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LETTER OF TRVANSMI'J_"I‘AL.

DupArTMENT OF THE INTERIOR,
UniTeD STATES GGEOLOGICAL SURVEY,
Washington, D. C., May 11, 190}.

Sir: I have the honor to transmit herewith the manuscript of a
report on the cement materials and industry of the United States, by
Edwin C. Eckel, and to recommend its publication as a bulletin.

This report has been prepared in accordance with the policy of sum-
marizing existing information concerning one or more of the non-
metalliferous mineral products each.year. It contains, however, an
exceptionally large proportion of entirely new information. In its
preparation Mr. Eckel has visited every district in which cement was
being produced and has examined nearly every plant in operation.
- Information relating to undeveloped deposits of cement materials has
been obtained by personal examination and from the published and
. unpublished work of other geologists.

The object has been to treat the subject from the geological rather
than the technical standpoint, although the technology of cement man-
ufacture is also discussed with sufficient fullness for the purpose of the
veport. In view of the phenomenally rapid growth of the cement
industry within recent years, the publication of this report will be

-exceptionally timely,
Very respectfully,

A C. W. Havgs,

. Geologist in Charge of Geology.
Hon. CuarLes D. Warcorr, ‘
Director U. S. Geological Survey. "
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CEMENT MATERIALS AND INDUSTRY OF THE UNITED
STATES.

By Epwin C. EckEL.

INTRODUCTION.

The marvelous growth of the American Portland-cement industry
during the last decade has created a widespread interest in the raw
materials and in the methods of manufacture of Portland cement—
the most important of the cementing materials. This interest is not -
confined to those who have a direct financial stake in the industry,
as the product is so widely used, and its uses are so rapidly increas-
ing, that some knowledge of its manufacture and properties is of
advantage to everyone connected, directly or indirectly, with engi-
. neering or building operations. In its importance to our present
civilization cement’is surpassed among mineral products only by iron,
coal, and oil; in rate of increase in annual production during the last
decade even these three products can not be compared with it. In
1890 the total production of Portland cement in the United States was
335,500 barrels, valued at $439,050; in 1903 it exceeded 22,000 000
barrels, while the value was over $27,000,000.

The rate of growth of the industry is shown crlaphlcally by fig.1.
The value of the annual production of Portland cement in the
United States -has been plotted on this diagram for the sixteen years
1888-1903, inclusive. During the sixteen years which witnessed the
development of the American Portland-cement industry two of the
greatest gold discoveries in the world’s history were made—in Colo-
rado and Alaska. The annual gold production of Alaska and of the
Cripple Creek dlstnct in Colorado have been accordingly placed on
the diagram. THese two great gold strikes impressed themselves on
every citizen of the Umted States, while the Portland-cement industry
has attained its growth in comparative obscurity. Yeton comparison
it will be seen that the gold production of Cripple Creek is.only
slightly greater than the output of Portland cement, while the pro-
duction of Alaska sinks into comparative insignificance. On examin-
ing the diagram it will be seen, moreover, that the greater part of this
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16 CEMENT MATERIALS AND INDUSTRY. [BULL. 243.

increase has been within the last decade. The production of Portland
cement has risen from a little less than $2,500,000 in 1896 to over

$27,000,000 in 1903.
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_ Fi6. 1.—Portland cement production of the United States, 1888-1903.

This feport. has been prepared in order to give information on
cement materials, which is desired by two classes of persons. First,
owners of lands on which marl, limestone, or clay deposits are found
often inquire whether a given material is suitable for Portland-cement
manufacture. In response to such questions the writer has attempted,

—

'lg
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,in the preliminary chapters, to describe the chemical and physical
plOpOlthS which a Portland-cement material must have, and also to
show that the value of cement matetial depends almost cntn ely upon
location with respect to fuel supply, transportation routes, and markets.

Second, cement manufacturers or those wishing to engage in the cement
industry often inquire concerning the localities in some given State or
group of States where cement materials will probably be found and
desire information in advance of actual testing concerning the physical
and chemical character of the materials. The latter portion of this
report, dealing with the cement resources of the separate States, is
designed to furnish information of this type.

The scope of the report is fairly well defined by the preceding state-
ments. It is intended to be primarily a discussion of cement mate-
rials, not a manual of cement manufacture or a guide to cement testing
or utilization. A hrief sketch of the processes of Portland-cement
manufacture is presented on pages 21-59,in order to make the subject
clear to the great number of people who are interested, in one way or
another, in the condition and growth of this important 1ndust1 Y.

In qu'ts 111 and 1V of the bulletin, on pages 333 to 372, will be found
a comparatively brief discussion of the raw materials and manufacture
of two classes of cements allied to Portland cement, i. e., natural
cements and puzzolan (slag) cements. '

It is with pleasure that the writer acknowledges his indebtedness to
the managers and ‘chemists of the various Portland, natural, and slag

wnent plants throughout the United States. Most of these plants,
wisti their quarries or mines, have been personally examined by the
writer, and in every case all possible facilities have been afforded for
making the examination as thorough as was necessary. A considerable
part of the information obtained in this manner can, of course, for
obvious business reasons, be only stated in a general way; but in most
cases permission to publish the data.obtained has been freely given.

LITERATURE ON CEMENTS.

Flequent references have been given, in the text or in footnotes, to
lepmts or papers which give more detailed information in 1eg'11d to
various phases of the subject. 1t is a matter of regret that no single
book has been published which rLdequcttely summarizes the conditions
of the modern cement industry in America. This is doubtless due in
part to the fact that all our technical industries are in present days
subject to such rapid advance that data must be sought in the engineer-
ing and other technical journals, and not in books. In part, however,
the lack of a cement manual is due to the fact that the leaders in the
progress of the American cement industry have been cement manu- -

Bull. 243—05——2
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facturers, and have not felt justified in spending their time in sum-
marizing the practice for the benefit of competitors. In view of these
conditions, the present writer has endeavored, in a volume now in
press,” to describe the technologic and financial features of the lime
and cement industries. In the present bulletin, however, considera-
tion of these features has beeén subordinated to the discussion of the
geology and of the distribution of the raw materials.

Hydraulic Cement; its Properties, Testing, and Use, by F. P. Spald-
ing, is without doubt the most satisfactory single volume to serve as
an introduction to the general subject of cement testing and properties.
As might be inferred from its subtitle, it contains practically nothing
relative to raw materials or methods of manufacture, but is devoted
almost entirely to a consideration of the finished product.

Cements, Mortars, and Concretes, by M. S. Falk, contains valuable
data on the physical properties of these materials. '

The Cement Industry, a volume containing a number of papers
which originally appeared in the Engineering Record, is of great serv-
ice as an introduction to the study of cement-manufacturing methods.

The Directory of American Cement Industries contains, in addition
to its lists of plants, many valuable notes on manufacturing and testing
methods.

Books devoted to Portland cement e\cluswely have been written by
Jameson and Butler, but they contain nothing relative to rotary kiln
practice, and are ’chereforé of little use to American readers.

To one fairly conversant with the French language, two admirable
books will be of service. The first of these, Candlot’s Ciments et
Chaux Hydrauliques, is probably the best single book, in any lan-
guage, on cement technology. In its treatment of the theoretical
questions involved in cement manufacture it is excellent; but its value
for American readers is lessened because the mechanical side of the
cement industry is discussed solely from the standpoint of European
practice.

The second, of somewhat different character; is Bonnami’s Fabri-
cation et Contlole des Chaux Hydrauliques et des Ciments. This
volume contains a very detailed description of the manufacture and
properties of the hydraulic limes, so widely used in Europe, but it
also contains valuable dlSCllSSIOIlS on the theoretical side of cement
manufacture in general. “

DEFINITION OF PORTLAND, NATURAL, AND PUZZOLAN CEMENTS.

Before taking up the subject of the materials and manufacture of
cements, it is advisable to define the four great classes which are
included in the group of ‘‘hydraulic cements,” as that term is used by

a Cements, Limes, and Plasters: Their Manufacture and Properties, Wiley & Sons, New York. 1905,
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the engineer. The relationship of the various cementing materials®
can be concisely expressed as in the following diagram:

. COR F ) .
Nonhydraulic cements. . Plaster of ?arls, cement plaster, Keene's cement, etc.
Common lime.

Hydraulic lime.
Natural cements.

Portland cements.
Puzzolan cements.

I-Iydraqlic cements.....

Nonhydraulic cements.—Nonhydraulic cements ‘do not have the
property of ‘‘setting” or hardening under water. They are made by
burning, at a comparatively low tempelatmc, either gypsum or pure
hmestone The products obtained by burning gypsum are marketed

“plaster of Paris,” ““ cement plaster,” ‘“Keene’s cement,” etc.,
‘Lccmdlng to details in the process of manufacture. The product of
burning limestone is common lime. The- plasters and limes will not
be further discussed in the present bulletin. '

Hydraulic cements.—The hydraulic cements are those which set
when used under water, though the different kinds differ greatly in
the extent to which they possess this property, which is due to the:
formation during manufacture of compounds of lime with silica,
alumina, and iron oxide.

On heating a pure limestone (CaCO,) containing less . than, say,
10 per cent of silica, alumina, and iron oxide together, its carbon
dioxide (CO,) is driven off, leaving more or less pure calcium oxide
(Ca0) (quicklime or common lime). 1f the limestone contains much
silica, alumina, or iron oxide, the result is quite different.

Natural cemenis.—Natural cements are produced by burning a nat-
urally impure limestone, containing from 15 to 40 per cent of silica,
alumina, and iron oxide, at a comparatively low temperature, about
that of ordinary lime burning. The operation can therefore be car-
ried on in a kiln closely resembling an ordinary lime kiln. During
the burning the carbon dioxide of the limestone is almost entirely
driven off, and the lime combines with the silica, alumina, and iron
oxide, forming a mass containing silicates, aluminates, and ferrites of
lime. If the original limestone contained much magnesium carbonate
the burned rock will contain a corresponding amount of magnesia.

The burned mass will not slack if water be added. It is necessary,
therefore, to grind it rather fine.. After grinding, if the resulting
powder (natural cement) be mixed with water it will harden rapidly.
This hardening or setting will also take place under water. Natural
cements differ from ordinary limes in two noticeable ways:

(1) The burned mass does not slack on the addition of water.

aFor a more detailed discussion see Municipal Engineering, \ol 24, 1903, pp. 335-336, and Am,
Geologist, vol. 29, 1902, pp. 146-154.



20 CEMENT MATERIALS AND INDUSTRY. [BuLL, 243.

(2) The powder has hydraulic properties, i. e., if properly pre-
pared, it will set under water. :

Natural cements differ from Portland cements in the tollowmg
important particulars:

(1) Natural cements are not made from carefully prepared and finely
ground artificial mixtures, but from natural rock.

(2) Natural cements -are burned at a lower tempel ature than
Portland, the mass in the kiln never ‘being heated high enough to even
" appr oach the fusing or clinkering point.

(3) Natural cements, after burning and grinding, are usually yellow
to brown in color and light in weight ‘having a specific gr avity of 2.7
to 3.1, while Portland cement is commonly blue to gray in color and
‘ heawer its specific gravity ranging from 3'to 3.2.

(4) Natuul cements set more rapidly than Portland cement, but do
not attain so high tensile strength.

(5) Portland cement is a definite ploduct its percentages of hme,
silica, aluming, and iron oxide var ying only between narrow limits,
While brands '01" natural cements vary greatly in composition.

LPortland cement.—Portland cement is produced by burning a
finely ground artificial mixture containing essentially lime, silica,
alumina, and iron oxide in certain definite proportions. Usually
this combination is made by mixing limestone or marl with clay or
shale, in which case the mixture should contain about three parts of
the lime carbonate to one part of the clayey materials. The burning
takes place at a high temperature, approaching 3,000° F., and must
therefore be carried on in kilns of special design and lining. During
the burning, combination of the lime with silica, alumina, and iron
oxide takes place. The product of the burning is a semifused mass
called “clinker,” which consists of silicates, aluminates, and ferrites
of lime in certain fairly definite proportions. This clinker must he
finely ground. After such grinding, the powder (Portland cement) -
will set under water. '

Puzzolan  cements.—The cementing materlals included under this
name are made by mixing-powdered slacked lime with either a volcanic
ash or a blast-furnace slag. The product is, therefore, simply a
mechanical mixture of two ingredients, as the mixture is not burned
at any stage of the process. After mixing, the mixture is finely
ground. The resulting powdel (puzzolan cement) will set under

" ‘water.

Puzzolan cements are usually light hlulsh and of lower specific
“gravity and less  tensile strength than Portland cement. They are
better adapted to use under water than in air, as is explained on
later pages.
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PART 1. MATERTALS AND MANU’FACTURE OF PORTLAND
CEMENT.

As noted in the Introduction, this bulletin is not inteénded to be a
manual of cement manufacture, but a guide both to those who wish to-
locate available supplies of cement material and to those who wish to
know whether materials occurring on their property are likely to
be fit for such use. To persons of the first class; who usually are
cement manufacturers, this first part of the bulletin will contain little
of value; but it has seemed probable that such a sketch of cement
technology will be serviceable to those who are not so well acquainted
with the subject. In the discussion of the manufacture of Portland
cement, stress has been laid only upon those processes which are
directly influenced by the character of the raw materials used. The
section on the mixing and grinding of the raw materials, for example,
is much more detailed than the portion devoted to burning and clinker
grinding. The subjects of cement testmg and the uses of cement hfwe
been intentionally omitted.

In the following section, various possible raw materials for Portland-
cement manufacture will be taken up and their relative suitability for
such use will be discussed. In order that the statements may be
clearly- understood it will be necessary to preface this discussion by a
brief explanation regarding the -composition of Portland cement.
This subject will be treated in greater detail on pages 23-24.

DEFINITION OF PORTLAND CEMENT.

While there is a general agreement as to what is understood by the
term Portland cement, a few points of importance are still open ques-
tions. The definitions of the term given in specifications are, in con-
sequence, often vague and unsatisfactory.

Use of term Portland.—It is agreed that the cement mixture must
consist essentially of lime, silica, and alumina in proportions which -
can vary but slightly, and that this mixture must be burned at a tem-
perature which will give a semifused product—a ¢ clinker.” These_
points must therefore be included in any satisfactory definition. The
point regarding which there is a difference of opinion is whether or
not cements made by burning a natural rock can be considered true

Portlands. The question whether thc definition of Portland cement
21 -
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should be drawn so as to include or exclude such products is evi-
dently largely a matter of convention; but, unlike most conventional
issues, the decision has very Jmportant practical consequences. The
question at issue may be stated as follows:

Jf artificial mixture of the raw materials and a very high degree of
burning are made the criteria on which to base a definition, there will
be excluded from the class of Portland cements certain well-knowhn
and very meritorious products, manufactured at several points in
France and Belgium by burning a natural rock without artificial
mixture and at a considerably lower temperature than is attained in
ordinary Portland-cement practice. These ‘‘ natural Portlands” of
France and Belgium have always been considered Portland cements by
the most critical authorities, though all agree that they are not of very
high- grade

There is no doubt that there could occur a rock which would contain
lime, silica, and alumina in such proportions as to, give a good Port-
land cement on burning. Actually, however, such a perfect cement
rock is of extremely rare occurrence. As above noted, certain brands
of French and Belgian ¢ Portland” cements are made from such
natural rocks without the addition of any other material, but these
brands are not of particu’lfu'ly high grade, and in the hetter Belgian
cemients the composition is corrected by the addltlon of other material
to the cement rock before burning.

The tfollowing definition of Portland cement.is important because
of the large amount of cement which is accepted annually under the
specifications in which it occurs, and is of interest as being the nearest
approach in this country to an official definition of the material. )

By a Portland cement is meant the product obtained from the heating or calcining
up to incipient fusion of intimate mixtures, either natural or artificial, of argillaceous
with calcareous substances, the calcined product to contain at least 1.7 times as much
of lime, by weight, as of the materials which give the hme its hydraulic properties,
and to be finely pulverized after said calcination, and thereafter additions or substi-
tutions for the purpose only of regulating certain properties of technical importance
to be allowable to not exceeding 2 per cent of the calcined product.’

It will be noted that this definition does not require pulverizing or
artificial mixing of the materials prior to burning. It seems probable
that the Belgian ‘‘ natural Portlands” were kept in mind when these
requirements were omitted. Indealing with American-made cements,
however—and the specifications in question are headed ‘‘ Specifications

- for American Portland Cement”—it is a serious error to omit these
requirements. No true Portland cements are manufactured in Amer-
ea from natural mixtures without pulverizing and artificially mixing
the materials prior to burning. Several plants, however, have placed
on the market so-called ‘‘ Portland cements,” made by grinding up

a Prof. Paper No. 28, Corps of Engineers, U. S. A., p. 30.
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together the underburned and overburned materials formed during
the burning of natural cements. Several of these brands contain from
5 to 15 per cent of magnesia; and under no circumstances can they be
considered true Portland cements.

In view.of the conditions above noted the writer believes that the
following definition will be found more satistactory than the one above
quoted:

Portland cement is an "l,ltlflCl‘Ll product, obtained by finely pulvel-
izing the clinker produced by burning to semifusion an intimate mix-
ture of finely ground calcareous and argillaceous material, this mixture
consisting, approximately, of one part of silica and alumina to three
parts of carbonate of lime (or an equivalent amount of lime).

COMPOSITION AND CONSTITUTION.

During recent years much attention has been paid by various inves-
tigators to the- constitution of Portland cement. The chemical com-
position of any partlcul‘u sample can, of course, be readily determined
Dby analysis, and by comparison of a number of such analyses general
statements can be framed as to the range in composition of good
Portland cements.

Portland cements may be said to tend toward a composmon approx-
imating to pure tricalcic. silicate (3Ca0.8i0,) which would nearly cor-
respond to the proportion CaO, 73.6 per cent, SiO,, 26.4 per cent.
As can be seen, however, from commercial analyses, actual Portland
cements differ in composition somewhat markedly from this. Alumina
is always present in considerable quantity, forming, with part of the
lime, the dicalcic aluminate (2Ca0.Si0,). This would give, as stated
- by Newberry, for the general formula of a pure Portland—

z (3Ca0.Si0,) + vy (2Ca0.A1,0,).

The composition is still further complicated by the presence of acci-
dental impurities or intentionally added ingredients. These last may
be simply adulterants, or they may be added to serve some useful
purpose. Calcium sulphate is a type of the latter class. It serves to

-retard the set of the cement and, in small quantities, appears to have
no injurious effect which would prohibit its use for this purpose. In.
dome kilns sufficient sulphur trioxide is generally taken up by the
cement from the fuel gases to obviate the necessity for later addi-
tion of calcium sulphate, but in the rotary kiln its addition to the
ground cement, in the form of either powdered gypsum or plaster of
Paris, is a necessity.

Iron oxide within reasonable limits seems to act us a substitute for
alumina, and the- two may be calculated together. Magnesium car-
bonate is rarely entirely absent from limestones or clays, and mag-
nesia is therefore almost invariably present in the finished cement.
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Many engineers regard it as positively detrimental. in even small
amounts, and because of this feeling manufacturers prefer to carry
it as low as possible. Newberry has stated that in amounts of less
. than 3% per cent it is harmless, and American Portlands from the

Lehigh district usually reach well up toward that limit. In European .

practice it is carried somewhat lower.

It would seem to be firmly established that, in a well- burned Port-
land cement much of the lime is combined with most of the silica to
‘form the compound 3Ca0.SiO,—tricalcic silicate. To this compound
is aseribed, in large measure, the hydraulic properties of the cement;
and in genexal it may be said that the value of a Portland cement
increases directly as the proportion of 3Ca0.Si0,. The ideal Port-
land cement, toward which cements as actually made tend in composi-
tion, would consist exclusively of tricalcic silicate, and would be
therefore composed entirely of lime and silica in the following pro-
portions: Lime (CaQ), 73.6 per cent; silica (S10,), 26.4 per cent.

Such an’ ideal cement, however, can not be manufactured under
present commercial conditions, for the heat required to clinker such
a mixture can not be attwmed in any working kiln. Newberry has
prepared such mixtures by using the oxyhydrogen blowpipe; and the
electrical furnace will also give clinker of this composition; but a pure
lime-silica Portland is not possible under present conditions. '

In order to prepare Portland cement in actual practice, therefore,
it is necessary that some other ingredient or ingredients be present to
serve as a flux in aiding the combination of the lime and silica, and
such aid is afforded by the presence of alumina and iron oxide.

Alumina (Al,Q,) and iron oxide (Fe,O,), when present in noticeable

percentages, serve to reduce the temperature at which combination of -

the lime and silica (to form 3CaQ.Si0,) takes place; and this clink-
ering temperature becomes further and further lowered as the per-
centages of alumina and iron are increased. The strength and value
of the product, however, also decrease as the alumina and iron
increase; so that in actual practice it is necessary to strike a balance
between the advantage of low clinkering temperature and the disad-
vantage of weak cement, and thus to determine how much alumina
and iron should be used in the mixture.

It is generally considered that whatever alumina is present in the
cement is combined with part of the lime to ‘form the compound

2Ca0.8i0,—dicalcic aluminate. It is also held by some, but this

fact is somewhat less firmly established than the last, that the iron
present is combined with the lime to form the compound 2CaO.
Fe,0,.. For the purposes of the present paper it will be sufficient to
say that, in the relatively small percentages in which iron occurs in
Portland cement, it may for convenience be considered as equivalent
to alumina in its action, and the two may be calculated together.

h—— e
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" RAW MATERIALS FOR PORTLAND CEMENT.

For the purposes of the present section it will be suficiently accurate
to consider that a Portland-cement mixture, when ready for burning,
will contain about 75 per cent of lime carbonate (CaCO,) and 20 per
cent of silica (Si0,), alumina (AL,O,) and iron oxide (Fe,O,) together,
the remaining 5 per cent including any magnesium carbonate, sulphur,
and alkalies that may be present.

The essential clements which enter into this mixture—lime, silica,
alumina, and iron—are all abundantly and widely distributed in nature,
occurring in different forms in many kinds of rocks. It can therefore
readily be seen that, theoretically, a satisfactory Portland-cement
mixture could be prepared by combining, in an almostinfinite number
of ways and proportions, many kinds of raw material. Obviously,
too, we might expect to find gradations in the artificialness of the
mixture, varying from one extreme, where a natural rock of abso-
lutely correct composition was used, to the other extreme, where two-
or more materials, in nearly equal amounts, are required.

The almost infinite number of raw materials which are theoretically
available are, however, reduced to a very few under existing commer-
. cial conditions. The necessity for making the mixture as cheaply as
possible rules out of consideration a large number of materials which
would be considered available if chemical composition were the only
thing to be taken into account.” Some materials, otherwise suitable,
are too scarce; some are too difficult to pulverize. In consequence, a
comparatively few combinations of raw materials are actually used in
practice. ,

In certain localities depos1ts of argillaceous (clayey) limestone or

‘“cement rock” occur in which the lime, silica, alumina, and iron
oxide exist in so nearly the proper proportions that only a relatively
small amount (say 10 per cent) of other material is required in order
to make a mixture of correct composition. In the majority of plants,
however, most or all of the necessary lime is furnished by one raw
material, while the silica, alumina, and iron oxide are largely or
entirely derived from another. The raw material which furnishes the
lime is usually natural—a limestone, chalk, or marl—but occasionally
it is an artificial product, such as the chemically precipitated lime car-
bonate which results as waste from alkali manufacture. " The silica,
alumina, and iron oxide of the mixture are usually derived from clays,
shales, or slates; but in a few plants blast-furnace slag is used as
the silica-aluminous mgledlent in the manufacture of true Portland
cement. -

The various combinations of raw materials which are at present used
in the United States in the manufacture of Portland cement may be
grouped under six heads: (1) Argillaceous limestone (cement rock)

.
§
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and pare limestone; (2) pure hard limestone and clay or shale; (3) soft
chalky limestone and clay; (4) marl and clay; (5) alkali waste and
¢lay; (6) slag and limestone.

LIMESTONES.

Limestone is the most important ingredient, in one form or another,
in a Portland-cement mixture. Limestones of certain types are

employed in the manufacture of hydraulic limes, natural cements, and

slag cements. It will thus be seen that limestone.is a very important
constituent of all the cementing materials discussed in this bulletin.
For this reason it has seemed desirable to discuss in the present
section the origin, composition, varieties, and ¢hemical and physical
characters of limestone in general. This has been done in considerable
detail. The present section will, therefore, serve as an introduction
to the discussions of both the Portland and natural cements.

ORIGIN OF LIMESTONES.

Limestones ¢ have been formed largely by the accumulation at the
sea bottom of the calcareous remains of such organisms as the foram-
inifera, corals, and mollusks. Many of the thick and extensive lime-
stone deposits of the United States were probably marine deposits
formed in this way. Some of these limestones still show the fossils

~ of which they were formed, but in others all trace of organic origin has

been destroyed by the fine grinding to which the shells and corals
were subjected before their deposition at the sea bottom. It is prob-
able also that a large part of the calcium carbonate of these limestones
was a purely chemical deposit from solution, cementing the shell frag-
ments together.’

