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'CERAMIC SHALES AND CLAYS OF IOWA
BY.CHARLES S. GWYNNE -
: Abstract

In this paper fundamentals of the geology and technology of the shales and
clays of Jowa are dealt with. The uses, mineral composition, manner of oc-
currence and origin of these deposits are first considered. The distribution
and character of the most important geologic units containing ceramic shales
and clays are then described. Most attention is given to the Pennsylvanian Des
Moines series, which underlies much of the central and southern parts of the
State, and which is accessible at many places. Appropriate attention is given
to other shale and clay horizons, the materials of which are used by ceramic
plants. These include the surface clays, and the shales occurring in the Juni-
per Hill member of the Devonian Lime Creek formation, the Devonian Shef-
field formation and the Cretaceous system. The shale of the Ordovician Ma- _
quoketa formation and the clay of the Silurian Niagaran series of north-
eastern Iowa are also considered, since these materials have either recently
been used or their use considered. )

Samples of these shales and clays were secured most of ‘them from the pits
of producing plants, and a few from natural outcrops: Thirty-six of these
have been tested by methods recommended by the Standards Committee’ of the
American Ceramic Society and the data are included. While those tested have
been found to vary somewhat in their ceramic properties, most of them are
shown to be suitable for the manufacture of heavy clay products such as brick
and tile. Forty-five chemical analyses of shales and clays are included, through
the courtesy of cement manufacturers. ;

INTRODUCTION

Many of the shale and clay deposits of Iowa are suitable for the
manufacture of ceramic ware such as brick; drain tile, building tile
and pottery. They were used by the Indians inthe making of pottery
and by the earliest settlers in the making of brick. Over the past few
decades the annual value of the ware produced has averaged well
over a million dollars. In more recent decades theéy have also been
used in great amount in the manufacture of portland cement, the
annual value of which also runs into millions of dellars; Thus these
materials, widespread and easily available, have demonstrated their
suitability and their value, and must be considered an important
mineral resource of the State. The wealth produced by the brick,
tile and pottery plants of the present and the past, and by the ce-
ment plants, would be nonexistent were-it not for these raw ma-
terials. . &

In spite of their abundance, the origin, the way in which they
occur and the physical characteristics of these mafcerials are none
too well known to many citizens. Much has been written regarding
them in the past. Volume 14 of the Iowa Geological Survey in

particular dealt with them exhaustively. This, however, was pub-

'
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lished 40 years ago. Since that time, while the geology of the shales
and clays has not changed, much has been learned concerning them.
In addition the clay-working industry has unidergone great changes
in the number of plants, the raw material used, the methods of
manufacture and in other phases. In view of such facts it seems
reasonable that a description of these deposits and of associated
matters related to their use should be of value to citizens of the
State and to others. This paper is intended as such a description.

It is intended to make it rather non-technical, so that persons
without acquaintance in the field of geology may acquire a reason-
able understanding of the matters under discussion. It is hoped
that the report will be of value to 'the clay products manufacturer
or worker, to those having shale or clay depos1ts on their lands and
“ to those having a general interest in the subject. Many of the shales
and clays have been sampled and tested for ceramic properties in
the course of this study, and the results of the tests are described.
This part of the report, of a more technical nature, should be of
particular interest to the manufacturer of clay products.

. Following consideration of the previous writings on the shales
and clays of Iowa and of the history of their uses, the geology and
mineralogy of shales and clays in general will be deseribed. The
general geology of the shales and clays of the State will next be
considered, followed by sections devoted to each one of the shale or
clay producing horizons. In those gections such matters as the ex-
tent and thickness, depth beneath the surface, character, and asso-
ciated rocks for each producing horizon will be considered. Par-
ticular attention will be paid to descriptions of the material of the
shale pits of the plants which are at present operating. Finally
the tests made on samples taken from operating pits will be de-
scribed, as will the results. - Information regarding the extent of
the industry will also be introduced.

PREVIOUS STUDIES- OF SHALES AND CLAYS OF IOWA

The Iowa Geological Survey has throughout its existence devoted
a proportionate part of its work to consideration of the shale and
clay resources of the State. »The results of the studies enter into
many of the publications of the Survey, beginning with Volume 1,
appearing in 1892, and continuing through the most recent one,
Volume 37, published in 1941.

During these years the Survey has completed reports on the
geology of most counties of the State. Each of these describes the
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geology of the county includingthat of the deposits containing shale
and clay. The economic geology is also described, and in these sec-
tions of the reports the ceramic industry of the county -is dealt
.with, including a discussion of its raw material, the plants in oper-
ation, their equipment and other pertinent subjects:

The mineral production in Iowa from yeéar to year has also been
reported in various volumes. These mineral production reports are
concerned chiefly with matters such as the annual value of the
products and:changes in the industry.

The most complete report on the clay and shale resources and
industry of Iowa is that of Volume 14 of the Survey, published in
1903. This includes the following sections:

Technology of clays. S. W. Beyer and I. A. Williams.
Chemistry of clays. J. B. Weems.

Selection, installation, and care of power plants. ' G. S. Blssell
Geology of clays. S. W. Beyer and 1. A, Williams.

Tests of clay products. A. Marston.

Directory of clay workers. 'S. W. Beyer and L. A, Williams.

This report was thorough and dealt with some matters which
will not be considered here. In particular, no attempt will be made
to describe equipment and methods here.

The refractory and semi-refractory shale and clays of Iowa were
irivqstigated by Galpin® in an attempt to locate commercial deposits
of high grade refractory materials. He has described the occur-
rence, characteristics and ceramie properties of those shales-and
clays which were thought to have possibilities in the manufacture of
refractory ware. The propeéerties of the known Iowa refractory
clays had previously been reported upon by Beecher.?

Publications of the Survey have been drawn upon freely in the
preparation of this report. In addition to those mentioned above
much use has been made of the geologic map of the State.® This map
provides the best information with regard to the areal distribution
of the shale and clay-bearing formations of the bedrock over most
of the State.

USES OF IOWA SHALE AND CLAY

Ceramic ware. Shales and clays have proven to be an important
resource of Ipyva almost since its' earliest settlement, for with the
settlement there developed a brick and-tile industry dependent upon

1Galpin, 8. L., The geology of the more refractory clays and shales of Iowa: Iowa Geol.
Survey, vol. 31, pp. 53-91, 1925.

2Beecher, M. F., An mvestxgatlon of the Towa fire clays Engineering Experiment Station,
Iowa State College Bull. 40, 1915.

3Tester, A. C., Geologic map of Iowa, Iowa Geol. Survey, 1937.
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these 'materials: Tile'was needed for drainage, brick for construc-
“tion~of paved city sidewalks and streets; brick and later building
tile,: for ‘construction-of "dwellings ‘and other ‘buildings, and sewer
pipe for.construction of sewage systems. Pottery and stoneware
plants also were built. Shale and clay were even burned to produce
a rock-like material useful as railroad ballast in parts of the State
where other forms of ballast were lacking. The ceramic 1ndustry
became extensive, and in.1902 there were 329 large dand small
producers of clay products scattered about the State. Most of
these were small plarts and usually supplied a restricted local de-
mand, particularly for brick and drain tile.

During the past three decades the number of ceramic plants in
Iowa has gradually decreased until at present there are only ap-
proximately 28 plants operating or in condition to operate. These
are engaged almost entirely in the manufacture of heavy clay
products such as brick, drain tile, building tile and sewer pipe.
The manufacture of pottery and stoneware has almost ceased. One
small plant has, until recently at least, made flower pots and a few
others have made art pottery. Occasionally plans arise for ‘exten-
sions of the pottery industry on'a small scale, but this is not of
great significance in the use of the shale and clay resources.

While the number of companies engaged in the manufacture of
clay products has decreased greatly, the value of the annual pro-
duction has increased and continues large. In 1929 it amounted to
a total of $5,791,195. It ‘decreased in subsequent years, but has
more recently again mounted as shown by the following table:*

1982 : _ $ 796,445
1933 . 842 726
1934 . 1,352, 291
1936 2, 006 021
1936 2 728 1810
1937 P 250 677
1938 2, 868 233

These changes in the dlstrlbutlon and extent of the industry have
been accompanied by changes in the raw material used. Thirty
years ago the surface clays were most widely used. Gradually the
shales and clays of the bedrock have become the principal raw ma--
terial, although surface clay is used in part at many of the plants

The decrea}se in the number of clay products plants has obviously
not been due to the exhaustion of supplies of raw materials. Clay
and shale suitable for the manufacture of the more common wares

I‘Hershey. H. G., Mineral production in Iowa—1983-1888: Iowa Geol. Survey, vol. 87, p. 886,
1941, '
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are available in Iowa, as they are in other states, in'enormous quan-
tity. Other factors have played a greater part in the changing

structure of the ceramic industry of Iowa. These include the cost

of the shale and clay, dependent in turn upon matters such as the
amount of overburden which must be moved, the presence or ab-
sence of non-ceramic materials sueh as limestone or sandstone in-
terstratified with the shale, and the general cost of pit operation
and hauling; loeation of plant with respect to markets; cost of
plant operation; and the quality of the product. . The history of the
industry in other midwestern states has been in many respects
similar to that of Iowa for the same general reasons.

Iowa lacks proved deposits of shale and clay suitable for the
manufacture of higher grade products such as fire brick and china.
Some localities in other midwestern stdates possess advantages in
the manufacture of the heavy clay products, not of superior shales
or clays, but of better transportation facilities or of more extenswe
markets.

The companies at present (1942) operating in Iowa are listed-

below, together with the location of their plants, the kinds of ware
produced and the monthly capacities where krnown.

Iowa Brick and Tile Manufacturers, Products and Capacities
f] Estimated

' : Monthly

Company and Location Products PrOngfl:ion
Adel Clay Produets Co s Common brick, face brick, strue-
- Redfield, tural clay tile, unglazed facing.
Dallas County tile, drain tile. ..oceeiieeeeeceeceeeencaeee 8,500
Carlisle Brick and.Tile Co. Common brick, face brick, strac-
Carlisle, Warren County tural clay t11e, unglazed facmg

tile. ... 800
Clermont Brick and Sand Co. Common brick,‘ drain tile. e e
Clermont, Fayette County ) ’
Des Moines Clay Co., Common- brick, faee brick. ... 2,500
Des Moines, Polk County
Centerville Clay Products Co. Common brick, face brick. ........ 1,800
' Centerville, Appanoose County
Garrison Brick and Tile -Co. Common brick, drain tile. .......... ' 400
Garrison, Benton County N
Glf.d%rook Press Brick and Common brick, -face brick. ....... 1,000
Tile Co.
Gladbrook, Tama County ‘
Goodwin Tile and Brick Co. Common brick, face brick, strue-
Des Moines, Polk County turdl clay tlle, unglazed facing

tile; drain tile. . coeoecieeicearenene 2,006



274

Jowa Sewer Pipe and Tile Co.
Des Moines, Polk County

Johnston Clay Works .
Fort Dodge, Webster County

.

Kalo Brick and Tile Co.
Kalo, Webster County

Kimballton . Brick and Tile Co. -
Kimballton, Audubon County

Lehigh Sewer Pipe Co.
Lehigh, Webst_gr County

Mason City Brick and Tile Co.
Mason City,
Cerro Gordo County

F. C. McHose & Son
Nevada, Story County

Nelson Clay Works
What Cheer, Keokuk County

Oskaloosa Clay Products Co.
Oskaloosa, Mahaska County
Harvey, Marion County

Ottumwa Brick and Tile Co.
Ottumwa, Wapello County -

Redfield Brick and Tile Co.
Redfield, Dallas County

Rockford Brick and Tile Co.
Rockford, Floyd Count§

Sheffield Brick and Tilé Co.
Sheffield, Franklin County

Sioux City Brick and Tile Co.
Sioux City, Woodbury County
Sergeant Bluff,

Woodbury County

United Brick and Tile Co.
Adel, Dallas County

Vincent Clay Products Co. *
‘Fort Dodge, Webster County

What Cheer Clay Products Co.
‘What Cheer, Keokuk County

Winfield Brick and Tile Co.
Winfield, Henry County

CERAMIC. SHALES AND CLAYS OF IOWA

Drain tile, sewer tile, wall cop-
ing.

Common brick, face brick, strue- .

tural -clay tile, unglazed facing
tile, drain tile, salt glazed brick
and tile. oo

Common brick, face brick, struc-
tural clay tile, unglazed facing
tile, drain tile, salt glazed brick
and tile. oo E

Common brick, drain tile. ..........

Sewer pipe

Common brick, face brick, sewer
brick, structural clay tile, un-
glazed facing tile, drain tile. ...

Common brick, structural clay
tile, drain tile. ...

Common brick, tile and art pot-
L7-)

Common brick, face brick, struec-
tural clay tile, salt glazed brick
and tile. oo

Common brick, face brick, strue-
tural clay tile, unglazed facing
tile, drain tile. ...

Common brick, face brick, struc-
tural clay tile, unglazed facing
tile, drain tile. ... ...

Common brick, face brick, sewer
brick, structural clay tile, un-
glazed facing tile, drain tile. ...
Common brick, face brick, sewer
brick, structural clay tile, un-
glazed facing tile, drain tile. ...

Common brick, face brick, sewer
brick, structural clay tile, un-
glazed facing brick, salt glazed
brick and tile. ..ooooeoeeieee

Common brick, face brick, un-
glazed facing tile, structural
clay tile, drain tile. ............_.....

