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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 unpublished work of other geologists.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.
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(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.
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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.
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- 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
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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,



52 CEMENT MATERIALS AND INDUSTRY. [BULL. 243.

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.
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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
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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,



78 : CEMENT MATERIALS AND INDUSTRY. [BULL. 248.

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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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
shaly structure, but in most places occurs in layers f10n1 2 inches to 3
feet in thlckness which are firm, solid, and resonant.

A variety which is widely dlstnbuted over the central part of the
area is highly fossiliferous, coarsely crystalline, and varies from light
to dark gray in color. The fossils are mostly crinoid stems, though
the rock contains numerous bryozoans and brachiopods. In some
places it contains considerable amorphous matter, but in many places
is almost completely crystalline.

Composition.—The limestones in the chert vary greatly in composi-
tion, ranging by close gradations from chert to almost pure calcium
carbonate. However, in nearly all places where the large beds of

aAccording to Mr. E. O. Ulrich this rock O\Yerlics the Boone and belongs to the Moorefield shale.
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limestone oceur it is comparatively pure carbonate of lime.
nodules or lenticular masses of chert occur in the heavy beds of lime-
stone, but in no instance was there any considerable quantity of silica

found diffused through the bed of limestone.

97

Some

The whole series, in
2

fact, might be divided into (1) chert almost free from lime, (2) calcare-
ous chert.or siliceous limestone, and (3) comparatively pure limestone.

Analyses of limestones from the IBoone chert.

Bull. 243—05—7

1 2 3
Lime (Ca0) «veememenenoo. U 55.17 | 55.42 |  56.14
Magnesia (MgO) ... ..o i Trace. .39 Trace.
Silica (S104) «n v e e e e 1.61 .68 .30
Alumina (ALO,) e .00 .00 .00
Iron oxide (Fe,0y) . oeovvnenniiiii 14 .32 .06
Potash (K,0)..... T 14 .19 12
Soda (Na,0) ............. e s .09 .19 .08
Phosphoricacid (P,0,) .............. e .10 .17 Trace.
Loss on ignition, CO, and organic matter......_... 43.13 43. 56 43. 77
Total o . il 1100. 38 100. 92 100. 47
Water at 100°-115° C .. ... .. .. ... oo, . 057 .09 .49
~Carbonate of lime (CaC0jg) ...... ... ... 98.29 98.59 100. 23
1. Allen’s quarry, Polk Bayou, sec. 4, T. 13 ‘\ CR.6W.
2. Near Victor post-oftice, sec. 10, T\ 18 N., R.7 W,
3. Mill Creek, sec. 13, T 16 N., R. 18w,
Partial analyses of limestone from the Boone chert.
1 2 )3 4 5 6 7
* Lime (CaO) ................ 54.92°| 53.66 | 55.06 | 54.89 | 55.09 | 56.15 | 55.12
Insoluble (silica). . ... . 1.47 | 4.88 |cecee|oaao... .50 19 .28
Magnesia (MgO) -.......oooioeeaei)eanenns .03 21 | feaaae .45
- Loss on ignition (CO,, etc.) ..o ooo.}..- (S PR PO 43.61 | 43.58 | ......
Total.......... ... 56.39 | 58.04 | 55.09 | 55.10 | 99.20 | 99.92 | 55.85
Water at 110-115° C......... 10 £33 I RN P W03 e
Calcium carbonate (CaCO,)..| 98.07 | 95.82 | 98.32 | 98.02 | 98.37 [100.25 | 98.43
Magnesium carbonate .
[117:1 670 7% RN PRI PR PR ISR PR FO .95
1. Loster’s spring. .
2. Jones quarry.
3. Pond Mountain, sec. 23, T. 20 N., R. 2( w.
4, Limekiln at Rog(,rs
5. Brush Creek, Madison Count) sec. 25, T. 17 N., R..28 W.
6. Sec. 15, T. 17\¥ R. 26 W,
7. Dcmevﬂle Indepcndence County.
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PITKIN OR ARCHIMEDES LIMESTONE.

DESCRIPTION.

The Pitkin or Archimedes limestone is impure, generally loose tex-
tured, and very fossiliferous, varying from bluish gray to brown in
color. In most places it is distinguished by its characteristic fossil, a
spiral-shaped. bryozoan of the genus Archimedes, from which its
former name was derived. The compactness of the stone appears to
vary with the size of the fossils. When they are large the texture is
open, being often but a loosely aggregated mass; when the fossil frag-
ments are small they are closely compacted and the rock is firm and
duarable. In some places the formation graduates into sandstone, the
change being so gradual that there is no line of demarcation between the
two. In other places it is very argillaceous, and in most places contdins
‘iron and bituminous matter. In some places it hasa loose, shaly struc-
ture, while in others it occurs in strata 10 feet or more in thickness.

THICKNESS.

The Pitkin or Archimedes limestone varies in thickness from a few -
inchies to 80 feet or more. Itsthickness is from 25 to 40 feet in Wash-
ington County, 80 feet on Pinnacle Mountain, Newton County, and
apparently more than this on the face of the Boston Mountains, south
of Buffalo River, where no measurement was made. Mr. C. E. Sie-
benthal reports a thickness of 200 feet in the Boston Mountains, south
of Mountain View.

DISTRIBUTION.

This limestone is widely distributed over northern Arkansas, occur-
ring at nearly all clear rock exposures at the proper horizon, but as it
is in some places less durable than the overlying rocks, it is frequently
concealed by talus. In some places it is more durable than the over-
lying rocks and forms a prominent escarpment along the face of the
mountains. It outcrops along the north face of the Boston Mountains
and in many of the northern outliers from Independence County west
into Indian Territory. It outcrops also on the south side of the Bos-
ton Mountains in several places in Crawford, Franklin, Johnson, and
Newton counties. In Limestone Valley, Franklin County, it has a
thickness of 100 feet or more. ‘

1t is prominently developed in the group of mountain peaks in the
southern part of Boone County and the northern part of Newton
County. At Fodder Stack it forms the cap rock, about 100 square
feet. On Pinnacle Mountain it occurs in a prominent ledge S0 feet
thick, 400 feet below the top of the mountain. On Pilot Mountain,
at the north end of Boat Mountain, it is 30 feet thick and lies 200 feet
below the top of the mountain. It is concealed by talus in many
places on both Pilot and Boat mountains.