Other limestones, far less extensive, though important in the present

(onnectlon owe their origin to the indirect action of organisms. The

‘“marls,” so important to- day as Portland cement materials, fall in this
class. As the deposits of this class-are of limited extent, however,
their method of origin may be dismissed here, but will be described
later, on pages 34-36.

Deposmon from solution by purely chemlcal means bhas undoubtedly
given rise to numerous limestone deposits. When this deposition took
place in caverns or in the open air it gave rise to onyx deposits and
to the *“travertine marls” of certain localities in Ohio and elsewhere.
When it took place in isolated portions of the sea through the evapo-
ration of the sea water it gave rise to the limestone beds which so
frequently accompany deposits of salt and gypsum.

aFor a more detailed discussion of this subject the reader will do well to consult Chapter 8 of
Prof. J. F. Kemp’s Handbook of Rocks.

7
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VARIETIES OF LIMESTONE.

A number of terms are in general use for the different varieties of
limestone, based upon differences of origin, texture, composition, etc.
The more important of these terms will be briefly defired.

The marbles are limestones which, through the action of heat and
pressure, have become more or less distinctly crystalline, though the
term marble is often extended to cover any limestone which will take
a good polish. The term marl, as at present used in cement manufac-
ture, is applied to a loosely cemented mass of lime carbonate formed
in lake basins, as described on page 34. Calcareous tufa and traver-
tine are more or less compact limestones, deposited by spring or
stream waters along their courses. Oolitic limestones, so called
because of their resemblance to a mass of fish roe, are made up of
small rounded grains of lime carbonate having a concentrically lami-
nated structure. Chalk is & fine-grained limestone composed of finely
comminuted shells, particularly those of the foraminifera. The pres-
ence of much silica gives riseto a siliceous or cherty limestone. If.
the silica present is in combination with alumina the resulting lime-
stone will be clayey or argillaceous.

CHEMICAL COMPOSITION OF LIMESTONE.

A theorctically pure limestone is merely a massive form of the min-
eral calcite. Such an ideal limestone would therefore consist entirely
of calcium carbonate or carbonate of lime (CaCQ,) or 56 per cent cal-
cium oxide (CaO) plus 44 per cent carbon dioxide or carbonic acid

" (CO,). As might be expected, limestones as quarried differ more or

less widely from this theoretical composition. These departures from
ideal purity may take place along either of two lines: (1) The presence
of magnesia in place of part of the lime; (2) the presence of silica,
iron, alumina, alkalies, or other impurities. '

It seems advisable to discriminate between these two cases, even
though a given sample of limestone may fall under both heads.

MAGNESIA IN LIMESTONE.

The theoretically pure limestones are, as above noted, composed
entirely of calcium carbonate and correspond to the chemical formula
CaCO,. Setting aside for the moment the question cf the presence or

“absence of such impurities as ivon, alumina, silica, ete., it may be said
that lime is rarely the only base in a limestone. During or after the
formation of the limestone a certain percentage of magnesia is usually
introduced in place of part of the lime, thus giving a more or less
magnesian limestone. In such magnesian limestones part of the cal-
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cium carbonate is replaced by magnesium carbonate (MgCOs), the
general formula for magnesian limestone being therefore  CaCO;,
y MgCO,. In this formula z may vary from 100 per cent to zero,
while y will vary inversely from zero to 100 per cent. Where the two
carbonates are united in equal molecular proportions, the resultant rock
“is called dolomite. It has the formula CaCO,, MgCO and is com-
posed of 54.85 per cent calcium carbonate and 45.65 per cent mag-
nesium carbonate. If the calcium carbonate has been entirely replaced
by magnesium carbonate, the resulting pure carbonate of magnesia is
called magnesite, having the formula MgCO, and being composed of
47.6 per cent magnesia (MgO) and 52.4 per cent carbon dioxide (CO,).

Rocks of the limestone series may therefore vary in composition
from pure calcite limestone at one end of the series to pure magnesite
at the other. The term limestone has, however, been restricted in
general use to those rocks which have a composition between that of
calcite and dolomite. All the more uncommon phases, carrying more
than 45.65 per cent magnesium carbonate, are usually described simply
as impure magnesites.

The presence of much magnesia in finished Portland cement is con-
- sidered undesirable, 34 per cent heing the maximum permissible under
most specifications. Therefore the limestone to be used in Portland
cement manufacture should not carry over 5 or 6 pel ¢ent of mag-
‘nesium carbonate.

Though magnesia is often described as an ‘‘impurity ” in limestone,
this word, as can be seen from the preceding statements, hardly
expresses ‘the facts in the case. The magnesium carbonate present,
whatever its amount, simply serves to replace an equivalent amount
of calcium carbonate, and the resulting rock, whether little or much
magnesia is present, is still a pure carbonate rock. With the impui-
ities to be discussed in later paragraphs, however, this is not the case.
Silica, alumina, iron, sulphur, alkalies, etc., when present, are actual
impurities, not melely chemical replacements of part of the calcium
carbonate.

SILICA, IRON, AND OTHER IMPURITIES IN LIMESTONE.

A limestone consisting of pure calcium carbonate or of calcium car-

bonate. with more or less magnesium carbonate may also contain a
greater or lesser amount of distinct impurities. From the point of
view of the cement manufacturer, the more important of these impuri-
ties are silica, alumina, iron, &lka,hes, and sulphur, all of which have
a marked effect on tbe melue of the limestone as a cement material.

The silica in limestone may occur either in combination with alumina
as a clayey impurity, or not combined with alumina. As the effect on
~ the value of the limestone would be very different in the two cases,
they will be taken up separately. .

-
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Silica in lwmestone.—Silica, when present in a limestone containing -
no alumina, may occur in one of three forms, and the one in which it
occurs is of great importance in connection with cement manufacture.

(1) In perhaps its commonest form silica is present in nodules,
masses, or beds of flint or chert. Silica occurring in this form will
not readily enter into combination with the lime of a cement mixture,
and a cherty or flinty limestone is therefore almost useless in cement
manufacture. _ ' ) :

(2) In a few cases, as in the hydraulic limestone of Teil, France, a’
large amount of silica and very little alumina are present, notwith-
standing which the silica readily combines with the lime on burning.

‘It is probable that in such cases the silica is very finely divided or

occurs as hydrated silica, which is possibly the result of chemical
precipitation or of organic action. In the majority of cases, however,
a highly siliceous limestone will not make a cement on burning unless
it contains alumina in addition to the silica.

(3) In the crystalline limestones (marbles), and less commonly in
uncrystalline limestones, silica may occur as a complex silicate in the
form of shreds or crystals of mica, hornblende, or other silicate mineral.
In this form silica is somewhat intractable in the kiln, and mica and
other silicate minerals are therefore to be regarded as inert and useless
impurities in a ¢ement rock. These silicates will flux at a lower tem-
perature than pure silica, and are thus not so troublesome as flint or
chert. They are, however; much less serviceable than if the same
amount of silica were present in combination with alumina as a clay.

Silica weth alumina in lemestone.—Silica and alumina, combined in
the form of clay, are common impurities in limestones and are of
special interest to the cement manufacturer. The best-known example
of such an argillaceous limestone is the cement rock of the Lehigh
district of Pennsylvania. Silica and alumina when present in this
combined form unite readily with the lime under the action of heat,
and an argillaceous limestone, therefore, forms.an excéllent basis for a
Portland-cement mixture.

Iron in limestone.—Iron when present in a limestone occurs com-
monl'ylf as the oxide (Fe,0,) or sulphide (FeS,); more rarely as iron
carbonate or in complex silicates. Iron in the oxide, carbonate, or
silicate forms. is a useful flux, aiding in the combination of the lime
and silica in the kiln. When present as a sulphide, in the form of the
mineral pyrite, in quantities exceeding 2 or 3 per cent, it is to be
avoided. .

PHYSICAL CHARACTERS OF LIMESTONES.

In texture, hardness, and compactness the limestones vary from the
loosely consolidated marls through'the chalks to the hard, compact
limestones and marbles. They differ in absorptive properties and
density. The chalky limestones may have a specific gravity as low as

N
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1.85, corresponding to a weight of 110 pounds per cubic foot, while
the compact limestones, commonly used for building purposes, range
in specific gravity between 2.3 and 2.9, corresponding approximately
to a range in weight of from 140 to 185 pounds per cubic foot.

From the point of view of the Portland-cement manufacturer these
variations in physical properties are of economic interest chiefly in
their bearing upon two points-—the percentage of water carried by
the Jimestone as quarried and the ease with which the rock may be:
crushed and pulverized. To some extent the two properties counter-
balance each other; the softer the limestone the more absorbent is it
likely to be. These purely, economic features will be discussed in
more detail on later pages.

EFFECT OF HEAT ON LIMESTONE.

On heating a nonmagnesian limestone to or above 300° C. its car-
bon dioxide will be driven off, leaving quicklime (calcium oxide, CaO).
If a magnesian limestone be similar ly treated, the product would be a
mixture of calcium oxide and magnesium oxide (MgO). The rapidity
and perfection of this decomposition can be increased by passing
steam or air through the burning mass. In practice this is accom-
plished either by the direct injection of air or steam or more simply
by thoroughly wetting the limestone before putting it into the kiln.

I, however, the limestone contains an appreciable amount of silica,
- alumina, and iron, the effects of heat will not be of so simple a charac-
ter. At temperatures of '800° C. and upward these clayey impurities
will combine with the lime oxide, giving silicates, aluminates, and related
salts of lime. In this manner a natural cement will be produced (see
pp- 333-334). An artificial mixture of a certain uniform composition,
burned at a higher temperature, will give a Portland cement.

ARGILLACEOUS LIMESTONE (CEMENT ROCK).

An argillaceous limestone containing approximately 75 per cent of
lime carbonate and 20 per cent of clayey materials (silica, alumina,
and iron oxide) would, of course, be the ideal material for use in the
manufacture of Portland cement, as such a rock would contain within
itself in the proper proportions all the necessary ingredients. It
would 1equne the addition of no other material, but when burnt alone
would give a good cement. This ideal cement mateual is, of course,
never found, but certain argillaceous hmestones approach it ver y
closely in composition.

The most 1mp01tant deposit of these argillaceous limestones or
““cement rocks” is that which is so extensively utilized in Portland-
cement manufacture in the Lehigh district of Pennsylvania and
New Jersey. As this area still furnishes about two-thirds of all the
Portland cement manufactured in the United States, its raw materials
are described in some detail on pages 31-32.
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" CEMENT ROCK OF THE LEHIGH DISTRICT.

The Lehigh district of the cement trade comprises parts of Berks,
Lehigh, and Northampton counties, Pa., and of Warren County, N. J.
Within this relatively small area are located about 20 Portland-cement
mills, which produce a little over two-thirds of the entire American
output. As deposits of the cement rock used by these plants extend
far beyond the present Lehigh district, a marked extension of the -

-district will probably take place as the need for larger bupphcs of =

raw material becomes more apparent.

The ‘‘cement rock” of the Lehigh district is a highly arglllaceous
limestone of Trenton (lower Silurian) age. The formation is about
300 feet thick in this area. The rock is very dark gray, and usually
has a slaty fracture. In composition it ranges from about 60 per cent
lime carbonate with 30 per cent clayey material, up to 80 per cent
lime carbonate with 15 per cent of silica, alumina, and iron. The
lower beds of the formation always contain -more lime carbonate than
those above. The content of magnesium carbonate in these cement
rocks is always high, as Pmtland cement material goes, ranging from
3 to 6 per cent. :

Near and in some.cases 1mmed1atcly beneath these cement beds
are heds of purer limestone, containing from 85 to 96 per cent lime
carbonate. The usual practice in the Pennsylvania and New Jersey
plants has been, therefore, to mix a relatively small amount of this
purer limestone with the low lime *‘cement rock” in such proportions
as to give a cement mixture of proper composition.

The economic and technologic advantages of using such a combina-
tion of materjals are very evident. Both the pure limestone and the
cement rock, Jpar ticularly the latter, can be quarried very easily and
" cheaply. Ab quarried they carry but little water, so that the expense
of drying them is slight. The fact that about four-fitths of the
cement mixture will be made up of a natural cement rock permits
coarser grinding of the raw mixture than would be permissible in
plants using pure limestone or marl with clay. This point is more
fully explained on page 47. When natural cement rock is used as
part of the mixture less fuel is probably necessary to clinker the mix-
ture than when pure limestone is mixed with clay.

Such mixtures of argillaceous limestone or ‘‘cement rock” with a
small amount of pure limestone evidently possess important advan-
tages over mixtures of pure hard limestone or marl with clay. They
are, on the other hand, less advantageous as cement materials than the
‘chalky limestones dlb(}uSSEd on pages 33-34.

The analyses in the table below are fairly vepresentative of thc
materials employed in the Lehigh district. The first four analyses
are of ‘‘cement rock,” the last two are of the purer limestone used for
mixing with it.
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Analyses of Lehigh district cement materials.

Cement rock. Limestone.

Silica (S105) nenmmeeaeeaneanenns 10.02 | 9.52 | 14.52 | 16.10 | 3.02| 1.98

Alumina (ALO) ... ... . )
Iron oxide (Fe,03) - cevenenea...
Lime carbonate (CaCO;)......... 78.65 | 80.71 ) 73.52 | 76.23 ; 92.05 | 95.19
Magnesium carbonate (MgCO;) ..| 4.71| 4.92 4.69 3.54 | 3.04 2.03

}6.26 72| 6.52] 22| 1.9 0.70

" “CEMENT ROCK’’ IN OTHER PARTS OF THE UNITED STATES.

Certain Portland-cement plants, particularly in the western part of
_the United States, use combinations of materials closely similar to
those in the Liehigh district. Analyses of the materials-used at several
of these plants are given in the following table:

Analyses of *‘cement rock” and limestone from the western United States.

I Utah. " California. Colorado.

Cement | Lime- | Cement | Lime- | Cement. { Lime-

rock. stone. rock. stone. rock. stone.
Silica (Si0y) «eceeaeenaanans ... 21.2 6.8 20.06 | 7.12 14.20 |.......
Alumina (ALO,) .. ..oooio.. 8.0 3.0 10.07 | 2.36 5.21 |.......
Iron oxide {FeyOy) -oevvomnooienananfoanaann 3.39 | 1.16 1.73 |...o...
Lime carbonate ( CaCOy)enenn.... 62.08 | 89.8 63.40 | 87.70 75.10 88.0
Magnesium carbonate (MgCO,) ..| 3.8 "1 0.76 1.54 | 0.84 1.10 |.......

In addition to these *‘cement rocks” many of the chalky limestones

- discussed on pages 33-34 are sufficiently argillaceous to be classed as

“‘cement rocks.” Because of their softness, however, all the chalky
limestones will be described together.

PURE HARD LIMESTONES.

Soon after the American Portland-cement -industry had become
fairly well established in the Lehigh district attempts were made in
New York State to manufacture Portland cement from a mixture of
pure limestone and clay. These attempts were not commercially suc-
cessful, and although their failure was not due to any defects in the
limestone used, a certain prejudice arose against the use of the hard
limestones. In recent years, however, this has disappeared, and a
very large proportion of the American output is now made from mix-
tures of limestone with clay or shale. The use of the hard limestone
is doubtless due in great part to recent improvements in grinding
machinery, for the purer limestones are usually much harder than
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argillaceous limestones like the Lehigh district * cement rock,” and it
was very difficult to pulverize them tinely and cheaply with the crush-
ing appliances in use when the Portland cement industry was first
started in America.

A series of analyses of representative pure hard limestones, together
with analyses of the clays or shales with which they are mixed, is
given in the following table:

Amnalyses of pure hard limestones and clayey materials.

Limestones. . . Clnys and shales.

Silica (Si0,) - cemeee-o| 1721 -0.86 | 0.56 | 0.40 { 63.56 | 55.80 | 56.30 | 60.00

lumi 205)-...| 1.6 .2 . 3. 26
A nmmz‘L (Al:OQ) 3 63| 1.23 } a4 | 27.39 | 3020 | 29.86 ,{23 ‘ 6
Iron oxide (Fe,0,)...| 6.59 | 1.03 .29 4.32
Lime carbonate '

(CaCOy) -eeennn 90.58 | 97.06 | 97.23 | 97.99 | 3.60 | 2.54 | __.... 1.70
Magnesium carbonate o

(MgCOy) cecneaafeaann. B .7 A2 260 | feaeaes 1.50

The first limestone analysis given in the above table represents a
curious type, used in several plants in the Middle West. It is a rela-
tively impure limestone, its principal impurity being iron oxide. It -
contains 8.22 per cent of iron oxide and alumina, as comparcd with
1.72 per cent of silica, and therefore great care is 1cquncd in selectmg
a suitable high-silica clay to mix with it.

SOFT LIMESTONES.(CHALK).

- Oregin and general character.—Chalk, properly speaking, is a pure
carhonate of Time composed of the remains of the shells of minute
organisms, those of foraminifera being especially prominent.. The
chalks and soft limestones discussed agree, not only in having usually
originated in this way, but also in being rather soft, and therefore
readily and cheaply crushed and pulverized. As Portland-cement
materials they are therefore almost ideal. One defect, however,
which to a small extent counterbalances their obvious advantages, is
the fact that most of .these soft, chalky limestones absorb water very
readily. A chalky limestone which in a dry season will not carry over
2 per cent of moisture as quarried may, in consequence of prolonged
wet weather, show as high as 15 or 20 per cent of water. . This diffi-
‘culty can, of course, be avoided if care be taken in quarrying to avoid
unnecessary exposure to water and, if necessary, to provide facilities
for storing a supply of the raw materials during wet seasons.
Geographic and geologic distribution in the United States.—The
chalks and chalky limestones are confined almost entirely to certain
Bull. 243—05—3
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Southern and Western States. They are all of approximately the same
geologic ages—Cretaceous or Tertiary—and are mostly confined to one
division of the Cretaceous. The principal chalk or soft limestone
deposits available for use in Portland-cement manufacture occur in
three widely separated areas, in (¢) Alabama and Mississipppi, (5)
Texas and Arkansas, and (¢) lowa, Nebraska, North and South Dakota.

Composition.—In composition these chalks, or *‘ rotten limestones,”
vary from a rather pure calcium carbonate, low in both magnesia and
clayey materials, to an impure clayey limestone requiring little addi-
tional clay to make it fit for use in Portland-cement manufacture. The
analyses in the table below show the range of composition of the
chalky limestones.

Analyses of chalky limestones.

Demopo-'|San Anto-| Dallas, ‘(:vl];&gc Yankton, | Milton,

lis, Ala. | nio, Tex. Tex. Ark‘.' | 8. Dak. Dak.
Silica (Si0,) .o ool 12,13 5.77 | 23.55 7.97 '8.20 9.15
Alumi ALOy) oo 4,17 4.80

umina (AL0,) . } 22| 150 ool 7.07 {

Iron oxide (Fe,O5) - coovoinon 3.28 2.30
Lime carbonate (CaCOy)....... 75.07 | 90.15 | -70.21 | 88.64 | 83.59 | 63.75
Magnesium carbonate (MgCO,)-. .92 .15 .58 .73 n.d. 1.25

- FRESH-WATER MARLS.

Marls, in the sense in which the term is used in the Portland-cement
industry, are incoherent limestones which have been deposited in the
hasins of existing or extinct lakes. So far as chemical composition is
concerned, marls are practically. pure limestones, heing composed
almost entirely of calctum carbonate. Physically, however, they dif-
fer greatly from the compact rocks which are commonly described as
limestones, as they-are granular, incoherent deposits.” This curious
physical character is due to the conditions under which they have
been deposited, and accordingly varies somewhat.

The above definition of marl is that commonly used in the cement
industry, but in geological and agricultural reports, particularly in
those issued before the Portland-cement industry became prominent
in this country, the term has been used for several very different sub-
stances. The following three uses of the term have bheen particularly
common, and must be guarded against when such reports are being
examined in search of descriptions of deposits of cement materials:

(1) In early days the terms ‘‘marls” and ‘‘ marlytes” were applied
to calcareous shales and often to shales which were not particularly
calcareous. This use of the term will be found in many of the earlier
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geological reports issued by New York, Oth, and other interior
States.

(2) In New Jersey and the States southward b01d011ng on the Atlan-
tic and Gulf of Mexico the term ‘‘marl” is commonly applied to
deposits of . soft, chalky, or unconsolidated limestone, often contain-
ing considable clayey and phosphatic matter. These limestones are
of marine origin and are not related to the fresh- watcl marl deposits
here dlscu&sed

(3) In the same States mentioned in the last paragraph, but ptu
ticularly in New Jersey and Virginia, large deposits of the so-called
“greensand marls” occur. This material is in no way related to the
true marls, which are essentially lime carbonates, but consists almost
entively of an iron silicate, with very small percentages of clayey,
calcareous, and phosphatic matter.

Oregin of marls.—The exact cause of the deposition of marls has
been the subject of much investigation and discussion, particalarly in
the last few years, since they have become of economic importance.
The most important papers concerning this question are as follows:

Brarcurey, W. 8., and AsnrLey, G. H., The lakes of northern Indiana and their
associated marl deposits: Twenty-fifth Ann. Rept. Indiana Dept. Geol. Nat. Res., pp.
31-321.

Davis, C. A., A contribution to the natural history of marl: Jour. Geol., vol. 8,
pp. 485-497. :

Davis, C. A., Second contribution to the nataral history of marl: Jour Geol., vol. 9,
pp. 491-506.

Davis, C. A., A contribution to the natural history of marl: Rept. Michigan Geol.
Survey, vol. 8, pt. 3, pp. 65-102.

Laxg, A. C., Notes on the origin of Michigan bog limes: lxept 1\11(,1115&,!1 Gieol.
Survey, vol. 8, pt. 3, pp. 199-223.

Disregarding the pdints in controversy, which are of no practical
importance, it may be said that marls are deposited in lakes by spring
or stream waters carrying lime carbonate in solution. The actual
deposition is due in part to purely physical and chemical causes, and
in part to the divect or indirect action of animal or vegetable life.
The result in any case is that a calcareous deposit forms along the sides
and over the bottom of the lake, this deposit consisting of lime car-
bonate, mostly in a finely granular form, interspersed with shells and
shell ﬁ agments, ‘

Geographic distribution of marl deposits.—The geographic distribu-
tion of marl deposits is intimately related to. the geologic history of
the region in which they occur. Marl beds are the result of the filling
of lake basins. Lakes are not common in the United States, except in
areas which have been glaciated, since they are in general due to the
damming of streams by glacial material. Workable marl deposits,
therefore, are confined almost exclusively to those portions of the
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United States and Canada lying north of the bouthem limit of the
glaciers.

Marl beds are found in the New England States, where they are
occasionally of important size,.and in New York, WhOIO large beds
occur in the central and western portions of the State. Deposits are
frequent and important in Michigan and in the northern portions of
Ohio, Indiana, and Illinois. They occur in Wisconsin and Minnesota,
but have not been as yet exploited for cement manufacture.

Composition.—As shown by the analysis below, marls are usually
very pure lime carbonates. They therefore require the addition of
considerable c]ay to bring them up to the proper composition for a
Portland-cement mixture.

The marls are readily excavated, but. necessarily carry a ldirge per-
centage of water. The mixture, on this account, is commonly made
in the wet way, which necessitates driving off a high percentage of
water in the kilns. Analyses of typical marls and clays are given in
the following table:

Analyses of marls and clays used in cement plants.

Marl. ’ Clay.
Silica (S105) «ooneeeeaeeeennns 0.25 3.0| 1.60|.40.48| 52.0| 63.75
ina (AL,Oy) oo s : . 16.
Alummtm (ALO,) \ w0l 155 | 20.95 { 17.0 6. 40
Iron oxide (Fe,Og) coovooeonen If 5.0 6.35
Lime carbonate (CaCO,)....... 94. 39 93.0 | 88.9 25. 80 20.0 4.0
Magnesium carbonate (MgCO;).| .38 1.5 .94 L99 aa..Ll. 2.1

ALKALI WASTE,

A very large amount of waste material results from the manufac-
turing of caustic soda. This waste material is largely a precipitated
" form of calcium carbonate, and if sufficiently free from impurities
furnishes a cheap source of lime for use in Portland-cement manu-
facture.

The availability of ‘leah waste for thlS purpose dependb largely on
what process was used at the alkali plant. Leblanc-process waste, for
example, carries a very large percentage of sulphides, which prevents
its use as a Portland-cement material. Waste resulting from the use
~of the ammonia process, on the other hand, is usually a very pure
mass of lime, mostly in the form of carbonate, though a little lime
hydrate is commonly present. As pyrite is not used in the ammonia
process, the waste is usually low enough in sulphur to be used as a
cement material. The waste may carry a low or a very high percent-
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age of magnesia, according to the character of the limestone that has
been used in the alkali plant. When a limestone low in magnesium
carbonate has been used the resulting waste is a very satisfactory
Portland-cement material.