Common brick, face brick, struc-
tural clay tile, unglazed facing
tile, drain tile, salt glazed brick
and tile. .o

Drain tile, sewer tile, wall cop-
ing.
Common brick, drain tile. ...

3,500

4,000
200

1,800

800

2,500

2,500

2,500

7,000
3,000

2,500
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The structural clay products named in the foregoing are defined-
below :

Common Brick: A brlck made prlmarlly for building purposes and not
especially tréated for texture or color.

Face Brick: Brick made especially for facing putposes, usually treated to
produce surface texture or made of selected clays -or otherwise treated to pro-
duce a desired color:

Paving Brick: A brick with good abrasive resistance made primarily for
street or walk paving.

Sewer Brick: A brick relatively chemically inert made primarily for sewer
construction or sewer lining.

Floor Brick: A brick with properties similar to paving brick but manu-
factured with greater precision and usually treated to produce a desired color.

Structural Clay Tile: A hollow clay tile made primarily for building pur-
poses and not especially treated for texture or color.

Unglazed Facing Tile: A hollow clay tile made primarily for facmg pur-
poses, usually treated to-produce surface textures or made of special clays
or otherwise treated to produce a desired color but without the addltlon of a
surface glaze.

Drain Tile: A circular tile made primarily for land dramage of ‘subsurface
water. -

Ceramic Glazed Brick or Tile: A brick or tile with surface glazing produc-
ed by the direct application of a glazing material to the surface.

_Salt Glazed Brick or Tile: A brick or tile with surface glazing produced
by condensation of a volatilized metallic salt on the surface.

Portland cement. The shales and clays of the State are also used
in making portland cement, in the manufacture of which a con-
siderable percent of argillaceous or clayey substance, as. well as
limestone, is required. The composition of the limestone may be
such that not much additional shale or clay is needed, but the per-
centage of shale or clay required may total as much as 25 percent
" if the available limestone is almost pure. ' Thus the cement plants of
Des Moines, West Des Moines, Mason City and Davenport are im-
portant users of shale or clay in cement, although it is difficult to
arrive at the value of the raw material used.

Mortar mix. Finely ground shale and clay are also used in the
building industry as “mortar mix’”’. This contributes to plasticity
when added to the mortar in small amount. The mortar is said to
“work” better, to smooth more easily and to fill small holes and
crevices more completely. Value of the ground shale sold for this
purpose in 1938 is believed to have totaled approximately $30,000.

Road surfacing and railroad ballast. The production of railroad
ballast by burning clay was a simple one. It consisted of piling up
layers of clay and of old railroad ties and similar combustible ma-
terial, and setting fire to the pile. The use of burned shale and
clay as railroad ballast was discontinued many years ago. In recent
decades, however, the partially burned shale and other refuse of

coal mines has been widely used for road surfacing and for surfac-
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ing the shoulders of conerete highways, and possibly for railroad
ballast. This refuse contains not only shale and clay from the
mines, but also more or less associated coal. The coal ignites, pos-
gibly as a result of the heat generated in weathering of the coal or
eontained impurities, and the shale and clay are partially vitrified.
The material serves usefully when better materials such as gravel
and limestone are not available. '

VALUE OF CLAY AND SHALE

The highest quality shales or clays, unprocessed and in bulk, are
not expensive materials, and even those of lower quality but still
limited in distribution are relatively low-priced. The following
table® gives values for the clays which are sold in quantity in the
United States.

Average values per short ton of various kinds of clay sold by
producers in the United States, 1909-13 and 1925-34.

Kaolin and

Paper Clay Ball Slip Fire Stoneware
Year - United States Clay Clay Clay Clay
1909-13 (average) [N 1 1Y $3.65 $1.81 $1.39. $1.00
1925-29 (average) e ———- . 8.45 7.67 5.41 2.76 212
1930 e 7.29 791 - 6.02 2.38 1.93
1931 e mmas e aee ez e eeaeeeneaeaeeeeneee 6.65 7.71 7.10 2.54 2.30
1982 s 5.83 6.57 9.712 2.83 1.66
1933 oo emmeeannaeeaeeeataeanaaaaneana e 5.76 6.21 7.28 2.1 2.11
1934 > 6.33 6.73 7.00 2.90 1.77

-These values include cost of quarrying and possibly processing
‘as well, and it is notable that even fire clay of marketable quality,
higher in quality than.that of Iowa, is not very costly. Stoneware
clay; really a low-grade fire clay, has a still lower value.

Common shale and clay suitable for-use in making heavy clay
products has even less market value than stoneware clay if sold un-
processed. It has a greater market value when ground and sold
in small quantities for special purposes, as for mortar mix or clay
modeling, but the market for such purposes is limited. Kaolin and
ball clay are white-burning elays used in high quality products such
as chinaware, and slip clay is a clay of low fusibility used in glazes
and as a binder in abrasives. They command a higher price be-
cause of their scareity. There is believed to be little or no prospect
.of any of these more valuable clays being found in commercial
quantity in Towa. '

5Tyler, P M., and Metcalf, R. W., Clay: Minerals Yearbook 1935, p, 984, 1985.
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GENERAL GEOLOGY OF CLAY AND SHALE

Definition. Clay, from the ceramist’s viewpoint, is a naturally
occurring earthy substance which will mold when wet, retain its
shape when dry, and harden to a rock-like substance upon cooling
after being subjected to a sufficiently high temperature, a process
known as burning or firing. Shale is similar in properties, but is
commonly more compact and rock-like, stratified, and occurs in
more or less definite layers, usually beneath the subsoil” Shale, to
the geologist,® is a fine-grained, fissile, argillaceous, sedimentary
rock characterized by rather fragile and uneven laminae and com-
monly a somewhat splintery fracture. In any case shale is gen-
erally considered to be a consolidated mud or clay, consolidated by °
pressure, or cementation, or. both. There is obviously no sharp
division between the consolidated and the unconsolidated clay.

Origin of clay. Clay originates through the breaking down of
other rocks, and the individual particles of clay are the smallest
produced in this breaking-down process. Most of the particles of
clay originate through the natural process known as weathering.
This process is in part a chemical one, brought about by the gases

_of the atmosphere, water, carbon dioxide, oxygen and possibly

other constituents present in minor amount; and by the subsurface
water with its content of dissolved carbon dioxide, oxygen, weak
organic acids derived from the decay of vegetation, and occasion-
ally weak inorganic acids derived from the weathering of minerals.
Weathering is also in part a physical or mechanical process brought
about by volume changes induced by chemiecal weathering and
possibly by temperature changes, the freezing of water in cracks,
and the splitting and prying action of plant roots.

Most of the minerals of the primary rocks such as granite are
changed to other substances by this process. Some. of these sub-
stances are soluble in water and are leached away. Others, in-
soluble and inert to further change and in particles of microscopic
size remain, unless removed by running water, wind, or gla-
cial ice. Some of the minerals of the primary roeks such as quartz
are quite inert and remain essentially unchanged in the midst of
the mass of clay-like materialathus derived from the less inert
minerals. The final product is essentially a clay, possibly contain-
ing quartz grains and insoluble weathering products such as limo-
nite, a hydrated iron oxide. '

SFay, A. H,, A glossai-y of the mining and mineral industry: U. S. Bur. Mines Bull. 95,

. p. 806, 1920.
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Residual clay. This weathering process just described will pro-
duce a clay-like mass from most rocks. Unless subjected to active
erosion this product will rest upon the rock from which it was de-
rived and will grade to it through less and less weathered material.
Such material is known as residual mantle and as residual clay if
it is high in clay. Commercial deposits of high grade white resi-
dual clay such as occur in North Carolina are derived from rocks
lacking in iron-containing minerals. Such clays, in part because of
their freedom from iron, can be used in the manufacture of high
grade ceramic products such as china ware and porcelain. There
are, however, extensive areas underlain by residual clay that have
no great value because of the admixturg of limonite, and grains
and larger fragments of inert minerals and rocks. Residual clays
are unimportant in Iowa, although present above the bedrock in
some places.

‘Alluvial clay. All other clay and shale deposits are derived
chiefly from the clay of residual mantle, although a considerable
proportion of the particles of clay-like size may have.been derived
from the solid rocks, of the streams and bedrock by the erosive
agents, particularly running water. Running water has great
sorting power, whereby particles of one grain size are laid down
together as the running water loses velocity. This leads to the
formation of deposits of clay as well as of silt, sand and gravel along
the valleys, particularly of the larger streams. Thus, deposits of
‘alluvial clay are present along many of the rivers and smaller
streams of Iowa and have been used to some extent in the manu-
facture of ceramic products. ;They constitute a type of transported
mantle, as do the deposits made by glaciers, lakes and the wind.

Glacial clay. Glaciers, such as those which have in time past
covered all of Jowa and much of the upper Mississippi and Ohio
River basins, have left great deposits of clay mixed with particles
of larger size. This glacial clay, till, or boulder clay, as it is vari-
ously called, is comprised chiefly of particles of clay size, but also
contains considerable amounts of silt, sand, pebbles, cobbles and
boulders in heterogeneous mixture. Much of this material has
been freed from the bedrock by weathering but a considerable
proportion is the result of glacial wear upon solid rock. Much of
the subsoil of Iowa, visible in road and stream cuts, is glacial clay.
It may be associated with deposits of sand and gravel formed by
glacial meltwater.

Lacustrine clays. Lacustrine clays, another type of transported -
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clay, are formed by the deposition of clay on lake bottoms: The
lake may gradually be filled and, aided by other causes, finally
disappear. The lacustrine clays thus come to be the mantle or
subsoil beneath essentially level areas of greater-or less extent.
Lake plains of this origin are present in many places in the north-
ern United States and Canada, but are of only small extent in Iowa.
Such clays are used for ceramic purposes in some places.

Loess. The wind has deposited over great areas of Iowa, ad-
jacent states, and other parts of the world, a blanket of silt and
clay called loess. Much of this material in this region is believed
to have been derived from glacial meltwater. As the ice melted, the
flood plains of the larger rivers were repeatedly flooded. Silt and
clay were deposited as the floods subsided. As the surface dried out
the particlés were swept up by the wind and dropped elsewhere.
While the loess grains are for the most part silt size rather than
clay, there is nevertheless usually a considerable proportion of clay
present, either original 6r secondary, derived from the weathering
of the deposited material. In any case many -occurrences are clay-
like and are used for ceramic purposes. They have been widely
used in Iowa.

Marine and estuarine clays and shales. Most of the argillaceous
* rock in the bedrock of Iowa, that used by most of the ceramic
plants, is marine in origin. It has been formed by deposition in
the sea or in estuaries at times when the distribution of land and
sea was far differenf than at present. The beds are interstrati-
fied with the hardened products of other sediments deposited in
the ancient seas, including limestone, sandstone and conglomerate.
The seas during times past have transgressed slowly over the
continents many times and in them have been deposited the limy
or calcareous ooze, mud or clay, sand and gravel that were sub-
sequently to form the limestone, shale, sandstone and conglomerate
respectively of the bedrock of today. Coal, another interstratified
material, was formed as peat in ancient swamps. The coal usu-
ally lies upon an argillaceous material which is called an underclay.
It lacks the stratified character of shale although it may grade to
shale, has an irregular blocky or starchy fracture, and differs in
its ceramic properties from thé shales in that it burns at higher
temperatures and produces ware that is some shade of buff rather
than red in color. These underclays, or fire clays, as they are often
called, have presumably originated through changes in the subsoil
of the areas in which the plants of the peat-forming areas grew.
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They are lower in iron and in elements which lower the fusibility of
the ware made from them. They are more highly prized than most
of the shales of the bedrock which can be used only in non-refrac-
. tory, lower-burning products. If lacking in certain undesirable
impurities, particularly iron in the form of the minerals limonite
and pyrite, they can be used in the manufacture of refractory bricks
and buff-colored brick and building tile, products which command
a higher price than those made from the shale of the bedrock.

Surface clays. Deposits of any of the foregoing, but particularly
those of glacial clay, alluvium, lacustrine clay and loess are changed
at the surface by further weathering.. Calcium carbonate (lime)
is dissolved out, some minerals are ehanged to clay, and sand and
silt graing are reduced in size. The result is-a material referred to
here as surface-clay, which is plastie, usually dries without cracking,
and can be burned to reasonably satisfactory brick and possibly
tile. It has some advantages over other materials, one of them
being that it can be worked practically from the sod down. The
deposits, however, are not so thick, and the area which must be
worked for clay is relatively large.  Much surface clay also under-
goes high shrinkage in drying, frequently with much cracking of
the ware, and it does not burn as yniformly nor as quickly as shale.