There are . large exposures of the Archimedes limestone on hoth

,sides of Buffalo River, in Newton County, on the mountain between
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Big and Little Buftaloes, and at many places along the north face of
‘the Boston Mountains in Searcy, Stone, and Independence counties.
It outcrops prominently on the mountain south of Jamestown, Inde-
pendence County, as well as at many places on Salado Creek, in the
same county, and it skirts the highlands southwest of the Oil Trough
bottom.

' CRETACEOUS CHALK BEDS.a

The Cretaceous rocks of Arkansas occur only in the southwestern
portion of the State, reaching as far northeast as Arkadelphia (See
PL III. On the north they are bordered by Paleozoic sandstones and
shales, while on the south and east they pass out of sight beneath a series
of sands, gravels, and clays of later age.

In the present discussion the only part of this series to be consid-
ered is the chalk formation of the upper Cretaceous. This is geolog-
ically continuous with the Texas chalk (see pp. 308-309), but is cov-
ered in many places by sands, gravels, and river bottoms, so that it
occurs as a series of isolated outcrops. It outerops near Rocky Comfort,
in Little River County, and near White Cliffs, Saline Landing, Wash-
ington, and Okolona, and on Big and Little Deciper creeks.

While the chalk of all these areas is of upper Cretaceous age, there
is a considerable variation in stratigraphic position. The chalk beds at
Rocky Comfort, White Clifts, and Saline Landing become more sandy
and clayey and less chalky as they are traced northeastward from
the last-named area, and soon become worthless as cement materials.
At the same time a series of limy clays, situated geologically about
200 feet above this first chalk series, becomes more chalky ds it is
traced northeastward; and this second chalk bed is worth considering
as a cement material in its outcrops near Washington and Okolona, and
on the Deciper creeks.

The first or lower series of chalk beds has been called the White-
cliffs “ formation and the second series the Saratoga formation, hoth
being named from localities at which they are well exposed.

The different areas of outcrop will be discussed separately in order

“from southwest to northeast, after which a large series of analyses of
the chalk will be presented.

WHITECLIFFS (ANNONA V) FORMATION,
ROCKY COMFORT AREA.

The chalk which outcrops in the vicinity of Rocky Comfort is
remarkably uniform in physical appearance. It is massive, white,

aThe description of the Cretaceous chalks is taken from a very detailed report, by Mr. J. A. Taff,
on The chalk of southwestern Arkansas, with notes on its adaptability to the manufactare of
hydraulic cements, in Twenty-second Ann. Rept. U. S. Geol. Survey, pt. 3, pp. 689-742. So far as
possible this matter is stated in Mr. Taff’s 6wn words.

b As the term White Cliff had been applied in 1876 to a formation in the Uinta Mountains, the name
Annona, from-Annona, Red River County, Tex., where the chalk is well exposed, has been adopted
for it by the U. S. Geological Survey.
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sufficiently friable to soil the fingers, and thin pieces may be broken
“in the hands, but the hammer is required to pulverize the massive
rock. On exposure the chalk breaks into conchoidal fragments, which
weather to lumps ‘and finally become chalky dust. In the hillsides
south of town the bedding is scarcely preceptible.

The composition of fresh chalk from the bed of the branch at the
base of the exposure is given in analysis No. 4 (p. 111), while No. 3
shows that exposed in the ditches, 55 feet higher. The former is not
many feet above the base of the true chalk and the latter belongs near
the middle. This chalk is in physical appearance like that of White-
cliffs, and a comparison of the analyses shows that this chalk and that =
from Whitecliffs quarry have practically the same composition.

The lower beds are exposed by the road in the SE. } of SE. % sec.
21, T. 12 S., R. 32 W, also near the middle of sec. 21, with chalky marl .
cropping below. These basal beds are more clayey and siliceous than
those higher in the formation south of Rocky Comfort.

From the center of sec. 21 to the “‘line road” in the SW. 9; sec. 29
the chalk is concealed beneath residual black soil. © At thelatter locality
the chalk is well exposed in ditches and on high ground along the road
almost through the SE. + of SW. } sec. 29. The lower beds of the
formation are also exposed in the hilland bluff facing the river bottom
in the NE. % of NE. % sec. 31. _

From the base of the chalk downward there is a transition zone
of bluish clayey chalk which grades down into still less chalky clay.
This transition clay chalk is exposed at the contact in the SW. } sec.
29, and in deep ditches on the hill slopes below the Hopson graveyard,
in the NE. 4 of NE. % sec. 30.

Analysis No. 2 (p. 111) is of a specimen of the transition clayey chalk
from the latter locality. While the analysis shows that the marl con-
tains 25 per cent of silica, sand is not visible.

From sec. 30 northward to the Holman place, near tho center of
sec. 18, the clayey chalk is generally concealed by its residual soil.
Grayish-blue, sandy, chalky marl, partially indurated at the surface,
outcrops at the Holman House and in gullies 500 feet farther west.
This chalky marl is perceptibly more sandy than that higher in the
section immediately below the true chalk.

The crumbling edges of the chalk deposits outcrop in the low bluff
of Walnut Bayou bottom from the NE.  of NE. £ sec. 30 southward
to the extreme south end of the chalk area, in the SE. 4 of SW. } of
sec. 32.

Excellent exposures of the chalk occur in and near the 1oad in the
SW. 1 of SW. % of sec. 32. The analysis of this chalk is given in
No. 1 of the table. The chief difference between this and the other
samples of the purer chalk analyzed is that it contains much more
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clay. The only perceptible physical difference, however, is that it is a
little harder.

A rather large exposure of whltc chalk, of beds near the top of the
formation, appears on Col. .Henry Hawkins’s place, in the NW. %
sec. 33. About one-fourth mile southeast of the house, in the SE. %
of NW. % sec. 33, the top of the true chalk and the base of the suc-
ceeding chalky marl is exposed. A thin mantle of gravel conceals.
part of both the chalk and the marl. The upper layers of the chalk -
are also exposed south of the branch, in the SE. } sec. 28.

There are smaller exposures of chalk in this region, but it is believed
that those above described are typical.

WHITECLIFFS AREA.

The chalk here exposed occupies parts of secs. 25, 26, 35, and 36,
T. 11 S., R. 29 W., and secs. 30 and 31, T. 11 8., R 28 V\., and

covers an area of flbout 600 acres.

A large part of the chalk of the Whitecliffs area is covered by a thin
mantle of gravel and sand. In places this gravel may attain a thick-
ness of several ‘feet, but it is believed that it will nowhere interfere
senously with the 1emovml of the chalk. The chalk is also concealed
in places, especially near the border of the the area, by its own resid-
ual soil, with scattered pebbles or a very thin layer of gravel.

