county, but are of practi-
cally no importance as sources of supply. They are utilized
occasionally, however, to satisfy small local needs.

STONE. |

Stratified rocks outcrop at but a single point within the con-
fines of the county so far as known at this time. At Grant
City Raccoon river impinges strongly against its south bank
and uncovers a series of coarse-grained sandstones, clay shales
and chalk deposits, the assemblage aggregating forty or fifty
feet in thickness and belonging to the Cretaceous system. Where
exposed the sandstone is not sufficiently indurated to be useful
as a structural material. The clay shales are of good quality
and are used in a small way in the manufacture of brick. The
chalk was used formerly for the manufacture of lime, an indus-
try which long since was abandoned. The clay shales and chalk
blended in the proper proportions would probably produce a
mixture suitable for the manufacture of Portland cement. The
smallness of the section and the inaccessibility of the beds
make such use impossible.

SCOTT COUNTY.
SAND AND GRAVEL.

The absence of sand and gravel over the larger part of
Scott county is a striking fact, and one in strong contrast with
the abundance of these coarser deposits in the counties a little
north and northwest. Beyond a.short distance south of the
Towan frontier which follows roughly the course of Wapsipini-

35
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Fie. 53—Sand hills of Towan frontier, Princeton township, Scott county.

con river and is two or three miles south of it, there were no
agencies during Pleistocene times capable of carrying heavier
sediment than the fine silts and sands of the loess. North of
that frontier, however, sand is plenty, and in the great belt of
hills in" Princeton township, which overlooks the flood plain
of the "Wapsipinicon, heavy beds of sand are superior and
peripheral to the loess. In many road cuts in this district
typical loess is seen to pass outward into sands by gradations
which show that the two deposits were contemporaneous. The
loess is often seen also to pass downward into beds of sand
by intercalation in tortuous, irregular, discontinuous layers,
showing coneclusively the genetic indentity of the two deposits.

So far as now known the Buchanan gravels, the heavy de-
posits laid down in the swift glacial streams from the melting
Kansan ice, do not exist in Scott county. They are, however,
found in force a few miles north of the county line, near
DeWitt, and it is from pits in the paha-like hills which they
there form that the gravel is obtained which is being largely
used for road making in Scott county. Just south of the county
line the Durant cut of the Chicago, Rock Island and Pacific
railway discloses a gravel, almost wholly made up of local
materials, overlying Kansan till and covered with a ferretto;
and similar gravels no doubt exist in the adjacent hills across
the line.
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STONE.

The Silurian rocks in Scott county belong to the Niagaran
series and form the country rock over the northern two-thirds
of the county. The lowest stage of the Niagaran, the Hopkin-
ton, has not been recognized in the county and all of the Silurian
limestones are referred to the upper stage, the Gower of Nor-
ton. Exposures of the Gower occur in all the townships north
of a line extending from Valley City slightly northwest to about
five miles north of Durant, save in Sheridan and Lincoln town-
ships where the drift completely conceals the country rocks.

The two distinet lithological phases of the Gower are well
shown in the county. The pure, hard, suberystalline dolomite,
free from chert and especially adapted to the manufacture of
lime, is known as the LeClaire from its occurrence at the village
of that name. The upper beds, comprising light buff, vesicular,
evenly bedded dolomite, are generally known as the Anamosa
stone. A

A distinguishing characteristic of the LeClaire rocks is the
absence or abnormal disposition of its bedding planes. It often
apparently occurs in large mounds in which scarcely a trace of
stratification is visible. Such an example may be seen at
Schmidt’s lime quarry south of Dixon. The LeClaire offen
exhibits false bedding on gigantic scale; the beds being inclined
from zero to 40 degrees. The dip is exceedingly inconstant,
varying both in inclination and direction in short distances.

The Anamosa beds are intimately associated with the Le-
Claire, and usually lie in even and horizontal or slightly un-
dulating layers. Chemically the Anamosa stone is a dolomite,
differing in its constituents from the LeClaire in the larger
per cent of impurities present. In Scott county the stone runs
in even parallel courses, whose thickness depends largely upon
weathering. Layers from eight to twelve inches are the most
common and blocks can be taken out of almost any dimensions.
The Anamosa beds are generally laminated, but grade down-
ward insensibly into the LeClaire by the lamination planes be-
coming obscure, and the stone becoming subcrystalline. By
another type of lithological variation the rock becomes hard
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and compact with a subconchoidal fracture, resembling the
lithographic phase of the Devonian. These layers are often
termed ‘‘flint’’ by the quarrymen, although destitute of silica.

Outerops of both the LeClaire and Anamosa are generally
distributed along all of the principal waterways. Numerous
quarries have been opened, but with a few exceptions they are
of local importance only. A few typical exposures are given
below. The LeClaire beds are exposed and have been quar-
ried on sections 13, 14, 15, 18 and 22, Liberty township, and
section 5 in Cleona township, in the west end of the county.
The beds range from twelve to thirty feet in:thickness and
show the usual LeClaire characteristics. The LeClaire also
occurs in section 7, Allen Grove township, -where it has been
burned for lime for more than a half century, and at a number
of points near Big Rock. It occurs and has been quarried
near Princeton and LeClaire.

The Anamosa beds have been developed extensively in the
vicinity of Prineeton and LeClaire. North of the latter place
the LeClaire Stone Company has opened and is operating the
largest quarry in the county. The quarry is connected with
the Towa and Illinois railway.

The beds exposed are as follows:

FEET.
LE CLAIRE SECTION.
8. Loess and drift, thickness variable........................ 0-10
7. Limestone, buff, dolomitic, much weathered, thinly bedded
and often almost clayey in appearance................ 10-30
6. Dolomite, cavernous, most vesicular layer in the quarry,
hard and brittle, suberystalline; some of the cavities con-
e S e 3 e e b o e T L S e e - T e 5-6
5. Dolomite, thinly bedded and much weathered in places; a
often hard and brittle and bluish when fresh............ 4
4. Dolomite, heavy-bedded, somewhat vesicular and irregu- .
e T O B T e e Lo m o b g o 2, DN o P o | 2

Spring line here.

%1 Dolbmite in remarkably even beds and very soft when first
quarried. The best dimension stone in the quarry; in

Six) oy TR S ek i E . o % e el o ol TR e bl b e 6
2. Dolomite, in heavy beds, upper portion shows a tendency fo
splittiznegulariy=tBEthele = = 5. LR e e R . 6

1. Dolomite, thinly bedded, cavernous in places, exposed.... 4
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The quarry is equipped with steam drills and derricks and
an Austin crusher plant. The stone is carried from quarry
to cars and crusher by means of derricks, and very little
trackage is required. Three sizes of crushed stone, in addi-
tion to the dust, are put upon the market. The quarry also sup-
plies rubble and riprap and all sorts of dimension stone.

The Anamosa beds here dip toward the northwest at a low
angle. :

Other quarries have been opened near LeClaire but show no
new features. The beds developed are usually less regular than
those. just described. Of the large number of quarries which
have been worked from time to time in the vicinity of Prince-
ton, only one is given here. Several quarries have been opened
at the base of the high bluffs which skirt the valley of the
Wapsipinicon, northwest of the town of Princeton; one of the
most extensive is located on the northwest quarter of section
34, Princeton township. The succession of beds is as follows:

5. Superficial deposits resting on unpitted rock surface...... 2

4. Limestone in thin layers, mostly 2 to 4 inches thick, a few
reaching 8 inches, and some consisting of thin calcareous
pla.tes.................._ .............................. 12

3. Limestone, close, granular, slightly harder and more brittle
than typical Anamosa stone, in even, horizontal courses
from 6 to 20 and 24 inches in thickness, buff in color, with
few cavities and smooth surfaced, including a foot or so

of thinly laminated “flinty” limestone.................. 14
2. Limestone in layers from 2 inches. to 18 inches, semicrys-

LAl IngnE S 0P io0 95 - b o Mo Hbia a0 A5 A AR G2 L 5 otio 8 33 B e dlo A0S N 7
1. Limestone in thin, gray, crystalline, calcareous plates.... 5

Beds intermediate in character between the Anamosa and
LeClaire beds, supply an abundance of quarry stome. Small
quarries have been opened in Liberty, Cleona, Butler, LeClaire
and Pleasant Valley townships.

These intermediate beds are buff, nonlaminated, regular and
heavy. They are generally highly vesicular, and often sub-
crystalline. A representative section may be seen in a small
quarry on the northeast quarter of section 1, in Liberty town-
ship. Natural ledges, aggregating twenty or thirty feet, ap-
pear along the gorge of the Wapsipinicon and show an earthy
“dolomite in massive beds up to three feet or more in thickness.
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The stone is nonlaminated and is subcrystalline in places. The
bedding planes are rough and cavities of considerable size are
present. In Cleona township a quarry located on the north-
west quarter of section 7 shows the following succession:

FEET.
4. Limestone, magnesian, horizontally bedded, brown, semi-

crystalline, weathering into small chipstone, with one or
two 6-inch layers more resistant
3. Limestone, magnesian, light gray, laminated, earthy, in
places vesicular, more thinly bedded than above, passing
in places into thin beds. This includes a distinct layer of

buff magnesian limestone 1 foot thick................ 6
2. Limestone, magnesian, gray, irregularly bedded, thin-lay-
. ered, weathering to small, sharp-angled chipstones...... 6
1. Limestone, magnesian, brown, earthy, ocherous, in thicker
beds than above, partly cemented...................... 3

Similar but less extensive sections may be viewed at numerous
points in the northeastern townships.

Devonian limestones have been quarried extensively from
Pleasant Valley to Buffalo dlong Mississippi river. The most
extensive quarries are located at Bettendorf east of Daven-
port and at Linwood near Buffalo. Several companies are op-
erating near Bettendorf, crushed stone being the chief product.
The Grommoll quarry is located east of Bettendorf and south
of the electric railway tracks. The pit section aggregates ten
to twelve feet. The upper six to eight feet is composed of a
thinly bedded, brittle, white limestone while the lower four feet
developed comprises heavier beds of gray to buff limestone.
The upper beds in their entirety along with the spalls from
ibhe lower beds, are put through the ‘crusher, while the lower
beds supply some rubble stone. The stone is hoisted by der-
ricks and dropped directly into a Brennan crusher (Blake type,
jaws in three parts working separately). The crushed product
is elevated to a cylindrical screen and sized, the screened prod-
uct falling directly into storage bins from which it is loaded into
cars. The output is used to a large extent locally.

The LeClaire Stone Company has a plant just west of the
Grommoll quarry. The pit has been opened to a depth of
about twenty feet. The section is the same as the preceding,
save that the lower beds are more important and furnish ‘a
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Prate LII—Clark guarry, near Buffalo, Scott couxty; upper view showing track-
age arrangements leading to incline, lower view showing irregular beds and
large amount of shaly talus.
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good grade of rubble and some range stome. The beds are
gray-blue in color and range from eight to sixteen inches in
thickness. The bedding planes are not very apparent. The
plant is equipped with steam drills, steam hoists, and two
(Gates crushers. Both plants produce a superior grade of
crushed stone, and practmally no stripping is required at
either plant.

At Linwood, east of Buffalo and north of the railroad tracks,
the Liriwood Quarry Company installed a crusher plant a few
years ago and is producing crushed stone only. The pit shows
much shattered beds of white to shaly limestone. In places
the color of the stone is somewhat variegated. The plant is
equipped with a Blake crusher and a number 5 Austin erusher,
and the necessary trackage and derricks. A small amount of
rubble is produced.

A crusher plant was opened some years ago just west of
Buffalo on the Clark farm. The stone developed is similar to
that at Linwood but appears to be less shaly. The plant is one
of the largest in the state, having a capacity of 100 yards per
hour, and is equipped with a number 715 and a number 5 Austin
crusher. The plant is well housed and is supplied with a full
complement of up-to-date machinery. The stone is loosened by
drilling and heavy charges of dynamite. Compressed air is
used in drilling. The stone is loaded into cars having a capacity
of two yards and drawn by a rope up an incline to the erusher.
Most of the output is taken by the Chicago, Rock Island and
Pacific Railway for ballast.

The Wapsipinicon stage of the Devonian has produced and is
capable of producing some very good dimension stone and
dressed stone, especially rock-faced ashlar. Trinity chureh,
Davenport, is an example of the stone obtained from the upper
Davenport beds, while the cathedral of the Protestant Episcopal
church was built from stone obtained from the Lower Daven-
port beds. .

The Middle Devonian beds as represented by the Cedar
Valley limestone, are, for the most part too argillaceous. to
afford building stone of good quality. Several of the lower
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layers furnish stone of fair quality and several quarries have
been opened to develop them, the most important of which are
located near Buffalo. One of the most extensive quarries is
located on the southwest quarter of section 13, Buffalo town-
ship. The beds worked are as follows:

FEET.
2. Limestone, hard, gray, subcrystalline, fossiliferous, in hori-
zontal layers ranging from four to nine inches in thick-
p (=12 TSR By e RHESRe (8, [ Doy ST I TR W gt R S et Ty 7

1. Limestone, argillaceous, blue weathering buff, upper nine
feet highly encrinal, main joints run north, 35 degrees
east and do not continue upward into number 2........ 14

The other quarries of the township present very similar sec-
tions. Most of the stone quarried was used for river improve-
ment work by the government. Some has been used for road
work and rough masonry.

SHELBY COUNTY.

SAND AND GRAVEL.

Shelby county is wholly within the loess-covered Kansan
drift area. The Nishnabotna is the most important stream and
flows in a wide valley across the county from north to south.
This stream is in its meander stage and has done but little
work in sand and gravel accumulation. The subloessial sands
have been exploited from time to time in the vicimty of Harlan
on the east bluff of the river. The sands are of the usual
character, are fine-grained and carry considerable clay, and
are all highly iron-stained. Formerly some coarser material
was obtained from a pit on Elk ereek two miles north of Kirk-
man along the Harlan branch of the Chicago and North West-
ern Railway. Small quantities of sand are obtained from some
- of the creek channels, but the bulk of the sand and all of the
gravel is shipped in from the Platte river in Nebraska, Rac-
coon river in Des Moines and vicinity, and from near Lanes-
boro in Carroll county.

Nishnabotna river has remnants of a terrace from Harlan
to Oakland, in Pottawattamie county. A brief description of
this, together with a generalized section, is included in the
report on that county.



SIOUX COUNTY 557

SIOUX COUNTY.
SAND AND GRAVEL.

Sioux county is well supplied with gravel and sand deposits.
There is an almost continuous terrace along Big Sioux river
entirely across the county, which affords enormous quantities
of water-deposited materials. Rock and Floyd rivers and other
smaller streams also have gravel terraces.

Some of the streams have cut through the veneer of loess,
which covers the whole county, and have in many places ex-
posed gravel and sand which are of much importance locally.
Sand and gravel bars in the streams also furnish large amounts
of road and concrete materials. '

Terrace Gravels.—So far as terrace gravels are concerned,
the Big Sioux is the important stream of Sioux county. There
is an almost continuous terrace along it entirely across the
county. .

Beside the road at the southwest corner of section 9, Settlers
township, is an exposure of old iron-stained gravel underlain
by sand. The pebbles are very much decayed, and the whole
is deeply iron-stained and firmly cemented throughout. This
is some forty feet or so above the river. Two or three hun-
dred yards southwest of the schoolhouse a gully some ten feet
deep has exposed practically the same material. In the latter
place the top of the gravel is perhaps fifteen or twenty feet
above water. This gravel is in every respect the same as that
seen along the Big Sioux throughout its course in Lyon county
except that here there seems to be a larger proportion of sand
and that the classification is more complete. The river has
cut down through the old gravels and left a bench, on the
edge of which the exposure in the road noted above is located.
The latter exposure is right in the present flood plain, and the
gravels are covered by three to four feet of alluvium. A short
stretch of road north of the schoolhouse has been surfaced with
this gravel, and is in excellent condition.

‘T'rom Beloit to Elm Springs the terrace is almost continuous
and will average a quarter of a mile or more wide. Other
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than the exposure at the southwest corner of seetion 9, there
are several localities between that point and Elm Springs which
show the same material. In the upper bench the gravel is
covered to a depth of two or three feet, and in the flood plain
of the river the covering over the gravels is on the whole
perhaps a little deeper. :

On the east bank of the river just south of the southwest
corner of section 25, Settlers township, the Big Sioux has cut
back into the high terrace, here forty feet above water, and
has exposed the full depth of the terrace gravels. The lower
limit is marked by a spring line twenty-two feet above water
level, leaving eighteen feet as the depth of the gravels. The
section shows all sorts and sizes of material from coarse sand
up to bowlders more than a foot in diameter dumped in helter-
gkelter. The whole is deeply iron-stained and the large granite
bowlders are in an advanced stage of decay and fall to pieces
with a light stroke of the hammer. This material corresponds
in every respect to the gravels which are exposed so often along
the river in Liyon county and thus far in Sioux.

Practically all of section 36 and haif or more of section 25 are
on the bench in which these gravels occur. But near the middle
of the west side of section 25 a gully some eight or ten feet deep
has failed to expose gravel. Its walls exhibit nothing but a loess-
like substance which grades downward into a rusty material
which is half clay and half sand, and rests upon blue clay. This
is in the same bench in which the gravels occur farther south.

East of Hudson, South Dakota, on the Towa side, is a wide
plain at the junction of Big Sioux and Rock rivers. This plain
has an area of nine or ten square miles and is perfectly level
between the flood plains of the two rivers. The Chicago, Mil-
waukee and Saint Paul Railway has a pit on this terrace in the
southwest corner of section 8, Garfield township. This opening
shows:

FEET.
Sell canaiallviamt ol s e o e s R = 1-2
Gravel, medium; few pebbles over 1 inch diameter; very clayey
above and iron-stained below; sand layers of varying thick-
ness interbedded; horizontally stratified.................... 4
Gravel, very coarse, pebbles ranging up to 1 foot or more in
afnmater” expedells 11 PR Ani L S LS TR U ae sl T el 5
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This gravel is being removed by a steam shovel and is used
for ballast, as much as a hundred cars per day having been
taken out. Water is reached at the bottom of the present open-
ing. These same gravels may be seen in a shallow road cut in
the center of section 17, Garfield township, just on the edge of
the terrace where it has been cut down by Rock river.

It is highly probable that the whole of this area is underlain
by these gravels. Except for a hill a quarter section or so in
extent in the middle of section 8 the surface is perfectly flat and
the problem of opening the gravels is an easy one. These are
not the same gravels as are found in the Big Sioux terrace as
seen so far, but correspond more closely to the deposits along
Rock river.

At Fairview, on the Dakota side of the river between Hudson
and Elm Springs, is a pit which has been worked by the railroad.
It is not now being operated, but large quantities of surfacing
material have been removed in the past.

Between Hudson and Hawarden the river terrace is not at all
prominent. In only a few places is the gravel visible, and then
the exposures are far from being satisfactory. Three miles
north of Hawarden, where the bench can be observed most
closely, it is covered with several feet of alluvium.

In and about Hawarden the terrace gravel has been opened in
many places. Two pits in the northwest part of town exhibit a
section as follows:

FEET

S0 TS L 0Le NG 5 e S s g% b s 5 o H A g Sl BN ES Sy M Y St 2-3
Gravel, fine, interbedded with coarse sand; roughly stratified

and somewhat cross-bedded ............ ... it ‘ 3
Gravel, fine above, grading into coarser below pebbles up to 2

or 3 inches in diameter; somewhat iron- sta.med.." ........ 2-3

Coarse sand and fine gravel intermixed and cross-bedded...... 3

Coarse gravel to bottom.

This detailed section was taken in the Briggs pit. The rail-
road pit just adjoining, which is worked occasionally, shows the
same materials. FExcept for some iron stain which occurs prac-
tically all through the section, the gravel is clean and bright. The
pébbles are principally greenstone, quartzite and granite, and
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are hard and fresh. Road material has been taken from here,
and gravel is now being used for concrete.

Some of the material stripped from the top of these gravels
has been used on the streets in Hawarden, and a more abomin-
able road stock could hardly be conceived. Many of the streets
are so dusty in summer as to be hardly passable, and the sur-
face is very soft. Some of the streets have been surfaced with
gravel and are in good condition,

Along Rock river in Sioux county the same terrace as noted
in Lyon county continues. A small abandoned sand pit near the
northwest corner of section 15, Garfield township, shows about
three feet of fine, clean sand and gravel, covered by two feet of
alluovium. There are perhaps a hundred acres in this portion
of the bench. Along the river in the northwest corner of section
10, Garfield township, some two or three hundred: yards south
of the railroad bridge, fine gravel and sand may be seen in the
river bank. Fully two feet, and probably more, are exposed
here under two feet of alluvium. The top of the bank is some
twelve feet above the water level.

Fine gravel and dirty sand are to be seen on the north side of
a small creek at the northwest corner of section 2, Garfield
township. A litle farther north, along the road between sections
34 and 35, Sioux township, is an opening in the bench showing:

FEET.
GrANVEIyASOLl S e o b s 1 D T ] o e S 2
Gravel and sand, becoming finer below......................0 34

This portion of the terrace probably corresponds to the one
of much larger extent just east of Hudson, and has an area here
of some two hundred acres or so.

The terrace continues very much the same on to Rock Valley,
which town is situated almost wholly upon it. An exposure in
the southwest part of the town at the edge of the creek and north
of the main line of the railroad shows some six or eight feet of
very fine gravel grading into sand below and covered by two
feet of black soil. Practically this same material is found in
excavations for cellars, ete., in Rock Valley. The depth of the
alluvial covering is as high as five feet in places.
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Between Rock Valley and Doon in Lyon county the same fine
gravels are exposed in many places. The cover of alluvium
varies in depth, which is as high as ten feet in places. The
gravels grow coarser up the river,’as might be expected from
their manner of deposition.

Floyd river affords gravel for road and concrete purposes
throughout all of its course in Sioux county. A more or less
continuous terrace some twenty feet above water level in the
Floyd can be followed most of the way, and is particularly
prominent between Hosper and Alton. The largest opening
in this terrace is at the former place, where sand and gravel
are being used for cement products. The section here shows
clean, fine-gravel and sand, stratified horizontally, lying beneath
a cover which varies in depth from zero to three feet. The top
of the terrace is fifteen to eighteen feet above the Floyd, and
there are twenty to twenty-five acres in the bench in which the
pit is located.

. Both north and south of Hosper along the river exposures of
this same bench gravel may be seen. A few places at which
openings have been made are in the middle of the west side of
section 23, near the northeast corner of section 27, and where the
river crosses the north line of section 34, all in Liyon township;
in the southwest corner of section 9, the middle of the east side
of section 17, at the intersection of the river and the north line
of section 29, and near the southwest corner of section 30, all
in Floyd township. At the bridge on the east line of section 35,
Floyd: township, is a small open pit which furnishes gravel
and sand for the neighborhood. This exposure shows inter-
mixed and- interbedded sand and gravel which correspond quite
closely to the beds exposed at Hosper, described above. Another
very similar section may be seen just east of the bridge in the
north edge of Alton. \

South of Alton to the county line the pronounced terrace which
is so much in evidence northward toward Hosper is not at all
conspicuous. There are several openings of gravel in this viein-
ity that will be discussed under another head.

36
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Other Stream Gravels—Along some of the streams in Sioux
county may be found exposures of gravel which quite certainly
are not of Wisconsin age, yet whose exact location stratigraphi-
cally is a disputed question.. Mention has been made of certain
deposits in northwestern O’Brien county called morainic by
Macbride. Gravels that may correspond to these have been
opened in several places in the vicinity of Alton. Excellent sec-
tions of these gravels may be seen in two pits in southwest 1
and southeast 2 of Nassua township, half a mile southeast of
Alton. In the former place are exposed ten to eleven feet of
usable gravel and sand, well interbedded, but not cross-bedded.
The sand element is predominant. The cover is loess or wash
and varies in depth from two to six or eight feet. There is a
considerable amount of clay in the upper beds, but the lower
appear to be composed of clean and sharp sand and gravel. The
beds as a whole maintain a vertical face with but little sliding,
being in places quite firmly cemented with calcite. So stable are
the beds that swallows have built nests in burrowings in the
upper portion. Large bowlders, even up to one and a half and
two feet, not in great numbers, but plentiful, are sprinkled here
and there throughout., Quartzite is common among these.

Very similar material may be seen in a bend of the river in
southeast 15, Nassua township. At this place the loess covering
is as much as ten feet deep in places.

Gravels occurring along the West Floyd and the upper reaches
of Six Mile creck, north of Ireton, seem to come under this cate-
gory. They possess the same general characteristics as those
mentioned above. In almost every case the deposits show fine
gravel and sand of varying degrees of purity grading into more
or less clean, sharp sand below. Deposits of this kind may be
seen in southwest 17, west 20 and southwest 19 of Center town-
ship, and in several places along the West Floyd west of
Maurice.

In relation to these latter gravels, Prof. I. A, Williams re-
marks, ‘‘The gravels certainly bear no relation to any recent
stage of the streams, except as the latter have gratuitously and
fortuitously called attention to their location, and in places
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partly uncovered them, in their meanderings. They seem to be
well developed portions of the beds that quite universally under-
lie the loess in Lyon and Sioux counties into which the streams
have cut.”’

Reworked Materials—Along the Big Sioux are many sand
and gravel bars much the same as mentioned in Lyon county.
Perhaps the one of prime importance is that at the union of
Dry creek with the Big Sioux at Hawarden, now being worked
by the Hawarden Sand and Gravel Company. This company
has a lease from the Government on a big bar, in which perhaps
eight or ten acres are still workable. The sand and gravel, which
will average about eighteen feet deep, are removed by means of
a centrifugal pump.

The waste product obtained by screening and washing the
““pump run’’ would make an excellent road material.

There are also bars of various sizes along Rock river and
some other streams, but none of these are really important.

STORY COUNTY.

SAND AND GRAVEL.

The sand and gravel deposits of Story county are of the two
classes found so generally in those counties covered by the Wis-
consin drift, viz., stream terraces and pockets in the drift hills.
The former appear along Skunk river, its leading tributary,
Squaw creek, and Indian creek. Gravel-bearing knobs are most
common in the vicinity of the Altamont and Gary moraines.

Stream Terraces—*‘Contemporaneous with the heaping up
of glacial debris at the end of the ice were certain streams is-
suing from the melting ice. These surcharged streams were
competent to carry coarse sand, gravel and even bowlders of
small size, which were redeposited over the flood plains of the
then existent streams in their lower courses. These gravel beds
and bars have been removed in part since the retreat of the ice,
and broad benches or terraces are the result. A system of ter-
races has its beginning at the Walnut creek moraine (a series
of morainal hills marking a temporary halt in the retreat of the
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ice). Cambridge, on Skunk river, and Maxwell, on Indian
creek, are built on terraces belonging to this system and attain-
ing heights of twenty-five and twenty feet above the flood plains.
of the respective streams. :
““Terraces continue northward on East Indian creek to the
three forks in sections 13 and 14 in Nevada township, where
they have a height of twenty-five feet above the flood plain and
are composed of very coarse materials; much coarser than at
~Maxwell. The equivalent terrace was not recognized on the
west fork of the Indian. :

““Along the Skunk the Walnut creek terrace may be traced
northward to the creek of the same name, where it is super-
seded by a younger terrace, the contemporary of the Gary mo-

F16. 64—Gravel pit, Skunk river terrace near Soper's Mill, Story county.

raine. (The Gary moraine represents a similar halt to that
which formed the Walnut creek moraine, and is younger than
the latter.) The gravel train produced by the Gary reaches its
maximum development, both areally and vertically, in the vicin-
ity of Ames along both Skunk river and Squaw creek. At
Soper’s mills the Gary terrace rises twenty feet above the flood



LIV—Iowa State College gravel pit located on the Squaw creek terrace, Ames, Story county.
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plain; at Ames it rises thirty feet, after which it grades down
gradually to ten feet in southern Grant township, and finally
merges into the Walnut creek bench.

““The towns of Ames and Cambridge are built on gravel bars
located at the confluences of Squaw and Ballard creeks respect-
ively with Skunk river. Records of wells put down at these
points show a series of sands and gravels separated by heavy
beds of clays and silts.”’

At Maxwell and at Ames the terrace gravels were formerly
developed by the railroads, but these pits are now abandoned.

Stream Channel Deposits—Sand in every way suitable for
building purposes and for plaster is found in nearly all of the
stream channels. The extensive sand flats along the Skunk
furnish unlimited quantities of sand adapted to the rougher
grades of masonry.

Morainal Gravels—Away from the streams numerous knobs
and kamelike aggregations furnish great quantities of material
suitable for road making. Sand usable for building purposes
may also be found in these knobs, which are often prominent in
the morainal regions of the Wisconsin.

STONE.

Story county is poorly. supplied with stone-suitable for struec-
tural purposes. The Saint Louis limestone affords a limited
quantity of stone adapted to foundation work and use in the
rougher grades of masonry. The rock is, as a rule, highly ab-
sorbent and does not stand frost well. Its earthy buff to gray-
buff color gives it a dull, somber appearance which increases
rapidly on exposure on account of the readiness with which it
takes up foreign matter. Some quarrying has been done at
nearly every one of the outerops in the county, though in no in-
stance does the annual .output of any single quarry exceed a few
dozen cords of rough stone. The ledges developed are practi-
cally the same at all points and are confined to Skunk river
between Bloomington and Soper’s mill, and to Onion creek, a



570 ROAD AND CONCRETE MATERIALS IN IOWA

Fic. 55—Representative section of Saint Louis limestone, as it appears along
Onjon creelk, about four miles northwest of Ames, Story county.

tributary of Squaw creek, northeast of Ontario. The section ex-
"posed north of Hannom’s mill may be considered a fair average
for the Skunk river distriet, and is as follows:

6. Till,. pale yellow; unoxidized and unleached.............. 0-6.

6. Till, oxidized to a deep reddish brown and thoroughly
leached: much weathered limestone and many decayed
granite bowlders, and numerous, tolerably fresh green-

151 7o, 0 (ERT50) ]2 g b o et A R D T LT 1-3
4. Limestone, residual; reduced to an iron-stained, cavernous
e it o s TLAtR Pt L S P, | | % 5ol i et o o st prllar Rt 1

3. Limestone, arenaceous, where unaltered, a bluish gray, but
weathering stains it a yellowish brown; not thoroughly
indurated, though when unweathered presentis a massive
AR EARAM O iy = B I T e Ll i vyt S PR ] e 5

2. Sandstone, bluish gray; shaly, presents a fissile character
after being exposed to the weather, and forms a marked
reéntrant in the quarry face............................ 3

1. Limestone, impure, buff to earthy yellow, gray-buff when
unweathered, heavy-bedded, compact; lithographic in
part, chief quarry stone; exposed............ouviuevinn. 8

At the Bloomington quarries more of number 1 is. exposed.