TABLE 1
GENERALIZED GEOLOGIC SECTION OF IOWA

Approx.
. - thiokness
System Seres Gtoup . Formstion (in feet) Character
7|7 =
Carlile - 100+ Shale
Upper Cretaceous Colorado Greenhorn 26~50 Limestone and shale
Cretaceous Graneros 100-200 | Shele ~
- , Dakota 100-200 | Sandstone and shale
Lower Cretaceous .
Permian (?) ) “Fort Dodge beds"” * Up to 50 | Gypsum and shale
‘Wabaunsee 300
Limestone and shale-
Shawnee ' 110-175
Virgil
Douglas
20-120 | Sandy shale
Peedee
Pennsylvanian Lansing 25
_ Limest. shale and coal
Missouri Kansas City ' : 160-180
Pleasanton ' 15-60 -
Appanoose-Henrietta ’ 125-250
Des Moines ; . Shale, sandst, coal and limest
Cherokee 350-450
.| Ste. Genevieve 30-50 Limestone, massive, with sandstone beds
Meramec ~St. Louis 30-85 Limestone
| ‘Spergen 0-20 Limestone and dolomite
Warsaw 70 | Limestone and dolomite, cherty and shaly
R ' Kepkp.l;’ - . 70 | Limestone and dolomite, cherty
Mississippian Osage o T _ ]
. -| Burlington 70 | Limestone and dolomite, cherty
‘ " Gilmore City 45 | Limestone, oolitic
Hnmp'.on 0-250 | Limestone and dolomite, oolitic and cherty
'i,'— | = *
Kinderhook English River 0-25 Siltstone
Maple Mill 0-370 | Shale
? ? ? _
Sheffield - 125 | Shale, thin dolomites
Lime Creek | Eg 120-150 | Limestone, dlolomite and shale
&= —
Devonian Upper Devonian Shell Rock 'gi 30-75 Limestone and dolomite
. 7] '
Cedar Valley 90-150 | Limestone
. . Independence (1) 0-20 Shale
Middle Devonian ‘Wapsipinicon 100-120 | Limestone and dolom{te, shale
Gower 100 | Dolomite
Niagaran . )
Hopkinton 40-200 | Dolomite .
Silurian :
Kankakee 40 | Dolomite, cherty
Alexandrian ) .
Edgewood - 6-45 Dolonite, argillaceous
Cincinnatian Richmond . Maquoketa 0-300 | Shale; limestone ami' dolomite, cherty
Dubuque 30 | Limestone and dolomite
- Galena < Stewartville 60 | Limestone and dolomite
. Trenton ; -
Mohawkian Prosser 135-180 | Limestone and dolomite, cherty
Decorah 30 Sha!e,and lime.stone
Ordovician ] ) -
Black River Platteville 750 | Shale and limestone
_| Chazyan St Peter 50-238 Sanda:wne
. Willow River 75-90 Dolomite, sandy and éherty
Root Valley .
Beekmantownian Prairie du Chien (New Richmond) 20-25 Sandstone, dolomitic
QOueota - 140-170 | Dolomite, sandy and: cherty
- Madison Dolomite, sandy
Jordan Sandstone, dolomitic
Trempealeau i 150-185 | Siltstone to sandstone
St. Lawrence Dolemite, sandy
Cambrian 8t. Croixan Franconia 160 | Sandstone and dolomite, glauc
. Galesville
- Dresbach Eau Claire - 550 | Sandstone -
Mt. Simon
Pre-Cambrian X
(Huronian) Sioux Quartzite
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. COMPOSITION OF SHALE AND CLAY

Mineral composition. Shale and clay consist of grains or par-
ticles less than 0.004 millimeter in diameter, derived from many
gources and from many kinds of pre-existing rocks and minerals.
Shale and clay particles are those below a certain size, and are not
" of a specific composition or origin. Most of the particles are grains
of the “clay” minerals, derived from the chemical weathering of
other silicates. These clay minerals are soft, white, scaly minerals
in flakes of microscopic size. There .are commonly other clay-like
minerals in clay deposits, including partially weathered mica.and
chlorite. Finally there are irregularly shaped grains-of minerals
such as quartz and feldspar which do not contribute to the clay-like
character of the shale and clay. Such minerals commonly form the
partlcles of silt size, ranging up to 0.06 millimeter in diameter which
are found in most clay and shale deposits. Particles of sand size,
ranging to 2 millimeters, are principally of quartz.

‘There are several clay minerals or groups, but most of the com-
mon clay and shale is compesed of members of the beidellite-
montmorillonite group. Red or brown shales. or clays econtain
appreciable quantities of the minerals limonite or hematite. Cal-
careous or limy shales and clays contain the mineral calcite, com-
monly referred to as lime. Dark gray and black shales and clays
contain carbon derived from plant fragments. . Pyrite is present
in nodules and small crystals in many shale and clay deposits. .

Shales and clays also contain a variable amount of extremely fine
material known.as colloidal matter. The clay minerals and the
colloidal matter are principally responsible for the plastic prop-
erties of these substances.

Chemical composition. The clay minerals are primarily hydrat-
ed aluminum silicates composed of the elements hydrogen, oxygen,
alyminum and silicon, and some of them contain in addition $mall
amounts of the elements calcium, magnesium, iron and potassium
in their composition. Micas and feldspars are aluminum silicates,
containing in addition to silicon, oxygen and aluminum, small
amounts of elements such as potassium, sodium, calcium, mag-
nesium and iron. Quartz is silicon d10x1de hematite is iron oxide,
and limonite is hydrated iron oide.

A deposit of shile or clay may thus range in chemical composition
from that of a hydrated aluminum silicate to one containing rela-
tively important amounts of iron, magnesium, calcium, sodium and
potassium. The presence of these latter contributes to the low

&
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burning point of the material. Shales and clays free from those
elements have a high burning temperature and. produce a white
product. Clays high in silt or sand generally are high in silicon
dioxide. Chemical analyses of shale and clay are given at the end
of this paper.

GENERAL GEOLOGY OF THE SHALES AND CLAYS OF IOWA

Directly beneath the topsoil of most of Iowa there are the ma-
terials making up the soil and subsoil,-commonly known as mantle,
These include chiefly loess, glacial clay and alluvial clay, but sand
and gravel are present in considerable amount. Beneath these is
the solid rock or bedrock containing the extensive deposits of shale
and clay which are most widely used today. For an understanding
of the distribution and relations of the shale and clay of the bed-
- rock, it is believed advisable to consider briefly the geology of the
State as a whole.

With the exception of a small area in the northwestern corner,
the bedrock beneath the mantle is sedimentary rock. As already
foted in the diseussion of the origin of shales and clays, the beds
of which this sedimentary rock is composed were originally laid
dewn as sediments in shallow seas, which at various periods have
covered the respective areas. The sediments have since hardened
and consolidated to varying degrees due to the pressure of over-
lying beds and the cementation by substances deposited by ground
water. .

These sedimentary rocks are in broad sheets or lenses, some of
great areal extent, one above the other, and are for the most part
limestone, shale and clay, and sandstone. Except for those at the
top beneath considerable areas in the western counties, they have
the form of a shallow trough, the axis of which plunges gently
southwestwardly from Winnebago County. Because of this strue-
ture the areas of outcrop or surface distribution of the various
units are arranged in.irregularly shaped belts of varying width
which trend from the northwest to the southeast across central and
eastern Jowa. They dip on the average approximately 8 feet to the
mile. The older units, those at the bottom of the column, are at the
surface in the northeastern corner of the State, and successively
younger ones are at the surface toward the southwest.
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The geologists have given appropriate names to eras and periods
of earth history, and refer to the rocks formed in eras and periods
as sequences and systems respectively., The systems are further
subdivided into series and formations. The aceompanying general-
ized geologic map, plate I, shows the surface distribution of the
geologic_systems at the top of the bedrock in Iowa. The columnar
section, table 1, gives generalized information regarding the sub-
divisions, their thicknesses and character.

There are many shale beds in the section beginning near the bot-
tom with the Platteville formation of the Ordovician systerr. Many
of these are not suited to ceramic uses because of high lime content
or the presence of interbedded limestone. Others are too thin or
lie beneath thick overburden. The particularly important ones,
used widely in the ceramic industry and in some cases in the eement
industry, are: ’ ‘

The Juniper Hill member of the Lime Creek formation of the Upper
Devonian series. .

The Sheffield formation of the Upper Devonian series.

The Des Moines series.

The Cretaceous system.

The Magquoketa formation is of less impeortance, and the
Niagaran series is only of interest because of the presence of white-
burning clays. Each of those named in the foregoing will be con-
sidered in the following pages.

These formations usually are exploited along villey sides, because
the mantle overburden is least in such localities. They are thin
because so much has been removed in the process of valley devel:
opment. Where valleys are numerous, many of them deep, and
where the mantle is thin, there may be many outerops of the bed-
rock in a single county. Outcrops of the bedrock are absent in
other counties in which the mantle is thick and the terrain but
slightly eroded. Well records or the records of mining operations
are then the only source of information regarding them. -

The distribution and character of each of these units containing
shale and clay important to the ceramic industry will be described
in subsequent pages. The use of surface clays will also be briefly
considered. ;

' SURFACE CLAYS

Surface clays, in a ceramic sense, are clays which lie below the
top soil and which can be used in the manufacture of ceramic ware.
Geologically, such clays are the products of the weathering of the
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underlying clayey mantle, which may be alluvium, glacial clay or
loess. Some so-called surface clay is also derived from the softening
‘and weathering of shale in the bedrock beneath.

The surface clays derived from alluvium, glacial clay and loess
‘are widespread through Iowa. Loess and alluvium formed by the
reworking of loess are believed to constitute the parent material of
‘most of the desirable surface clay, although glacial clay is also
important. Weathering acts to remove lime, to reduce the amount
of silt, by changing silicates to clay and by slowly dissolving inert
mineral particles, and to soften larger pebbles and grains.

As stated earlier, ceramic plants using surface clays were once

widespread in Iowa, but advantages in the use of shale have led to
the pre-elption of the field by larger plants that use shale. Shale
occurs in much thicker deposits than desirable surface clays, is
more uniform, handles better in pressing and drying, can generally
be fired at a somewhat higher temperature, and produces a harder
ware. Surface clays are at present being used in the manufacture
of heavy clay products at Kimballton, Audubon County; Garrison,
Benton County;. Gladbrook, Tama County; and Winfield, Henry
County. '
- "The .plant and pit of the Roxy Clay Works are located on the
-south side of the valley of Indian Creek, approximately three-quar-
ters of a mile south of Kimballton, in the NEY SEY sec. 80, Sharon
Township, (T. 79 N., R. 36 W.), Audubon County. The pit is
being extended into a spur of the valley, into material most .of
which is loess, approximately 9 feet thick. The loess lowest on the
‘slope, adjacent to and partly underlying a small draw, is stated to
be fat.and plastic; used alone it has high shrinkage and produces
brittle ware. Loess from higher on the slope is too silty for a good
produet when used alone and is believed less weathered than that
from lower down. Six feet of weathered glacial clay, separated
from the overlying loess by a sharp irregular contact, is also used;
this is red, sandy and pebbly, and grades to yellow below. The pro-
portions of these three materials are varied in accordance with
results secured. in presses and kilns. '

The plant and pit of the Garrison Brick and Tile Works are
immediately south of Garrison on the north side of the wide terrace
of Hinkle Creek in the NWY SEY sec. 29, Jackson Township, (T.
85 N., R. 11 W.), Benton County. The raw material is brown silty
alluvium, somewhat loess-like in character, up to 6 feet thick, rest-
ing upon gravel. It is stated to be not as smooth or soapy as shale,
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and to tend to rub when scraped and to mold well. The kilns are
burned at approximately 1700° F. with temperatures at the bottom
as low as 1200° and as high as 1800° F. around the pockets. Several
acres have been worked over in the winning of clay for this plant.

The plant and pit of the Gladbrook Brick and Tile Co. are on the
south side of the valley of Wolf Creek, west of Gladbrook in the
NEY sec. 8, Spring Creek Township, (T. 85 N., R. 16 W.), Tama
County. The surface clay in this case also is a yellow.loess some-
what reworked by slope wash and leaching. It is stripped of topsoil
and then excavated to a depth of 6 feet. "The unburned ware pro-
duced from clay is said to be very fragile and to ¢rack and check
easily in the dryer. The clay is also very sticky, so that it requires
more power in handling than shale. The kiln temperature in firing
the clay is 1900° F. Only bricks are made at this plant, as the clay
cannot be very successfully used in the manufacture of drain and
structural tile. ’

The Winfield Brick and Tile Co. with plant and pit southwest
of Winfield on a tributary of Crooked Creek in the NEY sec. 16,
Scott Township, (T. 73 N,, R. 5 W.), Henry County, is using a
surface clay to a depth of approximately 8 feet. The material is
principally loess with possibly some weathered glacial clay. The
loess has been v’yea'thered and reworkg‘d by fluvial erosion.

SHALES OF THE MAQUOKETA FORMATION

‘The Maquoketa is the lowest and oldest formation in Iowa which
has recently been used in the manufacture of clay products. It has
an approximate maximum thickness of 300 feet, and is.described by
Beyer and Williams™ as consisting of “‘a series of beds, mainly
shales, varying much in color, composition and texture.” The lower
part is described as made up of thin fissile shales, with some earthy,
non-laminated beds carrying fossils. The upper portion consists
of plastic clay shales carrying occasional indurated fossiliferous
bands near the top and passes into thin layers of impure earthy
dolomite. These dolomite layers are transitional to the thick-
bedded Silurian limestone which lies above them. Most of the Ma-
quoketa shale used recently in the ceramic plants is believed to have
come from below the indurated’ fossil bands near the top of the
formation.