The most noteworthy exposure of chalk in southwestern Arkansas
oceurs in the cliffs overlooking Little River from the east side, in the
northeast corner of sec. 35, T. 11 S , R. 29 W., immediately above the
ferry.

From the brink of the chff down to the water level is 115 feet, and
about 15 feet of chalk is exposed at a higher level by the road whlch
leads from the cement works. The following is a detailed section,
beginning at the top of the chalk and marl in the clift:

Section at Whitecliffs Landing.

1. Massive, creamy white chalk, in beds from afoot to about 10 feet thick, sep-
arated by thin partings of very slightly laminated chalk. The variation
in the character of the chalk from bed to bed is not perceptible on physical

_ examination, and the stratification planes are not clearly defined except -
upon partial weathering of the rock. Analysis No. 7 (p.111)is of specimens
in the lower part of this chalk, while No. 9 isan average of specimens from
each hed in the lower half as exposed in the quarry. No. 8is from about
10 feet below the top as exposed by the road opposite the cliff......__.. 60

2. Massive dull bluish-white siliceous chalk. Slightly harder than the pure
chalk of 1, practically without indieation of bedding, and because of its
hardness projects in a steep bench overhanging the less chalky beds
below. Analysis No. 6 shows that this chalk contains nearly twice as
much silica as the chalk above. This bed occurs in the bench beneath
the ‘quarry and passes to the level of the river bottom near the clay pit
south of the works. An outcrop oceurs also near the middle of the bluffs
north of the cliffs, spreading out at the surface in the cultivated fields 1
mile southeast of the village of Whitecliffs. ... ... ... ....... emeean- 25

Feet.
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’ Feet.
3. Massive, very siliceous, dull-blue argillaceous chalk marl. This bed con-

tains more than twice as much sand and nearly three times as much clay

“as the overlying bed No. 2. The rock is quite friable and weathers in
recesses beneath the siliceous chalk. ..o .. . o .. .. ... 8

4. Bluish, sandy, chalky marl, containing great numbers of the fossils shell

Grrypheaea vesicularis.  Txcept for the abundant fossils this rock would be

classed with No. 3, though it is probably slightly more sandy ......._.. 7
5. Bluish, sandy, chalky marl, gradually increasing in sandiness from the top
downward to the level of the river. ... .. ... . ... . ... .. 35

The lower 30 to 35 feet of the white chalk of 1 is freshly expoqed in

the quarry.

The top of the bluish-white chalk of 2 forms the bench beneath the
narry and occurs at the base of the bluff southeast of the landing.

The sandy chalk members 3, 4, and 5 rise gradually northward
from the lower part of the cliff and are found in the highland between
the villages of Whitecliffs and Brownstown.

One-half mile west of Doctor Coats’s house, in the NW. 4 sec. 23, T.
11 S., R. 29 W., bed No. 4 is exposed at the top of the bluff and below
it is the following section, well shown in deep gullies down to the
level of the valley:

Section of marl below the Whitecliffs chalk.

1. Sandy, chalky marl. Dull bluish when not weathered, becoming grayish Hoet
or whitish yellow after long exposure. It contains numerous specimens
of the large oyster Exogyra ponderosa, besides Ostrea larva and many other
fossils common to the Upper Cretaceous marls. The upper half of this
member is No. 5, at the base of the cliff at Whitecliffs Landing ......_.. 60
2. Blue clay marl containing some large oysters as above, and less lime than
No. 1, and much more clay. ... .o i 30
3. Dark-blue gritty greensand marl with scattering smooth round pebbles of
black and white quartz 1 inch and less in diameter_ ... ... ... ...... 10
4. Blue clay marl down to the level of the bottom land, exposed ............ . 15

This section is about 2 miles north-northeast of the chalk cliff which
is in the NW. % sec. 35, and the sandy marl bed, which is here about
100 feet above the river, is at the water level at the cliff. This marl
bed with the associated marls and chalks above, which are conform-
able with it, dips toward the southeast at the rate of about 50 feet per
mile. The base of the chalk at the north side of the chalk area is fully
50 feet above the river bottom. At the south side, a mile distant, it
is at the level of the bottom. There may be local variations in the dip
of the beds, but the general dip is estnnated to be nearly 50 teet per
mile toward the southeast.

SALINE LANDING AREA.

The chalk of this area extends with practically continuous exposure
from the chalk bluft at Saline Landing, in the south half of sec. 35, T..
11S., R. 28 W., to sec. 14, T. 11 S., R. 27 W., and is about 7 miles in

[P
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‘length and one-third of a mile in width. The map of this chalk area
is given as PL. 1IL

The base of the chalk is not exposed in this area, though the lowcl
sandy member outcerops in secs. 21 and 22, toward thc source of Plum
Creek. These outcrops occur in the border of the creek bottom,
within less than 1 mile of the exposure of fossiliferous blue marl out-
cropping on the north side of Plum Creek in secs. 15 and 16. The
structure of the rocks shows that this marl belongs not more than 50
feet below the base of the chalk. »

The chalk at the top, as exposed in many places in the south side
of the area, grades up into blue clay marl through 20 to 30 feet of
marly chalk and chalky marl. This gradation is especially well shown
in-the chalky barren hill slopes near the Columbus Mineral Springs
road, in the south side of sec. 14, T. 11 S., R. 2T W.

The thickness of the chalk in the southwestern part of the area is
not known, as its lower portion is concealed. Near the northeast
corner of sec. 22, T. 11 S., R. 27 W., the full thickness of the purer
chalk above the lower sandy member will not exceed 25 feet. Near
the east side of sec. 14, T. 11 S., R. 27 W., the entire chalk bed passes
beneath the bottom of Plum Creek.

The divide between the sources of Plum and South Ozan creeks is
flat, and the chalk deposits are entirely concealed beneath the soil.
The crop of the chalk, as indicated by the structure of the rocks,
would extend northeastward through secs. 7, 8, 5, 4, and 3,in T. 11 S.,
R. 26 W., and into Ozan Creek bottom. The location of this probable
outcrop is shown in PI. III.