Several outcrops of the Saint Louis may be observed along
Onion creek in section 32, Franklin township. - The beds exposed
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attain a maximum thickness of nearly thi'rty feet, but are less

constant in character than their equivalents along Skunk river.

A composite section representing the distriet is as follows:
FEET.

7. ‘Drift and soil of variable thickness, in places reduced almost
to zero, but thickens greatly in the bluffs.............. 1-70

6. Limestone, thinly bedded and much weathered, stratification
‘planes almost entirely eliminated; in places grading up-

ward into a residual clay..........otiiviiiiiiieiinn.n 4
5. Limestone, impure, yellowish brown or gray-brown, compact

to earthy, Vil sl a3 (3 (o e P PGB el ) £ se e 7
4. Limestone, finely grenaceous and marly, contains beautifully

preserved mud cracks and ripple marks in places...... 2

3. Sandstone, white to bluish gray, friable; obliquely lami-
nated and fissile; readily undermined by the creek; not

DERSISREMEN TP N, <AL~ . e s BT e S e i e e e 1%
2. Limestone, cherty and concretionary; contains much limon- :

ST QU O M TR L r e et 2 c B e R 2
1. Sandstone, argillaceous; becoming shaly below, exposed.. 3

Number 5 is the principal bed quarried, and the rock is simi-
lar to that in the Hannom’s mill and Bloomington quarries. All
of the stone exposed in Story county is too soft for road work
and is of rather poor quality for conerete. The outcrops are
not numerous and the overburden thickens rapidly from the
face of the crops. The outlook for the county as a crushed stone
producer is not encouraging.

TAMA COUNTY.
SAND AND GRAVEL,

In sharp contrast with the counties which border it, Tama
county is practically devoid of gravel. FKEven the Buchanan
gravels, which have a more or less prominent development in
some of the neighboring counties, are not known to oceur in
Tama. On the hill slopes in a few places there are thin sheets
of bowldery gravels overlying the Kansan till which simulate
the Buchanan gravels, but these in no place are of sufficient im-
portance to constitute workable deposits. Beds of this kind
may be seen along the roadside between sections 13 and 14,
Highland, and between 19 and 20, Howard townships.

The channels of all the larger streams of the county are bor-
dered by a wide belt of alluvium. Excavations in the flood plain



572 ROAD AND CONCRETE MATERIALS IN IOWA

of Towa river reveal about four feet of dark colored, fine-grained
soil at the top resting upon a bed from twenty to upwards of
thirty feet in thickness composed of yellow clay, sand and
gravel. This bed rests upon the bowlder clay of the Kansan
drift. The bottom lands of Iowa river in Tama county have
a total area of almost a hundred square miles. Large quantities
of sand suitable for building purposes are taken annually from
the sand flats in and along the channel of this stream.

There are a few small patches of gravel, but they are of no
economic importance. Gravel two or three feet deep and cov-
ering an area of perhaps forty square rods is present on the
farm of Frank Lewis, three-quarters of a mile northwest of
Butlerville. About five miles east of Clutier, in southeast 13
of Oneida township, there is about an acre of land uncultivated
because of gravel. There are no deep pits here, but the soil
is gravelly to a depth of one or two feet. A quarter of a mile
east of this there are terrace gravels in small quantities, and
there is also some terrace gravel in the east part of section
24 of the same township. On the farm of Benjamin Lorenzen
in the latter section there are some fifty square rods unfit
for cultivation because of the presence of gravel. Similar
water-laid material is reported three and one-half miles south
of Traer, in Perry township.

STONE.

‘While the Kinderhook beds are believed to lie immediately
beneath the drift over practically the entire county, outerops
are limited to a comparatively small area along the middle
western border.

Essentially the same members which have been noted in the
better sections at Quarry and LeGrand in Marshall county are
exposed in Tama county, but in Tama they are more weath-
ered. The Stevens quarry near the southwest corner of section
8 of Indian Village township, about one and one-fourth miles
west of Butlerville, may be taken as fairly typical. The section
is as follows: .
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Fi16. 56—View in the Stevens quarry in section 8, Indian Village township, Tama
county. The thin layers at the very top are limestone and admirably adapted
for road and concrete work. The white, massive beds below comprise the

oolite.
STEVENS QUARRY SECTION, BUTLERVILLE.
: FEET.
15. Gray crinoidal limestone which weathers into thin pieces.. 1
14. Crinoidal limestone, gray in color, with numerous fossil
op LT e e iy i e L S Y R 24
13. Fissile limestone in thin layers, few fossils.............. 4
12. Brown magnesian limestone with layer of chert nodules
two inches in thickness at the top.................... B
11. Bed of rather soft, friable sandstone, much water-seamed
and containing numerous chert nodules, fossils few...... 7
10. Arenaceo-magnesian limestone, fine-grained and quite hard,
brown in color, layers 8 to 12 inches in thickness; con-
taining casts of a species of Chonetes, Productus, Rhyn-
choncl g rand BSDIREIEr S 8 ) L L T et e 4
9. Bed of incoherent, brown, fine-grained sand.............. 1%
8. Band made up of chert nodules...................... ... 4
7. Impure arenaceo-magnesian limestone, few fossils........ 1*/52
6. Bed composed largely of nodules of chert carrying a layer
of sand, 3 inches in thickness........................ 1
5. Magnesian limestone containing some fine-grained yellow
SEithy 1.0 T RN e E e | et ety e A 124

4. Bed similar to nUMbDEr 5 aDOVE. .. .......covuiuirinnnnens 11
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FEET.
3. Layer of massive o0lite weathering into small bits and bear-
ing numerous fossils among which appear Orthothetes
crenistra, Spirifer biplicatus, Spirifer cf. extenuetus and

ST ORI, TR R el v SN e L A R A R e 7
2. Layer similar to number 3 above in lithological characters
VS a0 Sl L P (s s e B o T e M B D S it e 414

1. Layer of light gray odlite similar to numbers 2 and 3 above 3

The oolite rests on the argillaceous sandstone exposed in
other sections in the vicinity and at the base of the northeast
guarry at LeGrand. The beds here exposed correspond to the
coarse- and fine-grained odlite and the magmesian hmestone
beds of the Marshall county sections.

West of Montour in the southwest corner of section 21, In-
dian Village township, there are exposed in a small ravine:

FEET.
3. Reddish brown clay, pebbly.........ocivvrininnerninnnenn 4
2. Qblite, light gray, fossiliferous........... ..., 6
1. Oblite, similar in every respect to number 2 above.......... 3%

This is the abandoned quarry of the Oxford Lime Company.
The odlite was formerly used in the manufacture of lime and
considerable quantities were made at this place.

Other sections appear along Towa river toward LeGrand,
.and along Sugar creek in Carlton township and Deer creek in
Spring Creek township. No new facies are presented.

The upper limestones wherever exposed furnish good ma-
terial for road and concrete work. The odlites, on the other
hand, are not satisfactory for crushed stone products.

TAYLOR COUNTY.
SAND AND GRAVEL.

Taylor county lies wholly within the loess-veneered Kansan
drift area and contains no large streams, nor streams of suffi-
cient length to head back into the Wisconsin drift. As a con-
sequence, the county contains but little sand and gravel. A
small quantity of sand occurs in the stream channels but not
enough to merit specific mention. The interglacial gravels
are as a rule completely concealed by the loess and are of no
consequence for road and concrete work.
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STONE.

There seems little likelihood that the quarry interests of
.Taylor county will attain any important development. The
county is universally covered with glacial materials, and the
underlying strata, where they do appear, consist largely of
shales and shaly limestones. Stone has been quarried at but
one known point in the county, viz., at Bedford. It is twenty
years since this quarry was worked and the ledge is almost
entirely hidden from view. The stone was taken from about
water level in East Hundred and Two creek at a point 100
yards north from the railroad station. The main ledge is
about ten inches thick and contains abundant Fusuline. It
splits very easily and is said to go to pieces in the weather.
These qualities, along with the thick overburden, which runs
twenty to thirty feet, have prevented its use.

Thin beds of limestone have been exposed in the banks of the
Nodaway in the northwest corner of Dallas township, where
they occur interstratified with much greater thicknesses of ar-
gillaceous strata. A detailed section may be found in Geology
of Page County.* The factors just enumerated would prevent
the utilization of these beds for structural purposes. The drift
covering is more than ten feet in thickness, and the calcareous
strata are of poor quality.

UNION COUNTY.
SAND AND GRAVEL.

Union county has sand and gravel deposits of two classes,
viz., the Aftonian gravels, which underlie the Kansan drift
and are numbered among the oldest of the Pleistocene deposits,
and the recent accumulations of sand as banks and bars in the
streams.

Aftonian Gravels.—The Aftonian gravels, so named because
they were first recognized and studied at Afton Junction, con-
stitute the most important resource of road materials within
the county. This deposit lies immediately beneath the Kansan

*Samuel Calvin, ITowa Geol. Survey, Vol, XI, p. 423.
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drift and, in one place at least, rests upon the limestone .of
the Missouri stage. There are three prominent exposures of
this gravel-bearing horizon in Union county: one at Afton
Junction, where it was first studied, one at Thayer, and one
at the ford in section 36 of Pleasant township.

The exposure at Afton Junction is a pit opened by the Chi-
cago Great Western Railway and long since abandoned. The
gravel is deeply iron-stained and badly disintegrated, and
shows all the signs of advanced age. Granite bowlders as large
as a man’s head may easily be crushed in the hands, and the
quartz pebbles are stained a deep red-brown. All sorts and
kinds of pebbles may be found, granite, greenstone, limestone, -
quartz, gneiss, and these are in all stages of preservation. In
many places the pebbles are so firmly cemented together as to
form a conglomerate which may be broken with a hammer
only with difficulty. Pebbles larger than three inches in diam-
eter are common, but not numerous. Upwards of thirty feet
are exposed, covered by twenty feet or so of bowlder clay, the
open face being perhaps 100 yards long. Large quantities of
this material may still be obtained without further stripping,
which latter operation would seem to be quite out of the ques-
tion. Thesé gravels are unfit for cement or concrete work,
. but will probably prove satisfactory for road surfacing.

The opening at Thayer is also an abandoned railroad pit,
and the materials have all the characteristics mentioned abeve.
Here, however, the cover is deeper, reaching as much as forty
and fifty feet in places, and not so much material is still avail-
able. There is a sufficient amount for quite extensive local
use, and it will doubtless constitute a valuable asset in highway
improvement. ;

The third exposure mentioned is not so large as either of
the others. The maximum thickness is not to exceed twenty
feet, and the lateral extent is but a few rods. The gravel
rests on a gray-blue limestone, into which the river has cut
_its way, and is covered by at least fifteen feet of drift. A
short distance upstream from the ford two small streamlets
empty into Twelve Mile creek. Between these is a flat bench
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perhaps twenty or thirty acres in extent, along the west edge
of which these old gravels appear for some distance. Their
position is marked by a definite spring line, and the gravels
appear to be quite persistent. The cover seems hardly so
deep here as at the other places mentioned. At this place
the gravel contains a large percentage of clay, so much that
if a little wet it can easily be packed into balls in the hands.

Reworked Materials—In many of the streams of Union
county sand and gravel bars are quite common, and, for local
purposes at least, constitute a readily accessible source of
supply. Along Four Mile creek from Thayer to its union with
Grand river beds of sand in the stream channel are common.
This sand is, for the most part, somewhat dirty, but in places
is clean and bright. It is quite generally used for cement
work by residents of the neighborhood.

In Grand river, particularly in its lower course in the county,
sand bars occur frequently. Beside the road near the middle
of section 2, Pleasant township, is a large bar which is used
by the owner and his neighbors for cement work, but which
has, however, been rejected as material for concrete bridges
in the neighborhood. Farther up the river the bars contain
increasing amounts of mud and silt.

These sand and gravel bars are not at all important as
sources of material for bridge and highway purposes, and
practically all of these materials are shipped in.

VAN BUREN COUNTY.
SAND AND GRAVEL.

All of the sand and gravel deposits of Van Buren county
are confined to Des Moines river and a few of its tributaries.
‘These occur both as terraces and as beds and bars in the river
channel and bottoms, the latter being of considerable more
importance than the former.

Stream Terraces.—The most marked development of terraces
in the county is in the Keosauqua ‘‘ox-bow’’ in Des Moines
37
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river. In this area eight well-marked terraces have been de-
termined, reaching up to an elevation of 145 feet above the

level of the river. These are composed of sands, gravels and
silts deposited by the river, and mark the several phases in
the development of the river valley as it now exists.

Stream Channel Deposits—Sand may be had in abundance
along all of the larger streams of the county. A short dis-
tance east of Farmington there is a gravel pit from which
large amounts of ballast have been removed by the Burlington
Railroad. The greatest depth worked is about eighteen feet.
Of this, the top eight feet are coarse gravel and the remainder
a coarse beautifully cross-bedded sand containing some pebbles.
Directly south of here is a second pit worked by the Rock
Island Railway. The latter, which is twelve feet deep, was
opened in 1878 and has furnished ballast for some twenty-five
miles of track. :

STONE.

Both the Upper and Lower Carboniferous series-are repre-
sented in the rocks of Van Buren county; the former by the

Lower Coal Measures or the Des Moines stage and the latter by

the limestones of the Saint Louis, the shales and limestones of
the Keokuk and the Montrose cherts of the Burlington substage. -

‘Exposures occur chiefly along Des Moines river and its trib-

utaries, althongh a few outerops of the Saint Louis are to be
seen along Cedar creek and branches, near the northeast corner
of the county.

The beds belonging to the several stages and formations bear
the customary relations to each other. Between the Des Moines
and the Saint Louis is a major unconformity and evidences are

to be observed of a break in sedimentation between the Saint

Louis and the Keokuk beds. A marked anticlinal with its crest
at Bentonsport brings the Burlington cuerts into view in the
channel of Des Moines river between Bentonsport and Bona-
parte. A maximum of forty feet of these beds is exposed, but

they disappear both to the north and south within narrow limits.
The Burlington consists of beds of chert with occasional bands
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of limestone or calcareous shale but affords in this county no

quarry products.

Keokuk Beds—This member is exposed along the Des
Moines from the mouth of Rock creek in Washington township:
to the southeast corner of the county. It is found exposed in

.only a narrow belt along the river, where it is usually overlain

by the limestones of the Saint Louis. The formations belong-
ing to the Keokuk substage in Van Buren county consist of
the Keokuk limestone below, the Geode shales and, at the top,
the Warsaw shales. C. H. Gordon writes as follows regarding
the Keokuk limestone, its distribution and character:

The Keokuk limestone makes its first appearance in the ex-
treme southeastern part of the county on a small branch on the
south side of the river. About six or eight feet are exposed, and
quarried to a limited extent. The next appearance is at the
mouth of Reed creek, where about ten feet of bluish gray lime-
stone, coarse, subcrystalline and mostly thin-bedded, are ex-
posed. As the strata rise toward the west, lower beds come into
view, and are seen well up in the bluff below Bonaparte, with
nearly thirty feet of the Burlington chert beds below. The
limestone has been quarried at several places here, but it con-
tains large quantities of chert. Much of the rock is also shaly
and the beddmg of the better quality of rock is quite variable.
At Bentonsport at one time, quarrying was carried on quite
extensively. The principal quarry bed is from five to eight
feet above the base of the division and perhaps represents The
same ledge as that quarried at Keokuk and there termed the
““white ledge.”” The upper layers at the quarry are thinner.
The horizon between the thicker and thinner beds is marked
by a series of undulations of one of the beds remarkable for
their regularity. The vertical interval of the undulations does
not exceed ten inches, while the horizontal interval does not
vary much from fifteen feet throughout the whole extent of the
quarry. On the opposite side of the river the rocks are well
exposed for some distance up Bear creek, and show essentially
the same characters as elsewhere in southeastern Towa.*

The limestone has been quarried at a number of points in
the vicinity of both Bonaparte and Bentonsport but most ex-

*Geology of Van Buren County, Iowa, Iowa Geological Survey, Vol. IV, p. 211,
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tensively at the latter place, where the following is the approxi-
mate section:
FEET.

7.  Geode shales, at quarry face.............ccocivivirinnnn. 104-
6. Argillaceous limestone, carrying much chert and some
EROGEE ) Sl o an. b, T, ST PE e R L 2 2
5. Blue-gray limestone in thin ledges with interbanded black
shale and numerous chert bands........................ 8
4. DPersistent bed, blue, crystalline, fossiliferous limestone with
= ar banda of [CRRrGs L as e w0 R T i n 1
3= “Ealdareous, darkegray Shale.. .o Lenh St e Rl AR L 1)
2. Heavy bed, clean, blue-gray, coarsely crystalline.......... 114

1. Calcareous shale.

The quarry face is intermittently open in the bluff above
the town for one-fourth of a mile. The base of the quarry is
about forty feet above water in the river and twenty feet higher
than the railway track which runs at the foot of the bluffs.
Numbers 2 and 4 only have been used, and these have furnished
stone for bridge piers and riprap. The stone has not proved
very durable in exposed positions. It is believed, however,
that all the beds might be used for crushed stone and the sit-
nation is suitable for such an industry. The exposures are
in general covered with the geode-bearing shales and heavy
deposits of drift.

Equivalent beds have been worked by the Chicago, Rock
Island and Pacific Railway Company, three-fourths of a mile
east of the town, but they are no longer used.

In the vicinity of Bonaparte the Keokuk limestone is occa-
sionally quarried for local use. The following layers are to
be seen in the southeast quarter of the southwest quarter of
section 9, Bonaparte township:

: FEET.

L T I o e o T a E LA EIE & 3-10

.2. Limestone, blue, irregular, thin-bedded; intermixed with
layers of shale; fossiliferous, cherty.................... 7%

1. ' Limestone, blue, hard, cherty, thick-bedded, main quarry
BOBR: iR Da el A R R i e e e et

Farther up Mack creek the fine-grained yellow limestone ap-
pears and has been quarried at a few points.

Gordon thus described the beds of the Saint Louis stage as
they occur in Van Buren county:*
" *Iowa Geological Sugvey, Vol IV, p. 214,
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The Saint Louis limestone constitutes the uppermost divi-
sion of the Mississippian, . . . and has the greatest superficial
extent of any of these members in Van Buren county. It is
generally overlain by the rocks of the Des Moines stage of the
Upper Carboniferous. .-. . The maximum thickness in Van
_ Buren county probably does not exceed ninety feet.

In lithological characters the rocks composing the formation
show great variation. In general they present a three-fold
division consisting of (1) brown arenaceous and magnesian
limestone, (2) brecciated limestone, and (3) gray, compact,
and granular limestone.

Arenaceo-magnesian Beds—The first of these is exposed at
many places along the Des Moines and is especially well devel-
. oped in the' vicinity of Kilbourn and in the bluffs below Keo-
sauqua. It consists of fine-grained or vesicular magnesian
limestone in rather heavy ledges, which grade horizontally into
a more or less clearly marked arenaceous rock characterized in
places as a sandstone. A large percentage of the rock, how-
ever, is made up of caleareous matter, and hence it is more
properly designated as an arenaceous limestone. It is well
developed on Price and Bear creeks where it furnishes a very
good quality of stone for building purposes, and has been
quarried quite extensively for plates and sills. This bed rep-
resents that quarried at Belfast and Keokuk. It constitutes
the upper member of the Warsaw as originally defined. The
arenaceous character is confined generally to the lower part
of the beds, but on Bear creek as well as elsewhere, sand forms
the larger part of the formation. The magnesian limestone
constitutes the most generally recognized phase of the division
in the county. When first removed from the bed, the rock is
of a blue or drab color, but it soon changes to a rusty brown
by the oxidation of the iron which it contains. . . . The mag-
nesian rock occurs in thick, gently undulating beds, and is
distinguished by a more or less concretionary structure. . .
In places these beds are interrupted by the brecciated phase
which in these instances is in direct continuity with that of
the overlying bed. The thickness of the arenaceo-magnesian
beds varies from ten to twenty-five feet.

Brecciated Limestone is a widely recognized phase of the for-
- mation in Towa. The bed is made up generally of compact and
. granular, gray limestones, in sharp angular fragments of
various sizes cemented together by similar calcareous material.
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Near the mouth of Reed creek, the whole of an exposure sev-
enty-five to eighty feet in height shows brecciation. The lower
portion represents the arenaceo-magnesian bed and is com-
posed of large fragments of this limestone with clay filling
the interstices, while the upper part is made up of the compact
and granular limestone more completely cemented. In the
vicinity of Keosauqua, the upper portion of the bed contains
more or less arenaceous material. This is well marked on
the south side of the Des Moines above the town, where a brown
sandstone ten to twenty feet thick replaces nearly the whole
brecciated division and is overlain by limestone. Two or three
miles below, the sandstone varies from five to twenty-five feet
in thickness and rests upon the brecciated bed, while it is over-
lain by the compact limestones as shown in the bluffs opposite
Keosauqua.

Quoting again from Gordon:

The sandstone at Keosauqua is decidedly calcareous in
places, and sometimes includes irregular ledges and fragments
of limestone. . .. The thickness of the brecciated division
varies from nothing to seventy-five feet. In general, however,
it may be said to be from ten to twenty feet thick.

Compact and Granular Limestone.—Overlying the brecciated
limestone in places, and the Keosauqua sandstone where that
formation occurs, is a compact, fine-grained, gray limestone
characterized by having a conchoidal fracture, concretions, and
a- considerable number of fossils. . . . In some places the com-
pact limestone is replaced by a thin-bedded limerock with a
marked granular structure often cross-bedded. . .. The lime-
stone of this upper division is well developed along Indian
creek where the compact variety is quarried quite extensively.
The thickness of the bed does not exceed fifteen feet. It is
also quarried at Keosauqua on both sides of the river.

As pointed out, the Saint Louis beds have been more exten-
sively quarried than the other formations of the county. Near
Des Moines river in the northwest quarter of section 31, Lick
Creek township, the Saint Louis beds were formerly opened
up for quarrying. A few feet of the upper arenaceous lime-
~ stone has been quarried at Kilbourn and at other points on

Lick creek but all these openings have been long since aban-
doned.
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The white limestone has been quarried on Thatcher’s creek
on the southeast quarter of section 2, also on the southeast
quarter of section 1, Des Moines township. Just east of the
town of Keosauqua near the north edge of section 31, twelve
to fifteen feet of limestone has long been worked for foundation
and rough building stone. :

The Saint Louis beds have been opened up for local use at
many places along Rock creek in Washington township. Gordon
(page 220) gives the following section at the mouth of Rock

creek:
ROCK CREEK SECTION.

FEET.
(s Al o} T TSEET F ot BT s o LLARULERN L R s, e 1 EEAY 5
5. Limestone, compact, gray; breaking with conchoidal frac-
ture; contains abundant brachiopod remains............ 6
4. Sandstone, brown, quUartzosSe..........c.veoevriirenronanas 4
3. Limestone, brecciated, well cemented...................... 20

2. Limestone, hard, blue, weathering brown; heavily bedded
and concretionary; sandy at top, at base bluish and

dolomitic in BPPEATATICE. 1ot ovv v vns rmin et aaens 14
T, “Sonaealed.tg river dewell . ol oo s s gia o o d R sl 35
ORI o iy e o ool ol S AL | SO SRS !

Number 2 has been quite extensively quarried here for the
early river improvements.

Northeast of Bonaparte on Mack creek and farther south on
Reed and Potter creeks, the sandstone and brown magnesian
strata have been quarried for use in locks and dams in river
improvement work. The beds worked on Reed creek afford a
stone which dresses well and has been used also for caps, sills
and for well and cellar walls. It is said to be much more dur-
able than the white limestone under the same conditions. Un-
limited quantities of these strata are available along Potter
and Reed creeks, where little stripping would be necessary and
the quarries would be conveniently accessible to the railroad.

The blue sandstone has been quarried for many years on
Bear creck in section 11, and a more recent opening has been
made by Perry and Isaac Davis in the northwest corner of
section 31, Henry township. The section at the latter place is
given herewith:
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1. 57—Davis quarry, west of Bentonsport, Van Buren county. Heavy beds of
magnesian sandstone (Warsaw Sandstone).

. i FEET.
7. DEIf, ssamd iR ey E T e e e S 2146-10
6. Blue-gray ‘“soapstone” shale with thin limestone layers in
o g ool mio) ot oy Ny fde i i i Ry S S A i
5. Arenaceous limestone, light brown to” bluish........... - 21

4. Sandy blue magnesian limestone, “sandstone”, solid ledge
which splits readily with chisel parallel to bedding; some

(AT Tkl T G e T Sl R e T A M T 5
3. Irregularly bedded gray to blue, coarse-grained limestone,

fossiliferous (bryozoan abundant)...................... 54
2. “Soapstone,” containing chert, to water in creek............ 11%
1. White limestone reported to unknown depth............... 1%

Number 6 is plastic and appears free from concretionary mat-
ter. The maximum amount of stripping, about fifteen feet, is
indicated in the section. Stone is shipped from this quarry
but must be hauled to the railroad at Bentonsport. The sand-
stone gives good satisfaction in walls, and dresses well for use -
in more conspicuous and exposed parts of buildings. John
Gaston has a small opening in the same beds one-fifth of a mile
south on the opposite side of Bear creek.
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A good development of the ‘‘sandstone’’ occurs also in the
Price quarry on a tributary of Chequest creek in the south-
west quarter of section 20, Van Buren township.

Section six miles northwest of Keosauqua along a small trib-
utary of Chequest which enters the larger stream from the

southwest:
f FEET.

7. Drift and loess of variable thickness.

6. Limestone, much weathered and siliceous, certain layers
weather shaly and are stained red to yellowish brown.... 2-4

5. Limestone, blue-gray, evenly bedded and of uniform texture;
very hard and tough, beds up to thirty inches in thickness 4

4. Talus slope. _

3. Limestone, gray, vesicular, coarser textured than number 5
and fossiliferous, partially obscured by talus slope; thick-
ness not determined.

2. Sandstone in heavy ledges, evenly bedded though beds are
somewhat undulating; layers smooth enough to be used
for dimension stone without tooling.................... 10-12

1. Shale, calcareous to arenaceous, blue-gray, yellow where
weathered; said to become more shaly below the bed of
T Kar T T a0ty TTaTs e e e = RN Mo e G e T RS 7 3

The sandstone beds range up to three feet in thickness, al-
though blocks more than two feet thick were not seen in any of
the sections exposed. It has been used extensively for bridge
work and other heavy masonry. This stone was used for the
piers which support the wagon bridge across Des Moines river.
It yields to any kind of stone dressing, is strong and with-
stands weathering influences well. Blocks put in walls or piers
more than a half century ago still retain the tool marks, which
appear to be as fresh as when the blocks were laid. On ac-
count of lack of transportation facilities almost no stone is
quarried at the present time. '

The Saint Louis limestone is well exposed all along Chequest
creek from the middle of Chequest township to Pittsburgh. As
indicated in the above two sections the lower portion of the
magnesian limestone grades locally into a sandstone.

The large proportion of the stone used in the southern part
of the county has come from the Indian creek quarries west of
Farmington. Outcrops oceur along this stream from near .its
mouth to the quarries on the line between sections 5 and 32
of Farmington township. The quarry in section 5 is. now
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Fie. 58—Saint Louis limestone exposed along creek about three miles west of
Farmington, Van Buren county.

worked by Cyrus Falker and Mark Hornbaker. Lime burning
was formerly done here. The strata now visible are given:

FEET.

8. THocsgsand TR L 2 T s o A R S e T S IS e s 104
7. Limestone, gray, coarsely subcrystalline, weathering to a ;
friable condition; thin shaly layer at base............... 214

6. Limestone, homogeneous and fine-grained, with conchoidal
fracture above; coarser and more impure below; sepa-
rated into heavy ledges, the upper one 18 inches thick;
stone traversed by seams of crystalline calcite which in

genéralrTimSvertically . =L . b o] i b L e 53%
O 01T 0 3 W o - o IO ST R BRI (I - St e 3%
4. —_Soft - shalleF sar A o= o wot e sg gt . et g L 4
3. Limestone, heavy ledge; gray, compact, fracture conchoidal,

irregularly shattered by weathering.................... 2146
2. Alternating bands of light blue to brown limestone and slaty

e L L L Ll e 2
1. Thin-bedded limestone, to Water.............c.ovvenien.n.. 354

Only the members above No. 5 have been used. The upper
three feet of No. 6 make a fair building rock. It is hard and
weathers slowly. There is a considerable area on both sides
of the creek where the stone is available without an excessive
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amount of stripping. The beds would afford a good product if
crushed. The Chicago, Burlington and Quincy railroad follows
Indian creek and would afford good transportation facilities.

Section one and a half miles west of Farmington, south of
coal chute of Chicago, Burlington and Quincy Railroad:

FEET.
6. Loess and wash, rather sandy. and iron-stained and mottled

28 GAT 01010 | A ek W I i AN e o T et MO A 5-20
B.  'Shale, clayey, DI gAY . . oo e vs s hn v se e sim winis s s mieiminnn o e sl 3
4. Shale, arenaceous, hard, projecting ledge; variable........ 1-2
AR i T (0N R e e e Pl e ) e e R RV TR R B S 3
2. Shale, arenaceous, forms a projecting ledge similar to 4, va-

T1c) 0 R P At ot e s - R TR S b S R A 1-2

1. Shale, somewhat variable in texture, varying from plastic
and gritless to slightly arenaceous; as a rule becomes
highly plastic on weathering; evidently fissile, blue-gray
to dark blue; occasional concretions and geodes present.
Exposed above creek channel about.................. ...

About one-half mile farther west a massive sandstone appears
in a cut along the railroad and below the railroad bridge the
heavy-bedded sandstone may be seen resting on the shales. The
undercutting of the creek has produced and is maintaining an
escarpment. The bedding planes in the sandstone are mot ap-
parent and the beds in the railway cut appear to be disturbed.
The sandstone and shales appear to be the equivalents of those
exposed along Des Moines river below Belfast. (See plate
XXTIX, ¢, page 401.)

Van Buren county is unusually rich in hard, compact lime-
stone suitable for crushed stone products. The county is not,
however, very well equipped with transportation facilities,
especially near the important stone crops.

WAPELLO COUNTY.
SAND AND GRAVEL.

The gravel and sand deposits of Wapello county are of two
kinds, viz., the Aftonian gravels which underlie the Kansan
drift, and bars and beds of sand in the channels of the prin-
cipal streams.