This formation directly underlies the mantle in some part or parts
of each of the following counties: Allamakee, Bremer, Clayton,

"Beyer, S. W. and Williams, I. A., The geology of clays: Iowa Geol. Survey, vol.' 14, pp.
384-395, 1904. . S :
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Clinton, Delaware, Dubuque, Howard, Fayette, Jackson and Win-
neshiek. It is exposed in many places, and close to the surface in
many more. It is overlain by the heavy-bedded Silurian limesone,
which may be recognized by its buff color and tendency to form
cliffs. Thus the steep slopes beneath the limestone ledges are under-
lain by the shale. A summary of the localities where these shales
are or have been rather well exposed, according to Beyer and Wil-
liamss8, is given below:

Clayton County.
Manon Township, in the NE14 sec. 18, 1% miles northeast of Elgin.
Cass Township, 1%, miles northeast of Strawberry Point.
Lodon:illlo Township, 114 miles north of Edgewood; Bear Creek near Edge-
W00
Sperry Township, in the NE4 sec. 33, on a tributary of Hewett Creek.
Clinton County. .
Numerous exposures in the northeastern part of the county.
Spring Valley Township, northern limit of Lyons; in the bluffs along
Mississippi River.
Elk River Township, various places in the bluffs along Mississippi River.
Delaware: County.
Colony Township, along Little Turkey River and Elk Creek; sec. 3, the
source-of clay once used in a pottery at Colesburg
Dubuque County.
: The northeast part of the county in general and a small area in the
- northwest. -
Center Townshlp, accessible at Kidder and Graf.
Vernon Township, accessible at Peosta
Fayette County.
Clermont Township, bluff northeast of railway station at Clermont
Winneshiek County.
Many outcrops in the southeastern third of the county
Washington Township, in the SW14 sec. 18; and in the SW1; see, 183.
One mile northeast of Fort Atkinson.
One and one-half miles southeast of Calmar.
At intervals along Turkey River as far north as Spillville.

Three ceramic plants have until the last decade or so used Ma-
quoketa shale as raw material. :

The Bellevue Clay Products Co. has untit recent years operated a -
brick and tile plant at. Bellevue, Jackson County. The pit of the
company, located on the east side of a small tributary to Mill Creek
in the NEY% sec. 19, Bellevue Township, (T. 85 N., R. 5 E.), exposed
weathered Maquoketa shaIe, in two openings, for a distance of
several rods, and to a height of approximately 25 feet. This was
almost entirely a blue-gray _argillaceous shale, weathered to clay.
The bottom of the pit consisted of a layer of a few inches thick of
hard, brown, ferruginous sandstone, with more argillaceous shale,
essentially unweathered, below. Gypsum fragments, of the variety
satin spar, were numerous on the weathered slopes. Any extension

"80p. cit., pp. 889-895.
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. of this pit would encounter thick overburden, as the present work-

ings are at the bottom of the valley and the slopes are steep. Brick,
tile and flower pots were made.

The brick and tile plant of the Clermont Brick and Sand Co. is
located at Clermont in Fayette County. Shale is trucked (1935)
from a pit situated west of Elgin on the north side of the road to
West Union and on the north side of a small valley tributary to
Otter Creek, in the SWY; sec. 15, Pleasant Valley Township, (T. 94

N, R. 7 W.).

The pit face in 1935 was only a few rods wide, and material had
been excavated a short distance into the steep hillside to a height
of 18 feet. A foot or two of topsoil was removed and the underlying
weathered shale, soft and plastic, was used in the plant at Clermont.
The unweathered shale was gray brown, plastic when wet and
slightly silty. The shale is overlain toward the top of the hill by
the massive Silurian limestone which outcrops in thick ledges. Itis
obvious that this pit would soon encounter thick overburden, in-

" cluding the limestone, and wauld be difficult to operate.

The Postville Tile Works, which discontinued opérations several
years ago, also used Maquoketa shale as raw material in its plant
as Postville.. Surface clay, secured near the plant and believed to
be of loessal drigin, was also used.

The shale was hauled by railroad from a pit on the south side of
the valley of Otter Creek in the.SEY sec. 29, Pleasant Valley Town-
ship, (T. 94 N., R. 8 W.), Fayette County. The bottom of the
pit was 20 feet above the base of the slope and the pit, which extend-
ed approximately 100 feet along the side of the valley, had a height.
of 20 feet. The material was entirely a blue, slightly silty shale,
with a tendency toward fissility. The upper part, nearer the sur-
face, was softened by weathering and stained brown. Here also
ledges of Silurian limestone outcropped on the steep hillside above
and it was apparent that extension of the pit into-the side of the
valley would soon encounter difficulty from this source.

The shale in these three pits is a uniform slightly silty material.
Somewhat weathered shale near the surface was free of lime. Reas-
onably good ware could be made from the weathered shale, as dem-"
onstrated by the long operation of these and possibly other plants in’
the northeastern part of the State. Regardless of quality, the use of
the Maguoketa shale is handicapped in many places by the presence
of the thick ledges of Silurian limestone higher on the valley side.
There are however considerable areas wherein the Magquoketa shale
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lies béneath gently rolling country, and from which the Silurian
limestone is absent.

CLAYS OF THE NIAGARAN SERIES

The Niagaran series, although composed almost entirely of mass-
ive dolomitic limestone, has been shown to contain sporadic occur-
rences of high grade clay. These clays have been reported from
Jackson, Clinton, Clayton and Linn Counties, which would place
the deposits in the Hopkinton, the lower of the two formations com-
prising the series. They have not been used in the ceramic industry
but would almost certainly find use if they were. present in suffi-
cient amounts. The deposits have been examined.and the clays
tested for ceramic properties by Galpin.®

Beds of the series in which these clays occur form the top of the
bedrock beneath all or parts of Buchanan, Cedar, Clayton, Clinton,
Delaware, Dubuque, Fayette, Jackson, Johnson, Jones, Linn, Mus-
catine, Scott and Winneshiek Counties. They contain, in addition ,
to the massive dolomitic limestones, small thicknesses of calcareous
shale. These shales are unsuited to ceramic uses because of their
lime content. ,

‘The high grade clay to which reference has been made ocecurs as
crevice and cavity fillings in the limestone, in bodies the dimensions
of which are never more than a few or several feet in any direction.
According to Galpin this clay consists of material which was orig-
inally part of the shale layers of the formation. The layers were
leached of the lime content by ground water, and the residual ma-
terial aceumulated in openings thus created in the limestone and in
widened joints. The clay is hard, earthy and light gray in color,
and burns to a light buff at a relatively high temperature.

Galpin has reported the oceurrence of this clay at the following
localities:

Clinton County.
See. 10, Deep Creek Township, & miles northeast of Goose Lake, on what
is now the H. P, Heneke farm.
Jackson County.
In the W% sec. 85, Iowa Township, 414 miles east of Miles, on what is
now the Ernest J epsen farm.

Small amounts of clay from these occurrences were shipped to
ceramic plants for trial, but the deposits have not been developed
further because of the limited size. Other deposits have been re-
ported from elsewhere in Clinton and Jackson Counties, and some

°0p. cit., pp.-61-63.
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have been reported to the writer from Clayton and Linn Counties.
None of these is believed of commercial size. Other occurrences
may be discovered, but unless they are in much larger deposits they
are not likely to be exploited. -

SHALES OF THE UPPER DEVONIAN SERIES

The Lime Creek and Sheffield formations of the Upper Devonian

series contain shale suitable for the manufacture of ceramic prod-
ucts.

Juniper Hill member, Lime Creek formation. The Lime Creek
is divided into three members.’® The two higher, the Owen and
the Cerro Gordo, total approximately 90 feet in thickness, and con-
sigt principally of limestone and calcareous shales. The Juniper
Hill at the bottom is described by Stainbrook as ‘“a homogeneous
dark blue plastic shale, 90 to 100 feet thick and sparsely fossilifer-
ous.” Shale from the Juniper Hill member is used by the Mason
City Brick and Tile Co. and by the Rockford Brick and Tile Co.
for the manufacture of ceramic products. It is also used by the
Northwestern States Portland Cement Co. and the Lehigh Portland
Cement Co. as a source of the argillaceous material required in
the manufacture of portland cement.

The Lime Creek formation forms the top of the bedrock of a
broad belt which extends from southwestern Floyd County through
Cerro Gordo, Winnebago and Hancock to eastern Kossuth County.
The boundaries are not accurately known because of lack of-out-
crops and well records. The boundaries of the Juniper Hill member
also are not known but the upper surface presumably forms the top
of the bedrock of approx1mate1y the northern half of this belt over
much of the distance. It should therefore be present beneath the
mantle in approximately the area of the counties and townships of
table 2. The mantle is thick in most of the area, and this, together
‘with the nature of the material, leads to scarcity of outcrops. The
formation furthermore varies somewhat in character, so one cannot

be very certain of the extent of material suitable for ceramic pur-
poses.

At Mason City the most complete and informative section is the
pit of the Mason City Brick and Tile Company.in the southwestern
part of the city i in see. 17, Mason Township, (T. 96 N., R.20 W.).
heavy clay products industry has been operated in this vicinity for

08tainbrook, M. A., Stratigraphy of the Devonian system of the upper Mississippi Valley:
Kansas Geol. S8oc. Guidebook 9th Ann. Field Conf., pp. 256-258, 1985.
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many years by various companies and a considerable area of ground
has been worked over in the winning of the clay. The section dif-
fers somewhat from place to pldace, due not so much to changes in
the character of the shale formation as to the relief of the bedrock
surface, the dip of the strata, and the depth of weathering.

TABLE 2

Approximate Distribution of the Juniper Hill Member by
Counties and Townships

Kossuth County
Southern two-thirds of German.
Northern half of Buffalo.
Winnebago County
Southern two-thirds of Grant.
Southern two-thirds of Linden.
Southern half of Forest.
Southern third of Mount Valley.
Hancoek County
Northern half of Bingham.
All except southwestern sixth of Crystal.
Al of Madisen and Ellington.
Northeastern corner of Britt.
Northern half of Garfield.
Northern half of Concord.
Cerro Gordo County
All except northeastern corner of Grant.
Southwestern corner of Lincoln.
Northern two-thirds of Clear Lake.
All of Lake and Owen.
Southern two-thirds of Mason. '
Northeastern third of Mount Vernon.
Northern two-thirds of Bath.
Northeastern third of Dougherty.
Floyd County
Western half of Rockford.
Northwestern quarter of Scott

The section exposed by operations in 1932 is descrxbed below :

Section: Masoun City Brick and Tile Company, Mason City,
Cerro Gordo County, 1932

) . Thickness
Member Description . Feet Inches
5 Weathered glacial till ! 0-2
4 Clay, yellow in color -and. evidently derived from béds
containing- limestone, as it contains many limestone
fragments much softened by weathering......................... 4 8
3 S’III‘aLe, silty, yellow brown as a result of weathering
2 Shale, silty, blue gray, very plastic when- wet, contains
three layers of calcareous fine-grained sandstone up
to 18 inches in thickness. (T)...cooeoeernenee. 7-9
1 Shale, silty, blue gray, plastic when. wet, only vaguely
s(tra).tlfled eontains more silt or sand in the lower part.
b 1 T OSSO S 21 6

BCeramic tests were made on a sample from this member and from all others marked
“{T)”. Results of tests are given in the section Tests on Yowa Shales and Clays.
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Members 4 and 5 constituted the overburden at that time. The
shale from member 2 could not be salvaged and the entire thickness
of this member was therefore discarded and piled back in the. pit.
Members 1 and 3 were being used in the proportion of eight to one.

By 1942 the workings had been extended several hundred feet
approximately southeast of the site of the section already described.
The section, described below, was much like the one exposed 10
years earlier.

Section: Mason City Brick wand Tile Company, Mason City,

Cerro Gordo County, 1942 .
) : Thickness
Member Description ' Feet Inches
4 Clay, sandy, yellow, derived from Weathermg of thin
15 ¢ 5 4 O USRS
.3 Weathered drift and limestone, brown; contains mtmh
soft crumbly limestone, much clay ‘and silt admixed. ... 6
2 Shale, dark blue gray and plastic when wet, silty, con-
tains three beds of calcareous siltstone or fine- grained
sandstone up to approximately 1 fooet in thicknmess. ....> 10-12
1 Shale, dark blue gray and plastic when wet, silty, very
compact. 30-36

Members 1 and 3 are used in the man_ufacture of the ceramic
ware. Members 2 and 4 are waste. Member 1 is so hard that
blasting is employed to break it down. This material is described!2

as quite plastic. When mixed with water to the right consistency
it becomes' quite slippery. It goes through the auger machine and
dries very easily as compared to most clays. - After forming, the
pieces are easily handled without deforming arnd dry easily without
cracking. The clay forms a dense red-brown body when fired from
1900° to 2000° F. At temperatures above 2000°-F., it is apt to
deform or melt. Little or no difference in the properties of the
shale throughout the section has been. found.

Extensive workings at this locality with a large amount of ma-
terial removed has resulted due to the large industry which has
existed in the vicinity. There were at one time seven ceramic plants,
whereas there are now (1942) but four in condition to operate, all
under one ownershlp and securing shale from the one pit described
above.

The pit in the Juniper Hill member from which the Northwest-
ern States Portland -Cement 'Co® secures its argillaceous material
(T) is located in sec. 5, Lime Creek Township, in the western part of
Mason City, and north of the pit of the Mason City Brick and Tile
Co. The shale was formerly removed by harrowing and dragging,

2Qrally by Mr. Howard Lewis, Ceramic Engineer, Mason City Brick and Tile Co.
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and the surface thus exposed was one of plastic silty clay, very
light gray on the surface where it had been allowed to dry, but
blue gray beneath. It contained abundant.gypsum crystals, found
lying on the surface. The floor of the present pit, lying approx-
imately 20 feet below the original surface, is of similar material.
The working face, from which material is at present (1942) being
removed by shovel operations, is made up of 5 feet of gray-buff
gilty shale overlain by 3 feet of gray silty shale. The difference in
color may be due to the water-soaked condition of the lower part,
since it probably has been covered with water when the pumps
were not working and the pit was flooded.