The chalk bluft at Saline Landing is 20 feet in height (above low
water) and about 300 feet long. When visited by Mr. Taft the river
was at flood, so that less than 10 feet of the rock was exposed to view.
The lower portion of the chalk as then exposed is white, massive, and
without distinet bedding planes, the upper 5 feet being weathered to
a chalky earth. Specimens of the chalk were collected from the water
level, which would be near the center of the bluff at the usual low
stage of the river. Analysis 10 (p. 111) of this chalk is nearly the same
-as No. 6, which is of the lower sandy member of the Whitecliffs
(Annona) formation, and suggests that the exposure at Saline Landing .
is in the lower part of the chalk formation in this area. '

The chalk has been quarried for building purposes near the top of
the formation in the northwest corner of the NE. 1 of SW. } sec. 80,
T. 11 S., R. 27 W. Analysis 11 (p. 111) is of fresh chalk from this
quarry, and shows it to be of nearly the same comp031t10n as that near
the top of the chalk at Whitecliffs.

From the top of the chalk in this vicinity there is a gradual change
upward through about 10 feet of marly chalk and then through nearly
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30 feet of chalk marl into the overlying blue-clay marl. The blue
marl is continuous for 175 feet to the base of the Saratoga chalk marl.

The middle portion of this chalk is exposed in the lalge mound,
which is surrounded by the bottom land of Plum Creek, in the center
of the SE.  of SW. ¢ sec. 21, T. 11 S., R. 27 W., on Mr. J. E. John-
son’s place. Here also the chalk has been quarried, giving fresh
exposures of the rock. Analysis 12 (p. 111) is of fresh chalk taken
from this quarry, and is nearly the same as that from the quarry of
the Whiteclifts Cement Works.

The lower sandy member of the chalk is freshly exposed in the
head of the large drainage ditch near the middle of the west side of the
SW. % of NW. } sec. 22, T. 11 S., R. 27 W. - Analysis 14 of 'this chalk
is practically the same as No. 6, which is of a specimen from the lower
sandy member in the cliff at Whitecliffs Landing.

The upper and purer chalk member is well exposed in the ditches
and chalk barrens on the lower 11dge across the SW.  of NE. 1 sec.
22, T.11S., R. 2T W.

The easternmost exposure of the chalk south of Plum Creek is in
the SE. % sec. 14, T. 11 S., R. 27 W. Here the chalk barrens in the

.slopes of the hill show the upper edge of the chalk and the succeeding
chalk and clay marl for 50 feet above the creek bottom.

SARATOGA, FORMATION. |

The Saratoga chalk, as explained previously, occurs nearly 200 feet
above the Whitecliffs chalk and is separated from it by more clayey
beds. :

This formation has a maximum thickness of about 50 feet where
complete sections have been found. The nature of the deposit varies
only slightly fyom top to bottom, and there is but little change in
character along its outcrop from the vicinity of Saratoga near West
Saline River, in Hempstead County, to Little Deciper Creek near
Arkadelphia, in Clark County. The Saratoga marl is not known in
this region west of West Saline River, because of erosion and of con-
cealment by Neocene gravel and sand in the highlands and by Pleis-
tocene alluvium and silt in the lowland and river bottoins.

" General section of the Saratoga chalk marl. <

. - " Feet.
1. Continuing upward from 2 the chalky rock becomes more sandy through

‘imperceptible grades to limy greensand at the top of the formation.

Analyses from the chalk near the central part of this member ghow it

to contain from 40 to 50 per cent of silica..... ... ..ol 20-30
2. Generally even- -textured chalky marl, which containg less sand than the

beds higher in the formation. Chemical analyses of chalk from this bed

show it to contain about 31 per cent of, siliceous matter. The sand in

this marl is perceptibly finer and the rock is more chalky in appearance

than in other parts of the formation.._... et eeeccaceeaaeaen 10-15-
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3. Sandy clayey chalk, which contajns great numbers of the fossil oyster yoet
Grypheea vesicularis. These fossils are found in the marls some distance
both above and below this formation, but in no other bed of rock in this
region have they been found in such abundance. In natural exposures
the chalk weathers from about them so that they usually almost cover
the surface of the grotind or are scattered in the soil. This shell bed at
the base of the formation is such a marked feature that when it is once
seen it may be easily recognized again. This shell bed crops at the north
border of the S’Lmtoga marl and throughoutitsextent.. .. .. ... ... 3-5
The Saratoga mful is a massive bed of dull-bluish, sandy, chalky
rock. Exposures do mnot usually show distinct bedded structure,
though a slight variation in weathered surfaces may indicate the direc-
tion of the dip of the rock. As the rock weathers it changes in color
from dull blue to shades of grayish and creamy white. Its hardness
and general physical appearance ave almost identically the same as
those of the lower sandy member of the Whitecliffs chalk. It breaks
in rudely conchoidal flakes and crumbles at the tap of the hammer.
Small pieces of the fresh rock may be broken by the hand and crum-
bled to dust between the fingers, but not without some difficulty.

WASHINGTON AREA.
The rock section is well exposed, as illustrated in the section.

Section north of Saratoga.

1. From the level of Saratoga down to Saratoga marl, surficial deposit of fine et
yellow sand, about. oo .. 40
2. Saratoga chalk exposed in brink of hill north and east of Samtogq and in
knob one-half mile north of Saratoga, lower beds of the formation ...... 20
3. Limy blue-clay marl ..o aiaieeeaaaa- 175
This marl is exposed around the base of the hill at Saratoga, and in the
cultivated lands 1} miles north of the town it becomes gradually more
chalky downward from the top to its contact with the chalk marl helow.
4. Bluish friable chalk marl. ... ... iiiiiieaoe. 20-30
This is the gradatxon bed from the blue marl above into the purer chalk
below.

5. White chalk in the Saline Landing area.

- Thick deposits of sand cap the hill at Saratoga, concealing all of the
chalk rock except the lower beds in the slopes east and northeast of
the town. ,

The lower part of the Saratoga chalk outcrops in a considerable
area on Mr. Jones’s place in the NE. 4 sec. 85, SW. } sec. 25, and
SW. sec. 36, T. 11 8., R. 27 W. The chalky oyster-shell bed at the
base of the formation is well exposed north, south, and west of the
house, which is in the NE. } of NE. } sec. 35.

Samples of the chalk were taken from the top of the oyster-shell
bed near the base of the formation, and are not physically different
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from the same bed examined at other localities in this area. The
fresh rock is grayish white and sandy.

The shell bed at the base of the formation is exposed at the edge of
the highland near the Columbus—Albrook road, 1 mile nmthwest of
Col umbus.‘ The same bed is exposed also at the crest of the highland

1 mile north of the town. The chalk marl highest in the formation
occurs in the cultivated fields between the outclop of the shell bed
and the town.