Aftonian Gravels.—A few exposures of Aftonian gravels are
present in the county. As a source of gravel supply this forma-
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tion is not commercially important, but it will doubtless fur-
nish limited amounts for local nse. This ferruginous and much
weathered gravel, often partially cemented into a conglomerate
(described in some detail in the report on Union county), oc-
curs at the base of the drift of the district and rests directly
upon the Coal Measures. It is well shown near the northwest
corner of section 6, Cass township, along a tributary of South
Avery creek. Here the black shales are overlain by a very
ferruginous gravel and coarse, cross-bedded sand. In places
the iron is sufficiently abundant to serve as a cementing ma-
terial, and a firm conglomerate or coarse sandstone is formed.
The pebbles are mostly quartz and sandstone, but some are
igneous in character, such as greenstone and granite. On North
Avery creek in the southwest quarter of section 26, the fer-
ruginous gravel is again exposed at the base of the drift,
which here hag a thickness of six to fifteen feet. Still another
locality where this deposit occurs is on Des Moines river just
above Eldon. The gravel and sand at this place have a thick-
ness of ten feet. They rest upon the Coal Measure shales and
are overlain by fifty feet of drift.

Sand and some gravel is taken from Des Moines river in
Ottumwa and vicinity. The sand plants are located from one-
fourth mile south of the Milwaukee railway bridge to the prin-
cipal pit just below the west end of the Vine street bridge.
The gravel is fine-grained, mostly sand, and the supply is
renewed by, the river.

The Ottumwa Sand Company is operating a pumping plant
cne-third of a mile below the Milwaukee railway bridge. A
75 H. P. motor is placed on a dredge in the river. The capacity
of the plant is about 500 tons per day. The sand bed varies
from three to five feet in depth. The quality is not quite so
good as at the Vine street bridge. About one-fourth of a mile
below the pumping plant considerable gravel is obtained for

“ local use.

Large amounts of sand and gravel are being accumulated
ncar Chillicothe and considerable quantities of sand have been
accumulated by the river between Chillicothe and Eldon. but
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these deposits are of less importance below Cliffland. At Eldon
there is a large sand and gravel bar.

There is a sand pit on the flood plain of the river in section
14, Keokuk township. The small creeks emptying into Des
Moines river between Chillicothe and Eldon deposit sand only
in small amounts. The sand is considered too fine-grained for
commercial purposes though it is used to some extent by the
county. Village creek is accumulating some sand in section
9, Keokuk township. Soap creek, which enters Des Moines river
at Eldon, deposits a considerable amount of good sand, though
mostly in Davis county. This sand bar is about 75 to 100 feet
in width and one-half mile in length. The quality is probably
inferior to that at Ottumwa.

STONE.

In Wapello county the representatives of the Saint Louis
stage that are of economic importance belong to the Pella beds,
the upper division of the formation. Exposures are practically
confined to the northwestern part of the county where the beds
cuterop along the Des Moines valley from Eddyville to Ottum-
wa, and on North and South Avery creeks in the vicinity of
Dudley. '

Limestone was formerly quarried at a number of openings
south of Eddyville, near the mouth of Miller creek. The John
Lafferty quarry is the only one now in operation. It is located
on Miller creek in the southwest quarter of section 7, Columbia
township. The section exposed here for a distance of eight to.
ten rods, is as follows:

FEET
7. - Loess-and, TiVen Bl s} S aar g ) B o it b e A ord |os s 2pe 5
6. Residual clay, deep red, plastic............oovvieiin.. 3%
5. Residual clay, greenish, calcareous, grading into argillaceous

IS TONG - - 15k ne] ame b 4 U Y P R e ) . 18 o oW ekl o o 3

4, Compact limestone of lithographic texture and separated- by
marly partings; on exposure it becomes badly shattered
by weathering of partings and vertical jointing.......... 2V
3. Heavy limestone bed, highly fossiliferous, upper portion con-
tains cavities lined with calcite and abundant iron pyrite
concretions; two ledges, respectively 14 and 22 inches.... 3
2. Shell marl, a few inches. .

1. Close-textured bluish limestone in 4 to 6 inch layers, to base
1) gunnh el e e e PR o e LT o 1 o SR T e L S BN 214
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Number 3 shapes readily and affords excellent stone for build-
ing purposes and for heavy masonry.

This quarry supplies stone which is used in bridge abut-
ments in this and adjoining counties. The stone is handled
by derrick and loaded on wagons. Considerable quantities have
been shipped from Eddyville. There is a triangular terrace
area here of considerable extent lying between Des Moines
river and Miller creek around the borders of .which the stone
outerops. The overburden is probably not more than ten or
twelve feet at any place, and an unlimited supply is thus
available.

At Dudley large quantities of rock have been removed just
west of the Chicago, Burlington and Quincy station, both north
and south of the tracks. Stone is now quarried by Andrew
Lames on the south side of the railroad. The following strata
are shown in the quarry face:

FEET.

5. Loesslike silt, underlain with a thin bed of iron-stained
EParvOlle | gl L S Rt N T B R T 18

4. Bluish shale in places.

3. Limestone, compact but shatters readily on exposure, sepa-

rates in ‘2- o 3-Ineh  Jamminge, o S, mn T e 21
2. Limestone, compact, light brown to blue, fossiliferous in up-

per portion, and contains much iron pyrites............. 914
1. Blue limestone in thin layers...........oviiimenrinrnnnnn 18-20

‘Only number 2 is used for building purposes and it furnishes
good dimension stone, although not so heavy as the correspond-
ing layer in the FEiddyville section. Much crushed stone is pro-
duced, the railroad company using the major portion of the
output. All work in the quarry is by hand. Stone for the
crusher is loaded on small flat cars and drawn by one horse.
Stripping is done by means of scrapers.

The T. L. Stevens opening is located on Middle Avery creek
one-half mile south of Dudley. The same strata are to be seen
as given in the section above. They are covered with loess and
gravel. The iron sulphide concretions are more conspicuous
and numerous than in the Lames section.

The Saint Louis beds in this vicinity afford a fair grade of
crushed stone for ballast. The presence of iron pyrite, which
rapidly weathers and leaves blotches, streaks of iron rust,



PraTe LVI—Andrew Lames quarry, Dudley, Wapello county. The section shows the hard, compact beds of the Saint Louls
limestone under the usual heavy stripping of the district.
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and small cavities in the stone, is a drawback to the extensive
use of number 2, which is otherwise suitable for building pur-
poses. Without question there is more and better stone avail-
able in’the vicinity of Eddyville than at Dudley, but it is in
a less accessible location at present for railroad transportation.

Limestone has been quarried at several points in Ottumwa
and vicinity. It has for many years been taken from the bed
of the river at Ottumwa during low water. A new place is
opened up and worked out each season. That portion of the
bed of the stream which is to be quarried during the summer
is enclosed by an embankment to keep out the water., This is
constructed of barrels filled with clay against which are piled
broken stone, gravel and sand, until a substantial barrier is
built up. About six feet of limestone are removed, the upper
layers being thin-bedded and the lower ledges three to eight
inches thick. All of the Saint Louis beds exposed here and at
other places in the county are suitable for crushed stone
products. ,

WARREN COUNTY.

SAND AND GRAVEL.

‘Warren county as a whole presents an unbroken loess-Kansan
drift surface. Des Moines river forms the northeastern boun-
dary for some half dozen miles and the river here as else-
- where in central Iowa is margined with sand flats and contains
sand and gravel bars of sufficient volume to supply a large
portion of the county. These natural resources have not been
developed to any extent in Warren county. The interior
streams, while important as drainage lines, are of little im-
portance as sources of sand and gravel. The interglacial sands
and gravels are of no importance in the county. At the present

time Des Moines and vicinity is the chief source of supply.

WASHINGTON COUNTY.

SAND AND GRAVEL.

The usual interglacial sand and gfavel terraces are‘poorly
developed or almost wholly concealed in Washington county.
Deposits occur in varying quantity here and there throughout
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the drift, but at only a few points is there a sufficient quantity
of the right quality easily available. These points are, in
general, along the larger streams. At Coppock, just over the
line in Henry county, there is a gravel terrace margining Skunk
river from ‘which considerable amounts of material have been
taken by the Chicago, Burlington and Quincy Railroad. The
gravel is fine and is mixed with sand.

South of Riverside, on Goose creek, the following section
was observed by Bain:*

3. Sand, coarse, yellow, alternating with fine gravel.......... 25
2. Clay, yellow, with pebbles.......... ..o, %
1. Clay, blue, plastic, few small pebbles. ..................... 12

Sand and gravel in small quantities and of rather inferior
quality occur in the present streams. These as well as the
drift pockets are of local interest only. ;

Clay of good quality, such as has been burned elsewhere for
ballast and road materials, is everywhere present.

STONE.

The upper magnesian layers of the Kinderhook outerop along
South English river and its immediate tributaries, but they
have little to commend them for structural purposes. They
have been developed, however, to a limited extent near River-
side and Wassonville, and have been used for rough foundation -
work, well curbing and even for bridge stone, ordinary dimen-
sion stone and caps and sills. The stone is rather soft and
not pleasing in appearance.

Limestone beds referable to the Osage outerop at numerous
points in a belt which crosses the middle portion of the county
in an east and west direction. Quarries have been opened
northwest of Washington and north of Wellman. The Eckels
quarry, located on the southwest -quarter of section 2,
Franklin township,.presents one of the best sections between
Washington and West Chester and is given below.

*Iowa Geological Survey, Vol. V, p. 153.
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ECKELS QUARRY.

!.\900
a
w
w

B RN A i oot MRl R THIE B0 90 Py S e o R S 6

Limestone, coarsely suberystalline, blue, gray and white in
color, running in ledges from 3 to 20 inches in thickness.. 20

=

Other quarries in the neighborhood display less extensive
sections and present no new features of importance. Chert
bands are quite common in all of the quarries and in one of
the quarries an earthy to arenaceous bed carrying calcareous
geodes may be viewed. North of Wellman, near Dayton, an
old quarry shows the following indurated beds:

FEET.
3. Limestone, buff, arenaceous..........covireiinnanaran., 5
2. Limestone, brown, coarse, subcrystalline, fossiliferous...... %
1. Limestone, blue to gray, finely suberystalline, fossiliferous.. 4

The stone very closely resembles that quarried in the Wash-
ington district. Openings have been made at other points, but
are of local interest only. .

The Saint Louis limestone occurs over a large area in the
southern portion of the county, comprising a strip ranging
from about five miles in width, on the east boundary, to eleven
miles on the west. The most important exposures occur along
Skunk river and near vicinity, in Brighton and Clay townships.
The principal quarries are located in the immediate vicinity of
the town of Brighton. The most valuable ledges quarried here,
as well as at other points, belong to the upper member or Pella
beds. The overburden is usually heavy, ranging from a few
feet at the face in natural outerops to fifteen or twenty feet a
short distance toward the bluffs. There are two main ledges
especially suitable for bridge stone which range from sixteen
inches to two feet in thickness and rest upon two layers of
flagstone. The flagstone layers are in.turn underlain by heavy
beds which were at one time worked by the Chicago, Rock
Island and Pacific Railway Company near Brighton. These
lower ledges are more or less water-coursed, and the quarry
has been abandoned. On the west side of the Rock Island
tracks, immediately north of town, the following layers were
formerly exposed and quarried:
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e FEET.
7. Soil and drift, variable, thickening rapidly in the bluff..... 5-15
[l I ) GRS e W | | e S e iy el e, e B e gl O 2-4
5. Limestone, in thin layers........ ..ot 24
4. Limestone ledge, bridge stone.......... ... oo, 134,
3. Limestone ledge, bridge stone. ...........ccovirevnrennnnnn 14/,
2. Limestone, flagging and rubble...........cciiiiiiiiii., Y
1. Limestone, flagging and rubble............voiiviiiiiinnnn 1

Other quarries opened in the immediate neighborhood show
essentially the same beds but in slightly different thicknesses.

About two miles northwest of Brighton, a quarry is being
operated on the Whitmore place. The beds developed are as

follows:
FEET.
I D0 1= (o P oL L) D oy o e et AR At FE N S B o, s T (D 20
1. Limestone, gray-blue, compact, tough, somewhat fossilifer-
ous; in ledges as follows:

Top ledge, 8 inches........
Bridge stone, 20 inches..
BridegesstonerT 20 SNERes.lod (oo i e e d e 5
Flagstone, 6 inches........
Flagstone, 6 inches........

The upper ledges are very much weathered along the joint
planes, and in places the blocks are reduced to rounded cores
practically valueless though they appear to be as tough and of
the same color as the unweathered blocks. The ledges work
readily by the feather and wedge method. The flags are some-
what rough but appear to be durable.

The Chicago, Rock Island and Pacific Railway has used much
of the stone of the district for bridge purposes. The stone has
been generally used in the town and county and has been
shipped in large quantities to adjoining counties.

The stone quarried in this region is fine-grained, compact,
breaks with an even to conchoidal fracture, and is of a pleasing
ash-gray color. It is of good quality, but limited in quantity,
as only a few ledges are workable, and can be obtained only
at great expense on account of the excessive overburden. Be-
low are the disturbed beds of the Verdi which are of little value
for quarry purposes. Small quarries have been opened in
these beds near Verdi, but have long since been abandoned.
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Fi1c. 59—Irregular beds of limestone in thet Saint Louis, Verdi quarry, Washington
county. '

About three miles south of Washington on Crooked creek,
a small quarry has developed the lower magnesian portion of
the Saint Louis, but it is of local importance only.

With the exception of layers in the Kinderhook, all of the
limestones available in the county are well adapted for road
and concrete materials.

WAYNE COUNTY.
SAND AND GRAVEL.

Wayne county lies wholly within the loess-Kansan area and
contains no large streams. The northern portion of the county
is drained by Chariton river and its tributaries, but none of
these have acecumulated any considerable deposits of sand and
practically no gravel. Some sand and gravel is obtained from
the vicinity of Morgan in Decatur county for use in and about
Lineville. The interglacial gravels, while probably present in
the county, are not known to be available. The county is de-
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pendent almost wholly on outside sources for its supply of
road and concrete materials.

STONE.

Exposures of the underlying rocks are very scarce in Wayne
county. The Des Moines stage of the Coal Measures occupies
the major portion of its area. Stone suitable for quarrying is
known to occur only along the south fork of Chariton river
near the east edge of the county. A small amount of rock has
been taken out on the farm of Mr. Talkington in the northeast
quarter of the southwest quarter of section 36, Wright town-
ship. Four feet of gray fossiliferous limestone are exposed,
overlain with fifteen to twenty feet of drift. The stone is trav-
ersed by veinlets of calcite and separates into thin laminez on
exposure. The same bed has been worked at a few points
farther up the river and over the line in Appanoose county. It
can be of little importance even locally.

WEBSTER COUNTY,
SAND AND GRAVEL.

The chief source of sand and gravel is Des Moines river
and its immediate tributaries. Lesser quantities are found in
the knoblike hillocks of the drift.

Des Moines river has cut a deep trench from north to east
of south across the entire county. The sands and gravels oc-
cur in two well-marked terraces about twenty to seventy feet
respectively above the level of the water in the river. Frag-
ments of higher terraces appear occasionally and are gravel-
bearing. Sand bars and flats in the present stream are of
some importance. Remnants of the terraces may be viewed
in and near Fort Dodge; e. g., on Soldier creek at Miller’s
quarry; near the stone bridge in Fort Dodge; back of the city
hospital and on the bank of the river in west Fort Dodge; and
on section 30, Cooper township.

Near the north line of Douglass township the terraces are
especially well' marked and are separated by a drift terrace
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sbout fifty feet above water level. Similar terraces, not so
well developed, are found along some of the leading tributaries.

Kame and esker gravels are somewhat erratically distrib-
uted over the Wisconsin upland drift plain. One of the most
prominent of these occurs on section 9, Lost Grove township,
and is locally known as Coon Mound. The mound is an esker
which rises to a height of some fifty feet above the level country
surrounding it, and is composed of more or less classified ma-
terial—largely sand and gravel. Similar hillocks occur in other
parts of the county. A sample of gravel was taken from a pit
located in a knob near the middle of section 10 in Cedar Creek
township.

STONE.

In Webster county the outcrops of the Saint Louis limestone
worthy of mention are confined to Des Moines river and im-
mediate tributaries, from the north line of the county. to Fort
Dodge. A few detached areas are known south of this point
along the river, and one or two small patches occur in the in-
terior of the county. The beds comprising the Saint Louis
are decidedly heterogeneous in character, varying from a hard,
compact limestone in well developed ledges to a structureless,
clayey marl, and from a pure calcium carbonate to a highly
magnesian limestone. In places a calcareous sandstone appears.
The beds are usually too deeply buried under the Coal Measures
and glacial debris to be of interest economically, but in the
vicinity of Fort Dodge and northward along the river and along
Soldier creek, considerable areas have been partially stripped
of their overburden and quarrying has been thus made possible.
On account of the lack of persistence and rather indifferent
quality of the beds, quarrying has not been, and is not likely
to become, an important industry in the county. The stone has
been developed at a number of points, and a considerable quan-
tity has been used for foundations and retaining walls in and
about Fort Dodge. A few representative sections are given
herewith.

Section at Miller’s quarry, near the stone bridge over Soldier
creek in Fort Dodge: '
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FRET.
gt =V R b A P Pl e 8 e R s s e b 2
6. r@ravel; fresh; Tross-bedded . i aia AL 5 e e e R 10
5. Clay, yellow, not jointed, unleached, many limestone

jol=l0] o Fots iPant et i o L b e e N R M T e 15
4. Soil and clay mingled, both unleached, soil dark and contain-

ing many wood fragments................. ... i, 15
3. Sand, uncemented, containing lumps of coal and large pieces

of wood, in layers varying greatly in color from white to

SR b a2 S SRR K o e L i O e s, e 8, 8
2. Calcareous sandstone, a single layer, very firm..... s A9 114
1. Limestone, layers coarse, often two feet thick, stone of fine,

evendeXture; HorSoSFIlS | 5 i nde bl Tis o i A s s 25

In the creek bed at the foot of this exposure the limestone
gives place again to calcareous sandstone, the thickness of
which could not be determined.

Number 1 in the above section is variable, the beds ranging
from limestone more or less pure, to limestone more or less
magnesian. The texture also lacks constancy. The terrace on
the west side of the river from the mouth of Lizard creek
northward for about two miles is supported by the Saint Louis
limestone. South of the center of section 7 in Cooper township,
& good section may be viewed. The beds are as follows:

FEET.
5 TR 21 gl L0 (o2 | et sy gl pa 5 i 1 cplie 2 bl 2 o, 6 I o L Tkl 5
4. Limestone, rather heavy-bedded, variable, with persistent

(03 017 o vl 0250175 B 0 (7 s el 0 L it 0 o [t e O iR L S S L 12
3. Sandstone, cherty in places. ........coviiiiriiinnnnnnn s 15
2 Tre st SRTe AR oy o 1 T e R e s A R P T 11
1. Sandstone, to water level............ ..o iiiiiinninannnn 1%

While the limestones continue to the county line, they are,
as a rule too deeply covered and too far removed from trans-
portation lines, to merit consideration. Below Fort Dodge,
limestone outecrops are unimportant.

~Des Moines river and its immediate tributaries have ex-
posed heavy beds of sandstone at several points in the county.
As a rule these beds are composed of massive, friable sandstone
oftentimes strongly pyritic or marcasitic. The presence of
these ingredients causes the stone to disintegrate rapidly on
exposure while their presence in small quantity in a finely
divided state produces discoloration of the exposed surface.
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Several quarries have been opened and operated at various
times. The most important one is located in the northwest
quarter of the northeast quarter of section 14, Pleasant Valley
township. The quarry is located in a small ravine where the
rock is naturally exposed. An average section through the
quarry face shows the following beds:

FEET.
B UiSolllmmd el s et il mm Al e Dee b e e 10-15
2. Shale ......... B e ke LN R o L e S R e S e L L 2-3
JUEPRISE N aTE e o) T I G i W St R L 8 S T B R M 15

The sandstone is probably much thicker, but it has not been
quarried below the bottom of the ravine. It is ferruginous and
contains many selenite scales which look like mica. KEven in a
given layer the stone varies often in color and hardness. The
colors are various shades of red. Some layers are practically
useless for building purposes because they contain many small
iron concretions. At certain points in the quarry the rock at-
tains a fair degree of hardness. The layers are of a desirable
thickness, varying from six inches to two feet. Jointing is im-
perfect, but sufficiently well developed to render quarrying
easy. Some years ago the quarry was well equipped with steam
derricks, and a side track gave good shipping facilities, but at’
present it is not operated. The product is known commercially
as the Albee sandstone, and at one time this was the most
extensive sandstone quarry in the state.

Sandstone quarries have been opened at other points in the
county. In Fort Dodge some stone of fair quality has been
taken out. North of the city the sandstone layers appear to be
better cemented but have not been developed to any extent.
Neither the Coal Measures sandstones nor the Saint Louis
limestones as developed in Webster county are prom1S1n0'
sources. of supply for crushed stone produets.

WINNEBAGO COUNTY.
SAND AND (GRAVEL.

‘Winnebago county lies wholly within the Wisconsin drift
area. While this youngest ice sheet extends well into Worth
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and Cerro Gordo counties, the morainal belt which marks the
rather unstable ice front continues back over the eastern one-

half of Winnebago county. The ‘‘knobby drift’’ of Owen, now
known as the Altamont moraine, contains occasional sand and
gravel domes and ridges, and these are the chief sources of
road and concrete materials in the county. While the sand
and gravel hillocks are more common in the morainal belt they
are generally, though not numerously, distributed over the Wis-
consin drift plain. The kame sands and gravels -are as usual
poorly classified and generally carry considerable percentages
- of undersize (clay and silt) and oversize (cobbles and bowlders)
materials.

Unlike many another county within the Wisconsin area, the
streams of Winnebago exhibit practically no traces of gravel
trains. What streams may have transported glacial debris in
their flood waters carried it out beyond the limits of the county.

- WINNESHIEK COUNTY.
SAND AND (GRAVEL,

The valley of Oneota or Upper Iowa river is plentifully
strewn with beds and banks of sand and gravel of various
ages and characteristics. These comprise fine, fresh, clean
sands, beds of coarse pebbles and old, rusty, weathered gravels.
The character of these deposits serves in many instances 'as
a fair index of their relative ages, although the evidence is not
conclusive for some of them. Thus there are at intervals
from the county line westward to a point a short distance beyond
Decorah banks composed chiefly of pebbles of limestone with
some chert, foreign pebbles and sand. Such a deposit is de-
scribed by Calvin from section 36, Pleasant township; and in
section 35 of the same township test holes sunk by the Upper
Towa Power Company at the site of their dam showed:

FEET.
Black dirt (alluvium)......... e e R g oL T 2-10
(25372 A R S S N e M T B R M I o 8 ik e DS 1-6
Sand, clean, fresh, in streaks and pockets.................. T+

Clay in streaks.
. Bowlders and gravel mixed.
Bed rock.
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The materials form a broad flat terrace reaching as high as
thirty feet above the stream. The coarser elements are largely
limestone, with some foreign pebbles. They were used in mak-
ing the concrete dam and other- structures of the company’s
power plant.

Again in section 3, Glenwood township, is a similar terrace
which shows about thirty feet of alternating sands and coarse
gravel below eight feet of yellow Iowan loess. This latter is
weathered above but fresh below, and at the contact the gravels
are iron-stained. One exposure shows two feet of ferruginous

Fi16. 60—01d weathered gravels over fresher sand, section 9, Glenwood township,
' ‘Winneshiek county.

gravel immediately below the yellow soil. Other terraces of
like nature are also seen in sections 4 and 9 of the same town-
ship, and on the north bank of the river opposite Decorah
similar deposits are bound into a firm conglomerate by a cal-
careous cement. This conglomerate is discussed by Calvin in
his report on Winneshiek county® where the probable origin
of the materials here mentioned is treated.

*Towa Geological Survey, Vol. XVI, p. 37.
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Above Decorah there are no terraces, but in the river banks
there are exposed beds of gravel and’sand at a few localities.
In the southwest quarter of section 8, Decorah township, about
two miles above the town, the river impinges upon its left bank
and has cut into a bed of coarse gravel, chiefly local, with some
fresh sand intermingled. This bed is similar to those below
Freeport. Six feet of this material are exposed and overlain by
finer, much more weathered sand with some coarse material,
about equally divided between local and foreign pebbles. The
material from this bank has been used on the roads in the
immediate vicinity with excellent results, as it cements well
and forms a firm roadbed. Other deposits in similar situations.
and doubtless laid down under like conditions are exposed at.
the bridge near the north line of section 6, Decorah township,
and in the northeast quarter of section 10, Bluffton township.

The beds at these different localities may be classified as
of undetermined, but probably Kansan age. Their character
does not in all cases permit of an accurate determination of
their geologic position. But there are other deposits about
which there is not such uncertainty. A notable instance is in
section 7 of (lenwood and section 13 of Decorah townships,
where a broad sheet of gravels is spread over the bottom lands
in the vicinity of Freeport. These gravels bear unmistakable
evidence of their relationships with the Buchanan gravels in
their weathered and rusty condition. They are rather fine,
like the typical valley phase of the Buchanan gravels, and are
overlain by fresh, clean Iowan sand. The road leading north-
east from Freeport is cut through these beds and exposes a
good section. Similar beds occur for some miles up and down
the river. They are of excellent character for use on the roads
and should be used where the newer incoherent sands make the
roads of the neighborhood very heavy. 3

In the northwest quarter of section 30, Canoe township, is
an extensive deposit of dark red, weathered sand somewhat
indurated, bearing very little coarse material. It extends 200
vards back from the flood plain in the form of a sloping ter-
race, and grades up to a sandy soil twenty to forty feet above
the plain.
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Sands of Iowan age also occur at various points in the
‘Oneota valley. In sections 7 and 8 of Glenwood and 13 of De-
corah townships are large bodies of fresh sand. About the
‘middle of the section last mentioned, on the east side of the
‘road, is an immense bed of clean, white sand with darker lay-
ers beneath. These latter are in some cases quite hard, are
for the most part quite fine, and may be Buchanan in age.
In section 23 of Decorah township is another bank of similar
clean fresh sand of Towan age.

In sections 11 and 14 of Bluffton township is an extensive
area which lies comparatively level, with the exception of sev-
eral hills of circumdenudation. Considerable amounts of fresh
-sand, apparently of Towan age, are exposed here along the plain
and covering the hills. In places, however, the rocky core of
these latter is exposed.

Aside from the main drainage course of the county, there
are numerous bodies of Buchanan gravels. Calvin has men-
tioned several of these; as in section 22, Hesper township, sec-
tion 36, Madison, and section 15, Decorah township, all of which
are related to the upland phase.

The valley phase of these gravels is represented by beds
seen in the southwest quarter of section 35, in the northeast
quarter of section 28, and in the northwest quarter of section
20, all in Washington township. All of these beds consist for
the most part of rather fine, rusty gravels and sands with some
associated coarser layers. At the last locality mentioned there
is quite a large bench which seems to be underlain by the
gravels.

A considerable part of the town of Fort Atkinson is built
upon a bench of coarse, rusty Buchanan gravels. These ex-
tend from the margin of the flood plain of Goddard creek north-
ward beyond the railroad tracks where they are probably
banked against the hills of Fort Atkinson dolomite. Where
they have been exposed by street grading in the southern edge
-of the village a thickness of four feet is exposed. The basement
of the Catholic school was sunk into them to a depth of five
feet and the railroad pit opposite the depot, whence large quan-
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I B Wabhtc o RO Dotin RABEeE sooney
tities have been removed, shows a section ten feet in depth,
above which are ten feet of Iowan loess. These gravels have
been used on the roads with good results except that they are
a little soft.

Another quite extensive deposit is cut into by a small creek
in the northeast quarter of section 1, Jackson township, and
the northwest quarter of section 6, Washington township.
Where the road crosses the creek about six feet of hard, fer-
ruginous gravels are exposed and the bench extends to the
river plain 200 yards or more distant. About one-half mile
farther north, along the same road, eight feet of fine, fer-
ruginous, red to yellow sands, alternating with fine gravel and
coarser material of mingled native and foreign derivation, are
exposed. A few rods south of the bridge crossing the creek
on the south edge of Spillville is a bank of gravel which has
been opened up to some extent. This bank shows a section
as follows:
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FEET.
2oy ARG  Bao [ i shar STl o A I SRR iy g e e T BT HEAE s S 1
Soil, with coarsered sand........cccieiiiinenernnvrannnnnn 1
Gravel, hard, oxidized, breaks up with difficulty............ 1
Sand, fine, yellowish, incoherent.........covver vovennnnns Y%
Gravel, hard, red, with some layers of fine sand.......... 134
Gravel and sand in alternating layers, coarse material both

local and foreign; all fairly fresh and incoherent........ 3

One-half mile east of here the fine phase of the Buchanan
gravels is shown by the roadside at the top of a flat bench
which extends from the steep bluffs on the north side of the
river to-the lower level of the flood plain.

STONE.

Good quarry stone is available at a number of horizons in
the Ordovician as developed in Winneshiek county. The lowest
beds eminently suitable for structural purposes occur near the
base of the Oneota limestone in Highland and Pleasant town-
ships. The lower thirty or forty feet, resting directly on the
Jordan sandstone, is a light buff, evenly bedded dolomite, fairly
uniform in texture and obtainable in blocks of almost any di-
mensions up to thirty inches in thickness and easily dressed.
The outcrops are practically limited to the bluffs facing Bear
~creek from Highlandville to the county line, and limited out-
crops on sections 23, 24, 25 and 26 in Pleasant township. These
“beds are almost wholly undeveloped in the county on account of
the absence of transportation facilities. The upper beds of the
Oneota are less desirable for structural purposes on account of-
their more drusy character, absence of regular bedding planes
and general lack of uniformity in texture, structure and compo-
gition. At the present time none of the beds belonging to the
Oneota are quarried in Winneshiek county.

The Galena-Platteville limestone, as in adjoining counties, af-
fords several well-defined quarry horizons. The three divisions
recognized by the Minnesota and Wisconsin geologists are very
marked here. The lowest division or Platteville limestone is
again divisible in three parts, ‘‘Lower Buff Beds,”’ ‘‘Thin,
Brittle Beds,’’ and ‘“Thicker Quarry Beds’’ in ascending order.

39
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As a whole the Platteville thickens southward and as a conse-
quence is much thicker in Dubuque than in Winneshiek county.

The Lower Buff Beds do not exceed five or six feet in the latter
county, with eight inch layers, and have been developed at but
few points and then in a small way. The heaviest ledges of the
Lower Buff Beds occur in the valley of the Upper Iowa in the
vicinity of Freeport and east. The Thin, Brittle Beds were
quarried formerly to a limited extent, and while apparently in
heavy beds where protected, they break down when exposed to
weathering influences and are of little economic importance.
The uppermost member or Thicker Quarry Bed attains a thick-
ness of from four to eight feet and is evenly bedded. The.
stone is hard and compact, fine-grained, nondolomitic limestone,
and is of a bluish color. The individual layers range from six
to eight inches in thickness, are remarkably uniform and can
be obtained in sheets or tablets of almost any desired dimen-
sions. This horizon has been quarried extensively in the vicinity
of Decorah and Hesper. The beds are composed chiefly of finely
comminuted and firmly cemented brachiopod shells. From one
of the quarries north of the river at Decorah attempts were
made to produce an ornamental stone by sawing into thin slabs
and polishing by machinery. The product possessed a rather
pleasing appearance and was used to a limited extent for table
tops and interior decoration.