Analyses of shale from this pit have been furnished by the North-
western States Portland Cement Co. and are included in the section
discussing chemical analyses of Iowa shales and clays.

The shale from the Juniper Hill member is also used by the Le-

high Portland Cement Co. located in the northern part of Mason
City. The pit is west of the plant in sec. 82; Lime Creek Township,
and the material exposed is much like that described in the fore-
going. o :
These two companies have removed great quantltles of shale
from extenswe acreages in the ‘coursé of their operations. This
may be judged from the fact that the annual capacity of the North-
western States Portland Cement Co. is 2,000,000 barrels of cement
and that of the Lehigh Portland Cement Co. is 1,750,000; 25 percent
shale is used in the raw material or approximately 140 pounds per
barrel of cement. ' _

Shale from the Juniper Hill member is also used in the manufac-
ture of heavy clay products by the Rockford Brick and Tile Co. The
plant and pit are located southwest of Rockford, Floyd County, on
the south side of the valley of Clay Bank Creek in the NE4 sec. 16,
Rockford Township. (Fig. 1)..

Section: Rockford Brick and Tile Co.,

Rockford, Floyd County.

: Thickness
Member Description Feet
4 Till, intermingled with weathered shaly llmestone be-
low yellow and buff in color, very fossﬂlferous in

places, constitutes overburden up to 15
3 Shale, blue gray, plastic when wet, silty....... ...
2 Sandstone, fine-grained, or s1ltstone slightly ecalcare-

ous, poorly cemented, stained 1rregular1y brown with

limonite where overlymg material is thin and water

permeates, forms waste, at least where well-cemented. 1-2
1 Shale, blue gray, plastic when wet, silty, with some

horizons a foot or more thick containing larger amount

of silt. (T)
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Figure 1. Shale pit of the Rockford Brick and Tile Company, Rockford, Floyd County.

The highly fossiliferous weathered limestone which forms much
of the overburden is believed to be the base of the overlying Cerro
Gordo member of the Lime Creek formation. The bulk of the ma-
terial in this section is much like that of the sections exposed at
Mason City. It has here, as there, the advantage from the view-
point of the heavy clay products manufacturer of being rather uni-
form in composition. The content of calcite is apparently not great
enough to be a detriment. .

The Sheffield formation. The Sheffield is believed to form the
surface bedrock of a belt extending from western Johnson County
northwest through Iowa, Benton, Tama, Grundy, Butler, Franklin
and Cerro Gordo to southeastern Hancock County. Stainbrook de-
scribes the formation as “predominately shale, soft, blue to gray in
color, sparsely fossiliferous in the}lowér part, with thin intercalated
layers of brown dolomite. The upper portion is mostly dolomite,
brownish in color, more or less massively bedded with subordinate
green and brown shales and thinly bedded gray limestone.”

Shale from this formation is used by the Sheffield Brick and Tile
Co., Sheffield, in the manufacture of heavy clay products. That
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which is used is evidently from the lower part of the formation and
presumably should form the surface bedrock of a belt underlying
the counties and townships listed in table 8. Because of the cover
of mantle and the character of the material which would tend to
make it break down in outcrop, the exact extent of the shale beds
is not known. It should be recognized also that the character of
the material may differ along the strike. of the beds, so that the
horizon occupied by satisfactory shale at Hampton may contain a
more limy shale or shaly limestone at pomts some distance away
along the strike of the formation.

The only company using shale of the Sheffleld formation is the
Sheffield Brick:-and Tile Co., located south of Sheffield, Franklin

TABLE 3

Approximate Distribution of the Sheffield Formation by
Counties and Townships

Hancock County
Sections 8; 9, 10, 11, 12, 16, 17, 18, of Avery.
Cerro Gordo Count
Middle third, trendmg southeast of Grlmes
Southern third of Pleasant Valley.
-Southern quarter of Geneseo.
Southern fifth of Dougherty -
Franklin County
Northeastern corner of Ross.
Northeastern two-thirds of Westfork.
Eastern quarter of Inghara.
Butler County
Western quarter of Bennezette..
Western third of Pittsford. .
‘One-third of Madison; a strip trending southeast from the northwest
corner.
Southwestern third of Ripley.
Northeastern half of Monroe.
Southwestern third of Albion.
Grundy County
Beaver, exclusive of northeastern and southwestern corners.
Eastern two-thirds of Lincoln.
Southwestern third of Grant.
Northwestern quarter of ‘Washnigton.
Black Hawk, with the exception of the Northeastern quarter.
Tama County
Northeastem half of Grant.
Southwestern two-thirds of Buckingham.-
Northeastern half of Perry.
Clark, with the excepfion of the northeastern quarter
Northeastern half of Onelda
Benton County
Southwestern quarter of /Monroe
Western half of Homer. .
Kane, approximately half, from northwest to southeast
Northeastern fifth of lowa.
Southwestern fifth of Union.
Southwestern two-thirds of Leroy.
Southwestern sixth of St. Clair.
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Iowa GCounty
Northeastern quarter of Marengo. -
Northern half, exclusive of northeast corner, of Washington.
Southern half of Lenox. .
Northeastern quarter of Towa.
Johnson County
Small area, southwestern corner of Monroe.
Northwestern quarter of Oxford.

County, on the south side of the valley of Bailey Creek in the NW
sec. 9, Ross Township (T. 93 N., R. 20 W.). The shale pit is north
of the plant; it has been extended west to the point where the thick
drift overburden is becoming a problem.

Section: Sheffield Brick and Tile Co.,
Sheffield, Franklin County.

Thickness
Member Description Feet Inches

4 Drift, chiefly till, weathered a few feet of

top s0il 3 10
3 Shale, blue gray to brown where stained with limon-

ite, silty, somewhat calcareous, contains slightly cal-

careous fine-grained sandstone or siltstone, brown

with weathering on joint faces at least, up to 4 inches -

thick eeeereieeieeee 10 11
2 Sandstone, fine-grained, or siltstone, hard, noncal-

careous, weathers buff, joint surfaces dark ‘brown...... 4
1 Shale, dark gray where wet, but dries to light gray,

silty, plastic. (T)

Only member 1 is used as raw material. The number of sﬂtstone
beds has increased as the pit has been extented west. This is due
to the section getting higher.

Summary. From the foregoing: it is apparent that the shales
of the Sheffield formatlon and of the Juniper Hill member of the
Lime Creek formation as used by the ceramic plants at Mason City,
Rockford and Sheffield and by the cement plants at Mason City, are
much alike. In each case the material is a gray-blue, s1lt¥ shale, in
places somewhat calcareous unless leached by weathermg

Horizons or beds of more sandy or silty material are also present
in these sections and some of them are cemented with more calcite.

The shale from any one of these pits is quite uniform, which
should be an asset in its use. Those of the Dés Moines series, the
next to be considered, may show considerable variation, at least in
color, in a single pit. The ceramic ware made from these Devonian
shales is obviously a satisfactory product. -The tests made upon
them confirm their suitability for the manufacture of heavy clay
products, but do not suggest possibility of their use in higher grade
products such as pottery or refractory ware.
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SHALES AND CLAYS OF THE DES l\iOINES SERIES

Introduction. The shales and clays of the Des Moines series
constitute a raw material Yesource of great value. They form the
surface bedrock of an area of many thousand square miles and
are accessible at many places.” Some of the largest heavy clay
products plants of the State secure their raw material from this
series.

Extent. The series forms the top of the bedrock over a large area,
extending as a broad curving band (pl. 2) northwestward from
Pottawattamie and Harrison to southern Humboldt County, and
thence southeastward to the southern boundary of the State in
Wayne, Appanoose, Davis and Van Buren Counties. It covers all or
practically all of Dallas, Polk, Lucas, Jasper, Monroe, Wayne, and
Appanoose; more than approximately half of Harrison, Shelby,
Cazroll,. Crawford, Sac, Calhoun, Hardin, Story, Boone, Greene,
Webster, Warren, Marion, Mahaska, Wapello, Jefferson and Van
Buren; and less than approximately half of Pottawattamie, Wright,
Audubon, Pocahontas, Humboldt, Franklin, Grundy, Guthrie, Powe-
shiek, Madison and Keokuk Counties. From.the presence of scat-
tered outliers northeast of the main belt in Lee, Des Moines, Henry,
Louisa, Washington, Johnson, Muscatine, Clinton, Scott and Jack-
son Counties, it is known that this series at one time extended far
to the east of its present boundaries, and was continuous with the
Pennsylvanian formations of Illinois.

Structure and relations. The direction of dip of the beds of the
series varies, depending upon the position of the locality with re-
spect to the periphery of the structural basin of which they are a
part. They dip approximately south in the northern part, south-
west and west on the east side, and southeast and east on the west
side. The axis of the basin trends approximately S. 256 W. from
the vicinity of Fort Dodge. Dips are generally low, of the order of
10 feet per mile. There frequently are reversals of these regional.
dips. Faults of small magnitude are also present.

In the central part of the basin, away from the area of outcrop,
the Des Moines is covered by the Missouri series of the Pennsyl-
vanian system, by Cretaceous beds, or both. The thickness of sur-
face materials, glacial driff, loess, alluvium, and residual mantle
ranges up to a few hundred feet, and varies greatly from place to
place. Some counties have very few or no outerops and in others
they are abundant.

Thickness and stratigraphy. The Des Moines series has a maxi-
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mum thickness of approximately 750 feet, a large proportion of
which is shale, with lesser amounts of clay or underclay, sandstone,
limestone, conglomerate and coal. Most of the shale is silty, some of
it so much so that it might more properly be called siltstone. Such
material will however be called shale in this report, since it is
generally not discriminated as siltstone by ceramic manufacturers.
Some of the shales are sandy, some calcareous or limy and others
carbonaceous. Caleareous and carbonaceous shales are less desir-
able for ceramic purposes than the shales in which they are lacking.

Beds of these different kinds of shale occur interstratified with
other rocks and in the upper.part of the series the same succession
is repeated many times. Such a succession of beds, called a cyclo-
them, has sandstone at its base and, in order above, silty shale or
siltstone, underclay, coal, carbonaceous shale, silty shale, limestone
and silty shale. An individual cyclothem may have a thickness of
scores of feet.

The individual beds of the series vary greatly in thickness. In
places, as at the Ledges State Park, beds of sandstone are approx-
imately 100 feet thick, but this is exicreme.. Some of the beds are
sharply set off from one another; others grade vertically or lat-
-erally from one kind of rock to another. Some of the beds have only
limited areal extent and others extend over large areas.

Shale. Most of the shale members of the Des Moines series are
some shade of gray in color, many others are maroon and there are
others that are various shades of red, brown and yellow. Many of
the beds are not of a solid' color, but are banded, streaked or mot-
tled. The various shades of red, brown and yellow are due to the
presence of iron oxide minerals, usually hydrated, where the iron is
in-the ferric state; although the iron content of these shales may be
no higher than that of the gray shales. These oxidized and hydrated
. iron-containing minerals may be original, or they may be secondary,
formed as a result of the action of oxidizing ground waters upon
the shales subsequent to their deposition. A similar change of color
- upon oxidation is quite apparent in the glacial clays of the mantle;
deep road and stream cuts grade from a blue gray, the original color
of the glacial clay, upward to some shade of brown at the top.

Calcareous or limy shales, less common in the Des Moines series,
have a content of the mineral calcite. The calcite may have been
originally present in the sediment, or it may have been brought in
by ground water and precipitated. In some places calcareous and
ferruginous or iron-containing nodules of various shapes are formed
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in the shale by this precipitating action of ground water. Such
masses known as concretions are obviously undesirable in commér-
cial shale since they are difficult to crush fine, and the particles
burn to free lime.

The carbonaceous shales contain carbonized remains of plants
which accumulated with the mud or clay. Accumulation of plant
material alone leads to the formation of peat and subsequently coal.
A carbonaceous shale will often be found to grade laterally into
coal or to'lie above it.

Underclay. Coal and coal horizons are usually underlain by -clay
of variable thickness known as underclay. This clay usually is
more refractory than the shale of the series and ranks as fire clay.
Fire clay of the best quality is not believed present in any quantity
in the Des Moines series in Jowa. In many parts of the United
States, particularly in the coal fields east of Iowa, the clays beneath
the coal aré notably more refractory than the great body of
shales of the series. They burn only at high temperatures, and
the products made from them will resist a high degree of heat, and
so can be used in furnace linings and crucibles. The products are
also generally white or light buff in color.. The unusual character
of these fire clays is largely due to the lack or low content of flux--
ing and coloring oxides such as those of potassium, sodium, mag-
nesium, caleium and iron. These constituents are believed to have
been removed from the clays during the growth of the coal-making
plants above them. Fire clays in commercial thicknesses, suitable
for use in refractories, have not yet been found in Iowa. Most of
the underclays of lowa contain finely divided pyrite which produces
brown or “iron” spots of low melting point in the product. Some of
them, however, have proven suitable for the manufacture of buff
brick, but the deposits are not very thick.