The following analyses ave fairly representative of the waste obtui,ned
at alkali plants using the ammonia process: ¢

Analyses of alkali waste. ,

1 2 3 ‘

Silica (810,) - enn e 0.60 | 1.75| 1.98 0.98
Allm'lin‘fl O } 04| 0@ { 1.41 } 162
Iron oxide (FepOy) o v vomen oL 1.38

Lime (Ca0) ...l 53.33 | 50.60 | 48.29 | 50.40
Magnesia (MgO) ... ... ... i ... 0.48 5.35 1.51 4.97
Alkalies (N2,0, Kp0) oo memeeeeeeeeeeen. 0.20| 0.64| 0.64| 0.50
Salphur trioxide (80,) .........__.........l.] nd. | nod 1.26 n. d.
Sulphur (8) .o n. d. 0.10 | n.d. 0. 06
Carbon dioxide (CO,) - ... .. . ..o 42.43 } £1.70 { 39. 60 n. d.
Water and organic matter _.............. e n.d ) 3.80 n. d.

Of the analyses quoted in the preceding table, those in the first and
third columns represent materials which are used in Portland-cement
nmnuhctmo in England and the United States. The alkali wastes
whose ‘umlyaes are given in the second and fourth columns are too
high in magnesia to be advisable for such use.

BLAST-FURNACE SLAG.

True Portland cements, which must he sharply distinguished from

the slag (or puzzolan) cements described on pages 857-372, can be
made from a mixture of blast-furnace slag and limestone which is
finely powdered, and is then burned in kilns and the resulting clinker
pulverized. ‘ .
_ The slags from iron furnaces consist essentially of lime (CaO), silica
(Si0,), and salumina (A1,0,), tHough small percentages of iron oxide
(Fe0Q), magnesia (MgO), and sulphur (S) are commonly present. Slag
may therefore be regarded as a very impure limestone or a very cal-
careous clay, from which the carbon dioxide has been driven off.

In the United States two plants manufacture true Portland cement
from slag, as noted on pages 137 and 294.



38 CEMENT MATERIALS AND INDUSTRY. [BULL. 243.

The shg used at a German Portland cement plant has the following
range in composition: -

Analysis of slag used in Portland-cement manufacture.

Silica (S10,) - - o e nmc et el 30.0 to 35.0
Alumina (ALO,) vo i 10.0 to 14.0
Iron oxide (FeO) ... ... .. 2t0 1.2
Time (CRO) «ncn oo, S S 46.0 t0 49.0
Magnesium oxide (MgO) - ..o i e .5to 8.5
Sulphur trioxide (80,) «eeeeeoeoiiii .. e .2t0 .6

CLAYS AND SHALES.

Clays are ultimately derived from the decay of older rocks, the finer
particles heing carried oft by streams and deposited as beds of clay
along channels, in lakes, or along parts of the seacoast or sea bottom.
In chemical composmon the clays are made up essentially of silica
and alumina, though iron oxide is almost invariably present in more
or less amount, while lime, magnesia, alkalis, and sulphur occur fre-
quently, though usually only in small percentages. :

Shales are clays which. have become hardened by pressurve. The
so-called ‘“fire clays” of the Coal Measures are shdles, as are mfmy of
the other *“clays” of commerce.

For use as Portland-cement materials clays or shales should be free
from gravel and sand, as the silica present as pebbles or grit is practi-
cally inert in the kiln unless ground more finely than is economically
practicable. In composition they should not carry less than 55 per
cent of silica, and preferably from 60 to 70 per cent. The alumina
and iron oxide together should not amount to more than one-half the -
percentage of silica, and the composition will usually be' better the

nearer the ratio Al,0,+Fe,0,= O — is approached. N

Nodules of lime carbonate, gypsum, or pyrite, if present in any
quantity, are undesirable, though the lime carbonate is not absolutely
injurious. Magnesia and alkalis should be low, preferably not above
3 per cent.

Analyses of clays and shales used in various. American Portland
cement plants are given on pages 33 and 36.

SLATE.

Slate is, so far as origin is concerned, merely a form of shale in
which a fine, even, and parallel cleavage has been developed by pres-
sure. In composition, therefore, it varies exactly as do the shales
considered on previous pages, and so far as composition alone is con-
cerned, slate would not be worthy of more attention, as a Portland-
cement material, than any other shale.




ECKEL.] SLATE. ' 39

- Commercial considerations in connection with the slate industry,
however, make slate a very important possible source of cement mate-
rial. Good roofing slate is a relatively scarce and commands a good
price when found. In the preparation of roofing slate for the market
so much material is lost during sawing, splitting, etc., that only
about 10 to 25 per cent of the amount quarried is salable as slate.
The remaining 75 to 90 per cent is of no service to the slate miner.
It is sent to the dump heap, and is a continual source of trouble and’
expense. This very material, however, as can be seen from the
analyses quoted below, is often admivable for use, in connection with
limestone, in a Portland-cement mixture. As it is a waste product it
could be obtained very cheaply by the cement manufacturer. .

Composition of American roofing slates.

Maximum. | Average. | Minimum.
Silica (S10,) < e e i 68.62 60. 64 - 54.05
Alumina (ALO,) e ot e, 24.71 18.05 9.77
Iron oxide (FeO, Fe,0,)-..-.. IO 10. 66 6. 87 2.18
Lime (Ca0) -.oooeoen .. e 5.23 1.54 | .00
Magnesia (MgO) .- 6.43 2.60 .12
Alkalies (K0, Na,0) .o oo oo 8.68 4.74 1.93
Ferrous sulphide (FeS,) .. ... oo 38 e
Carbon dioxide (C0,).-vevievennai. s 1.47 |ooo.ol...
Water of combination. ... ... . . o iiiiil.. L3091 IO
Moisture below 110°C ... oo W62 L.

VALUE OF DEPOSITS OF CEMENT MATERIALS.

The determination of the possible value for Portland-cement manu-
facture of a deposit of raw material is a complex problem, depending
upon a number of distinct factors, the more important of which are as
follows: (1) Chemical composition, (2) physical character, (3) amount
available, (4) location with respect to transportation routes, (5) loca-
tion with respect to fuel supplies, (6) location with respect to markets.

Tgnorance of the respective importance of these factors frequently
leads to an overestimate of the value of a deposit of raw material.
Their effects may be briefly stated, as follows:

(1) Chemical composition,—The raw material must be of correct
chemical composition for use as a cement material. This implies that
the material, if a limestone, must contain as small a percentage as
possible of magnesium carbonate. Under present conditions, 5 or 6
per cent is the maximum permissible. Free silica, in the form of
chert, flint, or sand. must be ahsent, or present only in small quan-
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tity—say 1 per cent or less. If the limestone is a clayey limestone,
or ‘“cement rock,” the proportion between . its silica and its alumina
and iron should fall within the limits

Si0,
Al 03+FeZO

$i0,

> % R0, +F6,0,

< 3.5.

A clay or shale should satisfy the above equation, and should be free
from sand, gravel, etc. Alkalies and sulphates should, if present, not
exceed 3 per cent.

(@) Physical character.—Economy in excavation and crushing
requires that the raw materials should be as soft and as dry as possible.

(8) Amount available.—A Portland-cement plant running on dry
raw materials, such as a mixture of limestone and shale, will use
approximately 20,000 tons of raw material a year per kiln. Of this
about 15,000 tons are limestone and 5,000 tons shale. Assunming that
the limestone weighs 160 pounds per cubic foot, which is a fair aver-
age weight, each kiln in the plant will require about 190,000 cubic
feet of limestone a year. As the shale or clay may be assumed to
contain considerable water, a cubic foot will probably contain not over
125 pounds of dry material, so that each kiln will also require about
80,000 cubic feet of shale or clay.

A cement plant is an expensive undertaking, and it would be folly
to locate a plant with less than a twenty years’ supply of raw material
in sight. In order to justify the erection of a cement plant, zhere
must be in sight at least 3,800,000 cubic feet of szestone and 1,600,000
cubic fect of clay or s/mle Jor each kiln.

(4) Location with respect to transportation routes.—Portland cement
is for its value a bulky product, and is therefore much influenced by
transportation routes. ~To locate a plant on only one railroad, unless

the railroad officials are financially connected with the cement plant,
is simply to invite disaster. At least two transportation routes should .
be available, and it is best of all if one of these be a good water route.

(6) Location with respect to fuel supplies.—Every barrel (380 pounds)
of Portland cement marketed implies that at least 200 to 300 pounds of
coal have been used in the power plant and the kilns. In other words,
each kiln in the plant will, with its corresponding crushing machinery,
use up from 6,000 to 9,000 tons of coal a year. The item of fuel cost
is therefore highly important, for in the average.plant about 30 to
40 per cent of the total cost of the cement w1ll be chargeable to coal
supplies. ‘

(6) Location with respect to markets.—In order to achieve an estah-
lished position in the trade, a new cement plant should have (a) a local
market area, within which it may sell practically on a noncompetitive
basis, and (5) easy access to a larger though competitive market area.
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METHODS AND COST OF EXCAVATING RAW MATERIALS.

The natural raw materials used in Portland-cement manufacture are
obtained by one of three methods: (1) Quarrying, (2) mining, and (3)
dredging. The method will devend partly on the physical character
of the material and partly on the topographicand geologic conditions.
Usually, however, there is no opportunity for choice, as one of the
methods will offer the only possible mode of handling the material.
The three different methods of excavation will first be briefly con-
sidered, after which the cost of raw materials at the mill will be
discussed.

Quarrying.—In the following pages the term ‘‘quarrying” will
include all methods of obtaining raw materials from open excavations—
quarries, cuts, or pits—whether the material be a limestone, a shale,
oraclay. Quarrying is the most natural and common method of exca-
vating the raw materials for cement manufacture. If ‘marl, which is
usually worked by dredging, be excluded from consideration, it is
probably within safe limits to say that 95 per cent of the raw mate- -
rials used at American Portland-cement plants is obtained by quar-
rying. If marls be included, the percentages excavated by the
different methods would probably be about as follows: Quarrying, 88
per cent; dredging, 10 per cent; mining, 2 per cent.

In the majority of limestone quarries the material is hlasted out and
loaded by hand onto cars or carts. In a few limestone quarries a
steam shovel is employed to do the loading, and in shale quarries the use
of steam shovels is more frequent. In certain clay and shale pits,
where the materials are of suitable character, the steam shovel does
all the work, both excavating and loading the raw materials,

The rock is usually shipped to the mill as quarried; without any treat-

-ment except sledging it to convenient size for loading. " At a few
quarries, however, a crushing plant is installed, and the rock is sent
as crushed stone to the mill. At a few quarries driers have been
installed, and the stone is dried before being shipped to the mill.
Except the saving of mill space thus attained, this practice seems to
have little to commend it.

Mining.—The term ‘“‘mining” will be used, in distinction from

*“ quarrying,” to include methods of obtaining any kind of raw mate-
rial by underground workings, through shafts or tunnels. Mining is,
of course, rarely employed in excavating substances of such low value

© per ton as the raw materials for Portland-cement manufacture. Occa-
- sionally, however, a thin bed of limestone or shale will be overlain by

such a thickness of other .stmta that mining will be cheaper than strip-
ping and quarrymd

Mining is considerably more e‘cpenswe than quarrying, hut it hasa -
few ‘tdvanmg'eb that serve to counterbalance partly the greater cost per
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ton of raw material. A mine can he worked steadily and economically
in all kinds of weather, while an open cut, or quarry; is commonly in a
more or less unworkable condition for about three months of the year.
Material won by mining is, moreover, always dry and clean.

Dredging.—The term *“dredging” will be* here used to include all
methods of excavating soft, wet raw materials. In the United States
the only raw material for Portland-cement manufacture extensively
worked by dredging is marl. Occasionally the clay used is obtained
from deposits overlain hy more or less water; but this is rarely done
except where the marl and clay are interbedded or associated.

A marl ‘deposit, in addition to containing much water diffused
throughout its mass, is usually covered by water to a considerable
depth. This will frequently require the partial draining of the basin
in order to get tracks laid near enough to be of service.

In dredging marl the excavator is frequently mounted on a barge,

which floats in a channel resulting from previous excavation. Occa- .

sionally, in deposits which either were originally covered by very little

water or have been drained, the shovel is mounted on a car which-

runs on tracks laid along the edge of the deposit.

A deposit worked by dredging always occurs in a basin or depres-
sion, and at a lower elevation than the mill, thus necessitating uphill
transportation, which may be effected in two ways, the choice depend-
ing largely upon the manufacturing processes in use at the plant. At
plants using dome or chamber kilns, or where the marl is to be dried
before it is sent to the kiln, the excavated material is usually loaded
by the shovel on cars and hauled to the mill by horse or steam power.
At normal marl plants using a very wet mixture it is probably more
econoniical to dump the marl from the excavator into tanks, add sufli-
cient water to make it flow readily, and pump the fluid mixture to the
mill in pipes. '

Cost of raw materials at mell.——The most natural way, perhaps, to
express the cost of the raw materials delivered at the mill would be to
state it as being so many cents per ton or cubic yard, and this is the
method followed by quarrymen or miners in general. To the cement
manufacturer, however, such an estimate is not so suitable as one based
on the cost per ton or barrel of finished cement.

It may be considered that hard and comparatively dry limestones or
shales lose 33% per cent in weight on burning, or that 600 pounds of
dry raw material will' make about 400 pounds of clinker. Allowing
something for other losses in manufacture, it is convenient and suffi-
ciently accurate to estimate that 600 pounds of dry raw material
will give one barrel of finished cement. The raw material must be
increased if it carries any appreciable amount of water. Clays will
frequently contain 15 per cent or more of water; while soft chalky
limestones, if quarried during wet weather, may carry over 20 per
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cent. A Portland-cement mixture composed of a pure chalky lime-
stone and a clay might, therefore, average 10 to 20 per cent of water;
consequently-about 700 pounds of such a mixture would be required
to make one barrel of finished cement.

With marls the loss on drying and burning is much greater. Rus-
sell states ¢ that according to determinations made by E. D. Campbell
1 cubic foot of marl, as it usually occurs in the natural deposits,
contains about 474 pounds of lime carbonate and 48 pounds of water.
In making cement from a mixture of marl and clay, therefore, it would
be necessary to figure on excavating and transporting over 1,000
pounds of raw material for every barrel of finished cement.

Thus the cost of raw materials at the mill, per barrel of cement,
will vary not only with the cost of excavation but with the kind of
materials in use. In dealing with hard dry materials extracted from
open quarries near the mills the cost of raw materials may range from
8 to 15 cents per barrel of cement. The lower figure is probably
about the lowest attainable under good management and favorable
natural conditions; the higher figure is probably a maximum for
fairly careful management of a difficult quarry under Eastern labor
conditions. When it is necessary to mine the materials the cost will
be somewhat increased. Cement rock has been mined at a cost equiva-
lent to 10 cents per barrel of cement, but only under particularly
favorable conditions. The cost of mining and transportation may
reach 20 cents per barrel. '

With regard to wet marls and clays, it is difficult to give even an
approximate estimate. It seems probable, however, when the dead
weight handled is allowed for, that these soft materials will cost about
half as much delivered at the mill per barrel of finished cement as the
hard dry limestones and shales.

METHODS OF MANUFACTURE OF PORTLAND CEMENT.

If, as in this bulletin, the so-called ‘‘natural Portlands” (see p.
22) are excluded, Portland cement may be regarded as an artificial
product obtained by burning to semifusion an intimate mixture of
pulverized materials containing lime, silica, and alumina in varying
proportions within certain narrow limits, and by crushing finely the
clinker resulting from this burning. If this restricted definition of
Portland cement be accepted, four points may be regarded as being of
cardinal importance: (1) The cement mixture must he of the proper
chemical composition; (2) the materials must be carefully ground and
intimately mixed before burning; (3) the mixture must be burned at
the proper temperature; (4) after burning, the resulting clinker must
be finely ground.

aTwenty-second Ann. Rept. U. 8. Geol. Survey, pt. 3, p. 657.
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As the chemical composition of the mixture can be more advanta-
geously discussed after the other three subjects have been disposed of,
it will therefore be taken up last.

PREPARATION OF THE MIXTURE FOR THE KILN.

In the preparation of the mixture for the kiln the raw materials
must be reduced to a very fine powder and intimately mixed. The raw
materials are usually crushed more or less finely, then mixed, and then
ground to powder. Two general methods of treatment, thc dry and
the wet, are in use at dlﬁelcnt plants. Unless the hmy constituent
of the mixture is a marl, already full of water, the dry method is
almost invariably followed. In this the materials are kept in as dry a
condition as possible throughout the entire process of crushing and
mixing, and if they originally contained a little moisture they are dried
before being powdered and mixed. In the wet method, on the other

_hand, the materials are powdered and mixed while in a very fluid state,
the mixture containing 60 per cent or more of water.

PERCENTAGE OF WATER IN RAW MATERIALS.

The percentage of water thus car ried by the crude raw material will
“depend largely on the character of the material, partly on the method
of handling and storing it, and partly on weather conditions.

-In hard limestones, freshly quarried, the water will commonly
range from one-half to 3 per cent, rarely reaching or exceeding the
higher figure, except in the very wet quarries or during a rainy
season. Such limestones, comparatively dry when quarried, are fre-
quently sent to the anndmg mills without artificial drying.

Soft, chalky limestones, which absorb water very rapidly, usually
contain not more than 5 per cent of water in dry weather, while pro-
longed wet weather may necessitate the handling at the mill of mate-
rial carrying as high as 15 to 20 per cent of water.

The clays present much more complicated conditions. In addition
to the hygroscopic or mechanically held water, there is also always a
certain percentage of chemically combined water. The amount of
hygroscopic water will depend on the treatment and exposure of the
clay, and may vary from 1 per cent in clays which have been stored
and air dried to as high as 30. per cent in fresh clays. The chemically
comhined water will depend largely on the composition of the clay,
and may vary from 5 to 12 per cent. The hygroscopic or mechanically
held water of clays can bhe driven off at a temperature of 212° k.,
while the chemically combined water is lost only at a low red heat.
The total water, therefore, to be driven off from clays may range from
6 to 42 per cent, depending on the weather, the drainage of the clay.
pit, and the care taken to prevent unnecessary exposuré of the exca-
vated material to moisture. The average total amount of moisture
will probably be about 15 per cent.
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In dealing with shales the mechanically held water rarely amounts
_ to more than about 10 per cent, and is commonly well below that
" limit.  An additional 2 to 7 per cent of water will bc carried by any
shale in a state of chemical combination.

At a few plants marl is used with clay in a dry process. ‘As noted
elsewhere, the marls as excavated carry usually about 50 per cent of
water. These present a more difficult problem than the other raw
materials, hecause the vegetable matter usually present in marls ‘is
extremely retentive of water.

It will be seen, therefore, that cement inaterials may carry from 1 to
50 per cent of water when they reach the mill. In a dry process it is
necessary to remove practically all of this water before commencing
the grinding. One reason for this is that fine pulverizing can not
be economitally or satisfactorily accomplished unless absolutely dry
material is fed to the grinding machinery. Another reason, which is
one of convenience rather than of necessity, is that the presence of -
water in the raw materials complicates the mlculatlon of the cement
mixture. '

METHODS AND COSTS OF DRYING.

With the exception of the marls and clays used in the wet method
of manufacture, Portland-cement materials are usually dried before
the grinding is commenced. This is necessary because the raw
materizls, as they come from the quarry, pit, or mine, will almost
_invariably carry appreciable, though often very small, percentages of
water, which greatly reduces the efficiency of most modern types of
grinding mills and tends to clog the discharge screens.

The type of drier commonly used in cement plants is a cylinder,
approximately 5 feet in diameter and about 40 feet'in length, set at a
slight inclination to the horizontal and rotating on bearings. The wet
raw material is fed in at the upper end of the cylinder, and it moves
gradually toward the Jower end under the influence of gravity as the

cylinder revolves. In many driers angle irons are bolted to the . '

interior in such a way as to lift and drop the raw material alternately,
thus exposing it more completely to the action of the heated gases and
materially assisting in the drying process. The dried raw material
falls from the lower end of the cylinder into an elevator boot and is
then carried to the grinding mills.

The drying cylinder is heated either by a separate furnace or by
waste gases from the cement kilns. In either case the products of
combustion are introduced into the cylinder at its lower end, are
drawn through it, and escape up a stack set at the upper end of thc
drier.

The drier above described is the simplest and is most commionly
used. For handling the small percentages of water contained in most .
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‘cement materials it is very efficient, but for dealing with high per-
centages of water, such as are encountered when marl is to be used in
a dry process, double-heating driers probably will be found more eco-
nomical. This type is exemplified by the Ruggles-Coles drier, a
detailed description of which is givenin the Mineral Industry, volume
10, pages 84-95. In this drier a double cylinder is employed. The wet
raw material is fed into the space between the inner and outer cylinders,
while the heated gases pass first through the inner cylinder, and then,
in a reverse direction, through the space between the inner and outer
cylinders. This double-heating type of drier is employed in almost
all of the slag cement plants in the United States, and is also in use in
several Portland-cement plants.

When vertical kilns were in use drying floors and drying tunnels
were extensively used, but at present they can be found in only a few
plants, being everywhere else supplanted by the rotary driers.

The cost of drying will depend on the cost of fuel, the percentage
of water in the wet material, and the type of drier. Even under the
most unfavorable conditions it may be expected that 5 pounds of
water will be evaporated per pound of coal used, while a good drier
will usually evaporate 7 or 8 pounds of water per pound of coal.

GRINDING AND MIXING.

DRY METHODS.

Part at least of the grinding is usually accomplished before the dry-
ing, but for convenience the subjects have been separated in the present -
paper. Usually the limestone is sent through a crusher at the quarry
or mill, and occasionally the raw material is further reduced in a Wil-
liams mill, etc., before drying, but the principal part of the reduction
always takes place after the material has heen dried.

After the two raw materials have been separately dried they may be
mixed immediately, or each may be further reduced separately before
mixing. Automatic mixers, of which many types are on the market,
give a mixture in proportions determined from analysis of the
materials. i

The further reduction of the mixture is usually carried on in two
stages, the material being ground to 30 mesh in a ball mill, commi-
nuter, Griffin mill, ete., and finally reduced in a tube mill. At a few
plants, however, single-stage reduction is practiced in Griffin or Hunt-
ington mills, while at the Edison plant at Stewartsville, N. J., the
reduction is accomplished in a series of rolls.

The majority of plants use either the Griffin mill and tube mill or
the ball and tube mills, and there is probably little difference in the

“cost of operating these two combinations. The ball mill has never
been quite so successful as its companion, the tube mill, and has been
replaced at several plants by the comminuter.
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After the mixture is reduced, and when it is ready for burning, 90
to 95 per cent of it should pass through a 100-mesh sieve. In the
plants of the Lehigh district the mixture is rarely crushed as fine as
when limestone and clay are used. Newberry? has pointed out in
explanation of this that an argillaceous limestone (cement rock) mixed

_with a comparatively small quantity of purer limestone, as in the
Lehigh plants, requires less thorough mixing and less fine grinding
than when a mixture of limestone and clay (or marl and clay) is used,

. for even the coarser particles of the argillaceous limestone will vary

so little in chemical composition from the proper mixture as to affect
the quality of the resulting cement but little should either mixing or
grinding be incompietely accomplished.

A very good example of typlcal Lehlg_,h Valley grinding of raw
material is afforded by a specimen examined? by Pxot. E. D. Camp-
bell. This specimen of raw mix ready for burning was furnished by
one of the best of the eastern Pennsylvania cement plants. A mechan-
ical analysis of it showed the following results:

Mesh of sieve.

50 100 200
Per cent passing ... ... L.l 96.9 85.6 72.4
Per cent residue. .. ... ... ii.ie.- 3.1 14. 4 27.6

The material, therefore, is so coarsely ground that only a trifle over
85 per cent passes a 100-mesh sieve.

SLAG-LIMESTONE MIXTURES.

While the manufacture of Portland cement from slag and limestone
is similar in general theory and practice to its manufacture from lime-
stone and clay, there are certain interesting differences in the prepara-
tion of the mixture. Inthe following paragraphs the general methods”
of preparing mixtures of slag and limestone for use in Portland-cement
manufacture will first be discussed, after which certain processes pecu-
liar to the use of this mixture will be described separately.

General methods.—After it had been determined that puzzolanic
cement, made by mixing slag with lime without subsequent burning,
was not an entirely satisfactory structural material, attention was
soon directed toward the problem of making a true Portland cement
from such slag. The blast-furnace slags commonly available, while
carrying enough silica and alumina for a cement mixture, are too
low in lime to be suitable for Portland cement. Additional lime

aTwentieth Ann. Rept. U. 8. Geol. Survey, pt. 6, p. 545,
bJour. Am. Chem. Soc., vol. 25, p. 1106.
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must be added, usually in the form of limestone, and the slag and lime- -
stone must be well mixed and properly burned. The general methods
for properly mixing the materials vary in details. It seenis probable
that the first method used in attempting to make a true Portland
cement from slag was to dump the proper proportion of limestone,
broken into small lumps, into molten slag. The idea was that both
mixing and calcination could thus be accomplished in one stage, but
.in practice it was found that the resulting cement was variable in com-
position and always low in grade. This method has accordingly
fallen into disuse, and at present three different general processes of
preparing the mixture are practiced at differ: ent European and Ameri-
can plants:

1. The slag and limestone are granulated, dried, and ground sepa-

-rately. The two materials are then mixed in proper proportions, the
mixture is finely pulverized in tube mills, and the product is fed in a
powdered state to rotary kilns.