A number of quarries have been opened in the Galena lime-
stone, above the level of the Decorah shale. Many are small
and were operated only temporarily to supply some immediate
local need. At no point does quarrying in the Galena assume
commercial importance. The upper quarry of Mr. Halloran is
worked at the level of the lower Receptaculites zone, about fifty
feet above the Decorah shales. The quality of the stone is not
as good as that from the upper part of the Platteville. The bed-
ding is not so regular; the texture is less uniform; much of the
stone is liable to split into small chips on long exposure to the
weather.

Several quarries have been opened in the blue ledges of the
Platteville on the north valley wall of the river, opposite De-
corah. One between the Ice Cave and Mill Spring ravine shows
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about fifteen feet of these beds. There are also great quantities
of rock washed out from the Galena beds in the ravine through
which the road enters Decorah from the northwest. These have
been used on this road, as has similar material from the river
bed in section 8, Decorah township, and all these give excellent
results. The road leading southeast from Decorah across sec-
tion 22 to Trout run has also been macadamized with limestone
as well as with gravels from the river terraces. This road is
firm and smooth, an excellent example of what may be accom-
plished with the materials so abundantly at hand.

In the neighborhood of Nasset, in the southwest quarter of
the southwest quarter of section 22, Glenwood, is a small quarry
opened in the hillside in the blue ledges of the Platteville, just
below the Decorah shales. The rock is hard and firm and the"
location is favorable for getting out road material. Along the
east-west road across section 26, (flenwood, are several expo-
sures of geest, dark rust-red, with much chert. While this is not
present in great quantity it would make excellent material for
road work as far as it goes. There is a large quarry at Nordness
which is opened in the upper beds of the Galena. The Maquo- -
keta begins only a few feet above the exposure. The upper beds
are badly checked and weathered, but below these there are some
quite firm ledges varying from ten to fourteen inches in thick-
ness, with which there is associated a ten inch band of shale.
About the middle of the quarry face there is a belt of irregularly
bedded concretionary limestone, three feet in thickness, alto-
gether lacking in the homogeneity requisite for good quarry
stone. Below this belt there are six feet of more regular and
more homogeneous beds, with some of the individual courses
fully ten inches in thickness. Another quarry at the same
horizon as that at Nordness is opened on the south side of Yeli-
low river in the north half of the northeast quarter of section 13,
Bloomfield township, on land belonging to the estate of Mr.
Melvin Green. The characteristics are the same as at Nordness
except that there are several bands of shale, ranging from two
or three to ten inches in thickness, interstratified with the lime-
stone. Another quarry which includes the uppermost beds of
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the Galena is located on the south side of the diagonal road in
the southwest quarter of section 17, Bluffton township. There
are other small quarries, worked temporarily or intermittently
to supply the purely local demands, near Kendallville, Plymouth
Rock and Burr Oak. In the southeast quarter of section 7, Fre-
mont township, are some small quarries opened in beds of dolo-
mitized (talena, a phase of the formation resembling that at
Dubuque. Dolomitization here is local, being restricted to an
area of three or four square miles. The many other small open-
ings in the Galena limestone are too numerous to be individually
noted.

Much of the (alena limestone is very unreliable. When
quarrying has been carried into the hillside beyond the zone of
weathering, the ledges may appear to be thick, firm, durable,
suitable for any kind of construction; but after being placed in

P16. 62—Portion of retaining wall around Court House Square in Decorah, Winne-
shiek county, showing unreliable character of Galena limestone.

walls and exposed to alternations of temperature and the chem-
ical effects of air and moisture they split into thin lamine and
eventually break up into small, irregular chips. The effect is
well shown in the portions of the old retaining wall still stand-
ing around the court house square at Decorah.
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Quite an amount of quarrying has been done in the Maquoketa
formation. The Isotelus zone is very regularly and evenly
bedded, and in a few instances it is firm enough to serve for
building stone. One quarry at this horizon, located in the north--
west quarter of section 18, Springfield township, is noted by
Calvin in connection with the general discussion of the Ma-
quoketa beds of this county.* In some cases the strata lying
between the Isotelus zone and the Clermont shale are capable
of furnishing a fair grade of building material for rough walls
and foundations; but the principal quarry horizon in the Ma-
quoketa is that of the Fort Atkinson limestone. This, not in-
frequently, is a hard, granular, crystalline dolomite, comparable
to some phases of the Galena limestone in Dubuque county. At
Fort Atkinson quarries have been worked in this formation for
many years, and one of these, located a few yards west of the

Fi1c. 63—Fort Atkinson limestone as seen in quarry a few rods west of the old
: fort, Fort Atkinson, Winneshiek county.

*Towa Geological Survey, Vol. XVI, p. 101.
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old fort (Fig. 63), is capable of yielding blocks of any desired
dimensions up to three feet in thickness. Another quarry in
the same limestone, on the east side of the fort, has been oper-
ated intermittently for some time and has furnished quite an
amount of fairly good material. In the southwest part of Mili-
tary township there are many quarries and natural exposures
in the Fort Atkinson beds. The small quarry near the center of
the southwest quarter of section 33, and that near Ossian in the
northwest quarter of section 15, will be found noted with some
detail in the part of the report on Winneshiek county which .
treats of the Fort Atkinson limestone.*

About a mile south of Calmar, in the southeast quarter of
section 35, Calmar township, is a quarry of Mr. Gallaman.
This is opened in the Fort Atkinson beds and shows eight to
ten feet of yellow, flinty, thin-bedded layers overlying yellow
beds free from chert, the beds two to eight inches thick. Of these
lower beds four feet are exposed. On top is one to two feet of
waste rock, then one foot of soil. The quarry has been well
opened and is easy of access from the road. The beds shown
here are also exposed on both sides of the ravine which runs
past the quarry and a considerable amount of rock is available.
Similar beds are exposed in the ravines and road-cuts just north
of Festina.

On the north side of the Cresco-Calmar ridge the Fort Atkin-
son formation comes to the surface and is quarried near the
center of the southwest quarter of section 27, Springfield town-
ship, and about sixty rods south of the northwest corner of sec-
tion 5, Bloomfield. At the point last named the rock is yellower,
softer, less crystalline than at Fort Atkinson. The rocks of
this horizon become more earthy or shaly toward the northeast,
and gradually lose the qualities of a pure dolomite which dis-
tinguish them at the type localities in Fort Atkinson and Cler-
mont.

Several small outliers of the Niagaran limestone appear in
Washington township and are believed to be the northernmost
outcrops of that formation in the state. The stone commonly
representing the Niagaran here is a yellow-buff, dolomitic lime-
mological Survey, Vol. XVI, p. 101.
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stone. Some of the layers exposed in an old quarry west of
Festina comprise a hard, buff, subcrystalline dolomite com-
parable with typical Niagaran dolomites exposed farther south.
The beds are of small importance and have been but little de-
veloped in Winneshiek county.

The Chicago, Rock Island and Pacific Railway has a large
quarry near the station at Nordness. This shows at the base
fifteen feet of heavy blue-gray ledges of fine texture which
weather to gray or buff. The ledges are six inches to a foot
in thickness. The upper ones show a conchoidal fracture.
Above these heavy beds is a layer of slaty shale, drab or slate
color, eight to ten inches thick, which breaks into very thin
spalls. Overlying this layer is a heavy ten-inch ledge, then
thinner ledges for fifteen feet. These are separated by thin
shale bands of one to two inches thickness and are nodular
and of uneven thickness. They are capped by a five-foot bed
of yellowish gray calcareous shale which breaks up into small
angular bits. At the top of the section are five feet or more
of gray iron-stained loess with the lower part strongly impreg-
nated with iron. ‘There is no drift present here.

A sample was collected from the heavy beds below the shale
band, also from the thinner beds above. Several quarries are
opened in this vicinity in the heavy beds below the shaly layers
of the Galena. The yellow shale beds are the basal layers of
the Elgin Shaly Limestones, the lowermost division of the Ma-
quoketa stage. Forty feet of these are exposed in the roadside
one-half mile east of Nordness. Below the quarry beds are
exposed layers which appear hard and solid, as if suitable for
road work.

At the time samples were being collected the quarry of K. H.
Weber, one-fourth mile south of Hesper, was not being used.
Considerable quantities of stone have been removed, however.
The beds used are the blue layers of the Platteville. Only a
few feet are removed and these are just below the Decorah
shales. On the northeast edge of town is a smaller quarry
which is opened in the same ledges as the Weber quarry, but
the location is not so advantageous as is that of the latter.
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A little rock is taken out near Locust from these same blue
layers.

~ On the south.slopes of the hills in section 35 of Washing-
ton township the Niagaran is exposed in steep scarps and in the
road bed. It is fine-grained; suberystalline and responds read-
ily to the acid. On the top of the hill where the road descends
to the river plain some rock has been taken out and this pit
reveals thin shelly layers on top of thicker ones. The heavy
massive beds seen in the scarps are not here exposed.

The type exposure of the Fort Atkinson dolomite is the quarry

west of the old fort at the town of Fort Atkinson. This is well .
described by Calvin. The flinty beds of this formation are also
.exposed in the road in the northwest quarter of section .7,
Washington. These and also the quarry are convenient for
.obtaining road metal of which they should furnish an excellent
quality in abundance. Numerous exposures occur on the road
from Fort Atkinson to Spillville and also on the road from the
latter village to Calmar. Considerable rock waste is uncovered
here and this would yield a supply very easily obtained.
- In the town of Ossian a little macadamizing has been done,
,the cherty layers of the Fort Atkinson beds being the material
.used. So far as noted the stone gives good results except that
.as insufficient fine material was used the surfacing was not
-good. The stone was taken from a quarry in the northern part
of section 15, Military. This is described in some detail by
Calvin in his report on Winneshiek county.

WOODBURY COUNTY.
SAND AND GRAVEL.

. The terraces along Little Sioux river and its tributaries fur-
.nish the principal supplies of sand and gravel for Woodbury
county. Gravels which occur under the loess are opened in a
few places along Missouri river, but these are of minor im-
portance, L

Stream Terraces—The benches along Little Sioux river
which are so prominent in Cherokee county continue southward,
the lower one being conspicuous aeross the corner of Ida and
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on into Woodbury county. It is sometimes as much as a mile
in width, and it seems to be composed almost entirely of gravel.
It has been opened by the Ilinois Central Railway in section
23 of Union township, and from a pit in the northeastern part
of section 35, same township, much is being hauled to Correc-
tionville. In the latter place there is only a small amount of
cover. The usable material is coarse, rusty, impure gravel
at the top, but becomes-cleaner . and more evenly bedded toward
the bottom.

As a rule the higher terrace seen in Cherokee county is not
prominent, but appears at many points as jutting headlands:
which are often capped with gravel. Such occurrences may be
seen in sections 14 and 23, Union township, and also in section'
27 west of the river. These headlands stand sixty to eighty
feet above the river. In Ida county they appear east of the:
river in'the northwest sections and also on Ashton creek..

The high terraces increase in importance as they are traced:
up Pierson creek and its tributaries. They appear as a low
bench in northeast section 17, Union township, where a pit is
open along the creek, and continue southward along Pierson
creek all the way to Correctionville. This terrace is always
prominent—sometimes drift, sometimes merely capped with
gravel, again all gravel—but always capped with or leading
back beneath the loess which covers all the hills. On the creek.
at the middle of the south side of section'17, Union township, is
a most excellent erosion exposure which shows some twenty-
five feet of clean gravel under ten feet of loess. Gravels show
in the roads at many places, e. g., southwest 21, southeast 28,
south 27 and north 34, Union township. The outerop last men-
tioned is owned by John Fleming, is the largest opening and
contains the best and most accessible materials. The sand and
gravel are usually clean and moderately fine, with few bowlders,
but contain streaks of almost quicksand, and lenses of very fine
sand with clay are not uncommon. These latter are, however,
easily wasted. There are not over three feet of stripping at
the most, resting on fully thirty feet of usable gravel followed

by a very ferruginous red coarse gravel which grades down-
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ward into an unusually clayey material. Apparently there
is an unlimited quantity available, and it is readily accessible
to the Chicago and North Western railroad.

Along Pierson creek there is also a lower bench noticeable
south of the stream in section 28, Union township, where its
exact relation to the Little Sioux benches is not clear. It seems, "
however, to be composed almost entirely of gravel and sand.
In southwest Union township there are enormous quantities of
gravel and sand along the creek. Far up on the hillside: near
the northeast corner of section 14 is a large pit which shows
a few feet of sand over clean stratified gravel.

Above Correctionville, and especially to the west of the Sioux
and north of Pierson creek the gravels form a conspicuous plat-
form fully fifty feet above both streams. There is practically
no covering over the gravel, which crops out in prominent es-
carpments and is so near the surface that there is scarcely
sufficient soil for tillage.

Two pits, those of Welch Bros., in southeast 28, and of Moran
and Hempel in northeast 20, Union township, have been opened
quite recently. The first is a clean exposure with very light
stripping on the valley end of a ridge. Fifteen to eighteen feet
of gravel are open, finer and with more sand and cross-bedding
at -top, but coarser below. Moran and Hempel have a large
opening; but except at the very point of the hill the depth of
cover runs up to six or eight feet. They have confined their
development work to the edge of the hill where the cover is
thin. As a rule; the gravel seems coarser here, running coarse
at top and fine below. There are about eighteen feet of gravel
resting upon blue till with an iron-stained band at the top.

South of Correctionville the lower terrace is of wide expanse,
at the town east of the river and on the concave sides of curves
all the way to section 8, Miller township, south of Anthon. The
latter town is on a terrace which seems to be not over fifteen to
eighteen feet above water.

At Anthon, in west section 33 of Kedron township, there are
three feet of black alluvium to strip. Below this are three and .
a half feet of coarse iron-stained clayey gravel with little sand,
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Prate LVII—Moran and Hempel pit showing loading trap, Correctionville, Woodbury county.
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and then four feet of cross-bedded, nicely banded clean gravel
with coarse sand, the largest pebbles being not over an inch
or so in diameter. Underlying this are five feet of clean gravel
down to talus and perhaps to six or eight feet above water. At
the Gilleas opening on the railway in southwest 15, Kedron
township, there are fully twenty feet of good material ‘available
under but little cover.

Farther south than this the lower gravels do not appear
conspicuously, but the bench blends gradually into the flood
plain of the river. It is likely, however, that fragments of this
bench occur to the south county line or farther although not
noticeable.

The upper (sixty to seventy-foot) terrace is evident as jut-
ting promontories at many places on both sides of the stream.
These are particularly noticeable in sections 21, 28 and 34 of
Kedron township and in section 4, Miller township, on Wright
creek. These benches are sometimes gravelly, but not invar-

- iably so.

Reworked Materials—Missouri river has immense beds and
bars of sand (mostly quicksand) in its channel the whole way
across the county. Although there are enormous quantities of
material in these beds they are unimportant from a practical
standpoint, as there are many conditions which prevent their
economical removal.

Sand bars also occur along Little Sioux in varying quantities,

but the presence of so much more reliable deposits in the ter-

races renders them of little importance.

Miscellaneous Deposits.—It is not uncommon in parts of the
county where erosion forms are abrupt, as near the mouths of
all streams coming into Little Sioux, to find outeropping at the
base of the loess a very coarse quartzitic bowlder bed, some-
times resting on drift and again on top of beds of red gravel or
sand. Such may be noted in section 17 of Union township, and
at other points along branches of Pierson creek. They are also
seen in the lower courses of Bacon, Wright and Plumb creeks
and at many points along the west side of the valley. These are
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different from the high terrace gravels. At many points along
the bluffs on the east side of Missouri river gravel and sand
are to be seen outeropping from under the loess. As a rule, this
material is available in only small quantities, if at all. Where
attempts are made to recover it a sort of crude mining system
is used. The gravel is removed from under the loess, which
varies in depth up to forty or fifty feet in places, and work
usually stops when the loess caves down. Sometimes timbering
is done, but this is not commonly the case.

In the vicinity of Sioux City the upland is covered with a thick
veneer of loess. The loess here, as in adjoining counties, seems
1o be quite generally underlain by sand, which is rarely exposed
except artificially and is not worked to any extent because of
the great expense of stripping. This is the only local source of
sand, so most of what is used is shipped from Correctionville.
In speaking of the subloessial sands and gravels, Mr. H. F.
Bain, in his report* on Woodbury county in 1896, says, ‘‘At
some time in the period between the retreat of the Cretaceous
sea and the advent of glacial conditions, at least a part of Wood-
bury county was covered by a shallow lake. The deposits made
at this time are shown under the later glacial deposits in the pits
at Riverside:

FEET.
Loess, usual character, variable thickness................. 30
Clay, plastic, brown, weathering yellow along joints, usually

free from grit; pebbles rarely found....................
Gravel, erratic drift pebbles. .. ..... ... ...l %
Sand, fine, white and even-grained, with small granitic peb-

bles; no distinctly northern gravel...................... 12

‘‘The lake deposits consist of fine to coarse white sand contain-
ing occasional small pebbles, in the main granitic with chips of
wood and a few fossils. The pebbles found are of small size,
water-worn, and of such type that they might readily come from
either the west or the north. There are, as far as careful search
reveals, no distinctively northern rocks present, and certainly
no rocks showing ice action. The general character of the sand
is much like that of the Miocene or Pliocene beds found a few
miles west in Nebraska and South Dakota.”” In the beds, of

*JTowa Geological Survey, Vol. V, p. 243.
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which the section given by Bain is typical, the sand and gravel
are usually mixed together so that neither can be used without
sereening,

Along the loess escarpment stretching southeast from Sar-
gent Bluff there are occasional exposures of gravelly drift
cropping out from beneath the loess. Gravel was once taken
from the bluff at this latter place, but the pit was abandoned
when the loess cover reached a thickness of twenty feet. Hast
of Hornick the beds have been opened up at one or two places
and sand and gravel for local consumption are being removed. |

A very old and quite coarse gravel appears about 150 feet
above the Missouri bottoms in sections 24 and 25, Orange town-
ship. The gravel is much iron-stained, and some of the pebbles
can be crushed in the hand. A lower and finer gravel outerops
in section 31, Westfork township. This material has a newer
appearance and is entirely different from the high gravel men-
tioned above. There may possibly be as much as twenty-five
feet of the gravel under two feet of loess at the outerop, but the
cover rapidly becomes much deeper. It would seem, however,
that several hundred yards of gravel suitable for roads could
be removed before the cost for stripping would become pro-
hibitive.

STONE.

(For notes on stone see Plymouth County.)

WORTH COUNTY.

SAND AND GRAVEL.

The Wisconsin drift covers the northwest two-fifths of Worth
county. The Altamont moraine, with its knobs and hillocks,
stretches diagonally from Fertile to Northwood township.
Sands and gravels in abundance occur along Lime creek and
its immediate tributaries, Willow and Winans creeks. The
gravel terrace rises from ten to twenty feet above the bottom
land, reaches about a mile in width, and rests on a limestone
bench, which rises a few feet above the water level in the ereeks.

The terrace appears only in the north bank of Lime creek
and continues up Winans and Willow creeks a distance of one
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and a half to two miles. These terraces are composed of fairly
coarse materials. The granitoid bowlders are more or less
weathered and break down readily on exposure. Pits have been
opened at numerous points for road and concrete materials, but
none are being worked on a large scale at present. The gravel
varies from ten to twenty feet in thickness and covers most of
sections 29, 30, 32 and 33 in Danville township and considerable
portions of sections 25, 26, 35 and 36 in Fertile township. The
alluvial wash covering over the gravel varies from almost noth-
ing on the breaks to three to five feet on the bench some distance
back from the escarpment. a

Terrace gravels are also found along Elk creek outside the
Wisconsin drift area. Iere, as in the case of Lime creek, the
terrace is most prominent on the north bank.

Occasional sand banks are found along Shell Rock river, but
well-marked gravel terraces are unimportant, if not absent.

Sand flats and bars are present occasionally in nearly all of
the streams in the county, but are of interest only locally.

In the morainal tract kame and esker sands and gravels are
available as usual and have been developed to meet the local
demand, especially for road work. Occasional sand knobs are
found in the upland Wisconsin plain.

STONE.

Limestones of the Mason City substage of the Cedar Valley
stage outerop in the banks of both Shell Rock river and
Lime creek and their chief tributaries. The strata are similar
in every way to their equivalents in the Mason City sections in
Cerro Gordo county.

On the Shell Rock a maximum thickness of twenty feet of the
limestone beds may be observed at the railroad bridge in section
1 of Lincoln township. :

The following section at Foster’s mill in the northeast corner
of section 30, Union township, is typical for the Cedar Valley
beds:



PrLaTe LVIII—Lime creek terrace gravels, one and a fourth

miles east of Hanlontown, Worth county.
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L FEET.

4. Weathered limestone, crystalline, and containing numerous
Galeita . caAVIIOS 15 a et shos ai o Fegp @ Sy T e ] )

3. Compact, light colored, dolomitic limestone, heavy-bedded.. 4

2. Very close textured limestone, lithographic in appearance,
hard and breaking with conchoidal fracture. Has a very

characteristic ring when struck with the hammer........ 3
1. Argillaceous, bluish dolomite layer, exposed to water below
lo/":V 00 g, (TSP e Pt M W S St Pty AT, (R Tpier 4 Py o S 1

No. 4 is the Stromatopora zone which characterizes this stage
at nearly every exposure. It is the equivalent of the beds that
are employed for the manufacture of Portland cement at the
Mason City plant, in the adjoining county to the south.

Near the south edge of section 12, Lincoln township, is a small
quarry from which crushed stone has been taken for road mate-
rial. The middle layer of the Foster mill section is the one used.

-

F1¢. 64—Quarry in northern Lincoln township, Worth county, showing excellent
material for road and concrete work.

Beginning in the northwest quarter of section 1, Lincoln town-
ship, is a continuous outerop for about one-third of a mile where
Shell Rock river flows close to the west edge of its valley and
at the foot of the exposure. From a short distance below the
railroad bridge it extends northward across the line into Kensett
township. The following is the somewhat generalized section:
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FEET.
Bt Bowioery drifios mn il B e s . . ooy At e e 2
4. Badly weathered limestone, rusty red in color, no fossils,
nodular in appearance, bedding obscure on account of
(£ 80sT00udey 2 et (o) I SR B T L I e e e R e Wt e 6

3. Fine-textured limestone of light color, nonfossiliferous and
containing much interstitial crystalline calcite, heavy-
Padaellin. o L. e e T R e e, IR IR 3

2. Slightly. argillaceous magnesian limestone, grading down-
ward into the darker variety, breaks with earthy fracture,
but is very hard, bedding 8 to 12 inches.................. 2-3

1. Argillaceous dolomite, that portion not adjacent to joint or
bedding planes a dark blue, good building stone, to water 6

No. 4 of this section is the equivalent of the upper member in
the Foster mill section. Below the railroad bridge a layer of
calcareous sandstone eight inches thick appears between Nos. 3
and 2. This is very susceptible to the weathering agencies, and
its breaking down forms a reéntrant in the quarry face.

A small quarry has been opened in the northern part of sec-
tion 14, Kensett township, and some stone removed to supply
a local demand for the purpose of rough masonry. The argil-
laceous dolomite has here been quarried to a depth of six feet.
A thin layer of sandy, shaly and weathered limestone occurs
between strata of the dolomite. All the layers shown at this
exposure have suffered more or less from weathering and are
of little value as building material. '

At Fertile an outerop in the south bank of the stream, below
the wagon bridge, gives the following section:

FEET.
3. Hard limestone, badly shattered into small blocks by weath-
L L e R e LB RIS Rl i omen s B romvi s mema e eate 414
2. Arenaceous shaly limestone, very slight effervescence with
okl ReM R, B et R et L e e T e e 8
1. Heavy-bedded, subcrystalline, dolomitic limestone, to water
PSRN s s . 3 i B o o ST e T e = Ny 5

Bed No. 2 gives way much more readily to weathering than
the other members and is conspicuous as a reéntrant along the
face of the exposure. A small amount of stone has been quar-
ried at the east edge of the town in a low terrace to the north
of Lime creek.

Limestone outerops along Willow creek along the roadway
between sections 29 and 30, Danville township. A considerable
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arca is available here under light stripping. Both the white
and the brown limestone are of excellent quality for crushed
stone products. '

The quarry industry of Worth county has been developed
only to the extent of supplying a local demand in the imme-
diate vicinities of the exposures of the limestone beds. Prac-
tically all that has been used for building purposes has been
from the compact, light colored stratum and the underlying
dark magnesian layer given in the sections along the Shell
Rock. The former is well suited for road material and concrete
work, while the latter, which is the equivalent of the Mason
City dolomite, is considered one of the best and most durable
building stones taken from the several quarries in Cerro Gordo
county. This stone is well exposed to a thickness of ten to
twelve feet in the northern part of Lincoln township, where
the Chicago Great Western crosses Shell Rock river, and in a
location where conditions are favorable for development,

o =0 Lk I [ o]
AL o -L".c_-...._"'k""‘;-"—" wathihs

Fi1c. 66—Iowan bowlder field in northwestern Lincoln township, Worth county.

WRIGHT COUNTY.
' SAND AND GRAVEL.

- Wright county lies wholly within the Wisconsin drift area.
Two drainage systems are represented in the county: Iowa
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river in the eastern portion, and Boone river, the most impoxr-
tant tributary of Des Moines river, which drains the western
two-thirds of the county. The former stream is the more im-
portant as a source of sand and gravel. Iowa river and its
largest tributary in the county, West Branch, have well marked
terraces almost throughout their courses within the confines
of the county. The terraces are best developed in the vicinity
of Belmond, where extensive pits have been opened by -all of
the railways entering the town. The principal terrace varies
from fifteen to thirty feet above the water in the river. The
terrace rises up stream. At Belmond it is about twenty feet
above the river level. The usual terrace section is:

FEET.
A e e e T R e - S h i s e i s 9 v E D a S 1- 3
S e B e b S T e M S RS 12-16
Bowlder clay, exposed at, or about 3 to 5 feet above water

level.

Pebbles above two inches in diameter are relatively rare, al-
though occasional cobbles up to six inches in diameter are -
present. TLimestone pebbles are conspicuous. Sand as a rule
predominates. Cross-bedding is common and prevails below,
while more or less horizontal bedding is the rule above. The
terrace attains a width up to three-fourths of a mile or more,
and is persistent on one or both sides of the river. The grade
of the present river is low and the terrace rises up stream, the -
materials becoming coarser. The town of Belmond is in large
part built on the terrace. While the terrace rises relatively
up stream when compared with the present grade of the river,
the gravels do not thicken appreciably as the bog line below
the gravels also rises.

The terrace on West Branch is almost identical with the
Iowa river terrace but rises more rapidly up stream and is
not so well developed. In section 12, Belmond township, the
terrace rises some forty feet on the west side of the branch,
while the bog line is about fifteen feet above the water level.
Between the top of the bog line and the stream channel large
bowlders are strewn over the surface in some abundance. Near
the channel the bowlders are less conspicuous on account of
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PLaTE LIX—Pit of the Chicago, Rock Island & Pacific Railway showing loading trap.

Belmond, Wright county.
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PraTte LX—Country pit about two and a half miles northwest of Belmond, Wright county.
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natural levees of alluvium. West Branch has a steep grade—
much steeper than the river itself. There is a pit opened in
the extreme northwest corner of Belmond township. The gravel
is coarser here than in the pits farther down stream. The
section exposed is about as follows:

FEET.
B ARG ., % s e m kil i 5 i, § o e s Bt e Y S el i3
3. Gravel and sand, more or less evenly bedded............... 2-4
2. Gravel, coarse cobbles up to four or five inches in diameter.. 2-3
1. Gravel and sand, variable in texture and bedding.......... 6

.Cross—bedding is evident in number 1 of the above section.
The section as a whole affords material excellently adapted for
road work and all save the alluvium may be used for concrete.

The leading railway pits are at present located in sections
19 and 30, Pleasant township, and 12 in Belmond township.

Crude methods are used for loading the material, the com-
monest of which are the team and scraper with the incline and
platform with trap.

Boone river is also terraced but the terraces are less well
developed than those along Iowa river. Pits have been opened
in section 32, Hagle Grove township. The material is sand
and some gravel and occasional cobbles, and contains consid-
erable clayey and silty material. The terrace here is from
twenty-five to thirty feet above the river. Seven to ten feet
of sand and gravel under from two to three feet of stripping
are available. Much coarser material appears along the road-
-way in sections 18 and 19 in the same township, but little
development work has been done. The most extensive pit in
this neighborhood is located in the northeast quarter of sec-
tion 7 on a small tributary just above its junction with Boone
river. The gravel runs from five to seven feet in depth on a
terrace some fifteen feet above the river level. The gravel is
fairly coarse and much iron-stained. Limestone pebbles pre-
vail. A few bowlders are present but few of the pebbles are
over an inch in diameter. Similar deposits are available both
north and south of Eagle Grove township. Occasional bars
and sand flats occur in the channel of the river, but so far as
known gravel is scarce or wanting in such deposits.
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The Boone river terraces afford a sufficient supply of ma-
terial suitable for road work to meet the local demand. The
deposits as a rule are not being utilized extensively. The local
supply is not so well suited for concrete work on account of
bigh percentage of silt, clay and fine sand. Most of the gravel
used for city work in Eagle Grove is shipped in from Mason
City and Belmond.

In addition to terrace and stream sand and gravel, some
material for road work may be obtained from kame deposits
in the morainal tracts. Such tracts. are best developed near
Dows, through Vernon and Blaine townships, a belt east of
Cornelia in Grant and Belmond townships and a less important
belt northwest of Wall lake in Wall Lake township. The kame
gravels are much more variable in every way than are the
stream and terrace materials. :

Wright county has enough sand and gravel not only for
home use but for export to less favored counties. Pits could be
opened in the Towa river terrace near Belmond where road
and concrete material could be produced by the train load at
small cost.
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TESTS AND ANALYSES OF IOWA LIMESTONES, SANDS AND
GRAVELS.

Among the various properties of stone or gravel that is to
be used for road construction, three are of such importance as
to determine, in most cases, the value of the materials for the
purpose. These three are: cementing value, toughness, and
hardness. :

In order to determine the relative value of various materials
for road construction, numerous tests have been proposed for
these three properties and finally standard methods of testing
have been adopted. The tests in themselves determine the de-
gree of the various properties possessed by a certain stone, yet
the value of the determination, so far as the suitability of the
material for road construction is concerned, is that it forms
a basis for comparing the material with other materials that
have been satisfactory in service. That is to say, by a careful
study of the records of tests that have been made upon mate-
rials which have been used for road purposes, approximate
limits may be determined for the various properties of the
stone.