Overburden and outcrops. The thickness of the mantle directly
overlying the Des Moines series ranges, as it does over the bedrock
-of the entire State, to as much as a féew hundred feet. It is thickest
in the area of the Mankato or youngest drift, which extends from
the city of Des Moines north to the northern boundary of the State,
where it has a width.of several counties. Many of the counties in
this area have no outcrops of the consolidated rock beds, others
have but few where the mantle is thin. Outerops and places of
thin mantle are along the sides of steep, sharply incised valleys.

Outside of the area of Mankato drift the overlying mantle is on
the whole thinner, but even here there are large areas without out-
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crops of*indurated materials. Areas with valley systems well de-
veloped may have numerous outerops along the sides of the valleys.

Because so much of the Des Moines series is shale, outcrops and
man-made exposures are likely to become covered relatively quickly
by slope wash and vegetation, since the shale softens so easily upon
weathering. The outcrops are therefore lacking unless steepened
and renewed by stream cutting. The limestone and sandstone beds
interstratified with the shales are somewhat more resistant to
weathering and erosion, and may persist in outcrop. Their presence
may thus serve as a guide to overlying or underlying shales or clays
which are covered by mantle. Localities having the thick channel
sandstones are, however, to be avoided; since they cut irregularly
into the shales and attain a thickness of scores of feet.

Bedrock shale and clay pits are comomnly located on the sides of
valleys not only in the Des Moines series, but elsewhere. There
the mantle is thinnest, therefore the cost of extracting’ the clay is
less because of the smaller amount of overburden to be moved. As
-the pit is extended into the side of the valley, the thickness of mantle
mounts rapidly if the valley is steep-sided, and experience has shown
that much difficulty may be experienced if the mantle is waste
material, particularly glacial clay, that must be removed.

It is also a matter of common observation that the shale near
the surface on the side of a valley has beén considerably affected by
weathering. It has been softened, leached and somewhat oxidized.
As the pit is extended into the valley side, and the distance from
the surface becomes greater, the shale is less affected by weather-
ing. The ceramic character of a particular horizon thus changes as
the pit is extended, a matter which may lead to difficulty in the
treatment of the material unless it is well understood.

The distribution of the Des Moines series in the counties where
it occurs, its characteristics, the extent to which it is used and re-
lated matters are described in the following pages. County reports
of the Jowa Geological Survey dealing with the geology of the re-
spective counties will be cited in cases where they contain informa-
tion on the series. ‘

Appanoose.r* The beds 'of the Des Moines series form the top
of the bedrock throughout Appanoose County. The mantle ranges
up to 150 feet beneath the divide areas but is thin or absent in many
places along the deeper and larger valleys, as along Chariton River,-
Walnut Creek, Buck Creek, Shoal Creek, Cooper Creek and their

3Bain, H, F., Geology of Appanoose County: JTowa Geol. Survey, vol. 6, pp. 374-897, 1896.
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larger tributaries. The character of the beds making up the upper
part of the series in the county is well known from natural and
artifiqiél‘outcrops, coal mining records and operations, and the
shale pit of the Centerville Clay Products Company. Extensive
mining of the well-known Mystic coal has contributed much infor--
mation regarding the stratigraphy of the series. In addition to the
coal, the serigs contains much shale and underclay, thick and per-
sistent limestone members, and conglomerate.

The shales and clays have been used in the manufacture of heavy
clay products at Centerville for approximately 40 years, but so far
as is known have not been used elsewhere in the county. The plant
of the Centerville Clay Products Company is located on the north
side of a small tributary of Manson Creek immediately south of
Centerville in the:NWY; sec. 1, Vermillion Township, (T. 68 N.,
R. 18 W.). Shale has been secured from an opening in the valley
side east of the plant and the present operation is in the south end
of this pit. "

Section: Centerville Clay Products. Company;
Centerville, ‘Appznoose County

Thickness
Member Description ( Feet Inches

6 ‘Loess, highly oxidized at base eceeeeinens T
5 Peat. 6
4 Shale, dull yellow-brown, slightly silty, lacks definite

stratlflcatlon, probably a weathered phase of under-

lying matenal contains clay 1ronstone concretions

up to 3 feet in' diameter 20
3 Shale, blue gray, slightly silty, micaceous, has ten-

dency to fracture in flattened nodules approximately

1 foot in diameter, lower part has prominent vertical

and curved Jomts, eontains cigar<shaped pynte con-

cretions and clay ironstone concretions. (T) ................ 26
2 Shale, dark gray, silty. (T)
1 Limestone . : 8

In older parts of the pit carbonaceous shale. and fossiliferous
limestone lie above member 4 of the above section.

The section is notable among those in shale pits of the Des
Moines series in that it is essentially uniform for the entire thick-.
ness of 50 feet, except for a slight variation in amount of silt and
the weathering of the.upper part of the section; uniformity of color
of the unweathered shale 1s conspicuous. The entire section, ex-
clusive of 6 inches of topsoil and the clay ironstone. concretions,
has been used in the manufacturing process, and suitability of the
materials thus made apparent. Variation in the behavior of the
material from the various members has been observed, members 3
and 6 being considered notably plastic and member 4 rather short.
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Audubon. Boundaries of the area directly underlain by the Des
Moines series in Audubon County are not accurately known. The
beds are believed to form the top of the bedrock of an area of many
square miles in the northwestern part, in northern Lincoln and
northwestern Cameron Township. Elsewhere they are overlain by
younger sedimentary rocks. They are not exposed in the area
where they form the top of the bedrock because of the thick drift
mantle and the lack of deep valleys.

Thickness of the series in this area is presumably not more than
a few score feet. Shale and clay are undoubtedly present as in
other counties where the series is present but they are hardly of
even potential value, because of the. generally thick overburden.

Boone.!* Beds of the Des Moines series form the surface bedrock
of the entire county except for an area of 1:.or 2 square miles in
eastern Jackson Township. They are exposed or covered with only
thin mantle in many places along the Des Momes River and to
some extent along the lower parts only of its deeper tributaries.
Elsewhere they lie beneath drift that may average more than 100
feet in thickness. Much information regarding them has been
gained from coal borings and shafts.

Shales and clays suitable for the manufacture of ceramic products
are believed numerous in the section; coal, limestone and sandstone
are other constituents. A channe] sandstone up to 80 feet thick
forms the top of the section along the Des Momes River in: Worth
and Clay Townships. Shales and clays Afrom the series were used
in a plant at Logansport as recently as 1927. The pit located west
of the plant on the east side of the valley of Des Moines River in
the NEY sec. 24, Des Moines Township (T.84 N., R. 27 W.) even-
tually encountered excessive overburden. Beyer has described the
following section frem this locality:

Thickness
Member . Description . Feet Inches
8 Drift and talus, varying in thickness, average for
pit at the present.time. (1908)................... b
7 Shale, variegated, gypseous, much weathered and
shrinks consxderably during drying and burning. ........ 15
6 Shale, gray blue, arenaceous below, in places a hard
ledge appears and must be wasted. ..o 4
b Shale, purplish, variegated,ssomewhat fissile... e 4
4 Sands’cone argillaceous in part, hard ]edge appears
in placoe 4
3 'Shale, dense, gray blue to deep blue, but slightly fls-
sile, the most 1mportant bed in theé pite..... ..o .. 14
2 Shale, bluish gray, weathers almost white, fme]y
arenaceous, massive 4
1 Shale, dark blue to bluish black, -gypseous.

l4Beyer, 8. W., Geology of Boone County: Iowa Geol. Survey, vol. 5, .pp. 184-201, 1896.
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Calhoun. The Des Moines seriés is thought to underlie all of
Calhoun County with the exception of the northwestern half of
Williams Township. It is at the top of the bedrock beneath this
area with the exception of that part overlain by younger sedimen-
tary rocks; this includes townships as follows:

All of Jackson and Calhoun.

All except the northern fifth of Elm Grove.

The southwestern third of Twin Lakes.

The western third of Union.
Presumably it contains ceramic shales and clays similar to those
in adjacent Webster County. They are believed to be without po-
tential value because of the general thickness of overlying mantle
and the absence of deep valleys on the sides of which the mantle
might be thin.

Carroll. The Des Moines series is believed to underlie the entire
county and to form the top of the bedrock throughout except in
gsouthwestern and western townships where it is overlain by Cret-
aceous beds, the boundaries of which are not certainly known.
There are no outcrops and little is known of the series from well
records, but it almost certainly contains ceramic shales and clays
as it does in nearby Boone, Webster and Dallas Counties. These are
also believed to lack potential value as a resource because of the
generally thick mantle of glac1al drlft and the absence of deep val-
leys.

Clinton. Relatively small outliers or parts of outliers of the Des
Moines series, none more than a few square miles in extent, in
southwestern Welton. northern Bloomfield, and northern Sharon
Townships, consist principally of sandstone. Shale and-underclay
are also present, but not believed to be thick .enough to constitute
a potential clay resource.

Crawford. Beds of the Des Moines series form the top of the
bedrock beneath all of Crawford County with the exception of the
northwestern townships. Boundaries are not definitely known.
The beds are everywhere beneath drift averaging 100 feet or more
in thickness, and while ceramic shales and clays are presumably
present as in other counties, they have no potentlal value because of
the heavy drift cover.

Dallas. Beds of the Des Moines series form the surface bedrock
beneath the entire county with the exception of small areas in the
southwestern corner, including the approximate south half of Union
and the southwest quarter of Adams Townships. The mantle cover
is thin and outcrops present in many places along the deeper valleys,
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the Des Moines River in Des Moines Township, the Middle Raccoon
River in Linn and Union, the South Raccoon in Union, Adams, Van
Meter and Boone Townships, and the lower parts of some of the
deeper tributaries to these streams. The character of the beds is
known from these outcrops, from the exposures at the shale pits at
Adel and Redfield and from coal mining records and operations.’
Shale and clay are notably abundant in the upper part of the series
as represented in the county, although there are also coals and thin
limestones, as well as thick sandstones in some places, as along the
west side of the Raccoon River at Redfield. Underclays which have
the quality of a low grade fire clay are as elsewhere associated with
the coal horizons.

The shales and clays have been used in the manufacture of heavy
clay products at Adel, Redfield, Van Meter and De Soto. Three
plants are at present operating, one at Redfield, one approximately
a mile east, and one at Adel. .

The sections at these shale pits are believed characteristic of the
upper part of the series as it is represented in the southern part
of the county. That of the Goodwin Brick and Tile Company (fig.
2) on the east side of the Middle Raccoon River Valley immediately

Figure 2. Shale pit of the Goodwin Brick and Tile Company, Redfield, Dallas County.
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west of Redfield in the NWY sec. 5, Union Township, (T. 78 N.,
R. 29 W.), is the thickest.

Section: Goodwin Brick and Tile Company,
Redfield, Dallas County.

Thickness
Member Description Feet Inches
23 Loess. 0-5
22 Sandstone, brown, cross-bedded, poorly cemented, con-
tains carbonized plant fragments and pieces of shale
near base, channel type cuts down into member 4 in
north end of Pitl .o 0-50
21 Shale, silty, carbonaceous. ... 3
20 Sandstone, buff, possibly part of channel sandstone. 1
19 Coal and carbonaceous shale. ... ... 1
18 Shale, gray, with 1 foot of possible underclay at 2
- PN < o) « D PO
17 Shale, gray and red rather fissile, weathered............ 3
16 Clay (underclay?), 51lty, mottled, purple and gray,
angular fracture, weathered resembles an underclay. 4
15 Sandstone, buff to red, calcareous, soft, weathered
and friable 1 4
i4 Shale, variegated, dull purple and yellow, irregular
fracture, weathered. 2
13 Siltsone, gray, friable, nodular ! 6
12 Shale, fissile toward bottom, sandy toward top, wea—
thered, variegated, gray, green, yellow........... ... 3
11 Shale, gray, argillaceous, hard, resists weathermg -
. and forms a prominent band on face of plt ................ 1
10 - Shale, carbonacéous. %
9 Shale, variegated, dull purple changing to gray at top,
. silty, starchy fracture, resembles underclay.............. 6
8 Shale, silty, gray and yellow, weathered...................... 1 6
7 Shale, argillaceous, red, ferruginous caleareous con-
cretions. 4
6 Siltstone, greenish gray 8
5 Shale, argillaceous, gray and red banded........c...._....... 3
4 Limestone, lower 5 inches shaly, with undulating
bedding, upper 3 inchés weathers brown, impure......... 1
3 Shale, carhonaceous, contorted, silty, carbonaceous '
film at base. 4
2 Clay, (underclay), 51lty, mottled purple and brown.
4
1 Shale, b =T IE: T B -4 -3 O 5

Members 14 to 21 inclusive as exposed in 1942 were all nmore
or less affected by oxidation and solution, causing them to be stained
and soffened to a varying degree. The material was being taken
from the south end of the pit (fig. 3) where the channel sandstone
(member 22) was absent, and the entire thickness described above,
with the exception of member 4 and caleareous concretions of mem-
ber 7, was being used. A uniferm mix, changing in its ceramic
properties only very slowly and over a long period of time, was-
being obtained by the use of a planer. The relations in this pit.
are unusual due to the presence of the channel sandstone of varying
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" Figure 8. Channel sandstone at the pit of the Goodwin Brick a.nd Tile Company
Redfield, Dallas County

thickness, (fig. 4) and t6 the presence of at least one fault which
cuts the pit, with downthrow to the north.