2. The slag is granulated, dried, and mixed with slightly less than
the calcnlated proper amount of limestone, which has been previously
dried and powdered. . Sufficient powdered slaked lime (say 2 to 6 per
cent) is added to bring the mixture up to correct composition. The

_intimate mixture and final reduction are then accomplished in ball-and-
tube mills. About 8 .per cent of water is then added, and the slurry
is made into bricks, which are dried and burned in a dome or chamber
kiln.

3. Slag is granulated and mixed, while. still wet, with crushed lime-
stone in proper proportions.. This mixture is run through a rotary
calciner, heated by waste kiln gases, in which the temperature is suffi-
cient not only to dry the mixture, but also to partly powder it and to
reduce most of the limestone to quicklime. The mixture is then pul-

verized and fed into rotary kilns. ,
Of the three general processes above descr 1bed the second is unsuited
to American conditions. The first and third are adapted to the use of
the rotary kiln. The third seems to be the most economical, and has
given a remarkably low fuel consumption in practice, but so far has
not heen taken up in the United States.
~ Certain points of manufacture peculiar to the use of mixtures of
slag and limestone will now be described.

Composition of the slag.—The slags adapted to Portland-cement
manufacture are of common occurrence in iron-producing districts.
The more basic blast-furnace slags are best suited for this use. The
slags utilized will generally run from 30 to 40 per cent lime, but the
higher the lime the better. The presence of over 3 per cent of mag-
nesia renders a slag unfit for Portland-cement material, and on this -
account slags from furnaces using dolomite (magnesian limestone) as
a flux can not be used for cement manufacture. The presence of any
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notable percentage of sulphur is also a drawback, though part of the
sulphur in the slag will be removed during the processes of manu-
facture. )

Granulation of slag.—If slag be allowed to cool slowly, it solidifies
into a dense, tough material, without hydraulic properties, which is
not readily reduced to the requisite fineness for a cement mixture. If
it be cooled suddenly, however, as by bringing the stream of molten
slag into contact with cold water, the slag is ‘‘granulated”—i. e., it
breaks up into small porous particles—and is much more readily pul-
verized .than a slowly cooled slag. Sudden cooling intensifies the
chemical activity of its constituents so as to give it hydraulic properties,
while part of the sulphur contained in the original slag is removed.
The sole disadvantage of the process of granulating slag is that the
product contains 20 to 40. per cent of water, which must be driven off
befors the granulated slag is sent to the gundlng machinery.

The granulation of the slag is effected by running the stream of
molten slag from the furnace into a sheet-iron trough, in which flows
a small stream of water whose rate of flow is so regulated as to give
complete granulation of the slag without using an excessive amount
of water. The trough may discharge the granulated slag into tanks
or into box cars, which are usually per tomted at intervals along the
sides so as to allow part of the water to drain off.

Drying the slag.—As above noted, the granulated slag may carry

from 20 to 40 per cent of water. This is removed by treating the
slag in rotary driers. In practice such driers give an evaporation of

6 to 10 pounds of water per pound of coal. The practice of slag drying
" is very fully described in volume 10 of the Mineral Industry, pages
84-95, where figures and descriptions of various driers are also given,
with data on their evaporative efficiency. In one of the methods the -
slug is dried by waste heat from the kilns after it has been mixed with
the limestone. Kiln gases could of course be used in the slag driers,
but they have not been utilized except in plants followmg the method
described.

Grinding the slag.—Slag can be crushed with considerable ease to -
about 50 mesh, but notwithstanding its apparent brittleness it is diffi-’
cult to grind it finer. Until the introduction of the tube mill it was
almost impossible to reduce this material to the fineness necessary for
a cement mixture, and the proper grinding of the slag is still an
expensive part of the process as compared with the gr 1nd1ng of lime-
stone, shales, or clay.

Composition of the limestone.—As the slag carries all the silica and
alumina necessary for the cement mixture, the limestone to be added
to it should be simply a pure lime carbonate. The limestone used for
flux at the furnace which supplies the slag will usually be found to be-
of suitable composition for use in makmg up the (;cment mixture.

Bull. 243—05——4

)
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Advantages of using slag-limestone mintures.—The manufacture of a
true Portland cement from a mixture of slag and limestone presents
certain undoubted advantages over the use of any other raw materials,
while it has also a few disadvantages.

Probably the greatest advantage is in the fact that the most impor-
tant raw material—the slag—can usually be obtained more cheaply
than an equal amount of rock could be quarried or mined. The slag
is a waste product, which is hard to dispose of and may be obtained
at small expense to the cement plant. Another advantage is due to

the occurrence of the lime as oxide, and not as carbonate. The heat

necessary to drive off the carbon dioxide from an equivalent mass of
limestone is, therefore, saved when slag forms part of the cement
mixture, and very low fuel consumption is obtained when slag- hme-
stone mixture is burned.

Of the disadvantages, the toughness of the slag and the necessity
for drying it before grinding are probably the most important. A
third disadvantage, not always apparent at first, is the difliculty of
procuring a proper supply of suitable slag. Unless the cement plant
is closely connected in ownership with the furnaces from which its
slag supply is to be obtained this may become very serious. When
there is a good market for iron the furnace manager will naturally
give little thought to the question of supplying slag to an independent
cement plant.

The advantages of the mixture, howevm seem to outweigh its dis-
advantages, for the manufacture of Por thd cement from slag is now
a large and growing industry in both Europe and America. In this
country two Portland-cement plants have used slag and limestone as
raw materials for some time; several others are in course of con-
struction, and it seems probable that in the near future Alabama will

~join Illinois and Pennsylvania as an important producer of Portland

cement from slag.

WET METHODS OF GRINDING AND MIXING.

Wet methods of preparing Portland-cement mixtures date back to
the time when millstones and similar crude grinding contrivances
were in use. With such imperfect machinery it was almost impossible
to grind dry materials fine enough to give a good Portland-cement
material. In this country the advent of good grinding machinery has
practically driven out wet methods of manufacture, except in dealing
with materials such as marls, which naturally carry a large percentage
of water. Two plants in the United States add water to a limestone-
clay mixture, but the effect of this plactico on the cost sheets of these
remarkable plcmts can hardly be encouraging. :

. The location, physical condition, and chemical composition of the

marls and clays used have important effects upon the cost of the wet




ECKEL.] ' METHODS OF MANUFACTURE. 51

process. Marl deposits of workable size occur only in the Northern
States and in Canada, and consequently the climate is unfavorable to
continuous working throughout the year, for the marl is usually cov-
ered with water, and in winter is procured with difliculty. Marl
deposits are nccesswnly and invariably found in depressions, and the
mill must be located at a higher level, which involves increased expense
in transporting the raw material to tho mill.

Glacial clays, which are usually employed in connection with marl,
commonly carry a much larger proportion of sand and pcbblcs than
the sedimentary clays found farther south. :

The eftect of the water carried by the marl has been noted. The
material as excavated consists approximately of equal weights of lime
carbonate .and of water, and more water is often added to permit the
marl to be pumped up to the mill.

At the mill the clay is often dried in order to simplify the calcula-
tion of the mixture. The reduction of the clay is commonly accom-
plished ‘in a disintegrator or in edge-runner mills, after which the
material is further reduced in a pug mill, sufficient water being here
added to enable it to be pumped readily. It is then ready for mixture
with the marl, which has been screened to remove stones, wood, etc.
The slurry is further ground in pug mills or wet grinding mills of the
disk type, while the final reduction commonly takes place in wet tube
mills. The slurry, now containing 30 to 40 per cent of solid matter
and 70 to 60 per cent of water, is pumped into storage tanks, where it
is kept in constant agitation to avoid settling. The slurry is analyzed
at this point, and the mixture in the tanks is corrected it found to be
of unsatisfactory composition. After standardizing, the slurry is
pumped into the rotary kilns. Owing to the large percentage of
water in the slurry, the fuel consumption per barrel of finished cement
. is 30 to 50 per ceut greater, and the output of each kiln correspond-
ingly less than in the case of a dry mixture.

It may be of interest, for comparison with the above description of
the wet process with rotary kilns, to insert a description of the semiwet
process, as carried on a few years ago at the dome-kiln. plant of the
Empire Portland Cement Company, of Warners, N. Y. The plant
has been remodeled since that date, but the processes formerly fol-
lowed are still of interest, as they resulted in a high-grade though
expensive product.

At the Empire plant the marl and clay were obtamed from a swamp
about three-fourths of a mile from the mill. A revolving derrick with
clam-shell bucket was employed for excavating the marl, while the -
clay was dug with shovels. The materials were taken to the works
over a private narrow-gage road, on cars carrying about 3 tons each,
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drawn by a small locomotive. At the mill the cars were hauled up
an inclined track, by means of a cable and drum, to the mixing floor.

The clay was dried in three Cummer *‘Salamander” driers, after
which it was allowed to cool, and then carried to the mills. These
mills were of the Sturtevant ‘‘rock emery” type, and reduced the
clay to a fine powder, in which condition it was fed, after being
weighed, tothe mixer. The marl was weighed and sent directly to the
mixer, no preliminary treatment being necessary. The average charge
was about 25 per cént clay and about 75 per cent marl.

The mixing was carried on in a mixing pan 12 feet in diameter, in

which two large rolls, each about 5 feet in diameter and 16-inch face,
‘ground and mixed the materials thoroughly. The mixture was then
sampled and analyzed, after which it was carried by a belt conveyor
to two pug mills, where the mixing was completed and the slurry
formed into slabs about 3 feet long and 4 to 5 inches in width and
height. These on issuing from the pug mill were cut into a number
of sections, so as to give bricks about 6 by 4 by 4 inches in size. The
bricks were then placed on slats, which were loaded on rack cars and
run into the drying tunnels. The tunnels were heated by waste gases

from the kilns, and from twenty-four to thirty-six hours were required -

to dry the bricks.

The bricks after drying were fed into dome kilns, of which there
were 20, and which were charged with alternate layers of coke iund
slurry bricks. The coke charge for a kiln was about 4 or 5 tons.
This produced 20 to 26 tons of clinker at each burning, thus giving a
fuel consumption of about 20 per cent, as compared with the 40 per cent
or more required in the rotary kilns using wet materials. From thirty-
six to forty hours were required for burning the charge. After cool-
ing the clinker was shoveled out, picked over by hand, and reduced
in a Blake crusher, Smidth ball mills, and Davidsen tube mills.

The cement mixture ready for burning will commonly contain from
74 to T7.5 per cent of lime carbonate, or an equivalent proportion of
lime oxide. Several analyses of actual cement mixtures are given in
. the table helow. Analysis No. 1, with its relatively high percentage
of. magnesia, is fairly typical of Lehigh Valley practice. Analyses
Nos. 2 and 3 show mixtures low in lime, while analysis No. 4 is proba-
bly the best proportioned of the four, especially in regard to the ratio
between silica and alumina plus iron. This ratio, for ordinary pur-
poses, should be about 2.5 or 3 to 1, as the cement sets quicker and
has less ultimate strength as the percentage of alumina increases. If
the alumina percentage he carried too high, moreover, the mixture
will give a fusible, sticky clinker when burned, causing trouble in the
ki]ns. | ’
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Analyses of cement miztures.

1 2 3 4
_Silica (810, ) .................................. 12.62 | 13.46 | 13.85 14.77
Alumina (Al1,0,) and iron oxide (FeO)......... 6.00 | (?) 7.20 4.35
Lime carbonate (CaCOy). ... oot 75.46 |. 73.66 | 73.93 76..84
Magnesia oxide (MgO) e 2,651 (?) ? 1.74

BURNING THE MIXTURE.

After the cement mixture has heen carefully prepared, as described
in preceding pages, it must be burned with equal care.  In the
early days of the Portland-cement industry a simple vertical kiln,
much like that used for burning lime and natural cement, was used
for burning the Portland-cement mixture. These ‘kilns, while fairly
efficient so far as fuel consumption was concerned, were expensive in
labor, and their daily output was small. In France and Germany
they were soon supplanted by improved types, but still stationary and
vertical, which gave very much lower fuel consumption. In America,
however, where labor is expensive, and fuel is comparatively cheap,
an entirely different style of kiln has been evolved. This is the rotary *
kiln. With the exception of a very few of the older plants, which
have retained vertical kilns, all American Portland-cement plants are
now equipped with rotary kilns.

The history of the gradual evolution of the rotary l\lln is of great
interest, and is discussed in the papers listed below:

Durves, E., The first manufacturer of Portland cement by the direct rotary-kiln
process: anmceung News, July 26, 1900.

Lustey, R. W., History of the Portland-cement industry in the Umted States.
146 pp. Ph]ladclphm 1900.

Lewis, F. H., The American rotary-kiln process for Portland cement: Cement
- Industry, pp. 188-199, New York, 1900.

Marriey, H., The invention of the new cement-burning method: Eng. Min. Jour.,
vol. 6+, 1899, pp. 555, 705. )

Stancer, W. H., and Blount, B., The rotary process 6f cement manufacture:
Proc. Inst. Civil Eng., vol. 145, 1901, ¢p. 44-136.

The influence of the rotary kiln on the development of Portland-cement mann-
facture in America: Engineering News, May 3, 1900.

The design, construction, and operation of the vertical stationary
kilns of various types are discussed in -many reports on Portland
cement, but as the subject is, in America at least, a matter of simply
historical interest, no description of these kilns or their operation will
be given in the present bulletin.®

a Perhaps the most satisfactory single paper on this sulS’ject is that by Stanger, W. H,, and Blount,
B., Gilbert, W., and Candlot, E., and others (Discussion of the value, design, and results obtained from -
various types of fixed kilns). Proc. Inst, Civil Eng., vol. 145, 1901, pp. 44-48, 81-82, 95-100.
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At the different American cement plants the process of burning is
rapidly approaching uniformity, though differences in materials, ete.,
will always make variations necessary. The kiln.in which the material
is burned is now almost invariably of the rotary type, the rotary
process, which is essentially American in its development, being based
upon the substitution of machines for hand labor wherever possible.
A brief summary of the process will first be given, after which certain

“subjects of interest will be taken up in more detail.

SUMMARY OF BURNING PROCESS.

The rotary kiln is a steel cylinder about 6 feet in diameter and, for
dry materials, 60 or 80 feet long. For wet mixtures a kiln 80 to 100
feet long, or even longer, is frequently employed. This cylinder is
set in a slightly inclined position, the inclination being approximately
one-half inch to the foot. The kiln is lined, except near the upper
end, with very resistant fire brick, to withst‘md both the high tem-
perature to which its inner surtace is subjected and the desmuctlve
action of the molten clinker.

The cement mixture is fed in at the upper end of the kiln, while fuel
~(which may be either powdered coal, oil, or gas) is injected at its lower
“end. The kiln, which rests upon geared bearings, is slowly revolved.
This revolution, in connection with the inclination at which the cylinder
is set, gradually carries the cement mixture to the lower end of the
kiln. The intense heat generated by the burning fuel first drives off
the water and carbon dioxide from the mixture and then causes the
lime, silica, alumina, and iron to combine chemically to form the par-
tially fused mass known as ‘‘cement clinker.” This clinker drops out
of the lower end of the kiln, is cooled so as to prevent injury to the
grinding machinery, and is then sent to the grinding mills.

THEORETICAL FUEL REQUIREMENTS.

As a preliminary to a discussion of actual practice in the matter of
fuel, it will be of interest to determine the heat units and fuel theo-
1etlca]ly required in the manafacture of Portland cement from a dry
mixture of normal composition.

* In burning such a mixture to a clinker the heat needed will be the
amount required for the dissociation of the lime carbonate into lime
oxide and carbon dioxide. A small additional amount of heat will he
required to drive oft the water that is chemically held by the clay.or
shale and to decompose any calcium sulphate (gypsum) that may be
present. The amount required for these purposes is not accurately
known, however, but is probably so small that it will be more or less
entirely oftset by the heat which will be liberated during the combina-
tion of the lime with the silica and alumina. We may, therefore, without
sensible error, regard the total heat theoretically required for the pro-
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duction of a barrel of Portland cement as being that which is necessary
for the dissociation of 450 pounds of lime carbonate. With coal of a
thermal value of 13,500 B. T. U., burned with only the air supply
demanded by theory, this dissociation will require 254 pounds of coal
per barrel of cement, a fuel consumption of only 6.6 per cent.

LOSSES OF HEAT.

In practice, however, heat is lost in a number of ways, and the fuel
consumption is immensely greater than is theoretically called for.
The more important ways in which heat is lost are as follows:

(1) The kiln gases are discharged at a temperature much above that
of the atnlosphele ranging from 300° to 2,000° F., according to the -
type of materials used and the length of the kiln. ( ) The clinker is
discharged at a temperature varying from 300° to 2 ,500° F., the range

depending, as before, on materials and the length of the kiln.  (3) The
air supply injected into the kiln is always greater, and usually very
much greater, than that required for the perfect.combustion of the
fuel, and the available heating power of the fuel is thereby reduced.
(4) Heat is lost by radiation from the ends and exposed surfaces of
the kiln. (5) The mixture, in plants using a wet process, carries a
high percentage of water, which must be driven oft.

It is evident, therefore, that the amount of fuel actually necessary
for the production of a barrel of cement is much above that required
by theory.

ACTUAL ¥FUEL REQUIREMENTS AND OUTPUT.

Rotary kilnsare nominally rated at a production of 200 barrels a day
per kiln. Even on dry and easily clinkered materials and with good
coal, however, such an output is not commonly attained with a 60-foot
kiln. Normally, a 60-foot kiln working on a dry mixture will produce
from 160 to 180 barrels of cement each day of twenty-four hours. In
doing this, if good coal is used, its fuel consumption will commonly
be from 120 to 140 pounds of coal per barrel of cement, though it may
range as high as 160 pounds, and, on the other hand, has fallen as low
as 90 pounds. An output of 175 barrels a day, with a coal consump-
tion of 130 pounds per barrel, may therefore be considered as repre-
senting the results of fairly good practice on dry materials with a
60-foot kiln. In dealing with a wet mixture, which may carry any-
where from 30 to 70 per cent of water, the results are more variable,
though always worse than with dry matel ials. In working a 60-foot
kiln on a wet material, the daily output may range from 80 to 120
barvels, with a fuel consumption of from 150 to 250 pounds per barrel:
Using a longer kiln, partly drying the mixture and utilizing waste
heat, will of course improve these figures materially.
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When the heavy . Wcstem oils are used for kiln fuel, it may be
estimated that 1 gallon of oil is equivalent in the kiln to about 10
pounds of coal.  The fuel consumption, using dry materials, will
range between 11 and 14 gallons of oil per barrel of cement; but the
daily output is alwmys somewhat less with oil fuel than where coal
is used.

Natural gas in the kiln may be compared with good Pennsylvania
coal by allowing about 20,000 to 30,000 cubic feet of gas as equivalent
to a ton of coal. This estimate is, however, based upon too little data
to be as close as those above given for oil or coal.

EFFFC'f OF COMPOSITION ON BURNING.

The differences in composition hetween Portland-cement mixture®
are very slight if compared, for example, to the differences between
various natural cement rocks. But even such slight differences as do
exist exercise a very appreciable effect on the burning of the mixture.
Other things being equal, any increase in the percentage of lime in
the mixture will necessitate a higher temperature in order to get an
equally sound cement. A mixture which will give a cement carrying
59 per cent of lime, for example, will require much less thorough
burning than would a mixture designed to give a cement with 64 per
cent of lime. '

With equal lime percentages, the cement carrying high silica and
'low alumina and iron will require a higher temperature than if it were
lower in silica and higher in alumina and iron. But, on the other
hand, if the alumina and iron are carried too high, the clinker will
ball up in the kiln, forming sticky and unmanageable masses. '

CHARACTER OF KILN FUEL.

The fuel most commonly used in modern rotary kiln practice is
bituminous coal, pulverized very finely. Coal for this purpose should
be high in volatile matter and as low in ash and sulphur as possible.
Russell gives the following analyses of West Virginia and Pennsyl-
vania coals used at present at various cement plants in Michigan:

Analyses of kiln coals.

1 2 3 4
Fixed carbon - ... o... . o i, 56.15 | 56.33 | 55.82 51. 69
Volatilematter. ... ... .. 35.41 | 35.26 | 39.37 39.52
7 X o R 6. 36 7.06 3.81 6.13
Moisture .......... et eeteaaeeeeaaan e 2.08 1.35 1.00 1.40
Sulphur ... ... 1.30 1.34 .42 1.46
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- The coal as usually bought is either ‘“slack” or ‘‘run of mine.” In
the latter case it is necessary to crush the lumps before proceeding
further with the preparation of the coal, but with slack this plclmu-
nary crushing is not necessary, and the material can go dir ectly to the
drier.

DRYING COAL.

Coal as bought may carry as high as 15 per cent of water in winter
or in wet seasons. Usually it will run from 3 to 8 per cent. To obtain
good results from-the crushing machinery this water must be driven
off. For coal drying, as for the drying of raw materials, the rotary
drier seems best adapted to American conditions. It should be said,
however, that in drying coal it is usually considered inadvisable to
allow the products of combustion to. pass through the cylinder in
which the coal is being dried. This restriction serves to decrease
slightly the possible economy of the drier, but an evaporation of 6 to
8 pounds of water per pound of fuel coal can still be counted on with
any good drier. The fuel cost of drying coal containing 8 per cent
- of moisture, allowing $2 per ton for the coal used as fuel, will there-
fore be about 3 to 4 cents per ton of dried product.

PULVERIZING COAL.

Though apparently brittle enough when in large lumps, coal'is a
difficult material to pulverize finely. For cement-kiln use, the fineness
of reduction is extremely variable.. The finer the coal is pulverized
the better results will be obtained from it in the kiln, and the poorer -
the quality of the coal the finer it must be pulverized. The fineness
attained in practice may therefore vary from 85 per cent, through a
100-mesh sieve, to 95 per cent or more, through the same. At one
plant a very poor but cheap coal is pu1vmi7ed to pass 98 per cent
through a 100-mesh sieve, and in consequence gives very good 1esults
in the kiln.

Coal pulverizing is usually carried on in two stages, the material
being first crushed to 20 to 30 mesh in a Williams mill or ball mill, and
finally reduced in a tube mill. At many plants, however, the éntire
reduction takes place in one stage, Griffin or Huntington mills being
used.

TOTAL COST OF COAL PREPARATION.

The total cost of crushing (if necessary), drying, and pulverizing
coal, and of conveying and feeding the product to the kiln, together
with fair allowances for replacements and repairs and for interest on
the plant, will probably range from about 20 to 30 cents per ton of
dried coal, for a 4-kiln plant. This will be equivalent to a cost of
from 3 to 5 cents per barrel of cement. While this may seem a heavy
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addition to the cost of cement manufacture, it should be remembered
that careful drying and fine pulverizing enable the manuficturer to
use much poorer, and therefore cheaper, grades of coal than could
otherwise be utilized.

CLINKER GRINDING.

The power and machinery required for pulverizing the clinker at a
Portland-cement plant using the dry process of manufacture are not
much more than those needed for pulverizing the raw materials. This
may seem at first sight improbable, for Portland-cement clinker is
~much harder to grind than any possible combination of raw materials;
but it must be remembered that for every barrel of cement produced
about 600 pounds of raw materials must be pulverized, while only a
scant 400 pounds of clinker will be treated, and that the large crushers
required for some raw materials can be dispensed with in crushing
clinker. With this exception, the machinery for treating the raw
material and that for treating the clinker of a dry-process Portland
cement plant are usually almost duplicates.

The difficulty, and in consequence the expense, of grinding clinker °
will depend in large part on the chemical composition of the clinker
and on the temperature at which it has been burned. The difficulty
of grinding, for example, increases with the percentage of lime carried"
by the clinker, and a clinker containing 64 per cent of lime will be
very noticeably more resistant to pulverizing than one carrying 62
per cent of lime. So far as regards burning, it may be said in general
that the more thoroughly burned the clinker the more difficult it will
be to grind, assuming that its chemical composition remains the same.

The tendency among engineers at present is to demand more finely
ground cement. While this demand is doubtless justified by the
results of comparative tests of finely and coarsely ground cements, it
must be borne in mind that any increase in fineness of grinding means
a decrease in the product per hour of the grinding mills employed,
and a consequent increase in the cost of cement. At some point in
the process, therefore, the gain in strength due to fineness of grinding
will be counterbalanced by the increased cost of manufacturing the
more finely ground product.

The increase in the required fineness has been gradual but steady
during recent years. Most specifications now require at least 90 per
cent to pass a 100-mesh sieve, a number require 92 per cent, while a
few important specifications require 95 per cent.

ADDITION OF GYPSUM.

The cement produced by the rotary kiln is invariably naturally so
quick-setting as to require the addition of sulphate of lime. This sub-
stance, when added in quantities up to 2§ or 3 per cent, retards the
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rate of set of the cement proportionately, and appears-to exert no
injurious influence on the strength of the cement. In amounts over
3 per cent, however, its retarding influence seems to become at least
doubtful, while a decided weakening of the cement is noticeable.