From the vicinity of Columbus eastward to the end.of the forma-
tion in the Washington area the whole of the Saratoga formation
outcrops or is covered only lightly by soil. Throughout this extent
the basal shell-bed member of the chalk marl is almost continuously
exposed, except in the immediate bases of the valleys, and may be
easily located through the open fields by means of the abundant shells
weathering upon the surface.

Between Columbus and the railroad north of Washmgton the chalky
marl was not found to outcrop more than 30 feet in thickness, and
usually 10 to 20 feet of the lower part was all that was exposed.

The overlying greensand marl is more friable than the Saratoga
chalk marls, and its soil descends and conceals the contact between
the two as well as the upper part of the latter. A section of the
Saratoga marl with better exposures than are usually found occurs
along the railroad north of Washington. :

The north cut on the railroad is in a.blue clay-marl 30 to 50 feet
below the base of the Saratoga formation. It is 10 feet deep and
about 300 feet long. The marl in this cut, which was originally blue,
is weathered a creamy yellow to a depth of about 8 feet. It is tran-
sected by many joints, which pass nearly vertically across the bedding
and continue down below the base of the cut. Along these joints,
even below the zone of general weathering, the blue color of the marl
is changed to yellow for a distance of several inches.

Analy.us 15, page 111, is of the unchanged blue marl from the base
of the cut, 10 feet below the soil. The fresh marl is friable when dr v
and plastic when wet. It hasa very fine texture and contains scarcely
perceptible grit, yet the analysis shows it to contain 43 per cent of
silica and 6.5 per cent of clay. Nearly 40 per cent of this silica is in
the form of impalpable sand.

The shell bed, the base of the Saratoga fonnatlon, is exposed in the
field southwest of this railroad cut. ’lhe middle cut is one-third of a
mile south of the north cut and is in the lower part of the Saratoga
chalk above the oyster-shell bed. This cut is 300 feet long and but
a few feet deep, exposing an . estimated thickness of 15 feet of rock.
The structure of the rock indicates a low inclination toward the south,
but is not sufliciently clear to determine the degree of dip. Ditches
above the south end of the cut expose about 25 feet of chalk marl
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above that at the vailroad, making the whole section of rock exposed
at this place nearly 40 feet. Vel y little chfmge in the mtule of the
rock could be noted in this section.

‘Analysis 16 is of the fresh chalk rock near the center of the middle
cut, from the lower and move chalky part of the formation, and shows -
that this marl contains less than one-half the amount of silica found in
the blue marl 40 feet below, though in physical appearance it is more
sandy.

One-half mile-south of the middle cut and a few hundred feet north
of the south cut the top of the Saratoga marl is exposed in a ditch at
the railroad. The sandy marl in this exposure is but little above the
chalky marl at the top of the exposure opposite the middle cut. It
is massive, duall blue, and very- sandy, approaching a sandstone in
composition.

The south cut, which is about 2 miles north of the town of Wash-
ington, is in the lower part of the greensand marl which overlies the
Saratoga formation. This cut is about 30 feet deep and about 300
feet long. From the surface downward about 20 feet the greensand is
weathered from dark blue or greenish blue to shades of dull brownish
yellow. Unaltered marl was collected from near the base of the cut,
and its composition is shown in analysis 17. Physically it is very
sandy, and the analysis shows that it contains 75.77 per cent of silica
and 5.72 per cent of lime. Similar greensmd marl occurs hetween
this cut and Washington, and its thmkne&s is estimated to be more
than 100 feet.

From the railroad eastward to the end of the formation in this area,
in sec. 29, T. 10 S., R. 24 W.; the Saratoga chalk crops in an irregu-
lar belt one-half to three-fourths mile wide, making an intermediate
upland, marked by projecting ridges and spurs between the high tim-
bered greensand country on the south and the flat black land of "the
clay marls bordering Ozan Creek bottom on the north.

OKOLONA AREA.

This area is in the southwestern part of Clark County, south and
east of Okolona, between the bottom lands of Antoine and l‘erre Noire
creeks.

The Saratoga chalky beds at the crest of the ridge south of Okolom
are 50 to 150 feet-above the lowland to the west und south. The crest
of this ridge slopes southward with the dip of the rock, which is nearly
50 feet per mile.

East of Okolona the chalky marl forms a triangular area of rolling
upland about 3 square miles in extent.

The stream which rises in the southwest part of the town and flows
southeastward past the railroad station separates the area south of the
town from that east of it. It is probable that these two areas are
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connected by narrow bands of outcropping marl which extend down
the sides of the valley about 2 miles southeast of the village.

The Saratoga chalk-marl is partially exposed near the crest of the
escarpment nmth of the Okolona-Dobyville road, from the east side
"of sec. 30, T. 8 S., R. 21 W., to the edge of the Tene Noire bottom
14 miles east of Dobvvﬂ]e

"The Saratoga marl, near the middle of the formation, is well exposed
toward the top of the ridge at the forks of the road, 14 miles south of
Okolona. In physical appearance this rock is the same as that at the
middle of the formation in the vicinity of Washington. Tt is massive
and dall blue on fresh exposure and weathers to shades of drab or
light yellow. Analysis 19, page 111, shows that the chalk-marl in this
locality contains nearly 43 per cent of silica and 49 per cent of calcium
carbonate.

Two and one-half miles south of Okolona and one-fourth of a mile
west of the road, on the Mat Hardin place, deep gullies expose the
lower 20 feet of the Saratoga marl as well as the blue marl below.
The Gryphaea vesicularis bed is well marked, but the fossils are a little
less abundant than in the Washington area, 20 miles farther west. In
the lower 10 feet of the formation the chalk-marl is finer in texture
and more chalky than in the higher beds. The result of an analysis -
of chalk from this place is given as No. 21, page 111, and shows that
the amount of silica is nearly 10 per cent less than in the marl near
the middle of the formation.

Numerous other exposures of the lower part of the formation occur
in the gullies and slopes of the hill on the west side of the ridge, where
the land was once cultivated. The top of the Saratoga marl passes
beneath the bottom land of Little MIbSOllll River, about 3 miles south
of Okolona.

Five miles south of Okelona the oreensand marl, which belongs
above the Saratoga chalk, forms the bluffs from the levc] of the Little
Missouri bottom up to the top of the ridge. This is the greensand
formation which occurs between Washington and the Saratoga chalk
in Hempstead County.

About 20 feet of the middle portion of the formation is exposed in
the Okolona-Garden road, 1 mile east of Okolona.