The pit of the Adel Clay Products Company (figs. 5 and 6) is
approximately a mile east of that of the Goodwin Brick and Tile
Company described above, and three-quarters of a mile east of the
village of Redfield. It is also approximately one-half mile north of
the plant, on the north side of the valley of Raccoon River in the
NWY; sec. 3, Union Township, (T. 78 N,, R. 29 W)

Section: Adél Clay Products Company,
Redfield, Dallas County. ‘

) . Thickness

Member Degcription - Feet Inches

8 D) & O RS 1-15
‘ 7 Clay (underclay), weath®red...........ocoeememieeeeieeceeeen. e

6 Shale, argillaceous, deep maroon throughout ............... 4

b- Shale, silty, laminated red and gray, a pronounced

red zone approximately in the middle. (T')..cccoeceeenee 12
4 Shale, gray, carboneceous, with member 3 resists’

weathering better than 2, and projects from part of
it face not in use. (T)....... 4
3 andstone, soft, CArboNACEOUS.......iwweeoceerpieerceneermnnns 2
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Figure 4. Channel sandstone at the pit of the Goodwin Brick and Tile Company, Redfield,
Dallas County. This view is adjacent. to that of fig. 3.

Figure 5. General view north of planer in the shale pit of the Adel Clay Products Company,
east of Redfield, Dsallas County.
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-

Figure 6. Shale pit of the Adel Ciay Proaucts Company, east of Redfield, Dallas 'County.
with planer in position against the shale deposit. .
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2 Clay, variegated, purplish, angular fracture, has
character of underclay, grades to shale below. (T)... 4
1 Shale, high in silt, greenish gray, splotched with
red. (T) i 12

Member 1 of the above section is stated!® to extend 28 feet below
the bottom of the pit and to be a high silica (80 percent) shale;
member 2 to be “a fair fire clay which fired is a clean yellow with
some pyrites in it in finely divided form,” requiring approximately
2400° F. to vitrify ; member 5 to be a low-silica shale, fine in grain,
firing to a deep red, and easily vitrified with maturing temperature
of 1600° F.; member 4 to be rather fine-grained and with an ave--
rage of approximately 65 percent silica.

Drift overburden, only a few feet thick when the pit was opened,
has increased to approximately 15 feet in thickness as the pit has

Figure 7. Shale pit of the United Brick and Tile Company.’ Adel, Dallas County,
showing characteristic bedding of the Des Moines series.

been extended north into the valley side. The section is believed
to be at the approximate horizon of members 5 to 12 of the pit of
the Goodwin Brick and Tile Company. A uniform mix is also
at present obtained here through the use of a planer.

BCorrespondence with H. R. Straight.
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Material used by the United Brick and Tile Company at its plant
in the western limits of Adel is similar to the above. The pit (fig.
T) is approximately one-half mile north of the plant on a small
tributary of the North Raccoon River in the. SWY% NEY sec. 30,
Colfax Township (T. 79 N., R. 27 W.).

Section: United Brick and Tile Company,
Adel, Dallas County.

Thickness
Member Description Feet Inches
8 Glacial drift, including 10 feet of rusty sand and
gravel, underlain and overlain by till 15-20
7 Shale, red, with gray in middle, argillaceous and only
slightly sﬂty, fissile when dry... 10-12
6 Siltstone, gray, indurated, shghtly calcareous............. 3
b Shale, finely laminated llght and dark gray, silty b
4 Shale, carbonaceous, sandy 1
3 Clay, gray at top, purplish toward bottom, has ap-
pearance of underclay 4 6
2 Shale, red, argillaceous, contains irregularly shaped

red-brown calcareous concretions whlch are dug out

and rejected, slightly silty 4
1 Shale, gray and red, in, thick zones near bottom,
splotched with red toward top, slightly silty.... ......... 12

This section is also believed to be at the approximate horizon of
- members 5 to 11 of the pit of the Goodwin Brick and Tile Company
at Redfield, and a uniform mix is also at present obtained w1th the
use of a planer.

The three sections give a plcture of an abundance of shale and
clay in this part-of the county. The beds furthermore range in
character, and constitute a satisfactory raw material when -used
together. The section.in each case is essentially one of shale with a
lesser amount of underclay. The shale beds range in the amount of
silt and some of them are high enough in silt to be called sittstones.
The color varies depending on whether iron compounds have been
oxidized, but is of little or no importance from the ceramic stand-
point. The total amount of silt and fine sand in the sections varies
from one point to another, but with the use of the planer the mix
is uniform from day to day, and changes so slowly that there is no
difficulty in the operation of the presses and Kilns.

Des Moines. The few small qptliers of the Des Moines series in
northwestern and eastern Augusta, southwestern Danville and
western Union Townships total no more than 7 square miles in area.
They consist of sandstone, coal, clay and shale known from several
outcrops. These outliers contain beds of the more common and less
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refractory shale in some quantity,’® but they offer no particular
advantage with respect to quantity, location or amount of overburd-
en. Buff-burning semi-refractory clays from the area in Danville
Township were at one time used in the manufacture of pottery at
Burlington.?

Franklin. The beds of the Des Moines series form the surface
bedrock of most of Oakland and of the southwestern third of Mor-
gan Townships. They are probably much like those of the series
in Webster County to the west but lie beneath sych thick mantle
that the use of shale and clay from them is in any case not likely.

Greene. All except the western townships are believed directly
underlain, beneath the mantle, by beds of the Des Moines series.
Presumably quite like those of Boone County to the east. Cretaceous
rocks overlie the Des Moines series in the following western town-
ships:

All of Kendrick, Scrariton and Willow,
A strip up to 3 miles wide in western Bristol, Jackson and Green Brier.
All except the northeastern quarter of Cedar.

Here also drift overburden is thick and there is an absence of
deep valleys in which the beds might be exposed or close to the
surface. For this reason alone any shales or clays of the series in
the county have little or no potential value.

Grundy. Beds of the Des Moines series are believed to form the
top of the bedrock of western Shiloh and northwestern Melrose
Townships. They are not exposed but presumably resemble those
along the Iowa River near Eldora to the west. They are beneath
such thick overburden and the area is so lacking in deep valleys in
which they might be exposed or near the surface that any shales
and clays which might be present are considered to have little or no
potential value.

Guthrie.)® ' Beds of the Des Moines series directly underlie the
mantle of drift and alluvium in most of the eastern townships and
in narrow areas along the valleys of the larger streams in the west-
ern part, such as the Raccoon and Middle Raccoon Rivers, including
townships as follows:

Richland with the exception of approximately a square mile m
the southwest corner.

Cass with the exce;;t]on of gn irregularly shaped strip not more
than a mile wide along thé west side.

Jackson with the exception of a belt a few miles wide on the di-
vide between the Middle and South Raccoon Rivers.

Penn with the exception of an irregularly shaped area of a few

16Qp. cit. (Beyer and Williams), p. 430.
170p. cit. (Galpin), p. 67-68.
1BBgain, H. F., Geology of Guthrie County: Iowa Geol. Survey, vol. 7, pp. 428-446, 1897.
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square miles beneath the divides of the western half.

An area of a few square miles in eastern Stuart. Approximate-

ly the northeastern quarter of Dodge.

A belt up to approximately a mile in width along the course of

the Middle Racoon River in Victory.

A belt up to approximately a mile in width along the course of the

South Raccoon River in eastern Valley.

A Dbelt up to approximately 2 miles in width along the course of

Beaver Creek in Beaver.

A belt up to ‘approximately a mile or more in width along the

course of the valley of the Middle Raccoon River in eastern

Orange and the western half of Highland.

A belt up to a mile in width along the course of the valley of

Brushy Fork in northern Seeley.
Elsewhere they are covered by the Cretaceous beds. They out-
crop or are overlain by only thin mantle in many places along the
deeper valleys and their shorter and deeper tributaries, including
those of the Raccoon, Middle Raccoon, Wichita, Beaver and Brushy
Fork. Inthese outerops and in the coal mining operations the series
has been found to contain much shale and sandstone. Much of the
shale presumably is suitable for the manufacture of heavy clay
products but offers no particular advantage as to quality, location

or ease of extraction, It was at one time used in a plant at Panora.

Hardin® Beds of the Des Moines series are believed to lie di-
rectly beneath the drift in all of Hardin County with the exceptlon
of the following township areas:

Etna.

All but southwestern Hdrdin.

Northeastern Ellis.

Northern Jackson.

Northwestern Clay.

Southern Eldora.

Eastern Union.

A small area along the South Fork of the Iowa River in southern Ellis
and northern Tipton.

The drift cover is so thick over most of the area that the series is
not exposed except along the Iowa River south of Steamboat Rock,
along the lower part of some of the larger tributaries to the river
in this part of its course, and along the South Fork in Ellis and .

Tipton Townships. '

" The series is known to consist of sandstone, up to 80 feet thick,
and lesser amounts of shale, uglderclay and coal. The shale and
underclay are generally beneath a considerable thickness of sand-
stone, thus making the shale and clay difficult to exploit.

The shale and clay have been used in the manufacture of ‘Theavy
clay products at Eldora and other loca}ltles,‘and they have also been

) YBeyer, S. W., Geology of Hardin County: Iowa Geol. Survey, vol. 10, pp. 271-278, 1900.
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f
used in t\he manufacture of pottery. There is no doubt of their
suitability for these products but they are handicapped by their
great depth beneath drift and sandstone, and possibly by unfavor-
able geographic location. From the fact that pottery was at one
time successfully manufactured at Eldora the conclusion is drawn
that some of the underclay is buff-burning and might be classed as
a No. 2 or medium quality fire clay. Areas most likely to have least
drift overburden are outside of the Wisconsin moraine, in Eldora,
Pleasant, Providence and Union Townships. The shales and clays
should be nearest the surface along the sides of the deeper valleys
in this area. .

" Harrison. The extent of the- Des -Moines series in Harrison
County is not accurately known because of the thick mantle and
absence of well records. It is believed to underlie.all of the county
except the southeastern townships, but to be overlain in the north-
central townships by Cretaceous formations in addition to a thick
layer of drift and loess. Presumably it contains abundant shales,
similar to those of counties east of Harrison. The thickness of

¢ ' overlying materials everywhere in the county makes them of little

or no potential value. ' ‘
Henry.2® Small scattered areas of the Des Moines series are
present in the following township areas of southern Henry County:
Southern, western and northern Salem. .
Southern and western Tippecanoe.
Southern Jackson.
Eastern Baltimore.

Much of the material is sandstone, although coal, shale and clay
are present. The surface of the Mississippian limestone upon which
the series lies is very uneven and the greater thickness of the sand-
stone, where it amounts to some tens of feet, is evidently due to the
disposition in channels in the limestone. The areas underlain by
the series are so small and the beds so thin that any shales or clays
present hardly seem a likely source of raw material for a ceramic
industry. ' )

Humboldt. The lower part of the Des Moines series extends as
a narrow strip through southern Humboldt County and forms the
top of the bedrock beneath the drift of the following townships:

" The southern sections of Weaver and Corinth. '

Most of Beaver exclusive of the northwestern sections.
The greater part of Norway.

Savage, T. E., Geology of !:ienry County: Iowa Geol. Survey, vol. 12, pp. 284-288, 1902.
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Presumably the series here resembles that in Webster County to
the south. It may also; if the same in character as the lower part
of the series in Hardin County, be comprised more largely of sand-
stone. In any case it lies beneath such thick drift that any shales or
clays present would appear to have but little potential value.

Jackson.?* This county lies east of the main area of the Des
Moines series and only small outliers, none more than a few square
miles in extent are present, in southern Monmouth, southern and
eastern Maquoketa, and southwestern Fairfield Townships. They
do not exceed 60 feet in thickness, are of the lower part of the series,
and consist principally of sandstone. Small thicknesses of shale
and clay are present. These are presumably suitable for the man-
ufacture of a range of clay products, but there is nothing in their
quantity, quality or location that would make their use likely.

Jasper.22 With the exception of the eastern part of Hickory
Grove Township in the northeastern corner of Jasper County, the
surface of the bedrock throughout is of the Des Moines series. The
places where it is at the surface or close to it are, as Williams has
described it, “not numerous but fairly well distributed over the
southern half of the county.” The best sections are along the val-
leys, but outcrops occur well-up toward the upland also.. In the
following localities it is rather well exposed:

Elk Creek Township, sec. 32.

Lynn Grove Township, see. 31.

Southern' Richland and northern Lynn Grove Townships, along the

North Skunk River and tributaries. - ’

Mound Prairie Township, along the Skunk River in the NW14 sec. 4.

_There is an abundance of shales and clays in the series in these

and other places in the county, of -properties similar to those of
Story County to the northwest, Polk County to the west, Warren
County to the southwest, and Marion County to the south, in all of
which they are at present being used. They were also formerly
utilized in the manufacture of heavy clay products at Monroe.

Jefferson.?* Beds of the Des Moines series form the surface
bedrock beneath mantle of varying thickness throughout most of
Jefferson County. The largest areas from which it is absent include
parts of several townships:

Several square miles in northwestern Polk.
Approximately the northeastern quarter of Penn.

Walnut with the exception of areas of a few square miles each in north-
eastern, northwestern and central parts.