Sulphate of lime may be added in one of two forms, either as crude
gypsum or as burned plaster. Crude gypsum is a natural hydrous
lime sulphate, containing about 80 per cent of lime sulphate and 20
per cent of water. When gypsum ‘is calcined at temperatures not
e\ceedlno' 400° F., most of its contained water is driven off. The

phstel remaining carries about 93 per cent of iime sulphate, with
only 7 per cent of water.

In Portland-cement manufacture elt;hm gypsum or burned phste1
may be used to retard the set of the cement, but gypsum is univer-
‘sally employed in the United States. This is merely a question of
cost. It is true that to secure the same amount of retardation of set
it will be necessary to add a little more gypsum than burned plaster,
but gypsum is much cheaper than burned plaster.

The addition of the gypsum to the clinker is usually made betore it
has passed into the ball mill, comminuter, or whatever mill is in use
for preliminary grinding. Adding jt at this point insures much more
thorough mixing and pulverizing than if the mixture were made later
in the process. At some of the few plants which use plaster instead
of gypsum the finely ground plaster is not added until the clinker has
received its final grinding and is ready for storage or packing.



PART II. PORTLAND - CFMD‘\T'I‘ RESOURCES OF THE UNIT]«D
STATES.

INTRODUCTION.

In this part of the bulletin the States are taken up in alphabetical
order.and the available Portland-cement materials of each State are
described, whether the materials are used or not. When Portland-
cement plants are in operation, a brief sketch of the materials used and
processes followed is also given. These descriptions are based, in the
large majority of cases, on the results of the writer’s field work in 1903
and 1904,.in the course of which most of the Portland-cement plants
of the United States were visited. Portland-cement plants are in
operation in nineteen States (see Pl I). .

The cement resources of the various States can not be described in
uniform detail. In some States the limestones have been accurately
mapped throughout their extent, and .numerous analyses are available.
In such cases a more detailed discussion of the cement resources is pos-
sible than where geologic mapping is less advanced. For this reason
the descriptions of some of the States are unsatisfactory, but it would

have been impossible to adequately repair these defects of omission in
any reasonable length of time.

References are frequently made, in footnotes, to reports of the
States or of the United States Geological Survey. Such reports may
usually be obtained, either free or at a nominal price, on application
to the officials at the heads of the respective surveys.

Maps showing the distribution of cement materials have been
inserted wherever sufficient data were at hand to justify their presen-
tation.

' PORTTJAND-CEMENT RESOURCES OF ALABAMA.
PORTLAND-CEMENT MATERIALS OF ALABAMA.

By EucGeNe A. SMITH.

In Alabama several extensive series of limestones capable of fur-
nishing excellent raw material for the manufacture of Portland cement
occur, while the shales and clays necessary to complete the mixture
are found in every county in the State. As a matter of convenience,

60
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the Portland-cement materials of northern Alabama and of central
and southern Alabama will be discussed separately, because there is
a marked gedlogic as well as geographic distinction between the two
portions of the State.

NORTHERN ALABAMA.

The raw materials for the manufacture of Portland cement occur-
ring in the Paleozoic formations of northern Alabama are limestones,
shales, and clays. The limestones belong mainly to the Mississip-
pian (¢ Lower Carboniferous”) and to the Chickamauga formation, the
shales to the Pennsylvanian (‘‘Coal Measures”), and the clays to the
Cambrian, Mississippian, and Pennsgylvanian. Although these mate-
rials have not yet been utilized for Portland-cement manufacture in
Alabama, they have been so used in other States, and there is ho reason
to doubt that the future will witness their utilization in Alabama.

GENERAL GEOLOGY.

In northern Alabama the combined effects of geologic structure and
erosion have resulted in certain definite topographic types with which
the geologic outcrops are closely connected.

Structurally, northern Alabama is made up of a series of parallel
synclines and anticlines, trending usually a little north of east. The
anticlines are sharp, narvow folds; the synclines arve flat, wide basins.
The effect of erosion has been to cut away the synclines, and the
streams of the region now run along anticlinal valleys bordered hy
flat-topped synclinal plateaus.

The plateaus throughout most of northern Alabama are cappcd by
conglomerates, ::htlcs, and sandstones of the Coal Measures. The
Mississippian limestones.commonly outcrop along the sides and at the
immediate base of the plateaus. The Ordovician (* Lower Silurian”)
beds occur as long, narrow outcrops in the valleys. The middle of
the valley is usually occupied by Cambrian shales and the Knox dolo-
mite. The Chickamauga limestones would normally outcrop as two
parallel bands in each valley—between the middle of the valley and
the foothills of the plateaus. Faulting has, however, been so common
that only one of these bands is usually present, the other being cut out
by a fault.

LIMESTONES.

CHICKAMAUGA LIMESTONE.

The Chickamauga limestones outcrop in Alabama in three principal
areas. In the Tennessee River Valley some of the smaller streams
which flow into the river from the north, like Flint River, Limestone
Creek, Elk River, Bluewater Creek, and Shoal Creek, have eroded
their valleys into the Chickamauga limestone, © These areas are crossed
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at only a few points by the railroads leading out from Huntsville and
Florence, and no commercial use has as yet been made of the rock. .

In the narrow anticlinal valleys below enumerated erosion has in
most cases sunk the floors of the valleys into Cambrian strata, and, as
a consequence, the Chickamauga limestone occupies a narrow belt on
each side, near the base of the Red Mountain ridges. But since a fault
usually occurs on one side of these valleys, the Red Mountain ridges
and the accompanying Chickamauga limestone are more fully repre-
sented on the unfaulted side, which is the eastern side in all except
Murphrees Valley. While the Chickamauga forms practically a con-
tinuous belt along the undisturbed side, extensive areas are sometimes
found on the faulted side also. This is the case, for instance, at Vance
on the Alabama Great Southern Railroad, where the rock is quar rlcd
for flux for the furnace of the Central hon Company at Tuscaloosa.
Anal; sis 1 of the table on page 69 shows its composition here. Other
series of analyses from lower ledges in the quarry show only 1.22 per
cent of silica, but more magnesia.

In cases where erosion has not gone so deep as to.reach the Cam-
brian the Chickamauga may be found extending entirely across the
valleys. This is the case in the lower part of Browns Valley from
Brooksville to beyond Guntersville. Above Guntersville the Chicka-
mauga is seen mainly on the eastern side of the valley. The river
touches these outcrops at many points, and at Guntersville the rail-
road connecting that city with Attalla would afford an additional
means of transportation. No developments have yet been made in
this area.

The valley separating the Warrior from the Cahaba coal field is
known as Roups Valley in the southern and as Jones Valley in the
northern part. In these the Chickamauga limestone occupies a nar-
row, continnous belt, usually near the base of the eastern Red Moun-
tain ridge, though in places it is high up on the ridge and even at its
summit, as at Gate City, where the quarries of the Sloss Iron Com-
pany are located. Many analyses of the rock from this quarry have
been made, and several are given in the table on page 69 (Nos. 2, 3, 4,
3, 6). .
In Murphrees Valley the continuous belt of Chickamauga lime-
stone, as above explained, is on the western side, while the faulted
remnants are on the eastern side. No quarries have been opened in
the Chickamauga limestone here, but the Louisville and Nashville
Railroad goes up the valley as far as Onconta and would afford means
“of transportation.

In Cahaba Valley, which separates the Cahaba coal field from the
Coosa coal field, the Chickamauga is well exposed on the eastern side
for the entire length of the valley from Gadsden down. It expands
into wide areas near the southern end, where it has been quarried for
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lime burning at Pelham, Siluria, Longview, Calera, and other places
on the line of the Louisville and Nashville road. Analyses 7, 8, and
9 of the table on page 69 show the composition of the rock in this
region.

The Central of Georgia and the Southern railroads cross this belt
about midway of its length at Leeds, in Jefferson County, and near its
northern end it is crossed by the Louisville and Nashville Railroad,
where a quarry at Rock Springs, on the flank of Colvin Mountain,
supplies the rock for lime burning. Analysis 10 (p. 69) shows the
character of the rock at this point.

At Pratts Ferry, on Cahaba River, a few miles above Centerville,
in Bibb County, the Chickamauga limestone makes high bluffs along
the river for several miles, and is in most convenient position for easy
quarrying.

Marble works have in former days been established here and should
be again put in operation, since the marble is of fine quality and heau-
tifully variegated. No analyses are available, but there is no doubt
that much of the rock is sufficiently low in magnesia to be fit for use
in cement making. Cahaba River and a short spur from the Mobile
and Ohio Railroad would afford transportation facilities for this deposit.

In Big Wills Valley, which separates Sand and Lookout mountains,
the Chickamauga limestone occupies perhaps 25 square miles, but it is
crossed only by the railroad connecting Gadsden with Guntersville.
No analyses are available. _

In the great Coosa Valley region the Chickamauga outcrops arve
found mostly on the western border, near the base of Lookout Moun-
tain, as in Broomtown Valley and in other valleys extending south
toward Gadsden. While these belts have been utilized in the past tor
the old Gaylesville, Cornwall, and Round Mountain furnaces, and pos-
sibly for some furnaces now in blast, no analyses are available.

Similarly, farther south, along this western border of the Coosa
Valley, and running parallel with the Coosa coal field in Calhoun, St.
Clair, and Shelby counties, there are numerous long, narrow outcrops
of Chickamauga limestone. The Calcis quarry of the Tennessee Coal,
Iron and Railroad Company, on the Central of Georgia Railroad, near
Sterritt, is upon one of these outcrops, and furnishes limestone with a
very low and uniform percentage of silica and magnesia. Analyses 11,
12,13, 14,15, and 16 exhibit the quality of the rock as received at the
Ensley Steel Works, but care is taken at the quarry to select ledges
low in silica and magnesia, and the analyses therefore represent only
the selected ledges and not the average run of the quarry as a whole.

Near Talladega Springs, Marble Valley, and Shelby are other occur-
rences of the rock, and a quarry a few miles east of Shelby furnace
has for many years supplied that furnace with its flux. The quality
of the material here is'shown by analyses 17, 18, 19, and 20 (p. 69).
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The Cambrian limestones contain generally a very considerable pro-

portion of magnesia, and for this reason are not suited for Portland
cement manufacture, though admirably adapted for furnace stone.
" Along the eastern border of the Coosa Valley, near its contact with
the metamorphic rock, thete is a belt of limestone which, in places, is
a white crystalline marble of great purity, as is shown by analyses 1 to
7, inclusive, of the table on page 70. The Louisville and Nashville Rail-
road from Calera to Talladega passes close to this belt at many points.
This marble has been quarried at several places for ornamental stone.
It is mentioned here because it is near the railroad and its description
completes the account of the limestone. :

MISSISSIPPIAN (* LOWER CARBONIFERQUS”) LIMESTONES.

Limestones of suitable quality for cement manufacture occur in the
Bangor limestone of the Mississippian (‘‘ Lower Carbcniferous”).
Perhaps the most accessible occurrences of this rock are in the Ten
nessee Valley to the west of Tuscumbia and south of the river and
railroad. Here the quarries of Fossick & Co. were formerly located.
Their quarries at this time are farther east, but at a greater distance '
from the river, in Lawrence County north of Russellville. This out-
crop extends thence eastward along the base of Little Mountain as far
as Whitesburg, above which place to Guntersville the river flows
through a valley floored with Mississippian limestone. The Southern
Railway passes over outcrops of this rock in most of the mountain
coves east of Huntsville, and from Scottshoro to the Tennessee line
" the country rock is almost entirely of this formation. The Louisville
and Nashville Railroad south of Decatur nearly to Wilhite is mostly
in the same formation. These two lines, together with Tennessee
River, would provide ample means of transportation for the rock or
for the finished product. An analysis of the rock from the Fossick
quarries is given in the table on page 68.

In Browns Valley, south of Brooksville, the B‘mgm limestone is the
prevailing rock across the valley, and at Bangm and Blount Springs,
on the Louisville and Nashville Railroad, there are extensive quarries
which have been worked for mzany years to supply rock for fluxing
purposes to the furnaces of the Birmingham district.. Analyses Nos.
2,3,4,5,6,7,8,and 9, on page 68, show the composition of average
samples from these quarries; 5 to 9, inclusive, are of carload samples.

From Brooksville to the Tennessee line a great thickness of this
limestone is exposed along the western escarpment and below the top
of Sand Mountain, which is'capped by sandstones of the Coal Measures.
* In this area the river runs near the foot of the mountain and would
afford the means of transportation.

In similar manner the Bangor limestone outcrops along the western
flank of Lookout Mountain in Little Wills Valley, from near Attalla
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to the Georgia line, and south of Attalla it forms the lower part of the
escarpments of Blount and Chandlers Mountain. The Alabama Great
Southern Railroad passes very near to the outcrop from.the Georgia
line down to Springville, Ala, South of. Springville large outcrops:
occur in Shades Valley, and at Trussville are quarries which have sup-
plied the Birmingham furnaces. Analyses 10 to 17, inclusive, page 68,
are of material from Trussville; and analyses 12 to 17, inclusive, rep-
resent average samples from carload lots delivered to furnace.

In Murphrees Valley the main outcrop of this rock is on the western
side, and quarries at Compton have for many years been worked to
supply the Birmingham fufnaces. Analyses 18, 19, and 20 of the
rock from these quarries show somewhat varying composition, but by
proper selection suitable material could easily be obtained.

In the valleys lying east of Shades Valley and in parts of Shades
Valley itself this formation becomes prevailing by -shales and sand-
stones, limestones being of limited occurrence and of inferior quality.

CLAYS AND SHALES.

The most important clays in the Paleozoic region occur in the Coal
Measures, in the Mississippian, and in the Ordovician and Cambrian
formations. But, inasmuch as a later formation—the Tuscaloosa of
the Cretaceous—borders the Paleozoic on the west and south, and as
it contains a great variety as well as abundance of clays, it will be
described here, although it is not Paleozoic. -

ORDOVICIAN (“LOWER ‘SIL URITAN") AND CAMBRIAN SHALES.

Associated with the cherty limestones and brown iron orves of these
formations are beds of fine white clay, much of it china clay.
Analysis 7 of the second table on page 70 shows the composition of a

" white clay from the brown ore hank at Rock Run, in Cherokee County,
where the clay is about 30 feet in thickness. Analyses 8 and 9 are
also from Rock Run. No. 10, from near- Gadsdcn No. 11, from
Blount County, and No. 12, f10m Oxanna, in (Jalhoun County, are of
clays which seem to be adapted to cement making. While no great
number of the clays of these formations have been analyzed, they are
known to be widely distributed in Calhoun, Talladega, Jefferson, Tus-
caloosa, and other counties in connection with the brown ore deposits.

MISSISSIPPIAN (“ LOWER CARBONIFEROUS") SHALES. '

Associated with the cherty limestones of the lowermost division of
the Carboniferous of some of the anticlinal valleys are beds of clay of
excellent quality, much of it being of the nature of china clay.

Probably the best exposures of these clays ave in Little Wills Val-
ley, between Fort Payne and the Georgia border, and on the line of
the Alabama Great Southern Railroad, where for many years quarries

Bull. 243—05——5 ’
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have been in operation in supplying material for tile works and pot-
teries. The clays lie near the base of the formation, close above the
black shale of the Devonian, and average about 40 feet in thickness,
though in places they reach 200 feet. The clay beds alternate with
* seams of chert which are from 2 to 8 inches in thickness, while the
clay beds vary from 12 to 18 inches. The upper half of the clay is
more gritty than the lower half, which often contains material suitable
for the manufacture of the finer grades of porcelain ware. Analyses
3-6 in the second table on page 70 show the composition of several vari-
eties of clay from this section.

PENNSYLVANIAN (“ COAL MEASURES”) SHALES.

In this group are numerous beds of shale which have been utilized
in the manufacture of vitrified brick and fire brick, but many of them:
will probably be adapted to cement making. A great body of these
shales occurs in connection with the coal seams of the Horse Creek or
Mary Lee group, in Jefferson and Walker counties, and in position
where they are conveniently situated with reference to limestone and
coal and also to transportation lines. They are therefore well worth
the attention of those contemplating the location of cement plants.

On the property of Mr. W. H. Graves, near North Birmingham,
overlying the coal seam mined by him, are two beds of shale—one
yellowish, the other gray. These two shales have been tested and
analyzed, and their composition is shown in Nos. 1 and 2 of the second
table on page 70.

Similar shales are used also at Coaldale, in J effelson County, and at
Pearce’s mill, in Marion. Of these we have reports of physical tests,
but no arialyses. '

So also most of the coal seams mined in Alabama rest upon clay
beds which have not as yet been specially examined as to their fitness
for cement making; but, in view of the proximity of the coal mines to
the limestones, it might he worth Whlle to investigate these underclays
of the coal seams.

CRETACEOUS CLAYS.

In many respects the most important formation of Alabama with
regard to clays is the lowermost division of the Cretaceous, which
has been called the Tuscaloosa, and which is, in part at least, of the
same geologic horizon as the Raritan clays of New Jersey. The pre-
vailing strata of this formation are yellow1sh and graylsh sands, but
subordinated to them are great lenses of massive clay, varying in'qual-
ity from almost pure- -white burning clay to dark-purple and mottled
varieties high in iron.

The formation occupies a belt of country e\tendmg from the north-
western corner of the State around the edges of the Paleozoic forma-
tions to the Georgia line at Columbus. Its greatest width is at the
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northwest boundary of the State, where it covers an area, 30 or 40
miles wide in Alabama and of about the same width in Mississippi.
The breadth at Wetumka and thence eastward to the Georgia line is
only a few miles. The most important part of this belt is where it is
widest, in Elmore, Bibb, Tuscaloosa, Pickens, Fayette, Marion, Lamar,
Franklin, and Colbert counties, and the deposits are traversed by the
lines of the Mobile and Ohio, the Alabama Great Southern, the Louis-
ville and Nashville, the Southem and the Kansas City, Memphis and
Bnmmgham railroads, as well as by the Warrior and Tombigbee
rivers.

These clays have been described in some detail. Many analyses and
physical tests have been presented in Bulletin No. 6 of the Alabama
Geological Survey. From this bulletin have been selected certain
analyses which appear to indicate the fitness of the clays for cement

making.

In Elmore County in the vicinity of Coosada, along the hanks of the
river, about Robinson Springs, Edgewood, and Chalk Bluff, are many
deposits of these clays, some of which have been used in potteries
for many years. Analyses 13, 14, and 15, on page 70, are of clays
from Coosada, Edgewood, and Chalk Bluff, respectively.

In Bibb County clay for fire brick has been quarried very exten-
sively at Bibbville and near Woodstock. - For this purpose the mate-
rial is carried to Bessemer by the Alabama Great Southern Railroad.
Analysis 16, from Woodstock, and 17, from Bibbville, will represent
the average quality of the clay from these beds, which are very exten-
sive both in thickness and in surficial distribution. The Mobile and
Ohio crosses other extensive deposits in the southern part of the
county, but no analyses are available.

The most important of the clay beds in Tuscaloosa County are trav-
ersed by the Mobile and Ohio Railroad and by the Alabama Great
Southern.

Analysis 18, from Hull’s, and analysis 19, from the Cribbs beds,
are on the Alabama Great Southern, and 20 and 21 are from cuts of
the Mobile and Ohio, a few miles west of the city of Tuscaloosa.

Many large beds are exposed along the Mobile and Ohio road in
Pickens County also, but very few have been 1nvest1gated Analysis
22 is from Roberts’s mill, in this county.

In Lamar and Faycttc counties the same conditions prevail as in
Pickens and Tuscaloosa. Analysis 23 is of pottery clay from the
Cribbs place, in Lamar; 24 is of clay from Wigging’s, 4 miles west-
of Fayette; 25 and 26 are clays from W. Doty’s place, 14 miles west of
that town, in Ffmyette County. ’

Marlon is one of the banner counties of the State for fine clays, but
it is touched by railroads only along its southern border and in the
-extreme northeastern corner. Although at present not available
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hecause inaccessible, the clays mentioned below (tabulated on page 71)
are wmthy of consideration: 27, from Bexar; 28, from Briggs Fred-
ericks’, in sec. 8, T. 10, R. 13 W. The last is flom the great clay
deposit which gives the name to Chalk Bluft and which underlies
about two townships; 29 is from a locality about 16 miles southwest
of Hamilton, the county seat.

No. 30 is from a locality near the Mississippi line, in sec. 20, T. 8,
R. 15 W., in Franklin County, from land of Mr. Thomas Rollins.

Of the numerous fine clays of Colbert County analyses are given of
two from Pegram station, on the Southern Railway near the Missis-
sippi State line. These are Nos. 31 and 32.

ANALYSES.

Analyses of Mississippian limestones from Alabama.

Iron oxide . .
Number. (SS"](')C’;‘ a]l?rr;?nn cn{go]]}gttﬁ héﬁ%rggls]ﬁ? Suzg)hnr .
2. (Fe,0gand (CaCO0g). (MgCO0y). '
ALCy). |
) 0.50 1.45 |  96.58 2.58 | ...
. 1.73 .78 96,54 |veeeienlooii .
Bl L7 .35 97.60 |..... S .
R 1.14 .34 98.53 |uemmaaa .
B e 102 138 95.25 |+ 173 |..........
B 1400 1.17| o467 2.26 i
T . .68 1.02 |- 96.54 .26 |..........
8 e .81 .89 97. 45 85
9 .82 .60 |~ 97.37 .75 0. 029
10 e 2.16 | - 2.31 89.15 4.20 [_......_.
1 DT 3.12 2.32| 8587 420
12 el .85 .65 96. 64 1.36 . 024
[ SO 1.08 .61 96.91 .90 .019
1 N 97. 60 .52" .018
15 e e 64| T .62 97.48 (3 A
16 e eeeeeeeaann 1.12 .90 96. 38 110 [ oo,
17 e .42 .37 97.32 |  1.39 .020
18 e 2.05 .76 89.64 | 815 | .........
19 e 4.45 3.30 86.35 |ueeeeaeeaa
20 .. . 2. 80 .70 94.59 | ...l

1. Average sample from Fossick quarry, near Rockwood, Fra11k11n County Government Arsenal,
Watertown, Mass., analyst.

2. Avemge smnple from Blount Springs quarry—a compact limestone. Henry McCalley, analyst.

3. ]A\Eemge sample from Blount Springs quarry—a granular oolitic llmestone Henry MccCalley,
analys

4. Average sample upper 75 feet, Blount Springs quarry. J. L. Beeson, analyst.

5-9. Average sample Blount Sprmgs quarry. J. R. Harris, analyst,

10,11. From Worthington quarry, near Trussville, Jefferson County. C. A. Meissner, analyst.

12—]7 From Vanns, near Trussville. J. R. Harris, analyst.

18. Average of about 150 feet thickness of rock used for ﬂux Compton quarry, Blount County. J. L.
Beeson, anal]{

19, 20. Stoc house sample, Compton quarry. Wm. B. Phillips, smalyst

TN
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Analyses of Chickumauga timestones from Alabama.

: Iron oxide . S :

Number. .(Ssiil(if;‘ nlsgl(}lm c’aggg:\%.te 1\53%?;,:2}? Sll(lls)glm‘
X 2 (Fe%O;; and (CaCOy). (MgCO0y). N
A10).

4,48 1.22 88. 85 3.52 ...,
5.70 1.87 91,16 |
2.43 3.30 89.88 | .o
, 3.65 .91 92,38 |.ooei e,
’ 3.29 149 0261 |oooei .
[ 3.82 1961 90.44 |....... .
y . .39 A3 9911 R
{ 8, .15 Tr. 99.16 3
T 78| .85 9752 0 127 |.........
’ 10, . 1.00 .30 - 97.00 Tr. Tr.
Tl .43 42]  98.49 A6 e
12 e .58 .25 95. 78 2.89 (...
13 e s .38 .47 98.35 280 |eeeen.
oo . .34 .46 96. 53 217 |
15l 39| e 94.27 447 ..
16 e .98 .52 96.92 1,08 |.ooeeen.
| 17 el 2.50 1.40 96,70 |.........]... S
' 18 e . 2.09 1.01 93.77 . 2.48 |......_...
19 et 1.08 .63 98.91 B8 [
20 2.95 68| 95.40 94 |

1. Average of several carloads flux rock from guarry at Vance, Tuscaloosa County, of Central Iron
Company at Tuscaloosa. H. Buel, nnalyst. . :

2.]Gute City quarry, Jefferson County. Average sample from the crusher, Henry MecCalley,
analyst. .

3-6. Gate City quarry. J, W. Miller, analyst.

7,8. Longview quarries, Shelby County. Used in lime burning. Report of Alabama State Geolo-
gist, 1875. :

9. Jones quarry, near Longview. Report of Alabama State Geologist, 1875.

10]. Rock Spring quarry, Etowah County. Used in lime burning and for flux. Wm. B. Phillips,
analyst.

11-16. Rock from Calcis quarry, St. Clair County. J. R. Harris, analyst.

17-20. Shelby quarry, Shelby County. Used for flux in Shelby furnaces. Report of Alabama States
@Geologist, 1875. C
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Analyses of crystalline marbles.