Cementing Value.—By ‘‘ cementing value’’ is meant that qual-
ity in finely broken stone which will cause it to cement together
when mixed with water. If broken stone or gravel possesses
sufficient cementing value, a road surface made with it will

.compact readily under rolling, or when subjected to traffic, and

the individual stones will be held in the surface by the cement-
ing action of the fine dust which surrounds them. If the stone
possesses insufficient cementing value, the pieces which make
up the surface will be loosened by traffic and will finally be
dislodged. When this happens to a great number of pieces
in the surface, a serious deterioration results.
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The cementing value of a stone is determined as follows:
One-half kilogram of the stone to be tested is broken to a size
ranging from one-half inch down, and placed in a ball mill along
with about 90 cubic centimeters of water. The ball mill is
rotated for 21% hours at 2,000 revolutions per hour. During
this time the stone and water will be ground into a stiff paste.
The paste is molded under pressure into cylindrical briquettes
25 centimeters in diameter and 25 cm. high. The pressure
used is the same for each briquet, and is usually 132 kg. per
square cm. cross section from the briquet. The briquets are
cured in a uniform manner, and then subjected to repeated
blows from a hammer weighing 1 kg. which drops a distance of
1 cm. at each blow. The number of blows required to break
the briquet is taken as a measure of the cementing value, and
for any sample of stone the average value of five briquets is
taken as the cementing value of the stone. The determina-
tion is not an exact one and the conditions under which the
test is made may affect the results very materially. The test
should always be skillfully made in a laboratory so equipped
as to enable the operator to duplicate conditions for each test.
A cementing value below 10 is low; from 10 to 25, fair; from
26 to 75, good; from 76 to 100, very good; and above 100, ex-
cellent. In general, satisfactory results with macadam roads
" are not obtained if the cementing value of the stone is below
50 and a value of 75 or more is preferable.

Toughness—The toughness of a stone is its ability to re-
sist the shock of the pounding-of horses’ hoofs or the jar of
heavy vehicles coming upon the stone when it is firmly bedded
in the surface of a road.

Hardness.—Hardness is the property of a stone which en-
ables it to resist the abrasive action of the steel tires on heavily
loaded vehicles passing over the stone when it is firmly bedded
in the surface of the road.

A test was devised by the Department of Bridges and High-
ways of France, which has been in use for many years for
determining both hardness and toughness. It is known as
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Black Howk co.
Cedar Falls. Lanaing,
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Fayets,e co. Fa,.-_'tle o,
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Prate LXI—Mechanical analyses representative of Iowa sands and gravels.
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Deoon. Ecck Rapids.
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Muscatine co. Story co. . Wapello co.
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Prate LXII—Mechanical analyses representative of Iowa sands and gravels.
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the ‘“Deval Test,”’ and the results may be expressed as a pér-
centage, or in terms of the French Coefficient of Wear.

The Deval Test—The machine used for the Deval test is
known as the Deval Machine, and consists of two or more
hollow cast iron cylinders 20 em. in inside diameter and 34 em.
long, one end of each being provided with a cover that can
be fastened on sufficiently tight to retain all dust resulting
from the operation of the machine. The cylinders are attached
to a shaft with their axes at an angle of 30° with the shaft.
The stone to be tested is placed in one of the cylinders and as
it revolves the stone is thrown from one end of the cylinder
to the other, thus being subjected to abrasion because of the
contact of the pieces with each other, and also being subjected
to a mild blow when it strikes the ends of the cylinder. Ap-
proximately five kilograms of the stone are used for test, and
when possible the charge should consist of 50 pieces as nearly
uniform in size as may be selected. The cylinders are rotated
for 10,000 revolutions at the rate of 30 to 33 revolutions per
minute. When the required number of revolutions has been
made the material is taken from the cylinders and screened
over a 1-16th inch screen and that which passes through is
the amount of loss during the test. If the result is to be ex-
pressed in terms of per cent of wear, the per cent would be
obtained by dividing the weight of the material which passed
the 1-16th inch screen, by the weight of the original sample.
If the result is to be expressed in terms of the French Co-
efficient of Wear:

400
French Coefficient of Wear=

w

Where W=the loss by abrasion per kg. of the original sample.
When expressed in terms of the French Coefficient of Wear
a value below 8 is low; 8 to 13 is medium; 14 to 20 is high;
and above 20 is very high.

The results of a number of tests for the cementing value of
Towa materials are given in Table ITI, and it will be noted
that there are very few samples having a cementing value less
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than 50, while a great many of the samples have a cementing:
value greater than 100. In the column marked ‘‘Maximum’’"
is recorded the cementing value of the particular briquet which
showed up best and in ‘the column marked ‘‘Minimum’’ is
given the cementing value of the briquet which was poorest.
It will be noted that in many cases there is a wide difference
between these two values. This is due to the fact that the
test itself is, in general, inexact, and to variations in the con-
ditions under which the tests are made, such as variations in
room temperature, and variation in wetness of the original’
briquet. In general, however, the test is sufficiently accurate
for the purpose for Vthh it is intended, and is a reliable meas-
ure of the cementing value of the stone tested. '

The results of the Deval test on a number of Iowa limestones
are given in Table II, and are tabulated both as per cent of
wear and in terms of the French Coefficient of Wear. It will
be noted that for a great many of the samples the French
Coefficient of Wear is less than 8. That is to say, that while
the cementing properties of many of these materials are ex-
cellent, the wearing properties are poor. A road constructed
with these poorer materials will be apt to be quite dusty due
to rapid wear and will require close attention and econtinual
maintenance. :

- If gravels are to be used for concrete purposes the cement-
ing value, hardness and toughness are relatively of little im-
portance so long as the gravel is not a partially disintegrated
material. The gradation of the gravel, the amount of, clay or
loam present, and the amount of voids in the pebbles are im-
portant, however.

In Table IV are given the results of a number of tests of
Towa gravels, in which the above properties were determined.
A .close study of this table will indicate some significant facts.

- “First, that the pit-run gravels are exceedingly variable in
composition, and for the most part contain a much larger per-
centage of sand than is necessary for properly proportioned
concrete. Concrete made of & fixed proportion of ¢éement and
the “different” pit-run gravels, such as ‘1 to 4, would therefore:
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Hardin co.
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PLate LXIII—Mechanical analyses representative of Iowa sands and gravels,
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vary greatly in strength. It is probable that in most cases it
would pay to screen out and throw away the excess sand be-
fore making concrete of the gravel. The saving in cement
by so doing would be more than enough, in most cases, to pay
for the cost of screening.

Second, that the percentage of voids in the pebbles exceeds
40% in only a few cases. Since it is common to proportion
concrete on a basis of 40% voids in the pebbles (‘‘coarse ag-
gregate’’) it would seem that with Iowa gravels this assump-
tion as to percentage of voids may safely be made.

Third, the percentage of clay in a great many of the samples
is high, and since clay in excess of about 5% materially de-
creases the strength of concrete made from the materials, many
of the gravels shown in this table would be unsuited for con-
crete purposes unless the clay or loam were removed by
washing.

The percentage of voids in the sand has no particular in-
fluence on the proportioning of the concrete, but the fact that
the voids in all but a few of the sands shown in the table
.are about the same is an indication that the sands are fairly
uniform in quality and gradation.
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!

- TABLE NO. 1.

* MECHANICAT. ANALYSES OF CRUSHED STONE.

3 . Per Cent | Per Cent | Per -Cent
“No Oounty Town o i R‘;]“'-?‘i‘gd ey
‘ J Scréeu' oScreen. Scr,el(‘e'n
. . ' . | ¥4l
20 | Allamakee ___._______ Lansing ____________ 73.063 17.750 9.187
-7 |- Appanoose ._.______... Centerville ... 82.50 15.50 2.00
. 87 | Black Hawk _________ Cedar Falls ________ 86.0 7.4 6.6
88 | Black Hawk _________ Laporte City ... 84.4 8. 7.6
-.73 | Black Hawk _________ Waterloo _________. 81.7 94 8.9
74 | Black Hawk _________| Waterloo __________ 84.5 6.9 8.6
78 | Benton Rl 121 ey L WOl T SR RS, 814 9.3 9.3
80 | Benton -Garrison ___________ 79.1 10. 10.9
82 | Benton ___ Mt. Auburn ________ 84.0 8.5. 5
€3 | Benton Shellsburg _________ 83. 8. 3
£5 | Renton Shellsburg _________ 84.4 6.7 8.9
79 | Penton LT AT ‘ 83.6 8.8 7.6 -
79 | Bramer - . . . Waverly -« 84.4 7.7 7.9.
48 | Buchanan ___________ Independenee - | 7874 16.37 462
-89 F Dumont _____._____ 818 - 9.6 8.6
81 GTREIR et s - 83.75 8.5 175
75 aoWdele _ ot 81.3 82 . 10.5
63 Cedar Valley ____._ 80.93 9,31 9.76
" 64 TREUO R = by 81.4 9.5 9.1
- 6 ¢ Miphoaes w t Ll 89.562 |, -9.407 1.031
FukEaONE s =T R RS Liowdan, oo cos i 69.50 14.30 16.20
" 66 | Cerro Gordo - __|™Mason City --._._._ 15.5 47.0 R ol
92 | Chickasaw | Chickasaw -—__._____ 84. 9.06 6.94
o s 211 0 o e S el Lhanga'=ttalGi s —d- 85.12 19,86 4.87
AR e Al e e North MeGregor-___| 94.07 33 - 25
484wty ..l e LK Elkader ___________.| "88.12 5.8 5.6
245 Qlayton « i i o Guttenbery ________ 75.500 15.656 8.844
i8] B 0 01 ¥ o) o e (Bih sl (o) Ol mente IS 81.0 84 10.6
20 Oiaton oo ol LDIE e S o RSN 67.312 21.781 10.807
62 | Clinton ____________-Z Charlotte ——_.-___._ - 82. 8.9 9.1
44 | Decatur _____________ ‘Davis City —-_______ 7 84.26 8.9 6.6
60 | Des Moines __________ Cascade ————________ 71.60 16.62 11.78
-.58. Des Moines __________ Cascade -__c___-_:_:| 7348 12.64 13.84
28 | FPayette __._______.____|Fayette ___.________ | 65.813 24.250 9.937
267 "Payette ___ -1 WAL Clermont: ... _______ -60.562 25.938 13.500
P9 Floyd —__________-____| Charles City —______| ' 90.7 6.15, | - 315
95 | Franklin ... | Hampton .. 746 114 140
77 | Pranklin c-- = ____ | Rotnne St . | 84, 61 7 [/ 99
=186+ |- G TAEdRE s Lo Ll = hCoprade=i e o0 -84, 4. 12.
b R U0 o el e Towa Falls _________ 86.8 7.5 5.0
YV HowaArdy b si = (GrASEUR ket fe i 74.9 13.3 11.8
.23 | Jackson oo ______ Maquoketa _________ 68.312 17.250 14.438
11 | Jackson _____________ Maquoketa —________ 69,469 17.750 12.781
2 | Jackson-____________ Monmouth _________ 43.00 24,00 33.00
93 | Johnson _____________ Towa City ———______ 84.8 8.6 6.6
91 | Johnson _____________ Iowa City ——oo_____ B S Ll S
.34 | Jones ______—_________ Stone City .. ___ | 61563 24250 | 14187
- 25 Joned -l iill______ Stone City _________| 77.00 15.875 7.125
90 | Fagen 1o ic . -ae Olin _—=.-__________| 65504 | 21469 | 12987
10 | Jomes .. ___________.. Rl -, Seaa st o) e 71.906 18.125 | 9969
81" Jomes . e iz Stone CIty - 63063 | 17687 | 17.250
R R 10 ) )1 R I 1 Monticello _____._.. 84.344 10.063 | 5.094
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TABLE NO. I—CONTINUED
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| Per Cent Per Cent Per Cent
County Town o el R
Screen Sereen Screen
Joties 2l e te B Monticello —________ 78.80 13.30 7.90
£ 0 g e i e =, S WA Keokuk . ____.____ 93.80 3.30 2.90
ol ol Miiu, g T Ft. Madison ________ 76.67 11.25 11.10
BEarl L ik AL Keokuk ____________ 81.86 10.00 8.12
7 g el T ™ Relsl Franklin .__________ 61.50 27.50 11.00
70 T PP e T ' Keokuk . .___.______ 74.74 14.62 . 10.62
Td ol - f Ee L L Keokuk oo - __ 69.44 20.3 10.2
T et A S 2 L Keokuk ____________ 77.6 151 6.1
[ T LA Sl b Keokuk ____________ 79.74 11.11 9.10
i PTG Tk 0 Mantrose __________ 39.0 37.0 24.0
e . TR S Keokuk ____.________ 44.7 42.74 2.5
AR s Ny ome s T Cedar Rapids —_____ 73.25 16.375 10.375
B E'in ) gt e S /7 N - Cedar Rapids —.____ 69.156 22187 8.657
Tonisa et o0k Morning Sun _______ 84.94 7.06 8.
Madison —___________ Winterset ———————___ 83.38 15.36 .65
Madison . ______ Earlham __._________ ROOEON - S 2 e i N TR
Madison _____________ IRELW, L Ton s TO000." Joo o ais Bl T on
Mitéhell © - i . Osnpetn - oo 80.1 10.6 9.3
Muscatine . __ Fairport ___________ 78. 6.25 15.75
Poeahontas __________ Gilmore City ______ 84.50 8.50 7.00
e (i e e s P g Bufifale: - it 1 81.0 ull oM R, SR [ e ) SRR
NCORE e Stk 4T3 T Claite = e 76.00 17.094 6.906
LT e oA e P R by Montomr — ... - 89.75 5.75 4.5
il <o S st Montour —_.-_.____= 84.1 10.8 41
Rz p P b SO Pt B Montous —-_— L. 83.6 9.5 6.9
o 77 01 g e e ] Montour _-___._____ 87.1 71 5.8
Van Buren __._______ Keosauqua _.______. 79.0 10.8 10.2
Van Buren . __.___ Keosauqua, —_______ 76.12 15.86 7.74
Van Buren __._._.____ Farmington ._______ 82.32 10.17 6.88
Van Burem-L = i o= Farmington ________ 58.344 32.687 8.969
Van Buren ___________ Keosauqua —________ 74.00 17.00 9.00
Nans Burcn, s TR 1 Keosauqua —____.___ 64.00 25.812 10.187
Van Buren __.________ Keosauqua _________ 65.688 23.812 10.500
Van Buren ... | Van Buren _..._____ 65.500 24.313 10.187
Wapello . __._____ Cliffland .. _.___ 74.344 9.469 16.187
Wapello . ______ Ottumwa _______:__ 68.938 19.563 11.500
Wapello oo Ottumwa, ... 63.906 23.906 12.188
Wapello _____________ Ottumwa, __________ 73.906 16.563 9.531
Wapello _____________ Ottumwa __________ 74.750 15.281 9.969
Winneshiek __._______ Decorall, oobev. ot 75.48 12.52 12.00
Winneshiek ____.____ Decorah __.________ 87.12 7.46 5.12
‘Winneshiek __________ Ft. Atkinson _______ 68.812 20.500 10.688
Winneshiek ... __ Decorah ____________ 81.24 9.76 9.00
New Ulm ____________ Minnesota - 82.96 16.00 B
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TABLE NO. IL
ABRASION AND IMPACT TESTS

[

Size of Specimens Per Cent of Wear Mean
No. County : %?ggé'
gg;:gﬁ ‘ Retzi;ed Max. Min. Mean | (French)
|
20 | Allamakee ______-____‘ 24 in. | 1% in. 54 5.0 52 7.70
20 | Allamakee -—woo_---. TR AT 43 | . 422 42 9.38
7 | Appanoose __________ | 23in. | 1iin. 4.6 4.5 4.55 8.80
7 | Appanoose __________ | }in. %1in. 12.6 13.2 12.9 3.12
87 | Black Hawk _________ | 2%in, 1} in, 6.2 6. 6.1 6.56
87 | Black Hawk _________ tin. | #in. 3. 2.4 27 | 11
88 | Black Hawk _________ 2% in. | 1}in. 104 10. 102 | 3.92
88 | Black Hawk _________ 1tin. | #in. 8. 6. 78 5.62
73 | Black Hawk _________ 2%in. | 1%in. 114 11. 11.2 3.57
73 | Black Hawk _________ 1tin. | #in. 4.2 4, 41 9.75
74  Black Hawk _________ 23in. | 1%in. 104 10. 10.2 3.82
74  Black Hawk _________ 13in. |  #%in. 44 4, 42 9.58
78 Benton _.____________ 2tin, | 131in. 6.5 6.5 6.5 6.16
78 | Benton ______________ I#in. | %in. 2.6 2.5 2.55 15.68
80 Benton - Fle o 23in. | 1in. 6.6 5.6 6.1 6.55
S0vBention | s S | 1%in. %in. 34 3. 3.2 12.5
82 WBenboRl el e Tl 2% in 1} in. 4, 4, 4. 10.
82 |'Bemton _ .- __. | 11 in % in. 6.2 6. 6.1 6.55
83 |!Bemton: . o =l x| 2% in 14 in. 8.6 8.2 8.4 4.76
83| Bemtiom _in-- . To tin. 3in. 5.2 46 49 8.17
T T 2 a0 S e 23 in. 1% in. 7.4 6.6 iz 5.71
8bi | Beaton s Sn ot o }in. 3 1in. 4, 3. 3.5 11.42
728 B enfions e = TR 3 in. tin. 6.4 6.2 6.3 6.35
A2 iBentony — Lt o= 1 in. %1in. 3.8 3.6 3.7 10.8
79 HRERMEY s s il 23 in. 1} in. 5.4 5. 5.2 7.68
70 TRl e sl a= T +in %in. 3. 2.4 2.7 11.11
48 | Buchanan _______-___ 2}in }in. 7.0 7.0 7.0 5.71
48 | Buchanan ___________ 1% in % in, 4.6 4.0 43 9.3
IR BT A el S i S 2% in 11 in. 5. 4.2 46 8.69
39 | Bufiler. e St T 5T | 1} in %in. 3. 2.6 2.8 14.28
21 I Rwlileny shipe g (§ e 2% in. 1% in. 6.2 6. 6.1 6.55
BlF|SEnflers stike = ==-: = 11 in #in. 24 2.2 2.3 | 17.39
75 iGedar, s = ik %in 1in. 17.2 15.6 16.7 | 2.33
70 JnQedar:  yr s =" O" 1in #1in. 94 84 8.9 449
68 Y|rCedars et S T T 23in.- | 1}in. 16.2 16. 16.1 2.48
[ (L)L i 1% in %in. 9.8 90 9.5 421
64 QB AR e S o 2% in 1% in. 6.4 6.4 6.4 6.25
64 | Qedar: LS =TET 00T 1% in. $in. 4, 34 3.7 10.81
6 |“Cedap =gt P i L 2% in 1% in. 9.6 9.5 9.55 418
6 [Cedar -+ _mifiiat Lo 14 in %in. 6.2 538 6.0 6.67
3 | Codmir Lo oosiiie 2% in A7 16 o AR PR B T 8 17.5 2.28
3 | Cedar __ . co=2dns 1% in 708 g ST 5 N R .0 12,1 3.31
66 | Cerro Gordo ________ 240 - ) Idan, v | S e AT | 44 9.09
66 {-Cerro~-Gordo ________ 1% in. - #in. 2.1 A8 ‘ 1.14 34.2
92 | Chickasaw ... 2% in 1% in. 10.2 9.8 10. 4,
92 | Chickasaw ___________ 1% in #in. 4, 3.8 l 3.9 10.25
41 | Clayton __.__________ 2% in 1% in. 8.4 8.2 8.3 482
41 | Clayton ____________. 1% in. %in, 6.4 5.6 | 6.0 6.6
42 | Clayton . .. 2% in, 1%in. 9.5 85 9.0. 44
42 | Clayton . 1} in ETiNG BN B i | 48 | 83
43 | Clayton _.___________ 23 in, 11 in. 11.0 94 | 102 39
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TABLE NO. II—CONTINUED
Size of Specimens Per Cent of Wear 31(9%:1_1
No. County L ?en 5
Is,ggggg Retgxllned Max. Min, Mean (Fi:ngh)
| .
43 | Clayton _______ 2 S | 1%in. 4in. 5.0 46 48 8.3
24 | Clayton oo 2% in. 11 in. 5.8 5.5 5.65 7.08
24 | Clayton —o—e————__- 1in, £in. 5.0 4.8 4.9 8.17
76 | Clinton ooeoee 2% in. 1% in. 13. 11. 12 3.33
76| Clinton:- - . sl -2 1 in. #in, 6. 5. - 55 721
518 I8 @1 i 10 e S P 2% in. 1} in. 10.60 8.50 9.55 4,18
21 | Clinton e 1% in. £in. 9.10 9.00 9.05 4,42
62 | Clinton - ———___ i 2%in. 1% in. 10. 94 |. 97 4,12
A R | liin. Joo | 17% | 1% 171 234
'l Peenbar o T e tin, | 1%in. 48 2.6 47 10.8
44 | Decatur o ______ 1in. 21in. 3.2 2.4 2.8 14.3
60 | Des Moines ———__—_—__ 2% in. 1% in. 8.0 7.0 7.5 5.33
60 | Des Moines ———————___ $1in. $in. 5.8 50 | &4 74
58 | Des Moines —————o———- 23 in. N 30 ¢t | L T1: 7, | 124 3.22
58 | Des Moines ————————_— 1 in. Fin el B S ‘ 84 4,76
28 | Fayette 23 in. 1} in. 6.5 H& w7 =615 6.51
28 | Fayette 1in. %in. 71 6il | =6:9 5.80
26 | Fayette 2% in. 1% in. 20.1 164 | 1825 2.195
26 | Fayette 1in. %1in. 15.52 1482 | 15.17 2.64
(TS 18 L e L SR, 23 in. 1% in, 8.4 7.8 8.1 494
94 | Floyd - 1} in. £in. 54 34 44 9.1
95 | Franklin . 24in. - 1 in. 12.2 10.6 114 3.5
95 | Franklin 1% in. 4in. 5.6 4.6 5.1 7.34
77 | Franklin 2% in. 1% in. 114 10. 10.7 3.73 .
Y| Brankdint. Lo o TER 1% in. % in. 5.2 5. 5.1 7.84
A Gy e e 2% in. 1% in. 10.4 10. 10.2 3.92
86 | Grundy oo 13 in. %1in. 5. 4.6 48 8.33
9u| Handins = ==3l S =g 23 in. IS S e e S 5.1 7.8
9 Eiaeding sse R st v o 1} in. T b P e 3.2 12.2
97 ’ Hovatd pi== g & 2% in. 1 in. 7.8 76 77 5.19
97 | Howaxdracoooll - 1% in. % in. 134 8. 10.7 3.74
23 | Jackson ———————_—___ 23 in. 1} in. 103 10.1 102 3.92
23 | Jackson - ____ 1% in. #in. 7.1 6.8 6.95 5.76
11 [ JackSOmEES T NER S5 2% in. 1% in. 12.5 1.5 12.0 3.33
1 | JackSon =S RERESee 1% in, %1in, 13.2 13.2 13.2 3.04
27 ‘Jacksont SESSrETLE C T 2% in. L0 ik RS fla. Mt 10.2 3.9
2 | JackSop ERInr ST IE T 1} in. 5 S S fesmeic | 645 6.2
93 | Johnson _____________ 3 in. 1% in. 8.4 ' 82 | 83 4.82
93  Johnson _____________ 1} in BT e e L 5.0 8.
91 | Johnson _____________ 2% in. e o s e e 423" 9.76
1} in. % in, 34 3; 3.2 12,5
2% in. 1% in, 7.0 l 6.6 6.8 5.88
1% in. 4in. 5.0 4.0 45 8.78
2% in. 1% in. 42 41 415 9.64
1% in, #in, 35 + 346 | - 348 11.50
24 in. 12 in. 1762 | 1742 17.52 2.28
1} in. %in. 13.2 128 13.0 3.08
2% in. 1% in, 7.0 6.6 6.8 5.88
1% in. %in. 7.2 6.8 7.0 571
23 in. 1% in. 12.44 9.56 10.00 4.00
4 in. £in. 119 11.8 11.85 3.38
2% in. 1% in. 10.72-f  10.50 1061 |~ 3.77
1% in. 2in, 7.16-| - -6:10 6.63 6.04
- 2% 1in. T1FEhivlial sl M 7.9 5.07
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TABLE NO. II—CONTINUED

Size of Specimens Per Cent of Wear } l!dem_n
No. County 2 L;:?gnmc'
l %ggﬁgg Retgll]ned Max. ! Min. ’ Mean | (French)
41 Jones .= see S $in. 13w TR e e AR 6.1 6.56
AT e 70 RS WY 1 - 24 in. 1in. 74 7.0 7.2 5.5
1T I 7, O i i S ) 14 in. 3in. 4.0 3.8 3.9 10.2
i R 7Y I e TN 2% in. R o MR G L e TR 8.2 4.87
39 | Lee ___ 1in. FTp-poos | BTl L abels ~ 6.6 6.06
54 | Lee ___ 24 in, p e I L e O O 4.0 10.00
DA Bl e A 11 in FADE a fiE e Lte o S 2 2.5 -16.00
T 2 I 2% in }in. 3.2 3.0 3.1 12.1
T R A | W }in {in. 24 2.2 2.1 19.0
T 9 e e T L 2% in i in. 6.2 6.2 6.2 6.4
L] 2 N e | 1}in 3 in. 4.8 4.4 4,6 8.7
S ||=Hige - lirf t o s ANEG i bt | 24in p -t Ea Uil e S SPENIET My RO SN 4.6 8.7
| e s VST, ST i 1iin FaNes s Ty < e ol 34 11.7
d0: 1l Mgy i o Laa i o 24 in 11 in. 4.8 4.8 4.8 8.23
o e O 7y T o bt ) o SR 1t in % in. 4.0 3.8 3.9 10.2
T P R S 23 in 1in. 7R | 76 77 5.2
LA (5 o7 St T R 1 Sl 11 in § in, 5.6 | 4.8 5.2 7.7
IR e = e T 2% in 13} in. 50 | 48 4.9 8.01
46 | Lee - $in % in, 40 | 32 3.6 111
47 | Lee -._ 2% in 1} in. 4.8 4.6 47 8.5
AV IEREN L = b e Bl 1} in #1in, 3.6 34 3.5 114
2 1131 X\ 0 e Brrmtl e G LA, | 24in 1in, 9,44 5,56 7.50 5.34
1l Ay, el R SR { 1}in §in. 8.42 4.76 6.59 6.07
5200 (51 1 DA S, L B 24 in }in. 4.40 2.64 3.52 11.37
2 O e =r Syt T {in $in. 7.6 7.6 7.6 5.27
90 | Liowis@n . -2 2% in 1 in. 7. 6.4 6.7 5.95
(o] 8 (R0 Yo 4ty e L }in. 4 in. 34 3. 3.2 12.5
39 | Madison . il ol 1 in. 11 in. 4.0 3.6 3.8 10.5
39 | Madison _____________ 1 1in. $in. 2.3 2.2 2.25 18.0
36 | Madison _____________ 24 in, 11 in. 4.8 4.0 44 9.1
37 | Madison _____________ 2% in. 14 in. 4.0 3.6 3.8 10.5
96 | Mitechell _____________ 2% in. 1 in. 7.2 6.8 7.0 5.72
96 | Mitchell _____________ 4 in. #in. 4.8 4.6 4,7 8.51
67 | Muscatine ___________ 2% in. }in. 53. 47.8 50.4 .79
67 | Muscatine ___________ 1in. %1in, 55. 53.6 54.3 73
98 | Pocahontas ________. 2% in, 1% in. 44 41 4.25 0.975
98 | Pocahontas _________ 1in. % in. 2.8 2.6 2.7 1.54
35 2% in 1in. 4,3 4.0 4,15 9.65
35 1in $in. 2.9 2.6 2.75 14.52
19 2% in 1 in. 3.6 29 3.25 12.30
19 1} in. $in. 4,00 3.80 3.90 10.25
68 23 in, 1in. 5.6 5.4 5.5 7.27
68 1} in. 41in. 24 2 22 18.18
69 2% in 1 in. 8.4 8. 8.2 487
69 }in %1in, 4, 3. 3.5 11.42
70 23 in 1in. 154 14. 14.7 2.72
70 }in 4in, 10.2 6.4 8.3 4.81
71 2% in 1% in. 6.6 6. 6.3 6.34
71 1% in #in, 4, 3.6 3.8 10.5
51 2% in. 1in. 9.0 8.4 8.7 4.6
51 { Van Buren __________ 11 in. 21in, 3.6 3.0 3.3 12.1
52 | Van Buren _...___.__ 2% in. 1in, 5.6 5.4 5.5 7.27
52 | Van Buren __________ 11 in. 4in. 52 5.2 5.2 1.7
53 ' Van Buren __._______ 2% in. cTana S TR R K Pt 6.0 6.6
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TABLE NO. II-CONTINUED