#igavage, T. E., Geology of Jackson County: Jowa Geol. Survey, vol. 16, pp. 625-630, 1906,
AWilliams, 1. A., Geology of Jasper County: Iowa Geol. Survey, vol. 15, pp. 810-816, 1905.
®Udden, J. A., Geology of Jefferson County: Jowa Geol. Survey, vol. 12, pp. 892-416, 1802.
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A belt up to several miles in width in northern and eastern Lockridge.
A belt up to a few miles in width along Cedar Creek in Cedar.

A belt up to a few miles in width along Cedar Creek and tributaries in
southern Round Prairie.

The area lies along the eastern boundary of the main deposit of
Des Moines rocks and only the lower part of the series totalling ap-
proximately 150 feet at the most is thus represented. Outcrops,
many of them meager, are present in numerous places along the
larger valleys, and the rocks of the series are mostly covered with
enly thin mantle along these deeper valleys. Shale and clay are
present in abundance in the series in Jefferson County but there
are also, in common with the lower part of the series elsewhere,
comparatively large thicknesses of sandstone, with lesser amounts
of limestone and coal. Several coal beds and underclays up to a
few feet are known. ,

The brick and tile plant which formerly operated at Fairfield

secured some of its clay from a pit 2} miles west of Fairfield in
the NEY sec. 28, Center Township (T. 72 N., R. 10 W.). From
the limited exposures recently available at this location it is appar-
ent that there is present at least 5 feet of light gray to yellow shale,
with a black coaly layer intercalated about 3 feet from the bottom.
There may also be a thin coal on top of this shale. The material is
in part an underclay and undoubtedly has the properties of a low
grade fire clay. It is said to have been tried and found suitable for
pottery by the plant at Fairfield. '
" Johnson.?* Small outliers of the Des Moines series, none of them
more than a few square miles in extent, are present in Monroe,
Graham, Newport and East Lucas Townships. In these areas the
series ig thin and there is much sandstone. Shale and clay may be
present but presumably not in great thickness or of unusual quality,
and the series is not considered to have potential value as a source
of raw material for a ceramic industry.

Keokuk.2®> This county liés along the eastern border of the main
area of the Des Moines series, which directly underlies the mantle
of the following township. areas:

The western two-thirds of ‘Prairie and Washington.

A belt a few miles wide extendmg through central Warren into Sig-
ourney.

Southern Richland.

Southeastern Jackson.
The southwestern third of Benton.

Qutliers up to a few square miles in area are found in Washington,

-"#4Calvin, Samuel, Geology of Johnson County: Jowa Geol. Survey, vol. 7, pp. 79-88, 1897.
#Bajn, H. F., Geology of Keoknk County: Iowa Geol. Survey, vol. 4, pp. 283-287, 1895
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Van Buren, Plank, East Lancaster, Clear Creek and Steady Run
Townships. Only the lower part of the series having a thickness no
greater than a few score feet is present. The cover of drift and
loess in the county is stated to be as much as 200 feet thick in places,
and it probably averages approximately 100 feet. The beds of the
series are only exposed or close to the surface along the deeper val-
leys, but are also known from coal mining operations and from their
use in the ceramic industry at What Cheer. .

They contain important thicknesses of shale and clay as well as
coal, sandstone and limestone. The surface upon which they lie
has a relief of approximately a few hundred feet, so that individual
beds are not continuous at a given horizon.

The principal and almost only use of the shales and clays of the
series has been by two plants at What Cheer. The What Cheer
Clay Products Company is one-half mile south of What Cheer in the
NEY sec. 15, Washington Township (T. 76 N, R. 13 W.). Raw
material has been secured for many years from pits in the valley of
Coal Creek, the present workings lying north of the plant on the
east side of the valley.

Section: What Cheer Clay Products Co.,
What Cheer, Keokuk County.

Thickness
Member . Description Feet Inches
4 Alluvium and till..... : 5-10
3 Coal, weathered.......c..oeeeeeoeeeeeeeee. 2-4

2 Clay, has fracture and appearance of underclay,
vague stratification, somewhat silty, very tough when
wet, contains a few large limestone concretions up to
4 feet across _ T 10-12
1 Shale, dark blue gray, silty, sharp contact on top with

These materials (members 1 and 2) are at present (1942) being
removed with a dragline shovel and mixed in aceordance with re-
sults desired. Yellow surface clay, presumably-loessal in origin,
has at times been obtained from Eddyville and used in the mixture.

Higher strata are exposed in older workings, pit No. 1, in the
SEY% sec. 10.

Section: What Cheer Clay Products Co., Pit No. 1,
What Cheer, Keokuk County. (1938)

Thickness
Member Description a Feet Inches
b Till and alluvium; overburden...... 5-30
4 Shale, black, carbonaceous. (T) et eeeen 8-10
3 Sandstone, well-cemented, calcareous, present only in
north end of pit, absent above the coaﬁ .......................... 4
2 Coal present in south end only, apparently was cut

out by sandstone at the north, contains concretions
up to 5 feet in diameter, this was mined by stripping. 5 6
1 - Clay, underclay in character, light gray, silty. (T).... 8
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Member 1 of this section is correlated with the upper part of
member 2 of the section of the present pit. It was at one time the
principal raw material ; member 4 was used to some extent in ad-
mixture with it. A fault of not more than a few feet throw crosses
this pit in an east-west direction.

The shale or clay mix from these pits burns buff and fires to a
harder product at a higher temperature than much of the shale
from the series. This is related to the underclay character of part
of the material. It is believed not sufficiently free of small pyrite
grains to find a satisfactory use in the manufacture of fire brick or
buff face brick.’

The plant of John Nelson on the west edge of What Cheer also
uses a few feet of weathered shale from the Des Moines series, along
with surface clay, in the manufacture of tile and art pottery.

Lee.2® The Des Moines series forms the top of the bedrock be-
neath parts of several townships, as follows:

The western half of Cedar. ~

The western half of Harrison.

A belt extending northwest-southeast through Van Buren into south-
.western Charleston and northwestern Des Moines. :

An irregular area extending across northwestern Marion and- through
central Pleasant Ridge.

An irregular area which includes most of southern Marion and north-
western West Point.

A belt extending northwest-southeast through eastern Charleston

The beds are of the lower part of the series, are believed to be not
over a few score feet in thickness, and generally lie in depressions
in the surface of the older rocks which has a relief of a few hundred
feet. In common with the lower part of the series elsewhere there
is much sandstone. Shale, coal and accompanying underclay are
also present. So far as known the deposits of shale and-clay are not
thick or extensive and have no advantage as to. quahty, location or
ease of exploitation.

Lowisa2 This county has two small outliers of the series only a
few square miles in extent in central Oakland and southern Elm
Grove Townships. They do not exceed approximately 20 feet in
thickness and contain some shale, clay and coal as well as abundant
sandstone. The shales and elays have little or no potential value as
ceramic matertals because of their limited quantity, as well as their
lack of favorable geographic location.

Lucas.?® The Des Moines series forms the top of the bedrock of

2Keyes, C. R., Geology of Lee County: Iowa Geol. Survey, vol. 8, pp. 8562-356, 1895,
¥Udden, J. A Geology of Louisa County: Iowa Geol. Survey, vol, 11, pp. 93- 95, 1901.
2Lugn, A. L., Geology of Lucas County: Iowa Geol. Survey, vol. 82, pp. 143-169, 1927,
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the entire county and is well known from surface exposures, drill
records and coal mining operations. Good outcrops and places
where the formation is covered by only thin mantle are numerous
along deeper valleys in the northeastern six townships, and are also
present, although to a lesser extent, in western and southern town-
ships. The drift ranges up to 400 feet in thickness. There are no
exposures of the series in Union Township and few in Otter Creek.
The series increases in thickness from northeast to southwest and
most of the entire thickness of approximately 750 feet is present in
the southwestern part. The surface of the series and the underly-
ing unconformity have considerable relief.

The series contains an abundance of shales and ¢lays, as well as
much sandstone and lesser amounts of coal and limestone. There
are certainly shales and clays suitable for the manufacture of cer-
amic ware near the top of the series in the county. Whether any
given locality possesses a sufficiently thick section of clay and shale,
without undesirable interbedded sandstone, limestone, or coal, and
lying beneath only'thin waste overburden, can only be determined
by prospecting the site. There is at present no ceramic industry
within the county. ‘ .

Madison.?®* The Des Moines series underlies all of Madison
County but is overlain by beds of the Missouri series as well as by
mantle over much of the area. The eastern boundary of the over-
lying Missouri series is very irregular. It extends east into the
Des Moines area as tongues along major divides. Township areas
where the Des Moines series is not covered by the Missouri series
and where the Des Moines series is the top of the bedrock are as fol-
lows:

All of Lee and Crawford. )

The eastern half of Jefferson and broad belts up to a few miles wide
along the major stréam valleys in the western half, extending into
Madison, Union and Douglas.

The eastern third of Union and broad irregular belts up to a few miles
wide in the. western and southern parts along North River, Cedar
Creek and Middle River.

An irregular belt up to a few miles wide along North River in "the
eastern half of Douglas.

A belt less than a mile wide along Middle River in Lincoln.

An irregular area up to a few miles wide in the northern part of Scott,
principally along Middle River and small tributaries,

A Dbelt up to approximately a mile wide along Jones Creek in the eas-
tern half of Scott.

All of South except for tongues extending a few miles east from the

western and southern boundaries between Middle River, Jones Creek
and Clanton Creek.

#Tilton, J. L., and Bain, H. F., Geology of Madison .County: Iowa Geol. Survey, vol. 7,
pp. 504-508, 1897. .
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An irregular area along tributaries to Clanton Creek in northern Ohio,
and an irregular belt along South River and tributaries in the south-
eastern part.

Rocks of the series outerop in many places over the eastern half
of the county, particularly along deeper valleys such as that of
Clanton Creek, and must also lie close to the surface along the sides
of many of the valleys. Sections described by Tilton and Bain pre-
dominate in shale and clay ; there are small thicknesses of limestone
and coal, and a negligible amount of sandstone.

The following section from a ravine south of Patterson in the
NWYSEY, sec. 32, Crawford Township, (T. 76 N., R. 26 W.), is
considergd representative.

Thickness
Member Description . Feet Inches

14 Shale, black... .o 2
13 Unexposed. ..ooooiieieee e .21
12 Shale, blue, clayey above, gray, sandy below.......... 16
11 Limestone, dense, drab, fossiliferous..........ccccceeveeeerne. 1
10 Shale, blue, Clayey .. ool 3

9 Sandstone, Eray . i eanea e b
8 Shale, clayey, blue and gray " I 27
7 Sandstone, gray, nodular........... 1
6 Shale, sandy, drab.....cciiii 27

53 imestone, arenaceous, gray, fossiliferous.. 9
4 . Shale, blacke .o 2
3 Shale, gray, clayey (only partly exposed).. 30

2 Coal. e 6
1 Shale, red (only partly exposed)...cocormmoioacvaann. 32

Beyer and Williams®® have described sections on a small branch
of Chariton Creek in secs. 27, 34 and 35, and north of St. Charles
in sec. 11 of South Township ; 2 miles southwest of Bevington on the
south bank of the Middle River and south of Patterson in the NW
*-SEY sec. 32, Crawford Township.

From these outcrops it is known that the series contains an
abundance of shales and clays, but apparently none is of unusual
quality. The shale and clay are reasonably certain of being as suit-
able for ceramic purposes as those of Dallas County to the north
where they are used at Adel and Redfield. Their use involves
particularly the securing of locations lacking excessive overburden
or beds of useless material such as sandstone, limestone and coal.
So far as known there has been no use of the Des Moines shales and
clays within the county.

Mahaska.3® The top of the bedrock of this county is formed of
the Des Moines series with the exception of northwest-southeast

" ®Qyp. cit., (Geology of Clays), pp. 447-450.
31Bain, H. F., Geology of Mahaska County: Iowa Geol. Survey, vol. 4, pp. 836-342, 1895.
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‘belts up to a few miles wide along the course of the North Skunk

River Valley through Monroe, Pleasant Valley and Union Town-
ships ; along the course of South Skunk River Valley through White
Oak, Spring Creek, Adams, Madison, Black Oak and Richland
Townships; along the course of the Des Moines River through Des
Moines, Jefferson and Scott Townships; and along the course of
Cedar Creek in Cedar Township. The series is absent only from
beneath the valley bottoms of these streams, and only the lower part,
up to approximately 60 feet in thickness, is present. Outcrops and
places where the shales are close to the surface are present only on
the sides of the larger valleys above the beds of the Meramec series.
Elsewhere the mantle of glacial drift and loess is generally thick.
Coal mine workings, of which there have been many in the past,
serve as an indication of the presence of these Des Moines shales
below the surface. The series is. known from numerous outerops,
particularly along Muchackinock Creek, and from mine shafts and
records. It is known to contain argillaceous gray shale up to 30
feet thick and carbonaceous shale up to 50 feet thick, as well as
considerable sandstone, coal and limestone. X

The shale has been used in the manufacture of heavy clay products
at Oskaloosa for many years. The plant of the Oskaloosa Clay
Products Company is located immediately east of the city in the
SW sec. 17, Spring Creek Township. (T. 75 N., R. 16 W.). The
pit, located north of the plant on the east side of Spring Creek,
exposes over 25 feet of the Des Moines series.®

Section: Oskaloosa Clay Products Co., Oskaloosa, Mahaska County.

) . Thickness
Member Description Feet Inches
b Till and 10@8Seeieeoeeeoeoi oo eeneeaee 20

4 Shale, blue gray, tough and plastic when wet, some-
what carbonaceous, but not as much as member 2