- Tron oxid . .
Number,” Sition (310, 0 tminal FImechr | Magieshm
A Ay | (CaCOs). | (MgCOy).
L i 4\ O I, 99. 47 0.30
e iiieeeaann 2.70 | 0.40 90.80 | - Tr.
> . e 2.95 | 1.15 95. 25 .62
4 ... e eeeeeeeeeeceaaaeeaaaaan 4,65 .75 94. 40 .41
.......................... 2.80 .48 . 95.60 .66
B e i 1.35 .30 97.60 | - Tr.
T e i .28 | .28 99. 19 .14
1. Herd’s upper quarry, Talladega County. Turomey’s Second Report, Geology of Alabama.
2. Herd’s quarry, sec. 16, T. 21, R. 4 E., Talladega County. Wm, B. Phillips, analyst.
§ Tovlors mil dalndesn Gonnty. bine smrla. W, G Sbb anvse
5. Taylor's mill, Talladega County. A. F. Brainerd, analyst.
6. Nix quarry, sec. 36, T. 20, R. 4 K., Talladega County, white marble. 'Wm. B. Phillips, analyst.
7. Gannt's quarry, sec. 2, T. 22, R, 3 E., Talladega County, white marble. A. F. Brainerd, analyst.
Analyses of clays— Paleozoic and lower Cretaceous.
somber, | S| Alamine o e \Magnsin "0 | rgniton. | o
) D 61.55 | 20.25 7.23 Tr. 1. 0.99 1.25 6.19 98. 66
2 ... 57.80 | 25.00 4.00 2.10 .80 1.80 7.50 99. 00
b S 79.80 | 11.75 1.75 .75 Tr. 1.0 | - 4.11 99.16
[ S, 82.04 | 12.17 Tr. Tr. "33 .60 4.33 99.47
s J 66.25 | 22.90 1.60  Tr. Tr. ) 9.05 | 100.55
6oooennnn. 82.11 | 11.41] 1.40 Tr. .66 | 1.80 |- 4.00° 101.38
T eeeeiaaenn 60.50 | 26.55 .30 .90 .65 2.70 7.90 99, 50
- R 72.20 | 22.04 .16 .50 .40 .60 5.80 | 101.70
[ D 57.00 | 17.80 5.60 2.10 1.20 6.00 9.45 99.15
10.......... 67.95 1 20.15 | 1.00 1.00 Tr. 1.87 8.00 99. 97
Moo 61.50 | 26.20 | 2.10| .50 | .43 | .70| 7.29| 98.72
1200 84.211 9.75| .69 .70 14 |eael 410 99.59
13 66.61 | 21.04 2. 88 .40 . b8 .70 7.00 99. 21
14 ... ... 62.60 | 26.98 72 .40 .36 .65 9.30 | 101.01
15, ... .| 60.38 | 20.21 6.16 .09 .72 1.80 | 10.21 99. 57
16 .. ...... 65.82 | 24.58 1.25 |........ Tr. .60 8.16 | 100.41
17 ..., 74.25 | 17.25 1.19 .40 Tr. .52 6.30 99. 39
18 ..., 61.25 | 25.60 2.10 251 7 .82 1.35 8.10 99. 47
19 . 65.35 | 21.30 2.72 .60 .86 Tr. 8.79 99. 62
20......... 60.03 | 24.66| 3.69| .13| .38| . Tr. | 11.34| 100.23
b2 P 58.13 | 24.68 3.85 .15 .32 1.78 1 11.78 | 100.51
22..... . 68.23 | 20.35 3.20 .34 Tr. .74 7.16 | 100.02
23 ... 60.90 | 18.98 7.68 Tr. Tr. Tr. 13.63 | 100.92

U g ——— i
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Analyses of clays— Paleozoic and lower Cretaceous—Continued.

vumber, | S| A eneaia Bl Mgnese) G0 | rgniion.| ot
U, 63.27 | 19.68 | 3.52| 1.30 Tr.| 1.20] 9.80| 98.77
2. 67.10 | 19.37| 2.88 Tr.| 0.73 671 7.79| 98.54
26 ... 65.58 | 19.23 | 4.48 Tr. Tr {oeeeennn 6.90( 96.19 .
27 .. 68.10 | 21.89| 2.01 .80 .28 40| 5.75] 99.23
D S 65.49 | 24.84| . Tr.| 1.26 Tr. Tr.| 7.80| 99.39
2. 70.00 | 21.81| 2.88 .20 Tr. Tr.| 6.85| 101.24
1 I 67.50 | 19.84 | 6.15 a2 .10 | 7.65 | 101.36
81uceeann. 66.45 | 18.53 | 2.40| 1.50| 1.25 Tr. | 9.46| 99.59
32 64.90 | 25.25 o Tr. Tr foeeen.e. 8.90 | 99.05

1. Dark-yellow shale from Coal Measures, W. H. Graves, near Birmingham, Jeffer-
Coal Measures. son County. *
2. Light-gray shale from same locality.

Mississioni 3-5. Fire clay, near Valley Head, Dekalb County.

ISSISSIPPIAN. | ¢ China clay, Eurekg mines, Dekalb County.
7. China clay,- Rock Run, Cherokee County (Dykes ore bank).
8. Fire clay, Rock Run, Cherokee County.
Ordovician and | 9. Pottery clay, Rock Run, Cherokee County.

Cambrian. }10. China clay, J. R. Hughes, Gadsden, Etowah County.

11, .Stoneware clay, Blount County,
12. Stevens, fire clay, Oxanna, Calhoun County; probably too much free sand.
13. Stoneware clay, Coosada, Elmore County,
14. Pottery clay, McLean’s, near Edgewood, Elmore County. /
15. Stoneware clay, Chalk Bluff, Elinore County. :
16. Fire clay, Woodstock, Bibb County.
17. Fire clay, Bibbville, Bibb County.
18. Fire clay, Hulls Station, Alabama Great Southern Railroad, Tuscaloosa County.
19. Pottery clay, H. H. Cribbs, Alabama Great Southern Railrond, Tuscaloosa County.
20. Pottery clagy, J. C. Bean, Mobile and Ohio Railroad, Tuscaloosa County.
Lower Cretace- ]21. Fire clny.E!l. C. Bean, Mobile and Ohio Railroad, Tuscaloosa County.
ous (Tusca- {22. Stoneware clay, Roberts’s mill, Pickens County.
loosa). 23. Pottery clay, Cribb’s place, Lamar County.
24. Stoneware clay, H. Wigging, Fayette County.
25-26. Pottery clay, W. Doty, Fayette County.
27. Blue clay, railroad cut near Glen Allen, Marion County.
28. China clay, Briggs Frederick, Marion County.
29. Pottery clay, 10 miles southwest of Hamilton, Marion County.
30. Pottery clay, Thomas Rolling, Franklin County.
31. Pottery clay, J. W. Williams, Pegram, Colbert County.
32. China clay, Pegram, Colbert County.

CENTRAL AND SOUTHERN ALABAMA.

The raw materials suitable for the manufacture of Portland cement
which occur in central and southern Alabama are argillaceous lime-
stones, pure limestones, and clays. ' !

The limestones valuable as cement materials occur mainly at two
horizons, viz, in the Selma chalk or Rotten limestone of the Cretaceous,
and in the St. Stephens formation of the Tertiary. The claysavailable
are the residual clays derived from the decomposition of these two
limestone formations, the stratified clays of the Grand Gulf formation,
and the alluvial clays occurring in the river and creek bottoms. It is
possible that later investigation may show that some of the other -
stratified clays of the Cretaceous and Tertiary formations are suitable
for cement making, and this is especially likely to be the case with
the clays of the lowermost Cretaceous or Tuscaloosa formation.
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SELMA CHALK OR *“ROTTEN LIMESTONE.”

GEOLOGIC HORIZON.

The Cretaceous system in Alabama is susceptible of classification
into four divisions. These are, in ascending order, the Tuscaloosa
the Eutaw, the Selma chalk, and the Ripley.

The Tuscaloosa is of fresh-water origin and is made up in the main
“of sands and clays in many alternations. In places the clays occur in
deposits of sufficient size and of such-a degree of purity as to make
them of commercial value. The Eutaw is of marine origin and is com-
posed of more or less calcareous sands and clays, but nowhere shows
beds of limestone properly so called. The Selma chalk is of marine
origin and is composed, in part at least, of the microscopic shells of
Foraminifera. This formation, throughout the western part of the
helt covered by it in Alabama, is about 1,000 feet in thickness, and is -
made up of beds of chalky and more or lessargillaceous limestone. In
a general way it may be said that the lower and upper thirds of the
formation contain 25 per cent or more of clayey matters mixed with
the calcareous material, while the middle third will hold less than 25
per cent of these clayev impurities. The Ripley, like the preceding,
is a marine formation, in which, generally, the calcareous constituents

predommate, but in places it contains sandy and clayey beds.

From this summary it will be seen that the Selma chalk is the only
one of the Cretaceous formations in Alabama which offers limestone in
such quantlty and of such composmon as to be fit for Portland cement
mateual

LITHOLOGIC DESCRIPTION.

As has been stated above, the Selma chalk is a calcareous formation
throughout its entire thickness,of about 1,000 feet. The rock, how-
ever, varies in composition between somewhat wide limits; for this
reagson three divisions may readily be distinguished. The rock of the
upper division is highly argillaceous, holding 25 per cent or niore of
. clayey matters; portions of it are composed of calcareous clays or
marls rather than limestone, and in these beds are found great num-
bels of fossils, mainly oysters. Along Tombighee River these beds
male the bluffs from Paces Landing down nearly to Moscow, and on
the Alabama they form the banks of the river from Elm Bluff down
to Old Lexington Landing. The strata exhibited in these bluffs con-
sist of dark-colored, fossiliferous, calcareous clays alternating with’
lighter-colored and somewhat more indurated ledges of purer, less
argillaceous rock. At Elm Bluff, which is about 125 feet high, the
upper half of the bluff is of thlb character. The lower half of the
bluft is composed of rock more uniform in composition and freer from
clay, and is the top of the middle part of the Selma formation, which is
made up of limestone of more uniform charactér, containing gener-
ally less than 25 per cent of clayey material.
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In this middle division of the Selma formation the fossils are rarer
than in either of the others, oysters and anomias being the most com-
mon forms. This variety of the rock forms the bluffs along Alabama
River from Elm Bluft up to Kings Landing. It is seen in its most
typical exposure at White Bluft, where it is at least 200 feet in thick-
niess and makes on the right bank of the river an almost perpendicular
bank. On Tombighee River it extends from near Bartons Bluff past
Demopolis up to AICO."L and Hatchs Bluff. Its lowermost beds, a
compact limestone of great purity, form the upper parts of Bartons
and Hatchs bluffs. On Little Tombigbee River the same rock makes
the celebrated bluffs at Bluﬁ’pmt and at Jones Bluff (Epes), beyond -
which for several miles it is shown along the stream.

Judging from the width of its outcrop, this division of the Selma
chalk must be about 300 feet in thickness. It underlies the most fer-
tile and typical ¢ prairie” lands of the South. At intervals through-
out this region the limestone rock appears at the surface in what are
known as ‘“ bald prairies,” so named from the fact that on these spots
there is no tree growth. The disintegration and leaching out of the
limestone leaves a residue of yellowish clay, which accumulates some-
times to a thickness of several feet in low places. This clay is used at
the Demopolis plant in the manufacture of cement, and in most locali-
ties where suitable limestone is found the clay is present in sufficient
quantity to supply the needs of the cement manufacturer. '

At the base of this middle division occurs a bed consisting of several
ledges of compact, hard, pure limestone, which weathers into curious
shapes, and hag received the names -horse-bone rock and bored rock. '
This bed, as above mentioned, appears at the top of Hatchs Bluff; also
at Arcola Bluff, and between Demopolis and Epes, at Jordans Ferry,
and other places. Where it outcrops across the country it makes a
ridge easily followed and characterized by the presence on the surface
of loose fragments of the limestone.

The lower part of the formation, like the upper, is composed of
clayey limestone, in. many places bemg rather a calcerous clay. The
color is dark gray to bluish, and in most exposures there is a striping
due to alternate bands of lighter-colored, purer limestone. Along
Alabama River the strata of this division are seen in the bluffs from
Kings Landing up to Selma and beyond. On Warrior River they are
seen in the bluffs at Arcola, Hatchs, Millwood, and Erie, in the last-
named locality occupying the upper part only of the bluff. On the
Tombigbee, the bluffs at Gainesville, Roes, and Kirkpatricks are
formed mainly of the rocks of this division, while above Roes, at
Jordans, occurs the line of junction with the middle division. Near
this line of division a very characteristic feature is seen at many
points.  About 10 or 15 feet below the hard ledges of pure limestone
forming the base of the middle division the dark-colored argillaceous
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rock shows a tendency to flake off and weather into caves, sometimes
several feet deep and 20 feet or more in length. These holes extend
in some places for great distances along the bluffs, as on Alabama
River just above Kings Landing, on the Tombigbee below Roes Bluff,
and at Jordans Ferry. The outc1op of the argillaceous rocks of this
division gives rise to black prairie soils, in which’ beds of fossil shells,
mainly oysters, are common,

It has been suggested that the argillaceous rocks of this and the
uppermost division could be mixed with the purer limestone of the
middle division in such proportions as to constitute a good cement
material. In this case it would be easy to select localities near the
junction of the two divisions where both varieties of the rock could be
quarried, if not in the same pits, at least in pits closely adjacent. This
would do away with the need of adding other clay to the limestone.
Localities of this sort would be found along the borders north and
south of the belt of outcrop of the white Demopolis rock.’

DISTRIBUTION OF SELMA CHALK.

The general characters of the rocks of this formation have been
mentioned above, and it remains to give details of the special localities
examined, together with analyses of the limestones collected. In
making the collections material from the middle division has been gen-
erally chosen, since most of the limestone of the formation which
contains 75 per cent or more of carbonate of lime is to be found in
this division. At the same time specimens of the more argillaceous
material, especlally of the lower division of the formation, have been
taken for comparison and analysis, in order to ascertain whethel it
will be practicable to provide a cement mixture by using the proper
proportions of the purer and more argillaceous materials.

Inasmuch as suitable material for cement manufacture can be had in
practically unlimited quantity all along the outcrop of the purer lime-
stone of the middle division, the location of the plants for the manu-
facture of this product will be determined by other considerations
than the quality of the rock. Chief among these will be facilities for
transportation, cheapness of fuel, and cost and abundance of labor.
Examinations have consequently heen confined to those localities
which appear to be most favorably situated in these respects, and
especially to those localities which are on navigable streams or on
north-south railroad lines, or on both.

The first place considered on Tombigbee River is Gainesville, where
the limestone, 30 to 40 feet thick, appears on the river bluff beneath a
heavy covering of sands and pebbles. A short distance from the
. river, however, the rock outcrops at the surface and may be quarried

without difficulty. Specimens taken from the different parts of the -
bluff near the ferry show the composition of the limestone here (see .

e e
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analysesl 2, 3, and 4, p. 82). Other specimens are from the Rob-
erts place, 3 mﬂes east of Gainesville, one of which was taken from
the top of a 30-foot bluff, others from the surface 1 mile and 5 miles
from the river (analyses 5 and 6).

At Jones Bluff, on the Tombigbee, near Epes station, on the Ala-
hama Great boutbem Railroad, white limestone of remarkably uni-
form composition shows along the river bank for a distance of a mile
or so, with an average height of ‘perhaps 60 feet. Here the bare
rock forms the surface, so that there would be no overburden to be
removed in quarrying. The railroad crosses the river at this locality,
which thus has the advantage of both rail and water transportation.

. From the lower end of this exposure down to Bluffport the white

rock is seen at many points—e. g., below Lees Island, Martins Ferry,
Braggs, etc. It generally has a capping of 15 to 20 feet of red loam
and other loose materials.

Specimens have been analyzed from Epes and Hillmans (analyses
7, 8, and 9, p. 82).

At Bluffport the white rock in places forms a bluft 100 feet or more
in height along the right bank of the river for a distance of a mile
or more. This is the counterpart of Jones Bluff, above mentioned,
and the character of the material is shown by analysis 10, page 82.
As at Epes,the rock extends up to the surface, so that quarrying
would be attended with little or no difficulty. Below the Bluffport
bluffs the easterly course of the river hrings it into the territory of
the lower strata of the formation, and the white rock does not appear
again below Jordans Ferry, except in thin patches at tops of some of *
the bluffs. The character of the material of these lower beds may be
seen from the analyses of specimens taken from Jordans and Belmont
and Roes Bluft, Nos. 11, 12, 18, and 14. The two specimens from the
last-named locality represent the composition of the prevailing dark-
colored argillaceous rock and of the lighter-colored ledges.

At Demopolis there is an important occurrence of the white rock
extending along the left bank from a mile above the hndlng to about
2 miles below, with average height perhaps of 40 or 50 feet. The
rock is 1ema1k‘1b1y uniform in appearance and probably in composi-
tion (analysis 30, p. 83). At McDowells the main bluff is on the
right bank and the rock is of great purity, as shown by analysis 16.

~ The exposures continue down to Paces Landing, 9 miles below Demop-

olis, and beyond this the bluffs are much darker in color and striped
with lighter bands, characteristic of the strata of the upper part of
the formation. Thence down nearly to Moscow occur the exposures
of these upper beds.

Above Demopolis at Arcola and Hatchs B]uﬁ‘ the bluish clayey lime-
stones of the Selma division are seen in force, with the lowermost
ledges of the middle division—the horse-bone rock—capping them.



7% CEMENT MATERIALS AND INDUSTRY. " [RULL. 248.°

Two analyses of these varieties at Hatchs will show well the contrast
in their chemical composition (analyses 19 and 20, p. 82). -
From Demopolis eastward the line of the Southern Railway is
located on the outcrop of this white rock, at least as far as Massillon,
where it passes into the territory of- the lower or Selma division.
Two miles from Demopolis on this road is the cement manufacturing
plant of the Alabama Portland Cement Company, with six kilns in
place. The quarry is on the opposite side of the railroad track from
the kilns, but only a few hundred feet distant. The clay used is

residual clay derived from the decomposition of the limestone, and is’

obtained from the river bank a few yards away. The composition of
the rock and of the clay used in the manufacture is shown by analyses
15, 18, 46, 100. A specimen taken from Knoxwood station, between

the cement works and Demopolis station, shows similar composition .

(analysis 17). The analyses given (61, 63, p. 84) show the chemical
character of the cement manufactured at Demopolis.

At Van Dorn station the white rock outcrops in the fields over
considerable territory, and just east of the station there is a deep cut
through it. Analyses from about Van Dorn show sufficiently well
the character of the materlal at these points (analyses 21, 22, 47, 48,
49, 50, 51, 52).

About Umontown the bare rock is exposed at numerous points, and
the advantages of this place for the location of manufacturing plants
seem to be very great. Specimens have been taken from the Brad-
field and Shields places, west of the town, from the Pitts place east
of it, and from a point south of the town along the McKinley road.
Other specimens have come from plantations near the road for several
miles eastward and the analyses are appended (analyses 23, 24, 25, 26).

The composition of the residual clay overlying the limestone at the
Pitts home place is shown by analysis 55. South of Massillon, near
the crossing of the Soutbern and the Louisville and Nashville railroads,
in the vicinity of Martins station, the white rock shows in numerous
exposures through the fields, making a country somewhat similar to
that about Uniontown. At many points the rock has no overburden
and is admirably adapted to cheap quarrying. On the banks of Bogue
Chitto Creek, near Martins station, on the Milhous place, the rock is
exposed in a bluff with a bed of plastic clay overlying, but here it is
below a considerable thickness of red loam and sands of the Lafayette
formation. The character of the rock at Milhous statlon, west of
Martins, may be seen from analysis 27.

The same rocks make the great bluff of White Bluff, on Alabama
River. Specimens were selected from this bluft at two points—one
about halfway down the bluff, the other 20 feet lower. Generally
there is a capping of the red loam and sands of the Lafayette over the
limestone, but near the upper end of the bluff the white rock extends



—— ,—w—/&-‘d‘

ECKEL. e ALABAMA. (ks

to the summit, where it has a capping of plastic clay only. The char-
acter of the limestone from this locality is shown in analyses 28 and 29.

At Elm Bluif, as has already been shown, the upper and middle
divisions of the formation are in contact. At Kings Bluft the middle
and lower parts of the formation are in contact. At the other bluffs
of the river between Kings Landing and Selma the rock of the lower
division is exhibited. No. 31 is an cma,lyqls of the material as exposed -
at Cahaba; No. 53 of the river bluff at the steamboat landing in Selma,

and No. 32 at Benton.

To summarize: From Demopohb eastward along the line of the
Southern Railway, by Van Dorn, Gallion, Uniontown, Massillon, and

thence by Martins and Milhous stations to White B]uﬁ, the white or

Demopolis type of rock appears at the surface in clean exposures at

‘almost innumerable points, either immediately on the railroad or at

a very short distance fromit. So far as the quality, quantity, and
accessibility of the limestone are concerned, manufactories of cement
might be located almost anywhere in this territory. From Demopolis
westward the same conditions prevail up the river to Epes, and thence
to Gainesville, beyond which point the white rock is to the west of
the river at greater or less distance.

East of Alabama River the outcrop of the cement rock is crossed
by the Louisville and Nashville Railroad (Repton branch), as before
stated, between Berlin and Pleasant Hill stations. At Benton, on
Alabama River and on the railroad, the limestone has the composition
shown by analysis 32.

On the Montgomery and Selma road, at the crossing of Pintlala
Creek near Manack station, the hmestone is exposed in the creek
banks and in the open fields, often with little or no overburden. On
page 83 is given an analysis of a specimen from the fields along the
wagon road (No. 33) and from the creek bank (No. 34).

On the main branch of the Louisville and Nashville Railroad the

- white rock shows between- the city and McGhees switch, and an
.analysis of a specimen from McGhees is given (No. 35).

Examinations have not been carried beyond Montgomery, but it is
known that the white prairie rock is crossed by the Central of Georgia
Railioad between Matthews and Fitzpatrick stations, and there seems
to be no doubt that along this stletch of the road suitable rock will
be found convenient to the line.

ST. STEPHENS OR VICKSBURG LIMESTONE.

GENERAL DESCRIPTION.

The St. Stephens or White limestone formation of the Alabama
Tertiary, which includes the uppermost of the Eocene strata, is in
general equivalent to the Vicksburg and Jackson limestones of the
Mississippi geologists. '

In Alabama St. Stephens exhibits three rather well-defined phases,
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which, in descending order, are (1) the Upper or Salt Mountain divi-
sion, obsel ved at-one loca.hty only in Clarke County, (2) the Middle
or St. Stephens division, and (3) the Lower or Jackson division. Of
these it is only the St. Stephens limestone with which we are here
concerned, since the first is, as far as known, restricted to one locality,
and the third is seldom exposed along Alabama rivers and railroads.

The following section of St. Stephens Bluff, Tomblgbee River, will
give an idea of the strata of this division:

Section of St. Stephens Bluf.

. Feet,
1. Red residual clay .................................................... lto 5
2. Highly fossiliferous limestone hold ingmainly oysters, and full of holes,
due to unequal weathering .. ... ... .. .. . .iiiiiciii..l - 10t012

3. Orbitoides limestone (chimney rock), a soft, nearly uniform porous lime-

stone, making smooth perpendicular face of the bluff except where

bands of harder limestone of very nearly similar composition alternate

with the softer rock. Both varieties hold great numbers of the circu-

lar shells of Orbitoides mantelli. These harder ledges are nearly pure

carbonate of lime, take a good polish, and are often burned for lime. .. 60
4. Immediately below 3, for 5 or 6 feet, the strata were not visible, being

hidden by the rock falling from above, but the space seems to be occu-

_pied by a bluish clay. Then follows a soft rock somewhat of same

consistency as No. 3 above, but containing a good deal of greensand

The fossils are mostly oysters and Plagiostoma dumosa. This bed is in

places rather indurated superficially, and forms projecting ledges. . ... 10 to 15
5. Bluish clayey marl with much greensand, containing. the same fdssils  as

No. 4. It washes or caves out_from under No. 4, which overhangsit.. 4to 5
" 6. Massive joint clay, yellow on exposed surface, blue when freshly broken;
no fossils observed. Extends below the water level to unknown .
depth; exposed. ..o e cceeiceaceaans 3to 4

The rock of this formation, which seems to be the best suited for -

cement material, is the soft *‘ chimney rock” or Orbitoides limestone
of bed No. 8 above. This is tsually quallljied for chimneys and other
constructions by sawing it out and dressing it down with a plane into
blocks of suitable size, which are then laid like brick.
The numerous analyses given below will show that this rock isa
purer limestone than most of the material of the Selma chalk of the
retaceous formation above considered. ~In cement making it will, in
consequence, require a larger proportion of clay to be mixed with it,
and the question of obtaining suitable clay in suflicient quantity and

in close proximity becomes one of some importance. The residual-

clay left after decomposition and leaching of the limestone seems to
be fairly well adapted to the purpose. Besides this residual clay some
analyses have been made of the clays of the river and creek bottoms
of the country near the limestone outcrops, and of the clays of the
Grand Gulf formation, which very generally in this section overlies
the limestone. Some analyses of the last-named clays have been made
from material occurring near St. Stephens, and near Manistee Junc-

.
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tion on the Repton Branch of the Louisville and Nashville Railroad.
At this last-named locality the clay is present in sufficient quantity to
be of value if the composition is suitable.