In the high rolling country east of Okolona the Saratoga chalk-:
marl is generally concealed beneath its own soil or beneath sand of
Neocene age.

The lower beds of the chalk outcrop in the Okolona-Dobyville road,
2 miles west of Dobyville, and at several other places in the top of the
escarpment between Okolona and Dobyville.

One-fourth of a mile north of Joseph Doby’s house, at Dobyville,
the full section of the Saratoga chalk-marl is exposed in an old field.
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Following is a section of Saratoga chalk-marl at Dobyville:

Section at Dobywville.

Feet.
1. Gravel, reddish and yellow stratified clays .. ... .. .. .. ..o....illL 20
2. Bluemarl. ... e 15
3. Dull-bluish chalky marl. .. - 35

This marl is slightly indurated at the top and contains numerous casts
of bivalve shells and gastropods. It is a calcareous sandstone at the top.
The beds become more chalky downward, until the lower part of the
chalky marl is found to be the same in nature as that described as OLbllI‘-
ring sonth of Okolona and in the Washington area.
4. Lven-textured chalk-marl, with Gryphaa vesicularis shells at the base..... 15
This member contains more chalk than those above and has finer tex-
ture. In places, also, very fine particles of greensand were noted dissem-
* inated through the marl. .
5. Fine-textured blue clay marl.
This is the upper part of the 150 to 200 feet of blue marl which lies

between the Whitecliffs chalk formation and the Saratoga chalk-marl.
1

From the vicinity of Okolona eastward, the outcrop of the Saratoga
marl descends gradually from the brink of the escarpment to the level
of the river bottom, nearly 2 miles east of Dobyville.

DECIPER AREA.

The next known occurrence of the Saratoga chalk-marl east of Oko-
lona is on Big Deciper and Little Deciper creeks, 3 to 5 miles west of
Arkadelphia. :

The occurrence of the Saratoga chalk on the Deciper creeks is
confined to outer ops in the mlddle and lower slopes of the valley near
the Arkadelphia-Dobyville and Arkadelphia-Hollywood roads. The
general location of the outerop is shown in PL. II1.

Near the center of sec. 28, T. 7 S., R. 20 W., on the Bozeman place,
one-third of a mile northeast of the houso, about 30 feet of the Saratoga
chalk-marl is exposed, as follows: '

Section of the Suratoge chalk-marl at the Bozeman place, beginning at the base.

1. Sandy soil to the top of the ridge. Fect.

2. Chalky marl, more sandy than that of 3 ... .. .. .. . ... ... .. .... 10-15
The sandy element in this marl increases in quantity upward. '

3. Bven-textured blue chalk-marl .. ... o . ..., 15

This clalk contains a sprinkling of fine greensand, and in all respects
ig the same ag the lower 15 feet of the formation at Dobyville and Okolona.
Analysis No. 24 shows that this marl contains about 30 per cent of sand
and 61 per cent of chalk.
4. Gryphaea vesicularis shell marl. ... 1-2
The limits of this shell bed are not sharply marked. Through 1 to 2
feet of the marl at the base the shells are abundant, and in it is a thin
layer of shells indurated by calcareous matrix.
5. The blue marl from the G7vyp]ia:a vesicularis shell bed downward; exposed. 15
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At two points, one of them one-fifth of a mile northeast and the
other 500 feet east of the Bozeman house, the chalky marls occur higher
in the formation and are still more sandy than that of No. 4 in the sec-
tion given on page 109. These outcrops are in the heads of narrow
gulches which descend to the Deciper Valley. = At the locality 500 feet
east of the house the marl is very sandy, partially indurated, and con-
tains numerous casts of fossils similar to those found near the top of -
the formation at Dobyville. The exposures here show about 10 feet
of marl and are just below the springs which flow from the base of the
stratified yellow sands and blue clays.

About 10 feet of interstratified sand and clay is exposed ahove the
sandy marl, and then follows an overwashed yellow sandy soil to the
top of the hill, 40 feet above.

One-fourth of a mile southeast of Mount Bethel Church, near the
northeast corner of sec. 33, T. 7 S., R. 20 W., beds similar to those
east of the Bozeman house are exposed. Here a spring issues from
the contact between the chalk-marl and the overlying sand and blue
clay. The top of the marl is 70 feet helow the crest of the hill.

The chalky sand of the upper part of the Saratoga formation is
exposed on the Arkadelphia-Okolona road, on the west bank of Big
Deciper Creek, near the middle of sec. 34, T. 7 S., R. 20 W., as well
asin the bhiff of the creek near by. The top-of the sandy marl, which
stands here 20 feet above the creek, contains casts of fossils as at the
Bozeman place, and is overlain also by the same kmd of interstratified
sand and clay.

Twenty feet of the even-textured lower and more chalky member
of the Saratoga chalk-marl is exposed in the road cut on the Arka-
delphia-Okolona road, 100 yards west of Little Deciper Creek.

Sand and clay conceal the higher beds of the chalk-marl. The Gry-
7)]&(1%& vesicularis bed, with undellylno blue marl, outcrops a few foet
above the creek bottom.

One-half mile above the road, on the Wright place, the lower 30 feet

of the Saratoga formation is exposed in the gullies at the west side of
the creek bottom. The lower 10 to 15 feet of the marl is identically
the same as that found at the road and on the Bozeman place west of
‘Big Deciper Creek, as shown in analysis 26, page 111. The basal
-member of the chalk-marl, containing the same indurated shell bed,
outcrops here at about 10 feet above the creek bottom, and below it
is the blue marl. Yellow sandy clays overlie the chalky marl here, as
in the exposures noted on Big Deciper Creek. A

At the east side of the creek bottom, on.the Arkadelphia-Okolona
road, and northward through the Haskins place, the lower part of the
chalk-marl is exposed in gullies in an abandoned field.
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ANALYSES.