Size of Specimens Per Cent of Wear Mean
County 1 Ccci.:gll:-
Is,gzsgg Retg.rl)ned Max. Min. Mean |(French)
Van Buren __________ 1} in. iy I e e este e 3.6 11.1
Van Buren __.________ 2% in. 1% in. 4.2 4.0 41 9.98
| Van Buren —.._._..__ 1% in. - #in. 336 | 336 3.36 11.80
Van Buren _..__.._.. 2% in. 11 in. 3.4 3.2 3.3 12.12
Van Buren _.._._____ 11 in # in. 2.9 2.0 2.45 16.32
Van Buren __________ 2% in. }in. 4.60 4.30 445 8.99
Van Buren __________ 11 in. 1 in, 3.66 3.5 3.58 11.30
Van Buren __________ 2% in. 1% in. 7.16 6.76 6.96 5.82
Van Buren __________ 14 in. % in. 6.36 5.80 6.08 6.67
Van Buren __________ 24 in. 1% in. 3.06 3.36 3.51 11.40
Van Buren __________ 11 in. % in. 2.86 2.40 2.63 15.22
Wapello 2% in. }in. 70.18 44.00 57.09 702
‘Wapello 14 in. % in. 43.66 43.40 43.53 918
Wapello 24 in. 3in. 4.10 3.24 3.67 10.89
Wapello 1} in. % in. 3.0 2.80 2.90 13.80
Wapellor - ez 2% in. 11 in. 3.60 3.50 3.55 11.28
Wapello: — e 1in. #1in. ‘ 3.30 2.40 2.85 14.03
Wapella® —" I <17 - 23 in. 1 in. 3.20 2.84 3.02 13.25
Wapello: =1 —_ 11 in 3 in 244 2.00 222 18.02
Wapallo s - i - 2% in. 1in 4.44 33 3.87 10.63
Wapello - oo 14 in. S D 2.0 2.25 17.78
Winneshiek ________._ 2% in. ALy e Al e iyt 6.00 6.6
Winneshiek ______.___ 1% in. [Tyl ) 3.5 114
‘Winneshiek __________ 23 in. 11 in. 5.6 5.4 5.5 745
Winneshiek __________ }in. £ in. 40 4.0 4.0 8.00
‘| Winneshiek _ooo___ 2% in. 1}in. | 545 510 5.27 7.58
Winneshiek _.________ $in, 4 in, 43 39 | 41 9.98
Winneshiek __________ 2% in. "V [ L R 13. 3.08
Winneshiek __..__._.__ 11 in. eI LT 8 R =S, 2 8.3 4,81
New Ulm, Minn._____ 24 in, 1% in. 14 1.2 1.3 30.7
New Ulm, Minn._____ 1in. 4in. 1.0 0.7 0.85 49.0
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TABLE NO. III.
CEMENTATION TESTS.
Cementing Value
5 County Town
Maximum Minimum Mean
20 | Allamakee —————___ Lansing ____________ 109 65 82
7 | Appanoose __________ Centerville _____.___ 75 56 65
87 | Black Hawk ________ Cedar Falls ________ 600 300 450
88 | Black Hawk ._______ Laporte City —————__ 30 10 20
73 | Black Hawk .________ Waterloo __________ 900 510 754
74 | Black Hawk ________ Waterloo __________ 600 310 470
78 | Benfon . - " RTH 1510 g e R 256 114 185
80 | Benton __________‘__ Garrison ___________ 552 405 492
8% Benfoh* 1=k =-y tH1F Mt. Auburn __._____ 1290 908 1099
FEie (M B110T 70) ¢ e L 0 B ReT Shellsburg _________ 460 304 362 -
85 Renfom. Lt Shellsburg _________ 470 200 335
T2\ Beabton -~ o e N IOHON, =T et 300 98 182
T9 | BreINaS el n ol A W Waverly ___________ 894 402 670
48 | Buchanan .._____.__._ Independence _.____ 180 80 130
G| FRiere T T Dumont .. comaemea 90 10 50
AT RADRE o w e (€ Yoy RS e B B | 514 448 467
T e R S W T | | Lowden-________.--x | 103 74 86
63l Cadan € r e o s | Cedar Valley —————_- | 96 25 59
(o7 g Yo T i e f hay 1 10) 7 e SN 325 112 233
SRR e e e R A iy 1 (o] e ik el 360 200 295
|| (CedRin ST I TR T o EOWUE o s == RS N7 | 80) e i S i N.G.
66 | Cerro Gordo ____.___ Mason City .___.___ AL Ty Il e =t
92 | Chickasaw __________ Chickasaw _________ 30- 12 21
41| Clayton: _____ - B e G I s [ 162 112 146
42 1 Clayton ' - emme—se— North McGregor-___ 66 50 58
43 | Clayton _____________ Elkader ____________ 400 100 292
24 | Clayton ___________.__ Guttenberg . _____ 198 60 105
76 | Clinton ___.___________ {Clinton _____________ 430 240 329
v [T B 701 o) ¢ T S e Lyonsi o o0 .- o 25 15 20
62 Clinton: = ___ s - Charlotte __________ 110 39 67
44 | Deeatur ______________ Davis City —________ 125 75 100
60 | Des Moines ._____.__. Cascade ____________ 87 31 65
58 | Des Moines —______._.. Cascade ____________ 20 11 15
28 liBayetters oo o~ - Fayette ____________ 220 180 200
2RI L o o e e e Clermont __________ 19 8 14
S\ MmN R S Charles City —..____ A e il 1 UL e
95 | Pranklin - __________ Hampton ___._______ el et e & el
77 | Frapklin. ‘oo i ___ Hampton __._______| 308 245 273
SN Grundy S ol Conra@ ——ipp = B2t 220 40 130
o R el L T Towa Falls —________ 200 125 168
97 Heward -4 -1 .. Cregan] T hanarsf s il 40 20 30
23 | Jackson _____________ Maquoketa —________ 70 26 43
11 | Jackson ____ - | Miaagnalefays 52 eps il SRR L SR N. G.
2 | Jackson ___ Monmouth _________ 31 25 28
93 | Johnson _____________ Towa City __________ 468 300 384
91 | Johnson _____________ Towa City __________ 230 160 195
; I FOVT] A S S Stone City ———______ 140 30 87

oy S oY e T S N Stone City ——_______ 280 91 173
St TemEs = e Crlinger=h SSUER = T 10 5 7
10 v Jomer: A i s T e T E Al e 20 15 17
§'Jores - . . o Stone City _________ 25 12 16
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TABLE NO. III—CONTINUED

655

Cementing Value

No. County Town
Maximum | Minimum 1 Mean
I 1

5| Jomw o T LYERAE Monticello - 112 8 | 98
4| Joney o i1l A Monticello __..__-—_ 18 15 | 16
"1 B P77 R Sl S, s Keokuk ____.i - 112 50 | 79
=1 e S R e O T ' F't. Madison .._____ 237 100 | 162
(57 S T A L1 e Keokuk . _______ 180 50 | 102
o [P Prooilin, = . 85 60 | 72
T 7Y N e e = O Keokuk _____________ 160 70 | 118
S5 hlisaiats Lo Lo RE B Keokuk _____________| 245 75 | 155
P B e e R Keokuk . ________.__ 300 | 110 205
10 ME B i e T e R R S Keokuk _____________ 75 50 59
ARSI aa et iV T4 (HG s Montrose —_-______- 325 62 i 147
7V aters s Sl 0 L Keokuk _____________ 600 150 | 350
3P Sl £l PP E ol e BHIS Cedar Rapids --_.-- ‘ 185 65 | 112
A (s e T S R Cedar Rapids .- | 250 51 123
s Feon s T S Morning Sun _______ | 225 175 200
39 | Madison . Winterset .. 100 50 59
36 " Madison Seoaiaian . Earlham __________. 72 14 40
3 Madizgon: ~- TSl - 1537 . 1) 152 | 25 73
96 | Mitehell - - (BT (o N e i 2714 | T 200 237
67 | Museatine ___________ Fairport o __-__-- - I s | WA LD L B
98 | Poeahontas ___._____ Gilmore City —_____- 375 325 | 350
SIS Co i N Rl Buffalo ____ o 127 26 | 78
L ST P, 0 o e LeClaire - oot 160 80 | 120
65} | TR LA N Moitionr- .- | 285 124 219
(e[ 7 oo Tl I e e B $110) 0 10171 ekt £ 425 236 366
7o A A o S Shaa e MONEOUr: «_aicoiil 168 54 117
U | R s . T SR Montour ________.__ 334 70 206
bl | Vam Burem - - —=—__- Keosauqua —_.._____| 50 20 33
52 | Van Buren ___________ Keosauqua, __.___.-_ | 200 50 111
53 | Van Buren ..________ Farmington _____._ i 110 50 72
29 | Van Buren __________ Farmington _______ i 150 30 75
30 | Van Buren __________ Keosauqua _______.__ 219 42 91
31 | Van Buren __________ Keosauqua ... [ 300 69 ‘ 208
32 | Van Buren __________ Keosauqua, _________ 61 30 46
33 | Van Buren __________ Van Buren _________ L | 200, | 83
13 | Wapello ________._____ Clriflang- " - e "t : __________ | __________ | N. G.
18 | Wapello _____________ Ottumwa __________ 290 | 70 136
17 | Wapello _____________ Ottumawa __________ | 184 | 25 93
16 | Wapello _____________ Ottumwa __._______ 12575 63 87
15 | Wapello _____________ Ottumwa _____.____ ‘ 42 15 26
45 | Winneshiek __________ Decorah ____________ 187 100 150
40 | Winneshiek __________ Decorah __________.__ | 250 125 158
27 | Winneshiek __________ Ft. Atkinson _______ | 286 87 190
1 } ‘Winneshiek - .._____ Deeorah oo | 18 18 18
38 | New Ulm ____________ Minnesota ________. 100 50 85

*¥No record—no detritus left.
iWould not make briquets.
tBriquets erumbled at first blow of hammer.
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TABLE NO. IV.

PERCENTAGES OF PEBBLES, SAND AND VOIDS IN REPRESENTA.-
TIVE IOWA GRAVELS.

Locality M%cel;'c‘;g?" \ Per Cent Voids

County Town = \ = > 2 3 =

© ) 3 s [ o -

“ & | @ (] ¥ (5] =

| | |

15 | Allamakee _______. Lansing ____________ “ 38.0 ‘ 60.8 l 1.2 ‘ 35.0 ‘ 36.0 |o___
65 | Benton - - ___. A i) {021 Bl ) S {210 76,0 3.0| 38.0 36.0|-____
66 | Benton __________._ i e £ e 42.9 | 51.8‘ 53| 43.0| 36.0 |_.___
67 | Benton ____________ VAIGON: L T e 13.9| 74.6 | 11.5| 41.0 | 28.0 |_a__
70 | Black Hawk ______ Cedar Falls ________ 249 725| 2.6 40.0| 36.0 _____
56 | Boone - fRpaZph S o L 5.5( 81.2; 13.3 | 40.2| 38.0 |—.___
68 || BOONS e soea i Pilot Mound ._..__. 315|651 34| 259|252 | ____
68 | Hremiar —o-_coiio Waverly ___________ 45.6| 49.7| 4.7 40.0| 32.0 |_____
36 | Buchanan _________ Independence ... 184 | 589 | 22,7 | 42.0| 425 |_____
23 | Buena Vista ..____ Sioux Rapids ______ 33.6| 6231 41| 34.0| 35.0 |.____
78 | Buena Vista ______ Storm Lake __.____ 30.5| 582 11.3| 40.0 | 34.0 |_—___
foLButlens — T Dumont ___._._____ 41.9| 513! 68| 41.0 32.0 _.___
JORL | Bt S e Shell Roek oo |oeo.. [ 956 44| ____ SOt
61 | Calhoun ._________. Lake City _________- 46.0 493 | 4.7| 34.7| 350 |___
116 | Cherokee __________ Cherokee ——____.____ 25.81 723 19| 40.6| 34.0 |..___
79 | Chickasaw __ IORIALy =T Tt 2 3281 579 93| 42.0| 33.0 |..___
125 Ol e~ DR s T 31.6| 601 | 83 |-coo|o—- 35.2
Ja e Olnyvtons, »  wfd_ i McGregor __________|_____ 99.00| RO f____ 36.0 |____
13 | Claytony —oco—ee Ellcader | ___________ 378 60.8| 1.4146.0] 39.0 |-.___
PN (B} (o vrce e M I B7CATTY 117 S N 564 | 38.6| 5.0 420/ 33.0 |_.___
1207 | Ghiaton — - . D WMl =TT, L8 oy B I S bt e e S Rl 32.9
A cliinteony a0l S sl S DeWith ol 55.9| 32.7| 11.4| 37.0| 36.0 |——___
441 Claton. wmeaee s Wheatland _________ 271946 2.7! 380/ 39.0|-—___
42 |-Clinton oo __ (ihinna 9oy = oy R TS gaf LA ] 99.9 A1 380|375 |
4% [ 'Qlinton Laasoedins ATB RIS | T s 53.9 1 450 | 1.1 28.0| 27.5|.___
30 Glintdn- =2t oo W Glamben. | T2t 5 F 84.3‘ 151 0.6 325|325 | .___
49 | Crawford _________ Denison ____________ 3701 604 | 2.6 33.0| 38.0 —___
12" | Deegtuy Zouo -, LGOS =Y = P M 581912 3.0| 41.0| 37.0 ——___
TG Ddenkar - — - % Deleadbrr - - T 43| 91.7] 4.0} 38.0| 39.0 _.___
10 | Decatur ..__.______ 157203 015 S gl M. AL 86| 89.6] 1.8 420 40.0‘ _____
33 | Delaware _________ Manchester ._..____ 134 81.1 5.5] 28.0( 300! _____
35 | Des Moines _______ Flint River Twp..._| 351 62.9| 2.0] 35.0| 36.0 _____
16 | Dubuque -___.______ Dubuque _._________ 0.7] 97.8 1.5‘ 380 | 34.0 _____
106 | Emmet ___________ Armstrong _________|_____ 2R TR PRSCCH G LB | L=t =
3l Fayette to 8 10 Clermont __._______ 258 | 664 7.8| 40.0| 37.0 [_____
M B o e e e Clermont ___________ 33.1| 56.7| 10.2| 46.0 | 42.0 |_____
7| Payette 2o 8.4 Clexmhont. . ___._..___ 66.1] 26.7| 7.2| 40.0| 36.5|_-___
17| Fayetie: —s eitis Clermont ._________ 48.7| 50.8| 0.5| 38.0| 36.0 —.___
18 | Bayette - - 31" (B33 S e ) 0| e 441951 05| 36.0| 34.0 _.___
34 | Fayette ———________ Qelwein: -~ . 14| 923| 63| 335 375 |-
&1 1L Floyfla— s 1T S Charles City ———____ 3261 60.7 6.7| 39.0 28.0(_.___
Tich (0 Do I RN B i Marble Roek _______ 504 | 459| 17| 400 850 ____
92 | Franklin __________ 40.1| 554 | 4.5[45.0) 31.0|____
84 | Franklin __________ 2231 7271 5.0 40.0| 33.0 |-—__
51 |.Greene __—_________ Grand Junetion._.._ 30.9| 6511 4.0) 325|322 _____
101 | Greene oo __. Grand Junction_____ v SRl 7 i ES R e 37.0
102 | Greene ____________ Grand Junection.____ 443 464 93| |- 46.6
103 | Greene ——__________ Grand Junction_____ 30716710 221 ____|_____ I 34.0




MECHANICAL ANALYSES OF GRAVELS 657
TABLE NO. IV—CONTINUED

Locality M%ﬁ?'c‘:,’;?" Per Cent Voids

S County Town é '§ E é ‘ '§ §

z a ®n o - (] =
104 | Greene ___—________ Grand Junction_____ S76:1059.21 3 st f LN 32.0
50 | Greene ————————____ Jefferson __________ 176 81.0| 1.4 34.0| 37.0 |———__
108 | Greene ____________ Jefferson __________ S bR 2 PR T B 29.6
109 | Greene ____________ Jefferson ___.______ 4394 548 488 |onm_|dat 29.1
126 | Greene . ______ Jefferson _______.__ 1S 852 | 3l Ste e E 30.0
89 | Grundy ___________ Grundy Center—_____ 439|529 32| 41.0| 27.0 |____
71 | Grundy - ______ Wellsburg ——_______ 4211 454 | 12.5| 43.0| 30.0 |-
87 | Hamilton _________ RSt =8 - 46.6| 41.1| 123 | 40.0| 33.0 |————
88 | Hamilton _________ Webster City —-____ 59.3]139.2| 1.5|40.0; 350 -
90 | Hamilton —__.______ Webster City ---___ 15.0| 77.8| 72| 40.0| 33.0 |————
93 | Hardin —___________ ARGy - 1= 4461 50.9| 4.5 41.0| 340 |____.
40 | Hardin . ___ (6B CIK I o, 185| 785| 3.0] 35.0| 35.0|.——_—
94 | Harrison —_______.__ TG 1 A Bt 281 694| 25| 360 340 |——___
80 | Harrison —_________ Missouri Valley ____| 484 421 9.5| 37.0| 26.0 |-———_
115 | Humboldt -_--—____ Humboldt _________[_____ 984 16|.____ S L
117 | Humboldt ________ Humboldt —________ el Rt e et et 30.7
118 | Humboldt _______ Humboldt _________ et el Bt e e S Rl | S T 33.5
127 | Humboldt ______.._ Humboldt _________ SRS IR AT i ot BT S R 334
128 | Humboldt .. Humbholdt _________ (L TRETORTIR sl ) ) SC S 31.5
or [Mldasl g Tor et 0 Ida Grove o _—____ 10.1| 87.6| 23| 42.0| 30.0 |_———-
6oL o e L o South Amana ______ 10.2; 86.5| 33| 42.0| 37.0 |_———_
1| Jackson —__________ Maquoketa ________ 15.8| 82.5| 1.7| 38.0| 35.0 |—————
120 ldanesci i = -1 i Oxford Junction____| 25.0( 73.2| 1.8 |_____|_____ 30.0
180 | Jomes ot o o = Oxford Junetion____| 17.8| 79.0| 3.2 || 32.3
107 | Kossuth —__________ ALBOUA TS T iy 312| 67.0| 18| _____ 345 .
ety A0 2 (O 0T e BT S Rock Rapids —______ 254 6511 95| 37.0| 31.0|_____
oyl e Dy LS M Poon = me= 11 1= 238|743 | 1.9 38.0| 320! .___
132 | Madison Sec. 19, Monroe Twp.| 27.1) 61.9| 11.0 |- ____|_____l_____
38 | Mahaska Eddyville ___________ 239| 747 1.4] 340 350 |———
123 | Mahaska White €ty oo e oLl 98.01 20|-—___ apilss 2
39 | Marion o —___ AT st e oS 10.8| 84.9| 43| 33.0| 33.0 |-——_-
53 | Marshall __________ Clemons ___________ 434 53.5| 3.1| 34.5| 33.0 |
95 | Marshall __________ St. Anthony ________ A6 Froddel T o W R S
119 | Marshall __________ St. Anthony ________ 54.7| 428 25| |- 28.8
8 b MG = Paciftic Junction____| 11.8| 865| 1.7| 34.0| 34.0 |.——-
75 | Mitehell __________ ()5 o0 ol R i X o 38.1| 57.1| 48| 450 37.0|_———
91 | Monona, ———____—___ Mapleton __________ 9.0| 83| 57| 4301 30.0 |——c—-
121 | Monona ————_______ Blencoe ___________ 83889 28| ... 32.0
122 | Monona __.________ Rodney oo 148 84.0| 1.2 ____|_____ 36.0
6 | Montgomery _____. Red Oak ____ 7.5| 88.9| 3.6| 41.0| 40.0 |_____
113 | Museatine —________ Musecatine ___ 34.6|-644] 1.00_____(-____ 26.8
114 | Museatine —________ Muscatine 3081 nR LA R 29.0
55 | Muscatine _________ Muscatine __________|.____ 94.0| 6.0| 38.0| 39.0 |_———
59 | Museatine _________ Nichols __________-_| 84| 848 6.8 37.0| 350 |-———
54 | Muscatine _________ Orono Twp. ________ 244)| 738 | 1.8]| 36.0| 355(_____
74| OBrien ______‘_ = Paullina ___________ - 3371626 3.7} 41.0} 33.0 |———_-
20 | Osceola - SN St R AR o 2171 705| 7.8]42.0| 290 |oeevv
O [ et ol G SE Clarinda . _______ 46] 935 19| 44.0| 37.0 |-—__-
4 | Plymouth ________ Le Mars . _________ 8.0| 89.7| 23| 38.0] 33.0 |_———
110° | POBE" . - g st Des Moines ________ FAF 0B e 311
22" Sae. o A B, Rty [T et oS 19.7 79.0' 13" 39.0' 350 _____



ROAD AND CONCRETE MATERIALS IN IOWA

TABLE NO. IV—CONTINUED

Locality

Per Cent Voids

County

|

Town

Sand
Clay

Pebbles
Mixture

Van Buren -
Van Buren _____
Wapello —._.___
Wapello _______
Webster _______
Webster _______
‘Woodbury _____
Woodbury -____
Woodbury _____
Woodbury ...._
Weorbh -2 s

Farmington
Farmington

Fort Dodge

Sioux City

Hanlontown
Hanlontown
| BN, ol et AN It ) [
10705 e Sl

Eagle Grove
Belmond _.__.._____

ORI eiommms | 27.6
Ottumwa __________|
[Badger . .. .- __|

Correctionville _____
Correctionville _____
Correctionville _____
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o
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TABLE NO. V.
ANALYSES OF LIMESTONES.

Composition

. L = 3 g
Location Horizon o oo % S‘E o Z mn
E ES'E Sg §§ EE’ %E g Authority
= 83 <% o5 =5 BE
g E ] 8o 50 &8¢ S0 g
Appanoose County—
AL s st s s e o Des Moines__.________ 9,90 6.40 8387 Traed e oo_|oeoo_ Lundteigen
Black Hawk County— ; :
B4 (T 1 (3) 0 N e S R S Cedar Valley —._.____ 1.92 4,20 63.59 B PN Sl A - C. E. Ellis
Bremer County— {
WAt ¥ e e T S Devonian ____________ 46.34 19.90 18.33 4.20 0.01 3.82 | Lundteigen
WAAVEELY: i oran iy o o et Devonian ____________ 2.25 1.32 88.65 000" [Loes oo 0.35 | Lundteigen
Waverly . __ Devonian ____________ 7.74 1.67 86.80 2.35 0.86 1.08 | C. E. Ellis
Section 36—Douglas township-|Niagaran _______.____ 1.53 0.48 54.32 4341 | 0.26 | N, Knight
Quarter Section run___________ Wapsipinicon ________ (577 N e 96.57 i FEC T . 0.51 | N, Knight
Section 8—Polk towx_lship ______ Cedar Valley —.______. 3.28 212 ! 5523 YR ) ] S 0.39 | N. Knight
Buchanan County— -
Independence oo ____ Wapsipinicon _________ 8.14 1.20 87.36 356 | 0.02 | A. O. Anderson
Cedar County—
Cedar county - _________ (A PP o L) Taila] 1.52 0.58 93.61 1021 | B ] R N. Knight
Y el sl I e e Lower Davenport _.__ 086 | 030 96.91 s 0T H | e N. Knight
RUCheIUOE SRt Sl o g -0 Lower Davenport ..__ 0.40 0.10 78.75 TN | s M M ISR N. Knight
BOCkCrecTr ML STTINR Hals - o GOWET e~ [ 012 .26/ | 3806 —A3B8 |l | s N. Knight
Cedar Valley —cceoomoooooo GOWEE S s e d e | 040 0.70 ‘ 56.40 T I | Ay, N. Knight
Lime burning {Lime Gty = o (ROWRE, 8 e - UOEETS 0.60 1.40 55.30 T 31, ) WG E N. Knight
roek___.____ Cedar Valley--_.. EOwer. e ol oo 023 | 035 | 51.27 ARI09T | e | N. Knight

SHNOLSHINIT A0 SHSATVNV
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TABLE NO. V—CONTINUED
Composition
~
[ =R g
Location’ Horizon @ o = 5% L@ :o
E g.g 55 32 EE éﬁg Authority
o adg ox E) = 20 g
& 24 88 g8 & 58
Gedar Valley, o talrie w0 - WL COpEall dcaa o = = 1.20 0.90 D80 -B980- e N. Knight
Gedapcounty ———oL____ o .. oF (i T et S 0.24 0.34 96.73 AR (NPl e = N. Knight
Cedar connty ——oeoe o _____ Wapsipinicon ________ 18.66 2.00 | 5821 | 2100 [ccoommmo|ocoeao- N. Knight .
Cerro Gordo County— '
% {00 0 v e e e R R Cedar Valley —_._.____ 0.72 0.91 94,22 1.32 0.98 2.51 | L. G. Michael
Mason City — oo _______ Cedar Valley _________ 0.63 0.71 97.48 14 1 5 A A 0.51 | A. O. Anderson
Clarke County— ’
Carpenter Quarry, Osceola_____ Missouri —___.________ 8.64 1.54 88.92 )y e R ey A. O. Anderson
Carpenter Quarry, Osceola___-_|{Missouri _____.________ 8.90 1.20 89.30 ({05 0 . 0.28 | A. O. Anderson
Carpenter Quarry, Osceola_._._ Missouri _________.____ 13.72 1.26 82.50 2.08. i — il 0.59 | A. O. Anderson
Des Moines County— _
Burlington 2 = Oshie, Soocat i SRR RS 5.18 0.87 | 9311 175 R el SR R Geo. Steiger
Dubuque County—
Castadeiess=ss 2a oo 0 Niagaran ____._.__.__ 11.34 0.81 48.53 ST, st gl 0.26
Eagle Point—Lime burning rock|Galena ____.__________ 2.15 0.82 54.84 [ 0 [ 0.02 | L. G. Michael
Eagle Point—Nonlime burning
Took  Sres =LA e, T B Gertlennirt ofx = . NORNIE 8.63 0.85 51:52 1718952 o2 0.04 | L. G. Michael
Spechts Ferry—General sample{Platteville ___________ 5.00 2.07 89.64 1.72 0.85: [=_ oo Lundteigen
Spechts Ferry oo ___ Plattaville - o-_ i -t 8.98 2.58 | 73.65 (AR | o sy TLundteigen
Spechts Ferry . ________ Platteville . ____ 7.28 1.27 83.77 5.42 0 ) e 3 Lundteigen
Spechts Ferry - ___.._ Platteville: =a-co—oe’l 2.25 1.32 88.64 5101 ] el Lundteigen
Spechts Ferry - _____ Platteville ___________ 7.50 6.17 79.50 3.97 1.48 0.15 | L. G, Michael
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Dubuque County—Con.
Spechts Ferry .. _______
Spechts Ferry oo
Spechts Ferry _________________
Spechts Ferry . ______
Near Zollicoffer lake, north of
Pubu@uee s ace_ i =lne= o s
Near Zollicoffer lake, north of
Dubugte =54 L St i
Near Zollicoffer lake, north of
DubliqUe: ==L 8= 2o ieidias We
Near Zollicoffer lake, north of
Dubuque e oot eligant 2 e
Near Zollicoffer lake, north of
NDUOE = e e Ay STELLL
Near Zollicoffer lake, north of
DihgUesssSestTraE e

Fayette County—
GO - sy o e g - L
Wilkes Williams' quarry, six
miles south of Postville.._._
Wilkes Williams® quarry, six
miles south of Postville_____
Wilkes Williams' quarry, six
miles south of Postville_____
Wilkes Williams® quarry, six
miles south of Postville_____
Wilkes Williams’® quarry, six
miles south of Postville_____
12\ g 117 ety e = N S

Hamilton County—
Webster City - _______

Humboldt County—
Humboldt -
Near Gilmore _.________________
Hunmboldt - = os AR R

Platteville
Platteville
Platteville
Platteville
Platteville
Platteville
Platteville
Platteville
Platteville

Platteville

Maquoketa
Hopkinton
Hopkinton
Hopkinton
Hopkinton

Hopkinton
Hopkinton

Saint Louis

Kinderhook
Saint Louis

Saint Louis

7.94
10.71
11.24

5.74

8.28

8.02

6.79

3.85

4.54

3.26

11.95
8.65
8.50
9.00

10.64

9.52
0.68

1.60

12.05
6.69
6.31
6.69
4.67
5.78
4.61
6.03

2.54

0.83 |

2.80
0.66
5.37
3.00
1.06

3.10
0.50

0.80

73.38
78.67
78.51
83.56
80.14
77.93
78.24
84.16
86.33

90.20

84.80
58.13
41.16
52.12
50.03

52.14
98.52

92.85

97.20
99.62

97.98

3.52
0.28
0.24
0.25
237
443
5.12
1.93
3.54

.2.65

1.69
1.51
1.58
177
2.60
0.22
1.74
0.64
0.22

1.64

0.10
0.15
0.10
0.10
0.13
0.16
0.04
171
0.08

0.06

=

RO O O O O .