DISTRIBUTION OF ST. STEPHENS ]4ih[h4§‘lONl

The bluff at St. Stephens, a section of which has been given, is
typical of the formation everywhere. Here the whole of the soft
orbitoidal limestone or *‘ chimney rock”. might be used, as the com-
position is uniform throughout. The overlying harder limestone has.
~ almost the same composition, but it is less easily crushed and worked.

It may be quarried here from the surface down, as it is covered only
by a thin layer of residual clay. The characters of the limestone and
of the clay from here are sufficiently well shown by the subjoined
analyses (36, 56). The character of the clay near St. Stephens at the
water level (No. 6 of the St. Stephens section) is shown in anhlysis 60.
Below St. Stephens there is deep water to Mobile, with the exception
of one bar, which may be removed without much trouble or expense.

From Hobson’s quarry, just above the Lower Salt Works Landing,
down to Oven Bluff, a distance of 2 miles, the Orbitoides limestone or
chimney rock occurs at the base of bluffs of Tertiary age.

At the quarry the hard limestone, which is being taken up for rip-
rap work, hea, as at St. Stephens, Jmt above the soft chimney rock.
Along the stletch of river above described this chimney 10ck is seen
in a bed 15 or 20 feet in thickness, just above the river hottom, and is

“easily accessible. As regards clay, three varieties have been examined,
a residual clay from over the liméstone, a swamp-bottom clay from the
low grounds of Leatherwood Creek, and clay from strata of the Grand
Gulf formation, which here ovelhes the St. Stephens limestone. The
analyses of these clays have not yet been made.

‘The first shoal in the river above Mobile is a few miles above Oven
Bluff, so that from this place down there is a 9-foot channel at all sea-
sons, which will give to Oven Bluff a certain advantage over other
localities in regard to transportation. The shodl mentioned is one
which can be removed, so that St. Stephens may be classed with Oven
Bluff as regards transportation by water, except that the former is
some miles farther from the Gulf than the latter.

Analyses by Doctor Mallett of other specimens of this chimney rock
are given on page 83. No. 43 is a clay from Colonel Darrington’s
place, in the lower part of Clarke County, near Gainestown, and 44
and 45 are from other localities in Clarke County near the rivers.

At Glendon station, a few miles east of Jackson, there is an exposure
of the chimney rock close to the track. The rock here is about 20 feet
thick, and the limestone 1s coveréd by a bed of red residual clay sim-
ilar to that at St. Stephens and Oven Bluff. The same chimney rock
may be seen along the road between the station and Jackson, and no
doubt it occurs from Glendon up to Suggsville station, within conven-
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ient reach of the railroad. Near Suggsville station the same rock
occurs within a short distance of the railroad along the roud leading
from the station to the town.

Between Suggsville and Gosport the countr ¥ rock is the St. Stephens
limestone, but no particular attention was given to it for the reason
that there is no railroad in this vicinity.

At Perdue Hill the St. Stephens rock outcrops near the base of the
hills which descend to the terrace on which the town of Claiborne
stands. The bluff at Claiborne Landing shows near the summit the
calcareous clays or clayey limestone which lies at the base of the St.
Stephens formation, and which is generally thought to be the equiv-
alent of the Jackson group of the Mississippi geologists. It is possible
that this rock, where it ocours in sufficient quantity, may he suitable '
for cement making, since its compositionis not very different from
much of the Rotten limestone or Selma chalk. No investigations have
yet been made concerning it, for the reason that there are compara-
tively few points where it appears in adequate thickness and in favor-
able localities as regards transportation.

At Marshalls Landing, just above the mouth of Randons Creek, is -
the first exposure of the chimney rock along Alabama River. This
occurs at the top of the bluff. It has the usual covering of residual
clay. Below the orbitoidal or chimney rock at Marshalls there are 20
feet or more of a porous limestone. In the same blufl there are beds
of calcareous clay, which might possibly be used in mixing with the
limestone. At the landing these would be difficult to quarry because
of overlying strata, but they would certainly be found without cover
along the bluffs above Marshalls if they should prove of value.

From Marshalls down to Gainestown Landing the river bluffs show
beds of the limestone at numerous points. At Gainestown, the top-
most bed of the St. Stephens, the hard crystalline limestone occurs not
far above the water level in the river. This stone has been cut and
polished, and proves to be a first-rate marble, inasmuch as it takes a
good polish and shows agreeable variations in color. The soft chimney
rock underlies the hard limestone here as at other points.

At Choctaw Bluff, some miles below Gainestown, there is the last
exposure of the Tertiary limestones on this river. The material is an
argillaceous limestone with numerous fossils, but it seems hardly likely
to be of use in cement making.

- A few miles east of Marshalls Landing, at Manistee Mills, the
terminus of a sawmill road, there is a quarry of the chimney rock
which is conveniently situated as to transportation, since it is on the
railroad. Across the county to the Repton Branch of the Louisville and
Nashville Railroad the St. Stephens limestone may, of course, be found
at thousands of places, but no mention is made of these occurrences
where they do not lie on a railroad line.
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Below Monroe station, near Drewry, on the Repton Branch, this
road crosses the line of outcrop of the chimney rock, which at a
number of points in the vicinity of Drewry lies within easy reach of
transportation.

A few miles below Drewly, at Manistee J unctlon there is a fine
exposure of Grand Gult clays in railroad cuts both north and south of
the station.

Analysis is given (No. 59, p. 84) of the clays from three horizons in
these cuts, from which their suitability for admlxtlne with the lime-
stone may be determined. :

The chimney rock may he found at many points below. Ever gleen in
the vicinity of Sparta and Castleberry stations. There are many bluffs
of this rock on the banks of Murder Creek in this vicinity, and there are
several quarries from which the stone has been obtained for building
purposes within short distances of the railroad line. At the foot of
‘Taliaferros Heights the limestone forms high bluffs on the creek, at
Ellis Williams Spring there are bluffs with the soft rock at the base
and the hard horse-bone rock at the top, and on the creek bank a few
hundred yards away is one of the quarries mentioned above. In fact,

" the localities where the rock may be found within convenient distance

~ of the railroad and in a position favorable to' cheap quarrying are
numerous in all this region. No clays were seen except the usual
residual clays from the decomposition of the limestone and a clay
occurring close to Evergreen in the pits of Wild Brothers. Analyses

.40, 41, and 42 will show sufficiently. well the character of the limestone
in this section. ' _

These Evergreen occurrences have attracted attention because of
their location on the line of a great railroad system w1thm short dis-
tance of tide water. : ‘

Farther east this limestone formation e},tends across Alabama and
into Georgia and Florida, but as there is no north-south railroad east
of the Loulsvﬂle and Nashvﬂle at this time, the investigations have
gone no further.

To summarize: While the St. Stephens limestone outcrops across
the State from the Mississippi line to the Chattahoochee River, often
occupying broad belts, attention has been cencentrated on those locali-
ties which lie upon navigable streams or upon railroad lines terminat-
ing in Gulf ports. As compared with the middle division of the Selma
chalk, this limestone is more uniform in composition, higher in lime
content, softer and more easily quarried and crushed, and in geograph-
ical position many miles nearer the Gulf. Its thickness, on the other
hand, is much less, although sufficient to supply an indefinite number
of cement plants with raw material for cement..

Bull. 243—05——6
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ANALYSES.
Analyses of Cretaceous and Tertiary limestones.
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E| ad g . o5 | 3 = 3
S 283 55 8x | 8| £ | =5
Locality. =28 R 22| %o .55 DRI EE 4
U 1eE41 28 182 122 | % g2 5 | =
] o5 Z | Be | & 3 7 3 3
Z (€38 E7 | F5 |38 £ |25 2 | B
S |5==9 17 S8 1 & a | B 4 &
1. Gainesville Bluff, Tombighee
River, 5 feet from top of bluff; .
R.S.Hodges,analyst........... 29.50 | 5.00 | 56.71 | 1.69| 1.32|....... 578 |eecai]ennnnan
2. Gainesville Bluff, Tombighee
River, lower partof bluff; R.S. s
Hodges,analyist............... 23.00 | 3.14 | 67.67 | 2.26 | 1.97 |....... 1.96 |.ceenn]ennanns
3. Gainegville limestone; F. P. .
Dewey, analyst._.............. 18.42 1 10.79 | 65.21 | 1.57 80| 0.83|.cceiifennnnn 97.12
4. Gainesville limestone; . .
Dow, analyst .... .1 27.25115.96 | 54.00 | 1.11 P T T A 2. 2 R 99.99
5. Roberts’s place, near Gainesville,
top of bluff; R.S. Hodges ...... 19.10 | 8.70 | 75.57 | 1.24 69 ... 1.70 ..o eeeeaen
6. Roberts’s place,near Gainesville, <
bfeetabove water; R.S.Hodges.| 21.98 | 4.10 | 69.75 ] 1.50 | 1.02 |....... 1.66 {....feaaians
7. Jones Bluff,at Epes; R.S. Hodges.| 9.44 | 1.76 | 86.28 | 1.02 [.......|....... 1.30 |....... 100. 00
8. Jones Bluff, at Epes; Doctor Mal- , ’
lett oo 16.69 | 2.22 | 80.48 3% 20 R RPN PR N 99. 92
9. Hillmans Bluff, below Epes; R.S.
Hodges .| 16.41 | 3.14 | 77.48 | 1.30 |.ceeeofieeooal| 199 )....... 100.27
10. Bluffport Ferry, Tombighee
River; R.S. Hodges........... 111,68 | 1.82 185,10 | 1.25 ... fie.oii]eeeeanifaiiiinn 99. 85
11. JordansFerry, Tombighee River; '
R.S.HOAGES «..ocieeniinnnnnnn. 26.26 | 3.06 | 67.28 | 1.87 f.......)....... 153 |..:.... 100. 00
12. Belmont Bluff, Tombigbee River;
R.S.Hodges ........oooueiie. 31.16 | 5.44 1 55.84 ] 2.12(......|....... 5.44 |....... 100. 00
13. Roes Bluff, Tombighee River, : ’
main partof bluff; R.S.Hodges.| 31.74 | 4.42 | 55.82| 2.10 |.......1....... 5.92 |....... 100. 00
14. Roes Bluff, Tombigbee River,
light - colored ledges; R. S.
Hodges -.coviviniinainaennn.s 14.92 | 3.46 [ 78.52 | 1.02 |.......[|en... g 2,08 [....... 100. 00
15. Demopolis, F. P. Dewey; U. S. .
Mintanalyst................... 13.32 | 8.74 | 73.94| 1.40 .27 N7 S PO cee-..o| 98.31 .
16. McDowells Bluff, below Demop-
olis; R.S. Hodges .............. 6.06 | 1.62(90.40 ] 1.15 |..coeoifeennn.. Ry i B PO 100. 00
17. Knoxwood, near Demopolis; :
R.S. Hodges.................. 15.18 | 2.22 | 78.57| 1.88| .91 |.......) L74|.......] 200.00
18. Material used in Demopolis ’
Cement Works; R. S. Hodges,
analyst ...oooiioiiiiiiiiiiio. 12.50 | 2.76 | 80.71| 1.05 | 1.62 |.......] 1.36 [-...... 100. 00
19. Hatchs Bluff, Warrior River
above Demopolis; main part
of bluff; R. S. Hodges......... 41.18 | 4.16 | 44.78 | 2.68 |.....]eeeeenn 7.20 [eenen.. 100. 00
20. Hatchs Bluff; Warrior River,
above Demopolis; ledges at
top of bluft; R. 8. Hodges...... 3,021 1.10 1 93.52 | 1.38 |...ceoufenunnnn 98 |eeeee-. 100. 00
21. At Van Dorn station, from road- .
side; R. S. Hodges............. 14.36 ) 2.80 | 80.47 | 1.30 |..eeceifecnnnn. 1.07 |.......| 100.00
. 22. At Van Dorn station, railroad
cut east of station; R.S.Hodges.| 15.63 | 2.02 | 78.77 [ 1.04 |.......|-...... 2.54 |....... 100. 00
23. Uniontown, P. H. Pitts, Home .
place; R. S. Hodges............ 16.18 | 3.08 | 75.35 | 1.85.......|. ceeeed| 404 |.......] 100.00
24. Uniontown, P. H. Pitts, Houston
place; R. S. Hodges ............ 19.20 [ 3.58 | 72,21 | 198 |.....iifoeennnn 3.08 |....... 100. 00
25. Uniontown, P. H. Pitts, Rural
Hill place; R. S. Hodges....... 18.62 | 3.28 174,62 ) 1.17 |..cooiifeennnns 2,41 [....... 100. 00
26. Uniontown, 1 mile south, on
McKinley road; R. 8. Hodges..| 12.14 |....... 25312 PR RN PR POURPIN BN U
27. Railroad cut, Milhous station,
Southern Railway, Dallas
County; R. 8. Hodges.......... 15.80 | 2.44 1 80.10 L98 L.l ceeeeed L1810 100. 00

S

e e e
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Analyses of Crelaceous and Tertiary limestones—Continued.
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Locality.

Insoluble mat-
ter.

Iron oxide and
alumina (Fe,03

and Al,0y).

Lime carbonate

(Ca. COs).

Magnesium car-
bonate (MgCOs3).

tri-

oxide (S0O;y).

Sulphuric

Total sulphur,

Water and- or-
ganic matter.

Alkalies.

Total.

28.

30.

31

32.

36.
41,
42,

43.

44.
45.

46.

47,

48.

49.

51.

52.

White Bluff, Alabama River;
lower part of bluff; R. S.
Hodges ..ccooevevenniniinninan.

Demopolis, Tombigbee River;
Doctor Mallett, analyst........

Limestone from Cahaba, Ala-
bama River; Doctor Mallett,
analyst ... ... ..ol .

Zimestone from Benton, Ala-
bama River; W. B. Phillips,
analyst ...l

. Limestone from Manack station,

Lowndes County; R. 8. Hodges.

. Limestone from Manack station;

B. B. Ross, analyst...... e

St. -Stephens orbitoidal lime-
stone, St. Stephens, Tombighee
River; R. S. Hodges, analyst...

St. Stephens orbitoidal lime-
stone, near Evergreen; Dr. W.
B. Phillips, analyst............

St. Stephens orbitoidal lime-
stone, near Evergreen; Dr. W.
B. Phillips, analyst.............

St. Stephens orbitoidal lime-
stone, Colonel Darrington’s,
near Oven Bluff, Clarke Coun-
ty; Doctor Mallett, analyst.....

St. Stephens orbitoidal lime-
stone, Clarke County, near riv-
er; Doctor Mallett, analyst....

St. Stephens orbitoidal lime-
stone, Clarke County, near riv-
er; Doctor Mallett, analyst ....

Rock used in Alabama Portland
Cement  Works, Demopolis;
analysis sent in by T. G
Cairns, general manager ......

Limestone from property of
J. B. Kornegay, at Van Dorn,
sample No. 1; R. S. Hodges,
analyst ... ..ol

Limestone from property of J. B.
Kornegay, at Van Dorn, sam-
pleNo.2; R.S. Hodges, analyst.

Limestone from property of J. B.
Kornegay, at Van Dorn; sam-
pleNo.3; R.S. Hodges, analyst.

. Limestone from propertyof J. T.

Collins, at Van Dorn, sample
No.1; dark color; R. S. Hodges,
analyst ... ... .ol

Limestone from property of J. T.
Collins, at Van Dorn, sample
No. 2;light color; R. S. Hodges,
analyst ............oooiiiiil.

Average of three samples of
limestone fromnear Van Dorn;
L. H. Conard, Demopolis; R.S.
Hodges, analyst ...............

3. Limestone from bluff at stenm-

boat landing, Selma; T. W.
Miller, analyst.................

26.14

21.81
31.04

19.74

20.90

13.20

3.38

2.44

4.15

9.88

16.74 |

13.19

20.01
16.92
1144

16. 04

16.11

2.78

2.94

11.67

4.06

9.00

2.78

2.12

1.29
6.20

2.09

2.12

2,94
1.50

2.46

11.22

64.25

75.07
64.37

54,83

67.16

Y4.26
92,85
95.15

93.30

04, 84
94. 85

93.19

77.12

81.89

73,64
75. 60

82.61

65.08

1.46
1.92
.65

.23

.96

1.08

.92

1.03

101

1.51

1.10

.90

1.66

2.04

99. 61.

99,13

100. 00

100.00

100. 00

100. 00

100.00

100.00

100. 34

99. 65
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Clay (Cretaceous and Tertiary) and cement analyses.

D
g% -
25 S |4a A
S 1) s —~
©Q . s | 2. &
g2 | 2 | 2 | Byl 3
Number of analysis. :3 ? s | 28| < :
: go3| O k7 52 5 5
. Bt te = @ =4 =] = .
a g ® =] = < B -
8 o 5 | & 2 | = 2
= |28m| H e |5 3 £ 15
& |< 32 | & a | 2=

55. Residual clay over limestone at P. H.
Pitts’s home place, Uniontown; R. S. . A
Hodges, analyst.........c..oovevnnannn. 69.57 | 19.04 | 0.37"|..conifeeereii]ianants 9.68 | 98.66

Residual clay over St. Stephens lime- .
stone, St. Stephens Bluff R.S.Hodges,
analyst ................................ 59.71 | 24.79 Pt 20 PR AR P, 14.96 | 99.94
. Grand Gulf clay, Manistee Junction,
Monroe County; T. W. Miller, analyst;" ' .
averageofbed........ ..ol 66.60 | 25.86 .34 0.34) 0.89).......] 5.11 ] 99.14

56,

2

60. Clay at water’s édge, St. Stephens Bluff: .
R.S. Hodges, analyst................... 49.23 | 24.42 | oo eeeeiie i e

Gl.

‘Cement, manufactured by Alabama
Portland Cement Co., Demopolis;
A.W.Dow, United States inspector of
‘asphalts and cements, analyst ........ 20.25 | 13.44 | 63.60 | 1.03 41 0.99 |...... ] 99.72

62. Cement manufactured by Alabama
Portland Cement Co., Demopolis;
analysis from T. G. Cairns, general
MANAGET. et iitiiiariisrnnaneneeannnn 19.99 | 18.74 | 61. 36 P2 U PR PR [ N

63. Cement manufactured by Alabama
Portland Cement Co., Demopolis;
R. 8. Hodges, analyst.................. 19.99 | 13.63 | 63.82 .83 1.16|..... [ 99. 35

64. Residual clay overlying orbitoidal lime-
stone, Marshalls Landing; R. S. .
Hodges, F:5 4 1:3 82 AR 51.80 | 33.22 | 1.37 .96 Al ..., 9.42 | 97.68

PORTLAND-CEMENT INDUSTRY IN ALABAMA.

In the preceding section Doctor Smith has given a veryrdetailed.

account of the character and distribution of the cement materials of
Alabama. It will be noted that these Alabama deposits, particularly
the chalk beds of the Cretaceous, possess many economic advantages
over most of the limestones which occur near the Atlantic seaboard.
These may be briefly stated as follows:

(1) The Selma chalk deposits of the Cretaceous are in general of
almost exactly proper composition for the manufacture of Portland
cement, requiring the addition of little or no clay. This correctness
of composition will materially reduce the cost of manufacture. The
St. Stephens limestone of the Eocene is not so near to ideal composi-
tion as the Selma chalk, but will still prove to be a very satisfactory

cement material when used in combination with the overlying Grand -

" Gulf clays.

(2) As shown on the ¢ ‘xccompanymg map, coal of good quality occurs-

within a reasonable distance of the cement heds. As the coal used in
boilers and kilns will amount to 60 to 70 per cent of the weight of
cement produced, a supply of fuel at low prices is an important ele-
ment in the success of a cement plant.

(3) Labor is abundant and cheap in the Alabama cement district.
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(4) In addition -to the local market for cement furnished by such
cities as Atlanta, Birmingham, Mobile, and New Orleans, cement
plants located upon the navigable rivers of Alabama will be enabled
to place their product at any point on the Gulf or southern Atlantic
seaboard at very low prices, owing to the cheapness of transportation
by wdter as compared with the railroad frelght rates which most other
plants will be compelled to pay.

In view of these advantages it seems reasonable to expect that in the
near future Alabama will take high rank among the States as a pro-
_ ducer of Portland cement. . At present, however, only one plant is in
operation. This is operated by the Alabama Pmtland Cement Com-
pany, and is located about 1 mile east of Demopolis, Marengo County,
on the line of the Southern Railway Company.

The raw materials used are the soft cbalky limestone of the Cretaceous
and a residual clay, both occurring in the immediate vicinity of the
plant. Analyses 1 and 2 of the following table show the composition -
of the limestone actually used at the plant, while analyses 3 and 4 are
from near-by localities. It will be noted that the limestone actually -
quarried runs only a little too high in lime carbonate to make a good
Portland cement by itself. A small amount of clay is added to reduce
the lime to a proper percentage. Noanalyses of this clay are at present
available.

Analyses of limestone from Demopolis, Ala.

1 l 2 3 4

Silica (8i0y) -...-. .- e 12.50 9.88 | 12.13 13.32
Alumina (AL,Oy) . ......... e, : 4,17

’ . 2.76 6. 20 8.74
Iron oxide (Fe,O4) cccenoaanciniaiaiaaaaaas } { 3.28 }
Lime carbonate (CaCOq)...... ... ... 80.71 | 77.12 | 75.07 | = 73.94
Magnesium carbonate (MgCO;) -............. 1.05 .08 | .92 1.40
Sulphur trioxide (80;) -cvnecieiimaaiaeannn . 1.62 n.d. n.d. .27
Total sulphur (8) .. ... ..o il.. n.d. n.d. n.d. .64
Water. .ooveeeeeaieenaaaannn e 1.3 572 nd.| nd

1. Quarry Alabama Portland Cement Company. R. 8. Hodges, analyst.

2. Quarry Alabauma Portland Cement Company. Sen. Doc. No. 19, 58!.[1 Congress, 1st session, p. 22.
3. Demopolis. Proc. Alabama Industrial and Scientific Soc., vol. 5 p. 44-51.

4. Demopolis. F. P. Dewey, analyst.
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The following analyses are of the ‘“ Red Dlamond” brand of Pontland
cement, manufactured at this plant:

Analyses of Portland cement Srom Demopolis, Ala.

1 2 3 4 b
Silica (Si0p) e coeaee et - 20.54 | 20.25 | 19.99 | 19.91 19.56
Alami ALOy) cee e ..l 855
umina (ALO) ... } 13.44 | 13.74] 13.63| 12.16

Iron oxide (Fe, O3) - voeeeenacennaa ... 3.84
Lime (Ca0) .ot 63.85 | 63.60 | 61.36 | 63.82 62.27
Magnesia (MgO) - ..., .66 1.03 .61 .83 .64
Sulphur trioxide (SO3)........... ... n.d. .41 n.d. 1.16 .54 |
Total sulphur (8) ... ... n.d. .99 n.d. n.d. n.d.
Water, €tC - coe o e i 1.34 n.d. n.d. n.d. n.d.

1. Clinker. F. W. Clarke, analyst.

2..Cement, A.W. Dow, analyst.

3. Cement. Sen. Doc. No. 19, 58th Congress, 1st session, p. 23.

4. Cement. R.S. Hodges, mml\st

5. Cement. Cement Directory, 2d edition, p. 254,

BIBLIOGRAPHY OF CEMENT RESOURCES OF ALABAMA.

Suita, E. A, Alabama’s resources for the manufacture of Portland cement. Proc.
Alabama Industrial and Scientific Soc1ety, vol 5, pp. 44-51. 1895. Tradesman,
Dec. 15, 1895.

SmirH, E. A, Cement resources of Alabama. Bu]l. U. S. Geol. Survey No. 225,
pp. 424-447. 1904. :

SurrH, E. A, and Ecker, E. C. The ¢ement resources of Alabama. Senate Docu-
ment No. 19, 53d Congress, 1st session, 23 pp. 1903.

Smirs, E. A., and Ecker, E. . Cement resources and manufacture in Alabama
Bull. Alabama Geol Survey No. 8, 93 pp. 1904. _

SuitH, E. A., and Rico, H. ' Preliminary report on the clays of Alabama. Bull.
Alabama Geol. Survey No. 6, 220 pp. 1900.

PORTLAND-CEMENT RESOURCES OF ARIZONA.
PORTLAND CEMENT MATERIALS.

Little detailed information is obtainable concerning either the areal
distribution or the character of Arizona limestones. The few analyses
of cement materials available, such as those given in the tables below,
have been made in the coursé of examination of isolated districts.

The following analyses of limestones from the Bisbee district of
southeastern Arizona are taken from Prof. Paper U. S. Geol. Survey
No. 21, p. 52. The analyses were made by W. F. Hillebrand of
specimens collected by F. L. Ransome.

————

DU < I
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Analyses of limestones from Bisbee district, Arizona.