Analyses of chalk and chalk marl from southwestern Arkansas. ¢

38 ‘_Silim Ferrig oxide | 31!‘1, Fnesia E(llllllg] o -qul:a:l't?m

- fheorites (iﬁSfoZH}i’é‘;), Liie (€a0).| “(3fg5). c?éggget)tc “;(ﬁM‘égg.z:‘;L
U C6.15 | 5.79 46. 81 0.33 83. 60 0. 69
2. 25:13 3.90 35. 81 .61 64.32 1.98
B 8.53 1.22 48. 50 .38 86. 60 .78
Ao 7.32 1.26 49.94 .32 89.17 .67
Bl 27.28 5.00 34.81 ;61 62.15 1.28
B 12,671  1.93 45. 56 .43 8.5 | - .90
T 6.83 .9 50. 41 .22 90. 01 .46
T ©7.86 1.30 49.55 .28 88.48 .58
0 .. 7.97 1.09 49.64 .35 88. 64 .73
100, 14.68 2.15 45.03 44 79. 40 .92
1} S 4,91 .93 51.78 .30 92. 46 .63
120 s 7.35 1.06 49.66 .34 88. 67 .71
18 .. 34.76|  5.18 29.10 .71 51.95 1.49
oo 12.65 1.66 45.85 | .49 81.87 1.02
15, 43.09 6.55 22.77 .92 40. 65 1.93
16, e, 21.90 2.35 40.57 | .59 72.41 1.23
17 e 75.77 5.46 5.72 .91 10. 21 1.91
18, ... 30. 68 4.91 32.60 .48 58. 22 1.00
19, 43.7 2.76 27.95 .42 49.90 .88
20 iann. 35.16 2.85 32.75 .43 58. 48 .90
D) F 81.05|  3.46|- 32.18 .69 57. 41 1.44
92 .. 31.01 2.93 34.63 .50 61.83 1.05
23 i 36.17 5.87 29.16 .48 52.06 1.00
Y SR 32. 26 7.05 |© 17.24 .63 30.78 1.32
P S 30. 84 | 3.73 34,31 .60 61.26 1.26
26. ... 30. 29 3.31 34,77 .55 62.08° 1.15

' an (,h(,mlsts of the United States Geological Survey.
bt Insoluble” refers to insoluble in HCl. The other columns refer to the soluble portions only.

. References to analyses.
Rocky Cmnfml areq.

1. SW. } of SW. Lsec. 82, T. 12S,, R. 32 W., 2 miles southwest of Rocky Comfort. White chalk
near the middle of the chalk formation.

2. NE. $ of NE. 2 sec. 30, T. 12 S., R. 32 W., 2 miles west of Rocky Comfort. 'lhc chalky marl
unmedmteh below the white chalk.

. 3. Rocky Comfort, Little River County, Ark., near the NE. corner of NE. { sec.28, T. 12 8., R. 32

W., from lower middle part of the white ‘chalk formation.

4. Same locality as 3, from the lower part of the white chalk formation.

. Wh'itechﬂe area.
5. NE. 1]({5 NE. } sec. 35, T.11 8., R. 29 W., top of the lower sandy marl bed beneath the wlute

Chi}lknlzluﬂ‘ Whitecliffs Landing, near the mlddle of the bluff in the lower part of the white

cha

. Chalk bluff, Whitecliffs Landing, 15 feet above the base of the purer white chalk.

. Chalk blulf Whitecliffs Landing. White chalk 10 feet below the top of the cliff.

. Cement \xorks Whitecliffs Landing. Average of the lower 35 feet of the purer white chalk
in the quarry at the cement works.

=YX IR-N
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/

Saline Landing arca.

10 Salllnc Landing, Howard County, Ark. Sec. 35, T.118,, R.28 W, from the middle of the chalk
bluff.

11, NW. corner of the NE. 1 of SW. { sec. 30, T. 11 S, R. 27 W. White chalk from very near the
top of the chalk formation.

12, Near the center of the SE. + of SW. Lsee. 21, T.11 8., R. 27 W, from near the middle of the

. white chalk. ’

13. Near the base of the knob 1 mile N. 15° E. from Saratoga, Ark. Chalky blue marl 100 feet
above the top of the white chalk. .

14. Near the center of the east side of the SW. 4 of NW. 4 sec. 22, T. 11 8., R. 27 W., from the lower
part of the white chalk. .

Washington area.
15. North cut on the railroad, about 3 miles north of Washmgton Ark. Chalky blue marl 40 fect
below the hase of the Sumtogu, chalk-marl.
16. Middle cut on the railroad, about 2§ miles north of Washmgton Ark., from the center df the
cut in the lower part of the S.Lmtom chalk-marl.
17. South cut on the railroad, about 2 miles north of Washington, Ark., from the green sand marl |
in the center of the cut.
18. SE. & sec. 25, T. 10 8., R. 25 W., head of Morisett ditch, from bluish chalky mn.rl about 150 feet
bulow the S&mtoga chalk-marl. .
Okolona area.
19. Forks of road, 1+ miles south of Okolona, Ark., from middle of Saratoga chalk-marl.
20. SE. +sec. 4, 7.9 S., R. 22 W., about § mile southwest of Okolona, from sandy marl bed at base
of the Whltechﬂ‘s chalk formm,lon
21. 2% nlnlﬁs{s sout{) of Okolona, on the Mat. Hardin place, from the lower 15 feet of the Saratoga
chalk-mar]
22. Smnc locality ag21. Saratoga chalk-marl 16 fect above the base.
23. SE. Lsec. 4, T.98., R. 22 W., about 14 miles south of Okolona, yellowish chalky marl about
midway between the Whitecliffs and Saratoga formations.

])eaper area.
. 1. L. Bozeman’'s place, + mile northeast of the house, in the NW.  of sec. 28, T. 78., R. 20 W,
from the bluish chal ky marl 4 feet below the hase of the Swmtogn chalk-marl..
25. Same locality as 24, from Saratoga chalk-marl 10 feet above the base.
26. thttl'c De(ialp(i)r Creck at Okolona- Arkadelphia road, from Saratoga chalk-marl about 10 feet
above the base.

TERTIARY AND CARBONIFEROUS CLAYS AND SHALES.

The information below on clays is from a publication on Cement
Materials of Southwest Arkansas, by Doctor Branner.¢

In no case are the surface clays found in the immediate vicinity of
the chalk deposits to be depended upon. Such clays are, as a rule,
too sandy, and are not of uniform composition. Reference is here
made especially to the sandy clays overlapping the chalk beds to the
north and east of Rocky Comfort, and the ‘clays of the bottom lands
south and west of Whitecliffs, and those south, north, and west of the
chalk exposures at Saline Landing. Fortunately the Tertiary rocks
which overlap the Cretaceous ones' to-the south and east contain an
abundance of excellent clays available for the manufacture of cement.
Some of these clay beds are utilized for the manufacture of pottery at
Benton and Malvern (Perla switch). There are many other deposits
on and near the railway about Arkadelphia, Malvern, between Mal-
vern and Benton, between Benton and Bryant, at Olsens switch, and
at Mabelvale. At Little Rock there are extensive beds of both clays
and clay shales, while beds of shale may be found along the line of the
Little Rock and Fort Smith road to Fort Smith and beyond.