A.

g B RTE eI R B P

Q Q2 2 @

RAQE

(o)

=)

. Michael
. Michael
. Michael
. Michael
. Michael
. Michael
. Michael
. Michael
. Michael

. Michael

. Michael

. Anderson
., Anderson
. Anderson
. Anderson

. Anderson
. Michael

. Anderson

A. O. Anderson
J. B. Weems
Murray
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TABLE NO. V—CONTINUED
' Composition
’ Q gao g
Location Horizon o o ;- Ba - z °
g gg Sg Eg E-E é'gg Authority
S g3 e un 29 2o
g | B | 52| g8 | 3E | 354
Jackson County— ‘
Maquoketa oo =hibm oo 28 = - Hopkinton ___________ 0.58 0.36 30.88 24 i) | C. E. Ellis
Maguoketas b = i _=l T H Hopkinton __..___.___ 0.51 0.47 30.56 24 B Sl S Sl S C. E. Ellis
Johnson County—
Lowa " Qity: LT L BT e Cedar Valley —_._____ 3.08 1.97 89.79 4.66 0.06 |coe__ Geo. Steiger
Jones County—
J. A. Green, Stone City_—————__ Gower, Anamosa_____ 0.97 0.42 57.19 4144 | _______|________ A. O. Anderson
J. A. Green, Stone City_________ Gower, Anamosa_____ 2.00 1.20 | 56.00 4098 |______ | ______ A. O. Anderson
i Aw Green, Stone City_—_____ Gower, Anamosa.____ 446 1 1.70 56.08 TR0 | o A. O. Anderson
J. A. Green, Stone City..—.__—_- Gower, Anamosa..___ 0.20 0.72 56.57 5 F 1 | Nl S A. O. Anderson
J. A. Green, Stone City_________ Gower, Anamosa_____ | 1.20 0.50 58.86 ioie 113 to 0 R A. O. Anderson
J. A. Green, Stone City____—____ Gower, Anamosa___.__ 1.88 1.02 51.64 44.76. || A. O. Anderson
J. A. Green, Stone City_________ Gower, Anamosa_____ 0.96 0.72 63.56 g3 £ I ol Y I A. O. Anderson
J. A. Green, Stone City_________ Gower, Anamosa.__._ 0.78 0.54 52.12 46.98 || A. O. Anderson
J. A. Green, Stone City_____.__ Gower, Anamosa_____ 1.13 1.50 58.21 38.60 |._______ . ___ =" A. O. Anderson
Dearborn & Sons, Stone City-_|Gower, Anamosa_____ 1.97 0.89 55.68 4183 |o | A. O. Anderson
Dearborn & Sons, Stone City--|Gower, Anamosa.___. 2.05 0.37 54.64 4880, |l | 5 A. O. Anderson
Dearborn & Sons, Stone City-_|Gower, Anamosa___.. 1.70 0.60 | 55.70 4174 | A. O. Anderson
Dearborn & Sons, Stone City--|Gower, Anamosa.____ 1.90 143 | 656.60 | 3997 | ____|_______ [A. O. Anderson
Dearhorn & Sons, Stone City--|Gower, Anamosa_____ 2.00 0.40 55.18 4 7 e P A, O. Anderson
Louisa County— |
10 o 0l Eo At o) o) s IS IR e WP S iy oo o S 1.60 1.20 97.02 032 o A. O. Anderson
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Madison County— ‘ | |
Earlham ___ .o Bethany ___._._________ 7.85 100 (- 9115 | 061 | | . L. G, Michael
Y T S S S e S Bethany ___.._________ 17.16 264 | 7276 2.86 0.95 0.30 | L. G. Michael
Baglhem - . Missouri - __.___ 1092 | 237| 8487 | 158 || _______ Geo. Steiger
Winterset - oo MIEEGUFI S =t | 12.63 1.18 8434 1 219 | ______. | 0.02 | A. O. Anderson
Mahaska County— P ‘
Oskaloosa ___ oo __ Saint Louis __________ 4.01 0.59 9580 | oot o Murray
Marion County—
LA 10 Y Saint Louis __.________ 1.57 0.66 94.60 [+ 1517 I S, Murray
Balla pees s - S 5 lLT SRS Saint Touis _________._ 4.92 3.39 84.39 || |es Lundteigen .
Marshall County— E
Oolite. Quarry - _________ Kinderhook __________ 0.77 0.18 98.30 059 |________ 0.16 | G. E. Patrick e
Blue limestone. Quarry..______ Kinderhook __________ | 0.96 0.41 97.95 038 | . ______ 0.30 | G. E. Patrick é
Iowa caen stone. Quarry_______ Kinderhook __________ | 124 0.50 90.28 797 | 0.21 | G. E. Patrick =
Stratified limestone. Quarry__|Kinderhook __________ 1.22 0.50 90.04 8.08 | __._____ 0.16 | G. E. Patrick n
Qo
Mitchell County— ' =
Lo T e I R Cedar Valley ______.__ 0.78 | 012 | 98.01 0B |- A. O. Anderson
Clear ot e e el A Cedar Valley _________ 012 0.12 98.01 015 |._______ 0.35 | A. B. Hoen £
(9]0 bl i Bt B R GRS Cedar Valley —________ 221 | 382 90.17 103 |._______ 2.63 | A. O. Anderson =
| 175}
Montgomery County— ; ' =]
T e MISSOIL] seasacnss ——c 7.97 | 1.26 89.44 192 | s o A. O. Anderson %
| | tlj
Scott County— ! [ w
Bettendorf ____________________ Wapsipinicon ________ 4,46 0.70 79.60 . E. Ellis
LeClaire Stone Co., Bettendorf|Wapsipinicon ________ 236 | 220 94.57 . E. Ellis
LeClaire Stone Co., Bettendorf|Wapsipinicon ________ 0.54 0.14 98.49 , E. Ellis
Beattendorf — o oo o e Wapsipinicon ________ 1.04 | 028 | 90.00 . E. Ellis
Bettendorf o _______ Wapsipinicon ________ 848 | 072 | 89.25 . E. Ellis
Boettendorf e oo camm e Wapsipinicon ________ 26.40 9.25 44,82 . E. Ellis
Bettendorl ——-cooe oo 2 Wapsipinicon -_______ 16.08 3.26 49.72 ', E. Ellis
Bettendorf .o oo Wapsipinicon ________ 5.98 0.30 90.91 . E. Ellis
BepteRdorl = = T Wapsipinicon ________ 1.32 0.38 76.23 . E. Ellis
Bettendork =L=ss - o5 = ost Wapsipinicon ________ 1.10 i 0.34 80.95 . E. Ellis <
Bettendorf ____________________ Wapsipinicon ________ 1.20 1.08 | 9732 . E. Ellis 5




TABLE NO. V_—CONTINUED

Composition

kel
@ =}
Location Horizon 2 o 2 g - Lo B
4 g E 2 o gﬁ 588 Authority
3 = Gk g&s X &5
& £a 88 g8 28 | ge=8
Seott County—Con.
LeClaire Stone Co., LeClaire__ (Gower, Anamosa...__ -4.76 1.22 58.72 DO [l s M B L1 A. O. Anderson
LeClaire Stone Co., LeClaire_._|{Gower, Anamosa_____ 7.44 1.87 51.55 Al A T L A W A. O. Anderson
LeClaire Stone Co., LeClaire_-_|Gower, Anamosa_____ 5.60 1.40 53.96 SR s S e A, O. Anderson
LeClaire Stone Co., LeClaire--|Gower, Anamosa_____ 7.08 -1.24 53.17 3808 e at ol n o A. O. Anderson
Sioux County—
Hawarden —~|Cretaceous ___________ 21.92 6.68 64.30 DR8I S s ot Newberry
Taylor County—
Fred Andrews, Bedford ___.___ Missouri _________.___ 1.80 3.20 93.56 117, S| RER G (0 e A. O. Anderson
Fred Andrews, Bedford________ Missouri _____________ 1.48 0.48 97.42 3 L e e T A. O. Anderson
Fred Andrews, Bedford-...____ Missouri _____________ 1.20 0.70 96.96 4 0713 8 NSNS0 T ol A, O, Anderson
Van Buren County—
West of Farmington______.___ Saint Louis __________ 1014 |  0.90 88.73 088 1o s 1oy 0.15 | C. E. Ellis
Chequest creek, Keosauqua._____ Saint Louis ___._______ 3.12 1.38 94,81 02 ool 0.26 | A. O. Anderson
Upper twenty feet of limestone
east of Bentonsport _________ Saint Louis . ___.____ 5.28 0.52 93.34 1.00 |_ceeee 0.20 | C. E. Ellis
Wapello County—
Ot sos b an = e e Saint Louis __________ 6.83 2.66 88.43 015 (31 [ 5 A Geo. Steiger
Winneshiek County—
Decorah __________ = GalBny = o el Al 14.53 6.49 72.89 1.03 0.48 0.15 | L. G. Michael
Decorah - - ____._ | PR BTY R b T2 | BT Sl 3.86 2.54 91.19 084 | 0.05 | L. G. Michael
TetOxah = = Lol e s s Galena = e 6.87 1.00 88.97 LU P 5 21 0.30 | C. E. Ellis
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666 ROAD AND CONCRETE MATERIALS IN IOWA

TABLE

DETAILED MECHANICAL ANALYSES OF SANDS AND GRAVELS SHOW
AND KAME

THE TABLE GIVES AMOUNTS IN PER CENTS RETAINED ON SIEVES BANGIHG FROM THE
ARE ARRANGED ALPHABE

No. County ‘ Town ﬁf 14in. [ 1 in. | 2in. | 4in. | 2in.
15| Allamakee _____ Lansing oo \ ________________ 6.44 | 4.37| 12.69
65| Benton —_._——__ AVAIL Y 7o) ¢ St | R FiCne! S R B Pl 3.75| 9.50
66 | Benton ________ A7 Lo A S St 0 5 SRS 6.25| 9.94| 10.92
67 | Benton ________ Vinton Ay M= | LTI 075 437
70 | Black Hawk.-—-| Cedar Falls |- FEE I L0 DERa 450| 825
56| Boone ______.__ APTRZRRr t oTe n nhl TRE LB - 2.56
63| Boone _________ Pilot Mound __..___ AR I L SRR 1.87| 2.00]| 11.75
o oo Besapaasay Waverly - Bl s sl st NN | 475] 1611
36 | Buchanan _____ Independence —__..__ T P Vil Sate O 8 M 6.81| 5.75
93| Buena Vista___|Sioux Rapids —______ EoS CLEMU VTRl STy 1125 8.81
78 | Buena Vista___|Storm Lake ________ R al B, e 412 725| 944
Dumont _.__________ Qo5 200 {eaa o 7.06| 6.00| 8.75
Shell Roek __________ ST SRR R it N g o O
Lake City
Cherokee
TORTANRE b0 e W _ =
Langdon
McGregor
Elkader ______
DeWitt __
DeWitt __
PeWiEE =i ts 50T :
Wheatland _________ FORS RPERTE S T Tl i 1.18
Clinton __ el BT s
Ehmhon " S_far L o S S =l 18.37| 10.25 | 26,12
PNy o CEE U e L RSO R L 13.10| 7.40( 17.10
49 | Crawford _____ PeHiSOn! == == LR Y L ) e 075, 3.19,; 11.63
12 | Decatur _______ Wopnapien tee = S| b i, Lol WACLE UL 2.4
11| Decatur _______ DEKETR " e Faailed g st e s o i P R [T (W
10 | Decatur -______ eorii o A8 [ _C e 325 1.56
33 | Delaware ______ Manchester ________ Lotk o S =M e e 2 212 444
35| Des Moines____| Sec. 19, Flint River__|__._| 625 _____ 10.25| 3.87| 7.50
16 | Dubuque ______ Dubuque S & S e S 1)
106 | Emmet ________ Armstrong _________ SRR, (B 3 PR A PR ] T T T
3| Fayette _______ Clermont ___________ LU ] o P 587 144 588
5| Fayette _______ Clermont ___________ R B0 o1y oy e 375! 1.94| 6.00
7 |Fayette _______ Clermont ___________ N el e e 15.06| 8.37| 18.63
17 | Fayette _______ Clermont ___________ LA g 15T R 7.38| 525| 9.38
18 | Fayette _______ Clermont __ —af s T TR e s, 24 4 038 1.19
34 | Fayette _______ Oelwein _____ B L e 0 A o S AL T S
81| Floyd ___——_.._ Charles City —..____ (L b d NG| SR _-000| 213| 3.56
731 Floyd _________ Marble Rock _______ AR o 400| 3.56| 19.25
92| Franklin ______ Hampton R bl T 925/ 7.37| 11.93
84 | Franklin ______ Sheffield ___________ U RE oL, T F 4121 250 705
51| Greene ________ Grand Junction-____ T e 1.38| 319 11.37
101 | Greene ________ Grand Junction_.___ SN R R e Milal | B R (N 10.13
102 | Greene ________ Grand Junction.____ A Tl 1 TR ke |- S I 26.60
103 | Greene .________ Grand Junetion_____ RN S e T | L 18.13
104 | Greene .______ Grand Junction_____ e R e Sl S | 23.13
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NO. VL. ‘
ING THE REMARKABLE VARIATIONS IN PIT RUN OF TERRACE, RIVER
MATERIALS.

TWO AND ONE-HALF INCH DOWN TO ONE-SIXTIETH INCH MESH. THE ANALYSES
TICALLY BY COUNTIES, !

Fin. |in. |sin. | & in. | & in. | &in. | & in. | & in. Remarks
1450 575| 1044| 7.12| 18.75 | 14.25|———__ 2.69
7.75] 3.00| 26.76| 9.75| 14.62 | 20.75|-———__ 16.90
1389 5.75( 7.19| 682 834 15.81 | _____ 9.37
8.75| 4.50| 9.00| 6.56! 13.26 | 27.30|______ 10.05
1220| 6.68| 9.87| 812| 12.69| 2240 |-~——__ 10.05
300 1.25| 319| 4.63]| 10.94| 33.94 | ____- 19.50
14.00| 5.50| 6.25| 850 11.62 | 1525 |- ——-—— 8.12
2479| 6.87| 812| 544| 750 | 1326 | _____ 7.68
581 1.00| 5.56| 325/ 16,00 | 38.25 |- _—___ 6.43 | 13 mile E. of town.
1350 | 7.31| 1537 | 7.69| 2031 | 812|______ 2.75| From J. K. Salverson.
9.68| 3.81| 481| 6.00| 944 | 2628 | _____ 10.25
800, 4.00| 6.56| 6.00| 7.25| 812| _____ 3.60
17.50 18.60 | 21.30 | ______ 33.30 |———__ 4 miles S, E. of town.
1812 812 12.63| 838 863| 9.13|_____ 2.75| NW. NE, 7-86-33.
12.50 | 11.20 |————__ 21.90| 17.50 | 0.70| 12.50 {ooo__- Cherokee S. & G. Co.
13.89| 719 14.44| 881 14.62 | 11.00 |-——___ 3.75
____________ 25.08 |______| 1478 | 799 _____|._.___| Sent by County Engineer.
__________________ 019 4.63| 40.25|._____| 29.56| St. Peter sandstone.
725 3.75| 613| 4.06( 10.06 | 2225\ _____ 9.13 | Terrace gravel.
1238| 7.38| 1550 | 6.56| 513 | 2.69 |- 1.06  Esker gravel, city pit.
3150 7.06|17.00| 525| 412| 3.00|-_____ 2.06 | Esker gravel, city pit.
10.60 13.20 NGB0 o e i 12.90 | From A. R. Boudinot.
1.50| 143| 0.81| 10.81| 28.75| 29.40 |--_—__ 11.75| Wapsipinicon river sand.
________ 010 0.05| 1.60| 11.10| 58.90|._—___| 19.10 | Mississippi river sand.
25251 606 594 250| 012 012 _—___ 0.12| From Smith & Oakes.
13501 325| 3.60| 9.70| 12.00| 11.25]| _____ 3.60
1925| 9.75| 18.56| 11.25| 1431 | 5.50 | .- 1.50 | From Mills & Son.
337| 1.88| 381| 3.75| 837 34.69 |- —____ 25.63
1.69] 1.06] 406 413| 23.69 | 3287 ____. 20.12| Pit of Geo. South.
381 2.00{ 538 506! 1319 36.56 |-———__ 18.00
687 225! 587| 5.00| 10.88 | 14.75 |.____ 11.06
725 3.25| 4.25| 11.87| 1356 | 24.25 |.—-__ 413 | From Dunn farm.
038 031 144| 6.69| 2513 | 4519 | ____ 9.19 | Mississippi river terrace.
_______ 51.20|-_——__| 31.40| 9.70| 3.70| 1.40|--—___
12.63| 825| 2744 | 13.38| 1500 | 4.06 | _____ 1.63 | Buchanan gravel.
469| 231| 563 4.81| 1012 | 24.63 |______ 10.12 | Bueh, pit of W. Williams.
16371 519| 944| 475| 638 3.75|——-— 1.25| Used on streets.
1525 7.19|12.81( 7.81) 1213 | 7.81|-____ 1.56 | Stahl’s pit.
281 256| 931 10.88| 3525 | 32.56 |_———__ 3.38 | Pinishing sand, Stahl’s.
144 062| 1.87| 250 825 34.32 | _____ 29.18 | From Ira Hanson.
1726 6.87| 9.4| 9.50| 14.00 | 15.25 | _—___ 6.18 :
21.86| 9.00| 14.60| 6.00| 7.75| 5.63|-————_ 2.00
1157 4.00| 594, 800 6.50| 16.00 (-———__ 7.50
8.66| 4.62| 812, 800 19.00 | 21.75|-——___ 7.31
1500 7.31| 1250 12.00| 13.06 | 11.25 |______ 5.88
14.66 25.20 g st o el e 18.93 ‘I[C. & N. W. pit. Note
17.66 | __ 19.66 |______ DROOL] e 10.13| || the wide variation
12.60 |- __.__ 16.60 |- ———— 13 e TR 23.60 P in samples from
14.53 |-co-o 2333 |- 20088 | o= e 13.00| J| the same place.
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TABLE NO. VI—
|
No County Town ﬁf 1}in. | 1in. | #in. [ $in. | }in.
| v
50 | Greene __—_____ Jefferson ___________ RN AN ey g AN 3.00| 5.5
108 | Greene ________ Jefferson __________ || i|iiioo- | szzmrizm 7.30 | 10.50
109 | Greene .. Jefferson ___ | ______ SETE AR IRP B2 8.50 | 15.00
126 | Greene _______- Jefferson ~___ - ____ i S dl € Sl i U708 | 5.20
89 Grundy - -_--- ~-Grundy Center—____|.__.{ 1669 | _._._ | 425 150 7.00 .
71} Grundy ——_____ Wellsburg —_._______ 5.25 _| 6. 525 1737
87 | Hamilton _____ Kamrar .o lzeo ' 744 | 10.25
88 | Hamilton _____ Webster Cltv 10. .36‘ 21.36
90 | Hamilton _____ Webster (‘xty ______ 4,00
40 | Hardin .. Gitord "1 Lo~ 470! 575
98- | Fraradimr st t T Agklew e tenlt ; 7.38 | 12.00
94 | Harrison ______ Pigeahi| et - L 1.50 6.75
80 ! Harrison -_____ Missouri Valley__.___ ot e RSO 3t | 10.81] ' 9.13| 12.50
115 | Humboldt __—_- Humboldt —_.--_____ SAE0 B EEEN g Syl bt e
117 | Humboldt _____ | Humboldt ' _—-_ - o l 6.80 |______ 3.80 | 6.70
118 | Humboldt ____: [ Humboldt —_________ AL D {260 |- 5.10 | 10.30
127 | Humboldt _____ | Homboldt __________ CEL N e e e | S e 1.30
128 { Humboldt _____ | Hamboldt __________ o b2 LT R0, 1 S AANS.1, 1 tm s M WA 2.50
g M s il S L AR Ida Grove —-________ BT [ERSNE B MR B (e, 1.81| 2.50
69| Towa, ———_______ South Amana ______ ea losai L8 L8 HA s by Sl ZENRT
1|Jackson _____-__ Maquoketa, -ol______ =Rl b SR 225 4.12
129 | Jones. . ______ Oxford JllIl(‘thll = | LR e A SN [ o T 9.00
130 | Jones _—_____ b oxiordrgunngten- o he g St Lo A L 6.00
107 | Kossuth ____.___ AlEonaLEs = T o i = o MR . HICI  PRNRT 590| 8.50
AN R e I L Rodk Rapids;—---_dojeife| = Lo___ 175 4.00| 8.88
O7 | Lyo 1 Uer i e Dogi 52 - e 2 3. 6.37
132 | Madison _______ Monroe¢ Twp. _._____ 10:37
38 | Mahaska ______ Taleiar TV (ORCICE SEESESY £ Sl il 1 i ERRANT i 487 7.06
125 | Mahaska ______ Wilitie, Gt ol &l ff s30T o= R e
39 | Marion ________ 0o o e o1 SRS ] T A P S 180 1.00! 3.00
53 | Marshall ______ () (i atoia s o FEPRERY I A A S g -3.50 - 781| 1550
95| Marsghall ______ St ARihony Sacdwrel T 00 2l L] 794 842 12.72
119 | Marshall ______ NEEATThoTy lete B o Lol e e L D | 34.80
T ] T e Pacifie Junetion __.____ i | e A I EENS 1.75| 3.00
75 Mitchell _______ Osage '______L-_______i____! 9,13| ______ 594 2.63|18.25
91 | Monona _______ Mapleton ___f=—co_ W CUFR el EUH OO (e 3 ol ] 3.12
121 | Monona, _______ Blencoe - ool e PAAART) R IR SRR T 8.30
122 | Monona .______ Y oty e RRECTIN TN SHE ¥ UESIRIDN SDSE e ST L e 6.70
6 | Montgomery __| Red Oak ___________|____ et Ei srelite) HEOI 08 0.88 150
113 | Musecatine ..___ Museatine —_________|____ (L0 LM T P, VAR 14.00 9.40
114 | Museatine __.__ Muscatine -_________|.___ 282 HoE filauaa ity 7.36 | 14.75
55 | Museatine —____ Muscatine __________ !_-__; ______ gt sl o A R
59 | Museatine -..__ Nichols —oooo o o e sats IR et e L TN 2.94
54 | Muscatine _____| Bet. 2021, Orono Tp ______ Sk {EEmed 387 519| 625
74 | O’Brien —______ Paling Lol el ULy {2ty | ____________ 4.00| 10.95
20 Oseeola ________| Sibley __________'____!____i_u____z ____________ f Bes sl 1
91 Page oo _ Clarinda ___.ooo_____ SRS Bar AR T I [ 1.81
4 | Plymouth _____ Le Mars _-__________ | EXRI AN | L i 0.38"
110 (Polk __________ Des Moines —________ ;____) ______ |2 N 1.10| 6.30
22188¢ —_________ - bl B €t PESIES I S El ST IS RESNE | 425| 5.88
% | R~ L N Sae CItY -5, i il (i \ _____________ 9.25| 10.25
52 | Sceott __o_____ Davenport -_.______ EEERA L RO oo o | 0.69
62| Story _______._ Ames oo oozl ] 1000 ccaaas 338, 2.87| 887
86 |Tama _____-___ Clutier ___..._____- IR o0 EINEEN 700! 531 1044
64 |Tama _________ Montour —.._______._ Il Sg 5 RS e I oo 3.44
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CONTINUED
yino [foin. |dein. | Fein. | fein [ d5in. | dvin. [sin Remarks
(R
881 5.69| 9.00]| 10. 31 1531 | 2750 __ i 9.25| Racecoon river sand.
19.70 |- __ [ 2040 |______ 3970/ | —ria= [ 18,10 |____. W. end ’Coon river bridge.
18.40 5 [ 3410 | e 17.60 |- E. end ’Coon river bridge.
9.30 80| 15.80 | 13.30| 1110 |____ Pit of A. S. Tanner.
14.50 .06 | 655 | 14.68 | ______ 6.94
.87 33| 12.88 | 12.50 f-c—coo 737
130 5 i 8.87 975 |——__| 4.87 -
2161 8.25 ‘ 11. 36 6.44 | 494 444 _____ 2.13
11.00| 7.50| 15.75 | 9361200 23.12| _____ 6.13
8.10 4.00- 530 11.10 | 23.60 | 2525 |-———__ 540 | From R. A. Fuller Co.
1490 475 12.00| 6.56| 9.00| 11.25|.___| 4.50
1091 6.68| 11.89| 11.50 | 20.30 15.70 |--—-—- 3.50
16.00 | 11.34 | 15.57 10.25| 9.871 344 | | 150
b A B [ BT AL 20.50 | 19.50 | 18. 40| 11, 30' ______ From C. D. Walter.

9.90 | 3 7411 PR 19.70 | 26.00 9.60 | 3.80|-—___ From County Engineer.
17.40 | 5.60.____:] 1730 | 11.70 | 1240, 6.90| 4.50| From County Engineer.
450 450 ______ 14.70 | 22,50 | -24.30 | 15.40 |.____ Hum. Cem. Prod. Co.

6.70 730 oo 3320 26.70 | 10.00| 4.90 |______ Hum. Cem. Prod. Co.

518 | 321 7.13| 6.00/| 12350 | 3044 |______ [ 994| Ida Grove Concrete Co.
736| 4.52| 9.50| 10.43 | 22.00 | 25.68 |___-__ : 7.31
9.44| 450 10.38| 9.19| 2925 19.87 | _____ | 448
16.00 1 9.50 _o—___ 14,70 | 13.50 | 20.80 | | 10.50 | ______ 1 From G. Ahlff & Sons
11.80 | 810 (--____| 13.30 | 14.80 | 25.50 | 11. 20| §{ Grand Mound.
16790 L] 2149 (2 2L 9800 | Lomaae 1532 | ____ G. J. Ferguson pit.
1081| 487 8.00| 9.36| 1744 | 21.93 | | 9.63
975| 4.60| 894 6.25| 1594 2819 ______| 6.38 | Miller & Montgomery.
1669 7.59| _____ 27.715| 16.48 8911 3.86| 2.60| Washed sand.
1195 6.68| 11.38) 16.75| 1525 | 1656 _____ - 5191
______ 20.00 |______1 13.00| 1410 | 17.10| 14.80 ______| From H. R. Baker.
500, 3.00| 430 8.80 1685 33.60 _____ 10.35
1713 | 694| 987 875 931 | 1025 ______ 4,56 | From O. L. Lundon.
1757 655 992 672 6.72| 1295 - ___ 3.44
19.90 |______ VIS0 e 6 5 0T SR U e (S | Sent by Co. Board.
700 500 14.44| 10.63 1631 | 26.25 | _____ | 625
12.20 | 475 719 925 1365 | 1645 | _____ 7.06
588 5.13| 1656 1639 20.00 | 24.21 |_____ 4.43
______ | 81.80 ______1 23.00| 15.00 | 11.60 | 5.50 |__—___; Sent by L. I. Hicks.
812 1033 |_____ 1940 1658 | 17.38 | 11.95 |______ |
513 | 488 18.00| 9.00| 31381 2231 ______ 4.81
11.20 | 7.00 |-____-} 21.00 | 24.00 | - 12.00 |ocoe Mississippi river sand.
1780 | _____. 21.89 o] 2519 | coeaae 15k § 1 P s o | Mississippi river sand.
______ | 044 0531 3.06| 13.63| 5531 |.____| 16.50 |
544 450 8.00| 12.62| 26.62| 31.69 __ | 6.44 | Ry. bridge in 16, Lake,
913 550 10,94| 944| 16.75| 22.06 ______ 4.56 |
18.75| 10951 850 7.88| 11.25| 16.70 |._—___ 7.75 |
21.69| 11.25 | 19.63 | 10.00 | 14.00 | 14.00 |_____ 2.69| Sibley Cement Co.
281 | 175 481| 463 ‘ 13.06 | 32.00 [-_____ 26.25 |
7.68 | { 381 806 7.00| 2556 29.75|-——___| 8.56| Kramer pit.
______ 18.50 || 12:30| 18.30 {-_____| B7.10 . __
9.631 506 11.50 9.13‘ 1919 24751 _____ | 4.56| Early Con. & Stone Co.
1450 | 6.69] 1244 | 9.19| 1519 | 1487 |______ | 3.44| From E. W. Robbins.
125, 1.00| 295 3.00| 15.56 | 48.37 |————- 16.00 | Mississippi river sand.
11. 50' 500| 7.13 6.50: QA2 | 1750 2o io 6.00 | College pit.
1357 594 1550 932! 9.80 Gl £ 50 = 4.31
20261 13.751 537 532| 13501 838i______| 1.31/




670

ROAD AND CONCRETE MATERIALS IN IOWA

TABLE NO. VI—

No County Town 2 113in | 1in. | $in. | 4in. | 3in.

32| Van Buren ____ |Farmington ________ Aol Wbl I It RN et 15.56

31| Van Buren ___. |[Farmington ___.____ i Bl ety TG 4.81
Ottumwa ____ —itad 9.88
Ottumwa S Sy et 1 2 05 90 ML 8130 590
Ft. Dodge -- S BNt 212 2.81| 11.69
) 26V [ o I S LLVE e 8 A TAT 2 1191 150 7.63
Correctionville il 6.63] 6594
Correctionville _____ E A ‘ 531| 16.75
Correctionville it 1 380 4.63| 744
Sioux City LEE RS Y O 084 9.00
Hanlontown ___ fEonhe 9.06| 6.69| 13.25
Hanlontown ________ EEMH 1 0 AL IR 6.94| 556 844
oW [Ehka- . 775 0.00 |occeee 11.70| 3.50 | 10.88
Dows ALEcy -| 8.68| 3.63| 5.63
Eagle Grove oot G P i L N LS 00 R 6.19
Belmond - —_________ S8 Fis R, ot 363 5.25| 9.38
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CONTINUED
3in. |+%in. | in. | Foin. | 75 in. | Fsin. [ goin. | gsin Remarks
869| 4.63, 919, 9.50| 2850 | 17.75( - 2.81
8.00| 850 2325|1350 27.94| 9.13|.—_—_ 2.31| Des Moines river sand.
17751 10.75| 20.50 | 11.50 | 19.00 | 6.69 |___..._ 2.50 | Des Moines river sand.
290( 0.65| 0.80| 030 210| 348 152! 0.55| From G. L. Bissell.
1538 | 6.63| 9.81) 10.25| 11.25 | 14.72 | _____ 7.19
2269 1062 | 17.50| 9.38| 1025 | 7.81 |-_____ 2.69| Center of 10, Deer Creek.
875 4.87(11.25) 10.56 | 31.88 | 13.12|_ _____ 3.63 | Gilleas pit.
T 2244 825|1231| 581, 800 7.81|-_-.__ 5.69 | Jno. Fleming 'pit.
780 388 619 7.31| 11.85| 2261 |______ 10.54 .
1320| 6.60| 11.90{ 3.80| 10.10 | 10.00| 7.70| 8.10| From Co. Engineer.
13.62| 525 0.12] 1887 9.12| 12.62|.___.__ 5.00 | Sec. 28, Danville.
8.63| 5.13| 350 1212 11.12 | -14.56 |______ 6.75 | See. 29, Danville Twp.
14.13| 6.75| 8.00| 9.68| 9.32| 11.25 . 6.31
6,74| 3.50| 555 7.75| 12.56 | 30.18 |-—c———- 6.62
14.75| 8.00| 11.81| 15.00| 14.00 | 16.50 |-_____ 7.17 | Boone river sand.
1331 6.00| 812 14.00| 13.50 | 12.75 |- 3.62




TABLE NO. VII _
COMMERCIAL DIRECTORY OF IOWA STONE PRODUCERS.

*Indicates those producing erushed stone.

Location of

Géological

Owner Location of Office Quarry | Horizon Kind 9f Stone
Allamakee County— :
AN O ey SRR Quiney, Il _________ Lansing ___.______[Oneota _____.___ Dolomite
6170 L\ R [T S Lansing ___________ Lansing _______._ Oneota ____._.___ Dolomite
*Albert Simons _.__________________ Waukonr — =ity Waukon _____ s Platteville _____ Limestone
Appanoose County— - 5 '
EWINSSRE IS AT &2 T L 0T Pl ol 8w LA BIan0. <o fo=i"3 Des: Moines _.___ Limestone
Benton County— S
AW O Rambe s e SSeE Shellsburg __-______ Shellsburg .___—_!Cedar Valley .__-|Limestone
Black Hawk County—
Jong NIelSBN, — = oo e Cedar Falis_________ Cedar Falls _____ Cedar Valley ____|Limestone
{1807 Washington) & = o ot
o 51 e 10 (1) 1w e e St e RO Laporte City _.____ Laporte City --_Cedar-Valley ----|Limestong
*Bartlett & McFarlane______________ Waterloo ._.__._____ Waterloo __:=_--|Cedar Valley -.--|Limestone
(1165 E. 4th) i
*Waterloo Dredging Co.__.__________ Waterloo —oo______ Waterloo -.__i=_|Cedar Valley _.__|Limestone
Buchanan County— \
A By Kiger=les unsrses o L s Hazelton __________ Hazelton _______ Hopkinton ______ Dolomite -
Cedar County—
*Cedar Valley Stone Co.__________.___ Cedar Rapids ___.___ Cedar Valley --:_|Apamosa ____.__ Dolomite.

Cerro Gordo County—

*Henry Kuppinger ___

Quimby Stone & Fuel Co...________

Mason City
‘Mason City

Mason City . __.__
Mason City —___.