1 2 .3 4 H

Silica (SiO,) ......................... 11.80 12.53 8.52 0.06 2.52
Alumina (ALOg) ..ot ... 2.15 1.04 )
Alumina (A1,0,) | boe| oz
Iron oxide (Fe,05) - cocemeeoeaiaa. 1.08 1.26 ‘ .
Lime (Ca0) ..ot 45.86 | 27.28 | 50.07 | 55.80 53.68
Magnesia (MgO) - oo is .48 | 17.41 .55 .13 .46

1. Abrigo formation, Cambrian.

2. Abrigo formation, Cambrian.

3. Martin formation, Devonian.

4. Escabrosa formation, Mississippian.

5. Naco formation, Pennsylvanian.

Though the Portland-cement industry has not been established in
Arizona, it seems probable that a cement plant, operated by a Govern-
ment bureau, will be started there during 1905. This interesting
experiment is due to the necessity for procuring large supplies of
cement, at a low price, for one of the largest of the projected irriga-
tion dams, to be located in the Salt River Valley.

A number of raw materials occurring near the dam site were ana-
lyzed, and the results are given in the following table. Of the analyses
there quoted, Nos. 1 and 2 represent the limestone and Nos. 6 and 7
the clay which is to be used at the cement plant. The composition of
the limestone seems very good; that of the clay is less satisfactory,
and it will probably be difficult to obtain a slow-setting cement from it.

Analyses of limestones and shales from Tonto dam site, Arizona.

1 2 3 4 5 6 7 8
Silica (8i0p) --..-.. fieeen- 3.80 | 0.51 |50.60 [55.70 [51.00 | 51.90 | 50.51 | 67.90
" Alumina (ALOg) .......... } _n 14. 63
.20 | .20 |15.80 120.50 16.70 | 23.70 { }18. 00
Iron oxide (Fe;Oy)........ ) 5.03
Lime (CaO) o ocveeena. . --193.65 [55.56 | 9.30 | 6.61 | 3.39 | 6.10 | 6.77 |...._.
Magnesia (Mg0) .......... .60 .10 4.07|...... 4.58 .97 | 3.00 .97
Alkalies (K,0, Na,0) ..... nd.|nd|nd|nd|nd|nd | 52| nd
-Carbon dioxide (CO,) --... n.d [43.77 | n.d. | n.d. | n.d. | n.d. }]3 30 { n. d.
Water. oo aaaes 2.80 11.25 (20.10 | 13.40 (/7 |L._..
1. Limestone near dam site. E. Duryee, analyst. Water Supply Paper No. 73, U. 8. G. S., p. 48.
2. Limestone near dam site. U. S. Geol. Survey Laboratory, analyst. 1ibid., p. 49.
3. Shale near dam site. E. Duryee, analyst. Ibid., p. 48.
4. Clay 1 mile from dam gite. K. Duryee, analyst. " Ibid.
6. Clay from Sallie May Canyon. E. Duryee, analyst. Ibid.
6. Clay 8 miles north of dam site. E. Duryee, analyst. Ibid.
7. Clay 3 miles north of dam site. U. S. Geol. Survey Laboratory, analyst. Ibid., p.49. -
8. Shale from canyon below dam site. E. Duryee, analyst. 1bid., p: 48. .
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A number of samples of limestone from various points along or near
Gila River, near projected dams for irrigation purposes, were exam-
ined by Mr. E. Duryee, with a view to determining their value as Port-
land-cement materials. These analyses are given in the following table:

Analyses of limestone near Gila River, Arizona.
[E. Duryee, analyst.]

1 2 3 4 5]

STliCA (S10,) -+ e e eeneee et ova| 87| a7 | a1 | sxe
Alumi ALOY) oL .

umina (ALO,) } 13| 60| L4 | 58 1.3
Iron oxide (Fe,04) oo oo, .
Lime carbonate (CaCOy) -............. 96.65 | 55.92 | 93.10 | 90.10 55. 50
Magnesium carbonate (MgCO,).. ... .. |........ 3100 fooee e
Water . ...l . .65 100 oo feiiaaad]en feeen

1. San Carlos, gray.

2. San Carlos ink.

3. Riverside, ‘blue.

4. Queen Creek. blue.

5. Queen Creek, gray.

BIBLIOGRAPHY OF CEMENT RESOURCES OF ARIZONA.

Davis, A. P., and Durveg, E. Tests of cement materials from Salt River, Arizona.
Water Supply and Irr. Paper U. S. Geol. Survey No. 73, pp. 48-51. 1903.

Douryeg, E. Tests of cement materials from Gila River, Arizona. Water Supply ’

and Irr. Paper U. S. Geol. Survey No. 33, pp. 82-90. 1900.

Duryeg, E.  Cement investigations in Arizona. Bull. U. S. Geol. Survey No. 213,
pp. 372-380. 1903.

RaxsomE, F. L. Geology of the Globe copper district, Arizona. Prof. Paper U. S,
Geol. Survey No. 12. 168 pp. 1903.

Rawnsomr, F. L. Geology and ore deposits of the BNbee quadrangle, Arizona.
Prof. Paper U. 8. Geol. Survey No. 21. 168 pp. 1904.

PORTLAND-CEMENT RESOURCES OF ARKANSAS.«
PORTLAND-CEMENT‘ MATERIALS.

A number of limestone formations occur in Arkansas, six of which
seem to be worth considering as possible sources of cement materials.

The limestones which will be described are the following:
: ’ Geqlogic age.

Tzard limestone .. e e [ Ordovician
Polk Bayou limestone .. ... . .. iiiiiiiiiiiiiiiaio.o. Ordovician
St. Clair limestone .......................... e Silurian
Boone limestones .. ... .. .. . ... . ...l Mississippian (Lower Carboniferous)
Pitkin or Archimedes limestone......... s Mississippian (Lower Carboniferous)
White Cliffs chalk. ... ... . ... .. e e et eeeeeeaieeacaen Cretaceous
Saratoga chalk ... ... ... Cretdceous

aThe Silurian and Carboniferous limestones are discussed by T'. C. Hopkins in a report on the mar-
bles and other limestones of Arkansas, published as Vol. IV of the Report Arkansas Geol. Survey for
1890. The Cretaceous chalks, as later noted. have been described in detail by J. A. Taff, in a report
issued by the U. S. Geol. Survey. The descriptions of Arkansas limestones given in the following
pages are abstracted from the two reports named. Mr. E. O. Ulrich has kindly furnished many data
concerning the Paleozoic limestones,
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Southeast of a line drawn through Pocahontas, Powhatan, Jackson-
port, Searcy, Little Rock, Benton, Arkadelphia, Prescott, and Tex-
arkana, Ark., is covered hy clays and gravels, and so contains
absolutely no materials for cement manufacture. All the limestones
listed occur northwest of the above line. ‘

This distribution of cement materials is unfortunate, because plants
working the Arkansas limestones will be brought into direct competi-
tion with Kansas plants using natural gas for fuel, and also because
there is no good local market for cement in that part of Arkansas in

which the cement materials occur.

IZARD LIMESTONE.

DISTRIBUTION.

The Izard limestone occurs in Independence,' Izard, Stone, Searcy,

" Marion, and Newton counties. It is found. in quantity on all the main

branches of Lafferty Creek, and ranging in thickness up to 200 feet.
In a few places it occurs in almost perpendicular bluffs, but more
commonly in steep, terraced slopes. The finest exposures are along
the tributary flowing west from Cushman, known as Blowing Cave
Creek; in the ravine in the north part of sec. 13, T. 14 N.,R. 8 W,
and on the lower part of West Lafferty Creek for 4 miles above its
junction with East Lafferty. In secs. 3 and 10, T. 14 N., R. 8 W., are
areas especially. noteworthy both for the quantlty and quahty of the
Izard limestone exposed.

At Penters Bluff on White River and in the adjoining region .this
limestone is in admirable position for quarrying. Penters Bluff is
almost perpendicular and is more than 400 feet high, 285 feet of the
base being Izard limestone. In.the rear of the lower end of the bluff
is a ravine from a fourth to half a mile in length, which penetrates
the hill in a direction but slightly divergent from the course of the
river, leaving a high narrow wall, which has an abrupt face riverward
and is so close to the river bank that there is scarcely room for the road
along its base. The rear of this wall is a steep, terraced slope facing
the ravine. The south end of the wall is tolerably abrupt for 60 to 70
feet from the base, above which the slope is gentler, and one can with
a little difficult climbing at the start ascend to the highest point of the
bluft by traversing it lengthwise. The rocks have a low dip to the
southeast. The south end of the bluff for about a fourth of a mile
consists entirely of: the Izard limestone.

West of Penters Bluff, on the north side of White River, the lime-
stone is covered in a few places by the chert débris, outcropping almost
continuously along the hills next to the river and on the lower course
of all its tributaries as far, at least, as Mount Olive.

The largest and most conspicuous outcrop of Izard limestone west
of Penters Bluff is on Wilson Creek in the northwestern part of the
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Batesville quadrangle. At the base of the hill on each side of the
creek are from 100 to 200 feet of Izard limestone. The bottom of
the bed is not exposed. At some places the limestone outcrops in
solid continuous layers, while at others the surface is covered with
more or less regular rectangular blocks, the result of” weathering.
The position of the stone for quarrying is all that could be desired.

In the eastern part of Stone County the Izard limestone is exten-
sively developed along the south side of White River. Along the
river from a point opposite Penters Bluft to the lower end of Round
Bottom this limestone forms the base of the hills for a distance of 100
to 200 feet. Up the river from Round Bottom the base of the hills is
composed of the saccharoidal sandstone, the Izard limestone lying
near the top. Northward the Izard limestone gradually approaches
the tops of the hills, until it thins out and disappears entirely in the .-
northern part of the county, being replaced by the underlying rocks.
It is exposed in large quantities along Cagen and Dr y creeks, Rocky
Bayou, Hell Creek, and South Sylamore Cleek and in smaller ‘quan-
tities on North Sylamore and Livingstone creeks.

In Searcy County the Izard limestone is not nearly so thick as far-
ther east, as it gradually thins to the west. It occurs in considerable
quantities along Big Spring, Bald Knob, Little Rock, Rock, Brush,
and Bear creeks, on the south side of Buffalo River, and on the north
side of Mill and J imisons creeks.

In the eastern part of Newton County a small quantlty of Izard
limestone occurs along Buffalo River, the most western outcrop noted
being in sec. 26, T. 16 N., R. 21 W.-., about 1 mile below Jaspar.

THICKNESS OF IZARD LIMESTONE.

The Izard limestone has its maximum thickness on White River at
Penters Bluff, Izard County. Here 285 feet are exposed, and the bed
extends below the level of the river, so that the total thickness can
not be ascertained. From this point it gradually thins eastward to
R. 4 W., in Independence County, and westward to R. 18 W., near
the western border of Searcy County. 1t thus has an east-west extent
of more than 80 miles. The limits of its exposure north and south
vary from 3 to 10 miles, dependmg upon the topography. At Rocky
Bayou its thickness is 160 feet; at Roasting Ear Creek, 150 feet; at
St. Joe, 150 feet; on Jimisons Creek, southwest from St. Joe, 50 feet;
at Penters Bluff, the lowest exposure on White River, it is 285 feet,
while in sec. 26, T. 15 N., R. 10 W., opposite the lower end 6f Round
Bottom, it is 130 feet. The limestone extends much farther up the
river and ends somewhere betweeri the mouth of Livingstone Creek
and Rappied Branch. On the east end of the river bluff, above the
mouth of Hidden Creek, the limestone is 250 feet thick.
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© DESCRIPTION OF THE IZARD LIMESTONE.

The Izard limestone is a smooth, fine-grained, compact, homogene-
ous, nonfossiliferous, even bedded limestone, breaking with a con-
choidal fracture. It is mostly of a dark-blue color, varying locally to
buff, light and dark gray, and almost black.

Partial analyses of Tzard limestone.

\

Lithograph-

From Polk | ic quarry,

Bayon. Lefferty

Creek.

Insoluble in hydrochloric acid. . ... ... ... . .. .. ..., 1.44 0.34
Carbonate of lime (CaC003) .. nneunmerie i, 97.97 98. 67
Carbonate of magnesia (MgCOy) .. .. ... ....._. e 2.14
PO - - oo oo ez 99,41 10115

POLK BAYOU AND ST. CLAIR L]MESTONES.
DISTRIBUTION.

On the north side of White River these limestones outcrop over a
somewhat irregular belt 80 miles or more in length and from 2 to 10
miles in width, running across the central part of North Arkansas in
a nearly east-west direction, and extending from Hickory Valley in
R. 5 W., to Mount Hersey in R. 19 W., with isolated outcrops as far
west as Jasper, in R. 21 W. In Independence County, at the eastern -
end of the area, the outcrop is all on the north side of White River.
It crosses White River at Penters Bluff, from which place it is found
only on the south side of the river. Its northwestern boundary in the
main is the fault near St. Joe. ‘ :

In the western part of its drea the bed is comparatively thin, its
maximum thickness being exposed at Penters Bluff. The western and
northwestern limits of the bed are fairly well defined. On the south
it dips beneath the overlying Mississippian beds of the Boston
Mountains. : :

On the south side of White River, as on the north side, the marble
outcrops along the narrow, winding watercourses. On both sides of
the river the rocks have a gentle south dip, so that as the northern
limit of the bed is approached the limestone bed occurs higher and
higher up the hillsides until it is finally displaced by the underlying
Ordovician rocks. On the south side of the river the limestone grad- -
ually descends to the beds of the streams, where it dips away gently
toward the south, disappearing beneath the overlying Mississippian
rocks. Except where concealed by the chert débris, the limestone
~outcrop on the south side of the river is continuous as far west at least
as R. 12.
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The eastern limit of the limestone outcrop on the south side of White
River is in the NW. } sec. 5, T. 14 N., R. 8 W., just above Penters
Bluff. Opposite the bluff the limestone horizon is concealed by chert
débris. Upstream from the outcrop in sec. 5 the hills become steeper,
and are so close to the river that from Penters Bluff to the mouth of
Sylamore Creek they form a river bluff, which is broken by numerous
small creeks and ravines and by two sholt strips of alluvium—Jones
Bottom, in R. 9 W., and Round Bottom, in R. 10 W. This bluff is
not so high nor so pmminent as Penters Bluff, but it consists of the
same rocks—Izard limestone at the base, overlain by Polk Bayou
limestone, which is capped with chert.

STRATIGRAPHIC POSITION OF POLK BAYOU AND ST. CLAIR LIMESTONES.

Stratigraplic position.—The St.Clair limestone and Polk Bayou for-
mations, considered together, form one of the thickest and most impor-
tant beds of limestone in the State. They are underlain by the blue’
Izard limestone and overlain by the Sylamore sandstone (Devonian) or
the Chattanooga shale, one or both of which are generally present,
often in an inconspicuous bed only a few inches in thickness. In the
absence of both the Sylamore sandstone and the Chattanooga shale the
St. Clair-Polk Bayou limestones are overlain by the St. Joe limestone,
which forms the base of the Boone formation.

THICKNESS -OF THE ST. CLAIR-POLK BAYOU LIMESTONES,

The maximum thickness, which is 155 feet or more, is at Penters
Bluff, on White River. The limestone thins out gradually toward the
east, west, and north; on Polk Bayou it is probably not more than
100 feet thick, while on Dota Creek, still farther east near the Paleo-
zoic border, it does not occur at all. Above the mouth of Hidden
" Creek, on White river, it is 50 feet thick; but a few miles farther up
the river, below the mouth of Twin Creek, there is only a trace of it.
On the south side of White River, on Little Rocky Bayou, its thick-
ness is from 25 to 40 feet; on South Sylamore it is from 25 to 50 feet,
and at St. Joe it is from 20 to 30 feet.

DESCRIPTION. |

'

In general both the Polk Bayou and the St. Clair limestones are highly
crystalline, being composed of small crystals of nearly uniform size.
They are tenacious, easily cut, break with difliculty, and have a
slightly conchoidal fracture. In weathering, the crystals are sepa-
rated, resembling coarse sand.

" These formations commonly outcrop in heavy layel’s from 2 to 4
feet or more in thlckness, but in some places the rock is masswe the
entire exposure being in one solid bed.
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Iixcept where deeply stained with manganese and iron the St. Clair
limestone is a remarkably pure carbonate of lime.

Analyses of St. Clair and Polk Bayou limestones.

Brooks | el | staoe. | S | Bl
Silica (Si0,) -eenen--.. . 0.73| o032] o11| o054| 069
Tron oxide (Fe;Oy).-onmenmeaneann. 11 30 o8| .19 .27
Alumina (A];OQ,) ............... - .24 B (120 PR, 4 .18 .10
Lime(Ca0)..o.oooi i ean. 54.82 | 55.74 | 56.22 54.70 55. 21
Magnesia (MgO) .................... .24 | Trace. | Trace. .27

Potash (K,0)........... et .01 17 .07 .78 [{Trace.
“Soda (Nag0) e eeeeeeciaa i, .48 .22 L | I | I ’
Loss on ignition (CO,, et¢.). ... ... 43.08 | 43.31| 43.79 | 43.35| -43.39
Total . ...cooeaoaan. P, 99: 86 | 100.65 | 100.31 | 100.00 | 100.28
Water at 110°-115°........... ... .- .09 . 059 .04 1 D
Carbonate of lime (CaCO,)........... 97.88 | 98.40. 99.68 97.77 98. 42

ST. JOE LIMESTONE.

DISTRIBUTION.

St. Joe marble is the name given by the Arkansas geologists to
the prominent bed of red limestone which is widely distributed over
nearly all the counties of Arkansas north of the Boston Mountains.
It is so named from the village of St. Joe, in Searcy County, Ark.,
where there is a typical exposure and where it was first studied by’
the Arkansas geological survey. In the publications of the United
States Geological Survey this bed is termed the St. Joe limestone
member of the Boone formation.

' GEOLOGIC POSITION. ! .

The St. Joe limestone is situated at the base of the Boone chert, of
which it forms a part. It is underlain by the Chattanooga shale
(Eureka shale in part of Arkansas survey) where that formation
occurs, otherwise by the Sylamore sandstone or by Silurian or Ordo-
vician rocks. In the eastern part of the marble area of the State it
overlies the St. Clair limestone, from which it is separated in most
places by a thin bed of Devonian shale or sandstone; west and north
of the borders of the St. Clair linfestone it overlies the St. Peter
saccharoidal sandstone or the Yellville limestone, with either of which
in some places, in the absence of the Chattanooga shale, it may be in
direct contact.
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THICKNESS. ‘

The thickness of the St. Joe bed throughout the greaver part of the
area in which it occurs is from 25 to 40 feet. But as there is in many
places no definite line of demarcation between the marble and the over-
lying chert, the upper limit of the marble is somewhat arbitrary. In
some places in the eastern part of the area the chert rests directly on
the Ordovician rocks, showing the entire absence of the St. Joe, while
at other places, as at one place in the vicinity. of Marble City, the
chert is 100 feet and at another it is 250 feet above the bottom of the
marble. In such cases, however, the upper part of the bed is of gray
limestone similar to that interbedded with the chert elsewhere, but no
sharp line can be drawn hetween the red marble at the base and the
gray limestone overlying it, for the two gradually merge into each
other. '

COMPOSITION.

-The chemical analyses given in the accompanying table show the
St. Joe limestone to be a comparatively pure carbonate of lime.

Analyses of St. Joe limestone.

Marble | Rhodes | T1oma- St. Joe

) o ' City. | il | B&WK | crinoidal
Residue ihsoluble in hydrochloricacid..._..... 0.800 | 0.835 | '3.03 1.16
Titanic.oxide (Ti05) - - - o eeveeneaaean. e Trace. | Trace. |........]o. ...
Phosphoric acid (P,05) . ....oo..c..o...... L0230 009 ...l
Alumina (A1,0,) -« o oo 009 | o024 A8 ..
Ferric oxide (Fey03) e ceemneeee e . 051 . 058 70 [l
Manganese oxide (MnO,)..................... .015 17 R PSRN P
Zinc oxide (Zn0) present, but not determined .| ... .. _|. ... .| ... ..o ...,
Potash (K,0) and soda (Na,0) .. ............. . 054 . 005 32 .
Magnesia (Mg0) .- .. oo oo 190 | 160 46
Lime (Ca0) «ccceeeiaiinaaaa.., e 55.390 | 55.340 | 53.46 |........
Loss on ignition (COy)-. oo ool L. 43.740 | 43.630 | 42.30 |..... ..

Total . .o e 100.272 {100.177 | 100.38 ........
Carbonate of lime . ... ... . ... ... ... ..... 98.91 | 98.82 95. 46 98.73

™~

LIMESTONES OF THE BOONE CHERT.

The Boone chert contains large quantities of limestone, some of the
most valuable beds in the State occurring in it. 1In difterent parts of
the region ‘it varies widely both in quantity and quality. In some
places it is made up almost entirely of limestone, while in others
it consists almost entirely of chert. For convenience the subject is
divided into three parts: (1) Thelimestone underlying the chert; (2) the
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limestone overlying the chert; and (3) the limestone in the chert bed.
The bed underlying the chert has been designated the St. Joe limestone -
and has been described in detail on the preceding pages (93-94).

LIMESTONE OVERLYING THE CHERT BED.

* Description.—The limestone overlying the chert bed is classed as
part of the chert bed, but in many places it is apparently a separate
bed. In most places it is dark gray on a fresh fracture, but on
exposure the color changes to a light gray on account of the loss of
bituminous matter. In some places the rock is almost entirely free
from organic matter. It is coarsely crystalline, slightly fossiliferous,
homogeneous in texture, and very tenacious; has a conchoidal frac-
ture, gives out a fetid odor on a fresh surface, and rarely presents
sharp edges on weathered exposures, but outcrops in rounded bowl-
~ders or prominences through the soil. In places the limestone con-
tains numerous small fragments of angular chert.

Distribution.—The limestone overlying the chert bed was not
observed in the eastern part of northwestern Arkansas where, however,
limestone does occur in many places near the top of the chert bed, but
either contains intercalated chert or is overlain by thin layers of chert,
and is distinct lithologically from the bed overlying the chert in the -
western part of the area.¢ It occurs in the western part of the State,
in Carroll, Madison, Benton, and Washington counties, where it out-
crops around the numerous outliers of the Boston Mountains. Com-
paratively small quantities of it are exposed on Grindstone and Pond
mountains, near Eureka Springs, but on Swain Mountain, T. 19 N.,
R. 26 W., it forms a prominent ledge around the east end of the
mountain between the chert and the overlying Batesville sandstone,
outcropping in rounded ledges along the Eureka Springs-Huntsville
road, where it is very dark, almost black, on a fresh surface. It is
exposed in large quantities in Stanley Branch around the borders of
the Batesville sandstone areas, in heavy ledges around the base
of Keefer Mountain south of Hindsville, about Goshen, in T. 17 N.,
R. 28 W., on the tributaries of Richland Creek, and on Poor, Ellis,
Humphrey, Blansett, and other mountains on the west side of White
River. ,

LIMESTONES IN THE BOONE CHERT.

Description.—Though most variable in quantity and quality, the
limestones in the Boone chert form some of the largest and most val-
uable beds in North Arkansas. Instead of a persistent, clearly defined
bed of limestone running through the chert, there is rather a bed of
chert, with large quantities of limestone variously mixed through it.
In some places the limestone occurs in irregular layers, varying from

aMr. E. O. Ulrich states that part of this limestone—the black variety—is a bed in the basal part of
the Fayetteville shale,
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1inch to a foot or more in thickness, intercalated with like irregular
" layers of chert; in other places it occurs in lenticular masses; again,
the chert occurs in lenticular or nodylar masses in the limestone; .in
still others the chert and limestone are so intimately diffused that it
is not possible to draw any sharp line between them. It often hap-
pens, however, that the limestone forms a bed from 20 to 100 feet or
more in thickness, almost or entirely free from chert. It isin such
- places that the stone acquires an economic value. The variability of
the Boone formation is largely due to local causes favoring or retard-
ing replacement of limestone by chert.

Neally all the limestone in the chert is more or less mystallme,
but it is much more so in some places than in others. Ina general
way it is more crystalline in the central part of the area than either
to the east or west, and more crystalline in the east than in the west.
While there are many local changes in color, texture, and structure’
of the limestone in the chert, there are some dlstlnctly marked varie-
ties of it.

Distribution.—The oolitic limestone, which is one of the most valu-
able varieties, is known to occur at three localities: Northeast of
Batesville; near War Eagle Creek, about 4 miles north of Huntsville;
and on Brush Creek, in T. 17 N., R. 28 W. The rock at Bates-
ville ¢ occurs in layers from 3 to 5 feet thick, and can be quarried in as
large pieces as can be handled. In color and appearance it resembles
the Indiana oolitic stone somewhat, but is harder and more crystalline
than most of the Indiana stone and is harder to work. The stone
found at the two other localities mentioned above is lighter colored,
softer, and more easily wrought.

Another variety occurring in the western part of Independence
County is a bard, compact, close-grained, finely crystalline, slightly
fossiliferous, dark-colored stone, the dark color being due to bitumi.
nous matter, which in some places occurs only in such small quantities
as to give the stone a light-gray color. In some places it develops a
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