Cedar Valley - Sl

Limestone and dolomite
Cedar Valley ____Limestone and dolomite

VMOI NI STVIHELVIN HLHYDNOD ANV AVOoH
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Clayton County—

Daniel Ivory UL by v R Elkader __.______ Platteville ______ Limestone
J. A Hempeler_____________________ Garnavillo _________ Garnavillo —..__ Galena ________ Limestone
%  E-W. & H D Kregel ______________ Garnavillo _________ Garnavillo __.___ Galena, _________ Limestone
Matthias Burr .- _____________ Guttenberg _____.__ Guttenberg _____ Platteville -_____ Limestone
ARCHIBOYIo8: oo stz --_|MeGregor _________ MeGregor .______ Platteville ... Limestone
*Chas. M. Brooks__.._____ . ________ MceGregor __ ... MeGregor —______ \Platteville ______ Limestone
Decatur County— :
*Davis City Stone Crusher Co.._____ Davis City _________ Davis City ______ Missouri ________ Limestone
Delaware County—
Jas. A. Johnson_____________________ Hopkinton _________ Hopkinton ______ Hopkinton ______ Dolomite
MeGlade Bros. o __________ Hopkinton _________ Hopkinton ______ Hopkinton ______ Dolomite
Des Moines County—
ASSRVANIIP e Sy S o 0 Quiney, T11. ________ Burlington _____ Oefoeul - i e Limestone
Albert Kirehner —__________________ Fountain City, Wis.{Burlington _____ Osage __._______ Limestone
*Geo. J. Koestner.___________________ Burlington _________ Burlington _____ Osage __________ Limestone
Albert Bitsehe - _________ Middletown _____.___ Middletown __._|Osage _._.________ Limestone
Dubuque County—
*John Beeker .. ___________ Dypbuque —._._______ Dubuque ——o—___- Galena __________ Dolomite
*Byrne & Saulo.o_______________ Dubuque -__________ Dubuque ———_—-- Galena __________ Dolomite
*Eagle Point Lime Works____________ Dubuque ___________ Dubuque ._______ Galena __________ Dolomite
*O’Farrell Contracting Co..._______ Dubuque ___________ Dubuque ——-—____ Galena __________ Dolomite
Jun 35 SShA O S S SR Dubuque -__________ Dubuque —_——___-- Galena __________ Dolomite
AT BN S ERe S aae o aemi= -0 Dubuque ___________ Dubuque -~ Galena __________ Dolomite
Thos. Welsh ________________________ Dubuque -_- Dubuque —______. Galena _.________ Dolomite
*B. N. Arquitt & Sons_______________ Parley _.___ HARlR cpr =1 = Hopkinton ______ Dolomite
*Tibey Bros. Dubuque ___________ Jolian . . . Galena __________ Dolomite
Fayette County—
Wilkes Williams . _______________ Postville —_____.____ Postville _____._- Hopkinton ______ Dolomite

J. W, Bopp---—————_ Rty et e © ‘West Union ___..___ West Union ____|Devonian _______ Limestone

Floyd County— i : .
Geo. W. Kuhnle__ . ________________ Charles City _______ Charles City ----|Cedar Valley ____|Limestone

SEHEDNAOUd ENOLS 40 AYOLDHYIA

gL9



TABLE NO. VII—CONTINUED

Owner Location of Oftice Loc%it;,g?y of Gﬁ%ﬁggﬁf‘l Kind of Stone

Hardin County—

*Bryant-McLaughlin Asph’lt Pav. Co.|Waterloo —.._______ Towa Falls _.____ Kinderhook ___-_ Limestone and dolomite

*Ellsworth Stone Co.-ooeee . Towa Falls ________ Towa Falls ______ Kinderhook _.___ Limestone and dolomite
Harrison County— ¥

C. F. Peckenpaugh & Sons..._______ iogamil sy oL 0 AT Togan ____.___._ Missouri ——-—___- Limestone
Henry County—

*Victor McGuire Mt. Pleasant Mt. Pleasant ___|Saint Louis _____ Limestone

Howard County—
*Cresco Stone & Concrete Co.ooo__

Johnson County—
*Wesley J. Lorence___________________

Jones County—
State Reformatory (Charles C. Me-
Cloughry, Warden)

A. M. Henry
Albert Osborne
*H. Dearborn & Sons_____.__________
i THad D 0 Lot e R e Eem B R
*J. A. Green & Sons_________________
*John Ronen

Keokuk County—
Frank Manion
*Russell B. Royce

Tdle woiis T RS
Stone City .____.____
Stone City
Stone City
Stone City

!

Sigourney
Sigourney

Stone City
Stone City
Stone City
Stone City

Sigourney

'Sigourney

‘Wapsipinicon

Anamosa

Anamosa
Anamosa
Anamosa
Anamosa

Anamosa
Anamosa

Saint Louis

Saint Louis

Dolomitic limestone

Dolomite

Dolomite
Dolomite
Dolomite
Dolomite
Dolomite
Dolomite
Dolomite

Limestone

Limestone

¥L9

VMOI NI STVISELVA TLHEYONOD ANV aAvoy



Lee County—
*McManus & Tue

kars vt e

*Cameron & McecManus___________ ____

*Keokuk Ry. & Construction Co..____
Mississippi River Power Co..______.

C P

A EFe sLes S 2 S S LS

*Burlington Quarry Co.______________
Augnst Beagh: oo 2. ot in

Linn County—

*Co &N W. Railways_- oo sor J008

*Dolese Bros. Co

*Ellis Park Ston

E: 00 LM 1 AL

417 D701, hpeyo oty Sy BRSPS ol e e h

Louisa County—

VORI R Gk ey e e =30
*Chas. B. Wilson_____________________

Madison County—
*Earlham ILand

*W. A. Hartman

G0, 5 i am o 24 SR

*Southern Towa S

Mahaska County--

fode b er 5 08

HEAESWhHItIatchla el o ot L 2 Hmentil

Marshall County—
*Dolese Bros. Co

* . & N. W.Railway__._.____________

Mitchell County—

Chicago, T11. -_—_____
Chicago, IIl. _______.
(128 N. La Salle)

Cedar Rapids —---..
Mt. Vernon ________

Morning Sun ______
Morning Sun ______

Des Moines __..__._
East Peru _____._____
Winterset ____._____
Winterset __________

Chicago, T11. __._____
Chicago, T11. ________

Wavehlya s lie = .. .

GOsage it TAN

Keokuk _________

Montrose __.__..
West Point _____

Cedar Rapids ___
Cedar Rapids -__

Cedar Rapids ___
Mt. Vernon _____

Morning Sun __.
Morning Sun ___

Earlham ________
East Peru ______
Winterset _______
Winterset __.____

GLITEIN 0

LeGrand ___.____
LeGrand ________

Wapsipinicon ___
Wapsipinicon -__

Wapsipinicon -..
Anamosa _______

Missouri —_.—____
Missouri .-
Missouri —___-___
Missouri ________

Saint Touis ----

Kinderhook _.___
Kinderhook .__-_

Cedar Valley -__

Cedar Valley -__

Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone

Limestone
Limestone

Limestone
Dolomite

Limestone
Limestone

Limestone
Limestone
Limestone
Limestone

Limestone

Limestone
Limestone

Limestone

Dolomite
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TABLE NO. VII—CONTINUED

Owner

Location of Office

Location of
Quarry

Geological
Horizon

Kind of Stone

Pocahontas County—
*¥t. Dodge Portland Cement Corp._-

Scott County—
*Boland Stone Co
*Bettendorf Stone Co. . ______

GeWeBRangallE-—sgon s - oo kL o
*Dolese Bros. Co.—__________________
*Linwood Quarries CO.————
*LeClaire Stone Co.ooooo

Tama County—
R RIS S i (8 o

Van Buren County—
*Hinkle Estate

Wapello County—
Eddyville Stone Co._____________
AGhASNCIIOm = e L e e
Winneshiek County—
John A

Fort Dodge

Bettendort
Davenport
Big Rock

Chicago, Ill. _______
Davenport
Davenport

Eddyville
Ottumwa

Decorah
Decorah

Gilmore City ---

{LeClaire
{Bettendorf ____

Montour

Eddyville
Ottumwa,

Decorah
Decorah

Saint Louis

Wapsipinicon ___
Wapsipinicon ___
Gower
Wapsipinicon _.__
Wapsipinicon ___
Anamosa
Wapsipinicon ___

Kinderhook

Saint Louis _.__

Saint Louis __._
Saint Louis ____

Galena-Plat'ville
Galena

Limestone

Limestone
Limestone
Limestone
Argillaceous Limestone
Argillaceous Limestone
Dolomite
Limestone

Oolitie limestone
Limestone

Limestone
Limestone

Limestone
Limestone

919

VMOI NI STVIHHLVI HLHdYONOD ANV dVv0oy



TABLE

VIIT.

DIRECTORY OF IOWA SAND AND GRAVEL PRODUCERS.

"~ Character of

Products

Owner Location of Office Location of Pit Deposit

Black Hawk County—

Bartlett & McFarlane_______________ Waterloo .- Waterloo _____________ River. — oot Sand

(] S T R10) o e e PR ot e Waterloo __________ Waterloo __ 137 ly3{-) Sy Sand

J. E. Sedgwick________________ Waterloo __________ Waterloo __ River. ——ocoo.o-ol Sand

Cement Produets Co.__-_ i U] Sy Waterloo ___.__..__ WaBBrlOO e oL s an RIVeP, o oo Sand

Waterloo Dredging Co.__________ - |Waterloo __________ Waterloo, - Lo o i RiIper: - 2 o e Sand

Waterloo Granite Block Co.-___..___ Waterloo __________ Waterloo ____ ... RiveT Bl oL Sand

RV STiEh . L T T s Mt e o Cedar Falls_________ Cedar Falls ___________ Terrace _________ Sand and gravel

Cedar Falls Sand & Materials Co.._ [Cedar Falls_________ Cedar Falls _.___._____ Terrace ____...__ Sand and gravel
Boone Couniy—R

M & St allway.________ Minneapolis, Minn._|Pilot Mound __________ Kame __————_____ Gravel

Ft. D, D. M. & So. Railway_..______ Booemesstomse . Eiazer) moy e 2oy iy Terrace _-—.—___— Sand and gravel

Frazer Cement Products Co.-_______ Frazep s e Wi - | T 0 e R B e (RO A s e 10 Sand and gravel
Bremer County—

A. L. Woodruff . ____________________ Waverly ___________ Waverly - ______ Terrace —________ Gravel

A. McClellan (operator)....--—...___ Waverly ___________ Waverly oo Terrace ___._____ Gravel

J.H, Russell ______________________ Waverly _..____.____ Waverly ___.___________ Terrace —________ Gravel

Bureka Cement Tile Co.-————_______ Janesville _.._______ Janesville ——___________ Terrace ... Gravel

Bremer County . _____.____________ Waverly ___________ Plainfield __.__________ RAVERT o e ve e Sand and gravel
Buena Vista Coupty—

C. & N. W. Railway..____._________ Chicago, T11. _______ Sioux Rapids —_.-___. TErrace ——e-—-—_ Gravel
Butler County—

C. G. W. Raijlway A - |Chicago, TIl. _______ Clarksville ____________ Terrace _________ Sand and gravel

Clarksville Brick Mfg. Cocooo____ Clarksville —._______ Clarksville .. _______ Terrace ——————--- Gravel

SHHONAOYd THAVED ANV ANVS
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TABLE NO. VIII—-CONTINUED

Character of

Owner Location of Office Location of Pit Deposit Products

Butler County—Con. -

P G B £ e o= R O Greene ____________ (BT, - L L e Terrace ________._ Gravel

3 W Bl e T b pwe ot L BT Lo s o (GG e L R Terrace _________ Gravel

Tllinois Central Ry..._—____________ Chiecago, T11. —______ See. 23, Washington___|Terrace _________ Sand and gravel

o 2 P 1) ) ot e e g TEU ST Dumont __.________ Dumont o ____ pland _________ Sand and gravel
Carroll County—

Lanesboro Cement Tile Co.———_____ Lanesboro -_________|Lanesboro ——__—_______ Terrace —__._____ Sand and gravel
Cerro Gordo County— i

Mason City Sand CO.——____________ Mason City____-____ Mason City ——________ Terrace _________ Sand and gravel

Mason City Cement Products Co...._ Mason City__.______ Mason City ___—_______ Terrace _________ Sand and gravel
Cherokee County— .

Fred Fuhrman ._____________________ Cherokee __.._._______ Cherokee . _____ Terrace -____.____ Sand

M. J. Gilleas & CO._—.—__.. _ | Cherokee ___________ Cherokee - __. Terrace _________ Sand and gravel

Cherokee Construction Co.._________ Cherokee ___________ Cherokee ——— oo Terrace _________ Sand and gravel

Cherokee Sand & Gravel CO.——..___ Cherokee ___________ Cherokee _____________ Terrace _________ Sand and gravel

Illinois Central Ry. oo _____ Cherokee ____.______ Cherokee ____ . ______ Terrace _._______ Gravel

" Clay County—

AT e o e e A e e el Spencer ____________ Spencer o ——.———___ Terrace -________ Sand and gravel

)% AT SR e T e A N e el SDENCET- o r =S Spencer .ol oo Terrace -____.._.__ Sand and gravel
Clayton County—

C., M. & St. P. Railway__.____ Chicago, I11. _______ Guttenberg ___ _[Terrace _________ Gravel

Clayton White Sand Co Clavtoniis - SITese IO i b et St.t Peter sand- e

stone __________ an

819
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Clinton County—
City of PeWitt______________________
Scott County
W. H. Mackridge___________________
C.&N.W. Railway_________________
Clinton Sand & Gravel Co.___.__._____
Geo. A. Sehneider________.___________
John Sampson

Dallas County—
C,M & St. P. Railway_____________
C,M & St. P. Railway_________.____
City of Van Meter_________________
City of Booneville_—_________________

Delaware County—
C. G. W. Railway.__

Des Moines County—
Kelly Sand & Fuel COwee .. __
Zippe & Fleteher Co.________________

Dickinson County—
C,M. & St. P. Railway_._.__________

Dubuque County—
Frank Beutin
Dubuque Sand & Gravel Co..________
Illinois Central Ry.— . __________
F. A. Burns

Emmet County—
C,R L &P. Railway_______________
M. & St. L. Railway_________________
Estherville Cement Prod. Co.._______

De Witt
Davenport
De Witt
Chieago, Ill. _______
Clinton
Galena, I11, —_.______
Grand Mound

Chiecago, Ill. __.____
Chieago, IIl. _______
Van Meter
Booneville

Chicago, M. ___..._

Burlington
Burlington

Chicago, TIl. ...___.

Dubuque
Dubuque
Dubuque
Dubuque

Chicago, Ill. _______
Minneapolis, Minn._

Estherville

Almont and Clinton__.
Clinton
Clinton

Van Meter
Booneville

Dyersville

IBurlington
Burlington

Terrace
Terrace
vy S e e B ¢

IMiltord

Dubuque
Dubuque
Dubuque
Dubuque

Graettinger
Estherville
Estherville

‘Terrace
Terrace

Terrace

Sand and gravel
Sand and gravel
Gravel
Gravel
Sand and gravel
Sand and gravel
Gravel

Gravel
Gravel
Sand and gravel
Sand and gravel

Gravel

Sand and gravel
Sand and gravel

Gravel

Sand and gravel
Sand and gravel
Gravel

Sand

Gravel
Sand and gravel

Sand and gravel

SYHONAOUd THAVED ANV ANVS
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TABLE NO. VIII—CONTINUED

Loéation of Office

Character of

Owner Location of Pit Deposit Products

Fayette County—

C,R L &P.Railway_——.___________ Chicago, I11, _______ Clermont __.z—__—.___ PeTrace _o-eo..__ Sand

C. Miller & Son i Bl SR Clermont ____.______ Glermuont - = aeoicoloin Werrage " 152 1o Sand

Tra- FAnSOn = oo s in s et Sa J S o Oelwein .___________ (Y el R T [FOTRGEh L T st i) Sand

Martin Stoll Estate_______________ Clermont _____.__.__ Clermont _____________ HIGTTAE e oo a0y Gravel
Floyd County— L

C,R. 1 &P Railway_._____________ Chicago, 11, ________ Marble Roek __________ :I:erra,ce _________ Gravel .

Mrs. Eliza Barnes____________________ Charles City ——.____ Charles City —-————____ Terrace ..______. Sand and gravel

Alfred Laun o V0] o e T, SR P ital o E et B Terrace .___.____ Sand and gravel
Franklin County— : ; ;

Sheffield Cement Prod. CO.ocoo—ce—_ Sheffield ______.____ Sheffield —.-ooo———____ tRErTace” M our g2 Sand and gravel
Greene County— = - 2

C. &N. W.Railway__________________ Chicago, I1l. -_______ Grand Junetion __..___ Terrace _________ Gravel

A. S. Tanner 3 Jefferson _________._ Jeiffersonl .t - Sand bar _______ Sand and gravel

C., M & St. P, Railway_.____________ Jefferson ___________ edferson, - soz-n liol {50 1) Gravel ;
Grundy County—

Grin},dy Center Brick & Tile Co..____ Grundy Center..___ Grundy Center ________ Terrace ___.____. Sand and gravel
Hancock County—

C,R I &P Railway_______________ Chicago, I1. _______ florest Oiby Lo .. . Perrace™ <ol it Gravel

Amgterdam Tile Works. ... Goodell ____________ Amsterdam ___________ TErTace ‘= —-lo. Sand and gravel
Hardin County—

C. &N-W, Railway. ____--_________._ Chicago, TIl, _._____ Gifford — oo __ Terrace _____ ~---|Gravel

M. & St. L. Railway_—__.___________ Minneapolis, Minn._|Gifford . ____________ Terrace ___..____|Gravel

Gifford Sand & Gravel Co.___.____ GIord s C i (T Terrace —-.._.... Sand and gravel

Eldora o= oo Eldoras == o ..l it Terracoe .. Gravel

Fred Berninghausen ________________

089
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Tiaxrison County—
12 R. Cox__

Henry County—
1%, B, & Q. Railway_____-______>____

Howard County—
Howard County

Humboldt County—
WGV IETRVeS: L 5o e

Ida. County—
Robert Hall
Wi AR athnen, Jir.c siet = et i
Conerete Stone Cowme o __________

Jackson County—
Sabula Sand & Gravel Co.__________

Johnson County— ¢
Hills Sand & Gravel Co.____________
_Horrabin Sand & Materials Co.____.
‘Geo. E. Mathews Wy

Kossuth County—
G &N-W. Railway__ - .=
(D5 B STt Y s () ot L L o e e
‘Northwestern Drain & Construe. Co.

Lee County—
Ft. Madison Sand & Gravel Co.____._
Joseph Jaeger
J. H. Einspanjer.

Linn County—
Kings Crown Plaster Co..__..______
Larimer & Shaffer___________________

Standard Construetion Co.___._______

Missouri Valley —-__
Chicago, I11. _______

Cresco

Humboidt

Ida Grbve
Ida Grove
Ida Grove

Sabula

Hills
Towa Cit¥ - 2
River Junetion___.

Chicago, IIl. ______
Bancroft
Baneroft

Ft. Madison
Montrose
Ft. Madison

Cedar Rapids ______
Cedar Rapids
Cedar Rapids

Ft. Madison
Ft. Madison
Ft. Madison

Cedar Rapids
Cedar Rapids

Cedar Rapids

Missouri Valley-—-—___ Aftonian __..___
Coppock " ___._.____.__._[Terrace __.._____
Sec. 11, Afton_——_______ Upland . ______
Humboldt ___ - _—_ Terrace . ......
TAdn, GTovE = B e s e afe S
Ida Grove _._—_______
Ida Grove .. SIIQ | S =
Sabiflai-aiec e i T River ___________
Il Sdee IBIveT il ol o
Towa City ———ocee RIVeE U Ll
River Junction —______ HRAVED enunsa-— =5
Trvington —t= 5 "o Ii. Terrace _.______-
Bancroft .__._._—_—___;|Terrace —--__—__-
_|Bancroft _|Terrace .-

Sand and gravel

Sand and gravel

Gravel

_|Sand and gravel

Gravel
Sand
Gravel

Sand and gravel

Sand and. gravel
Sand and gtavel
Gravel

Gravel
Gravel
Gravel

Sand and gravel

_|Sand

Sand

Sand
Sand and gravel

Sand

SEAONAON TAAVED ANV ANVS
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TABLE NO. VIII-CONTINUED

Owner Location of Office Location of Pit Character of Products’
Deposit

Linn County— Con.
Russell J. Tabor Springville —________ Springville ____________ River __.._______ Sand
Mrs. Rozella Corbett__._____._______ VA Ol |1 et e Wity L il Buchanan _______ ISand

Lyon County—
Great Northern Railway_ ___________ StERafl EMian. . = ADognwe. = - L. o Terrace __.______ Sand and gravel
Miller & Montgomery____.___________ Do domat = | ¥ v el D e T Terrace . ______ ISand and gravel
Doon Sand & Gravel Co.____________ DOO IR e T O i 15— T Terrace —________ ISand and gravel
C. R. MacDowell el DGOl s L1} T . o ek e e Terrace —______. |Sand and gravel
C,R. L &P Railway_______________ Chicago, Ill. _______ OhaTto g = o i "Terrace _____.___ Gravel
Lehatehka & Pattengill . ________ Rock Rapids -______ Rock Rapids __________ Terrace _________ Gravel

Mahaska County—
Eddyville Sand CO.oc oo _ Eddyville Eddyville River ' ...t __.._ Sand

Marion County—
C., R. I. & P. Railway__
Sand Valley Sand Co.__.
Iowa Sand & Gravel Co.

J. A. Wilson_.

Marshall County—
M. N. Hawkins_ . __.__
Marshall Sand Co.-——____
M. & St. L. Railway_____

Mitehell County—
Osage Cement Prod. Co.-_
N. W. Nelson_.________.__

Chicago, I1I. _______
Harvey
Oskaloosa
Tracey

Marshalltown
Marshalltown

Terrace
Terrace

Sand -

ISand and gravel
ISand and gravel
Sand and gravel

Sand and gravel
'Sand and gravel
'Gravel

Sand and gravel
Sand and gravel

G89
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Muscatine County—
C.RI1 &P . Railway________________
Museatine Sand Co.———______________
Northern Gravel Co._____..__________

O’Brien County—
MeCracken Bros. _

Chicago, 1. _______
Muscatine
Davenport

Paullina

——— Peake
Thos. Beacon

Osceola County—
C,R.IL & P.Railway________________
Sibley Cement Co.o o ____________

(Ocheyedan Mound)

Palo Alto Count&—
Shadbolt Lumber Co._______________
Graettinger Tile Works..____________

Plymouth County—
Frank Hammon S
Kingsley Milling Co._________________
G. L. Griffith
Geo. Bainbridge - _____________
DAl G et e T - ST Lo e
C, St. P, M. & O. Railway__________
Illinois Central Ry.__._ . ___________
LeMars Brick & Tile Co._-—______

Polk County—
G- B8R Baillway- s 2 - 00
Geo. N. Doty
T E,-Balzer: = oo .- P g Sl
C. GW. RallWayes - cecoait = BiAE
Coon River Sand Co.________________
Frank Cram e P
Des Moines Sand CO. . _
Leon Harris

Paullina
Sheldon

.Chicago, IIl. _..____
Sibley

Emmetsburg
Graettinger

Kingsley
Kingsley
Kingsley

Chiecago, II. _______
Chieago, I11. _______
Le Mars

Chieago, IIl. _______
Commerce
Des Moines ___.____
Chieago, I11. _______
Des Moines
Des Moines
Des Moines ___

Des Moines

rajtland = - oo o - Terrace —_______-
Muscatine _____________ River ._.o____.__
Museatine _________.___ Terrace _______._
Paulling b= s -8 Terrace _________
CalmpieEslliioe L g Kame ___________
Bl sy et fapnt 2o Ll Terrace _————.___—
Sheldengraer eriik =i 5 Terrace ——————_—-
SiBleyetonl i L =R Terrace _________
FS TN e & e~ T Terrace _.._____
Ocheyedan __________.. Kame .. ___._
Emmetsburg - ———___ Terrace _____.____
Graettinger ______——___ Terrace ...
Kingsley .= Upland

Kingsley o oo Upland ___
Ringsley s —cm o —ox Upland

Kingsley oo Upland

BeVarsser - - i L. Terrace . .-
GORVEGTST e D Terrace ————_____
BTN S o e Terrace -.——.-_—-
T s 1S A R Terrace _____-___
Avon and Commerce__[(River ___._______
Commerce _____- RIVED Y siesaiact s
Des Moines . _———___ RAver — i 2=
BasiVIoimeds A= e ot bE e T e i T
Des Moines .- RIver ALK E e e
Des Moines _____—..—___ River ___________
Des Moines ____________ River Yoo =2l
Des Moines —______ River - __——___

Sand and gravel

Sand and gravel

Sand and gravel
Sand and gravel

Gravel
Sand and gravel
Gravel

Sand
Sand and gravel

Gravel
Gravel

_|Gravel

Gravel
Sand and gravel
Gravel
Gravel
Gravel

Sand and gravel
Sand and gravel
Sand and gravel
Gravel

Sand and gravel
Sand and gravel
Sand and gravel
Sand and gravel

Sand and gravel -
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. TABLE NO. VIII—-CONTINUED
Owner Location of Office Location of Pit Ohg:gi)t;li of
Oak Park Sand Co..-—eo—________.___ Des Moines —._.____ Des Moines - ———____ 1y et D
Wabash-Railroad _______.____________ LA 61000 ISR Des Moines ____________ Terrace -——.____-
Des M. Building Material Co.___...__ Des Moines —___..__ Valley Junction ______ iRy L S s
Commercial Sand CO.ceeeee o ______ Mitchellville __.____ Valley Junction _.____ IRIVET § Ll
Sa¢ County— :
C. &N. W. Railway__.—____________ Chieago, 111 _______ Lake View ___________ Terraceé -—-._____
Lake View Sand & Gravel Co._.____ Lake View _________ Lake View ___ o o_____ Terrace ___—..-..
Sae City Cement Prod. Co.._________ Sac City —..o_.____ SOty - i - Terrace -—_._-_-
Scott Sand & Gravel CO.o | Lake View ___________ Kame ————_._____
RHISEShaMeTesard el 0 = S Sac City ——..__.____ SACREIhYS oo % Terrace -________
S(zIdtt Couitli:yl;l~ !
nterstate Material Co.______________ Davenport —--..___ PEFIRTET I e ey S SEER R B
Builders Sand & Gravel Co.______.__ Davengort VE e ] NahanIi:J o A e T
Sioux County-— ;
Hosper Cement Produets Co..._____. Hosper - ______ HOSPoSeee. - Terrace —._.___._
JosephHvinkecy X =t L AT5on i =il ni P l(iToTal e _|Upland __.______
John Beltman _______________________ ATEOR: Er L PAUBOR s _|Upland _________
C.&N.W. Railway..._______________ Chieago, I ________ Hawarden Terrace —_—.____.
Hawarden Sand & Gravel Co.._______ Hawarden _________ Hawarden fERTIVET b e e
=5 e dnbiinh e e AL AT Hawarden ____.___ - |Hawarden ’ Terrace _._._____
C, M. & St. P. Railway._.__________ Chicago, T11. ________ Opposite Hudson, S. D.|Terrace .__.__.__
Cornelius Van der Veer—.____________ ATHOD, T el ) R RO 5 W Upland ___._____
Story County-- : .
Towa State College_-—________________ ATngg_ —re < EEEE Ames Terrace ---._____
RerBirCanl=iesnatat o = T a2 AlES oo T S Ames Terraco
ColeBLos= ==amlem e B oy o, e 85 e Alfes - _oal So R Ames Terrace
Greenlee & Greenlee-________________ ATES s s e ey Ames Terrace ..
Johh Glidden = oo o . e ATDeS ko A i e Ames Terrace

Prqducts

Sand and gravel .

Gravel
Sand
Sand

Sand and gravel
Sand and gravel

Sand and gravel
Sand and gravel
Sand and gravel

Sénd and gravel

Sand and gravel -

Sand and gravel
Sand and gravel

Sand and gravel

Gravel
Sand and gravel

Sand and gravel

Gravel

Sand and gravel

Sand and gravel

Sand and gravel .

Sand and gravel
Sand and gravel
Sand and gravel

$89
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Union County—
C. G W. Railway_ . ________ Chicago, 1. —______ Afton Junection _______ Aftonian .______ Gravel
Van Buren County— 1
C,B. & Q. Railway__________________ Chicago, 11l __.___ Farmington __________ Terrace —-—...——- Gravel
C,R.I & P. Railway__.____________ Chicago, T11. _______ Farmington __________ Terrace -———-—__— Gravel
Wapello County—
Des Moines River Sand Co.______.___ Eddyville .- Eddyville - River —._________ Sand and gravel
Empire Sand & Material Co._....___ Eddyville ——_————— Edayville _ep-— - _ip.- BN M AT Sand and gravel
Palmer Sand CO.- o ______ Eddyville ——_______ Hddyville =t . 2 MR m = 22 el Sand and gravel
Ottumwa . Sand CO.e oo Oottumwa, e Ottumwa _________.___ TR e e T Sand and gravel
Webster County— 3
Chas. Larrabee - __________ AT Ft. Dodge ————____ Fort Dodge —-————___. Terrace —-____.__ Gravel
(GO0 IV OUNE): =or - o e s - See. 9, Lost Grove__.__ Kame - ______ Gravel
Winnebago County— ;
Forest City Cement Prod. Co..______ Forest City .- Forest City —_—___._ Kame _________. Sand and gravel
Winneshiek County—
Decorah Cement Sidewalk Co._______ Decorah __—_________ Decorah . _________ 1294, S eneseh. £ Sand
AN G T A s 0 % G e S Decorah . ——___ Decdorall s .coo o oo - River .o Sand
e O LR V)0 i M b i, e = 5 Decorah - ___ [Degarahs (—-sziis b o e TV s ot o ! Sand
Woodbury County— e
John Fleming & Son_________________ Correctionville —____ Correctionville —______ Terrace -__—_-__- Sand
M. J. Gilleas & €O oo ___ Correctionville _..__ Correctionville _______ Terrace ______.__ Sand and gravel
2 0 (o) 0 T o e P ey S Qorrectionville _____ Correctionville _______ Terrace _________ Sand and gravel
Wl COM RO ot e 17 =5 S50 Bt Correctionville —____ Correctionville _______ Terrace —___._._. Sand and gravel
Tllinois Central Railway_____________ Correctionville _____ Correctionville —__.___ Terrace —-—--—-—- Gravel
S TaI a0 L e AT Sl P R T e Correctionville _____ Correctionville _______ Terrace —________ Sand and gravel .
Wright County—
Belmond Cement Manufacturing Co. { Belmond ... - Belpranurea s SR Terrace -___.... Sand
Cr GLrW. Railway. - <o .ot Belmond ___________ Belmond ____._________|Terrace —_________ Sand and gravel
C,R. I & P. Railway__.__._________ Belmond __________. Belmond - .o =sbe’ = ke Terrace _________ Sand and gravel
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