The Tertiary clays at Benton, Bryant, Olsens switch, Mabelvale, and
Little Rock are all nearly horlzontal beds, dipping gently towald the
southeast. They can be had in many places by strlppmcr off a few feet
of post-Tertiary gr: avel and soil; butin places the covering is too thick
to be removed, and the clays can be obtained only by a system of drifts.

aTrans. Am. Inst. Mul Eng vol. 27 1897, pp. 42-63.
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LOCATION OF CLAYS.

Only a few of the many known localities are here mentioned. On
account of the geographic relations to the chalk beds, only those places
convenient to railway transportation along the St. Louis, Iron Moun-
tain and Southern Railway southwest of Little Rock are spoken of in
- this paper. Should a factory, on account of fuel or for other reasons,
be located west of Little Rock, clays derived from the Carboniferous
clay shales would have to be used Of these thew is no lack betwccn
Little Rock and Fort Smith.

There are two general classes of clays at Little Rock available for
cement manufacture: (1) The Tertiary clays that occur in horizontal
beds in the southern and southwestern part of the city; and (2) the
Carboniferous clay shales exposed in the railway cuts along the south
bank of Arkansas River, in the cuts west of the town, and in others
west of Argenta.

There are other clays about Little Rock and Argenta, such as the
chocolate-colored clays along the margins of the river bottoms, and
the pinkish clays forming the high river terraces and used for making
bricks on the north side of the river; but these latter two kinds of
clays are not available for cement manufacture, partly because they are
too sandy, but also because they are not homogeneous. An analysis
of the pink clay of Argenta shows it to contain more than 83 per
cent of silica.

The Carboniferous clay shales are well cxposcd in the mllwa,y cut
near the upper bridge, and where the electric. power house stands.
Similar shales may be found here and there over a large part of Pulaski
County, within the Carboniferous area.

COMPOSITION OF CLAYS.

The following analyses show the composition of the clays. These
analyses are of representative samples. - Most of them contain some
sand, usually quite fine. In those cases in which the percentage of
sand is given the analyses are of the washed clay.

Analyses of Carboniferous shales from Arkansas.

Silica (8i0,) <coonvnn 53.30 | 62.36 | 58.43 | 65.12 | 57.12 | 55.36 | 51.30 | 69.34
Alumina (A1,0,4) ....[ 23.29 | 25.52 | 22.50 | 19.05 | 24.32 | 26.96 | 24.69 | .22.56
Iron oxide (Fe,0,)..] 9.52 | 2.16 | 8.36| 7.66| 8.21| 5.12 ] 10.57 | 1.41

Lime (Ca0) ........ .36 | .51 .32| .34| .72{ .30| .32 Trace.
Magnesia (MgO)....| 1.49| .29 | 1L.14| .31| 1.74-| 1.16 | .63 | Trace.
Soda (Na;0)........ 2.76 | .66 1031 .85 | .53| 1.03| .72] =231

Bull. 243—05——38
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Analyses of Carboniferous shales from Arkansas—Continued.
1 2 3 4 b 6 7 8
Potash (K,0)....... .36 1.90| 2.18| 1.23| 2.07| 2.69| 2.18| 0.04
Water._.........._. 5.16 | 5.32| 6.87| 6.12 7.58| 7.90| 9.11 5.12
Total ......... 100.48 | 98.72 | . |iiceifenann 100.62 {_.ooo|iaao..
Sand inair-driedelay |... . .|..o..o ..o 2188 | e e e
1. Clay shale from railroad cut at south end of upper bridge, Little Rock.
2. Decayed shale from Iron Mountain railroad cut at crossing of Mount Ida road, Little Rock.
3. Clay shale from Nigger Hill, Fort Smith.
4, From Harding & Boucher's quarry Fort Smith. .
5. Clay shale from Round Mountain, White County, sec. 6, 1. 5 N., K. 10 W.
6. From Clarksville, east of college.,
_ 7. From SE. £ of SW 4sec. 31, T.10N., R. 23 W
8. From NW. 1 sec. 23 T 1IN, R.I3W.
Analyses of Tertiary clays from Arkansas.
Lrs . . . Mag- e R
Gl | TN TR (e | el | S, | R wasen i
; -
O 63.07 | 23.92 1.94 | 0.23 | Trace.| 1.08 | 1.15 | 7.07 |......
2 72.44 | 18.97 1.59 .18 | Trace. .91 [ 1.35(5.39 |......
B S 69. 95 22.34 144 Trace. .08 1.18 [ 1.28 | 5.98 |......
;. 71,09 19. 86 1.81 A P, .81 [ 1.45 | 5.67 |......
;S 65.27 | 18.75 7.34 .81 1.26 .81 [1.10 [ 6.88 |......
6 . 64.38 | 17.29 €.25| 1.11 , .80 .42 | 1.41 1 6.95 |..__..
T Ll 63.19 ]8 76 7.05 .78 L.68 | 1.50( .21 | 7.57 |......
8 i 64.49 |" 23.86 2.11 .31 {Trace.| 1.82 | .11 | 8.1l |......
9 67.90 | 22.07 1.33 .05 .59 .38 11.15|6.86 |--....
0. .. 48.34 | 34.58 1.65 .81 |Trace.| 1.26 | .44 [12.94 | 1.56
11 ..., 62.34 | 20.63 3.34 .17 .67 .33 .73 19.34 | 1.49
12 ... .. 68.03 17.19 3.00 .81 1.00 .54 | 1.00)6.3L |......
13 63.29 | 18.19 6.45 .31 2.44 | Trace.| .86 |......|......
4.l 76.33 | 16.04 1.24 By difference, .99 5.40 [......
15 ... 75.99 | 16.12 1.35 By difference, 1.45  |......|......
16 ... 73.24 | 19.61 1.04 By difference, .78 * |......|io....
17 o 45.28"| 37.39 1.71 | 1.83 | .29 { ....... ‘ ...... 13.49 b.... ..

1. Benton, Hick’s bed, sec. 12, T. 2 8., R. 15 W.

2. Bulton Rodenbu mgh sec. 12 T. 2S R.15 W.

3. Benton Herrick & Davis's bank.
Benton, Henderson’s pit, upper bed.
Mabclvale, A. W, Norris’s well.

. “Fuller’ searth » Alexander, SW. L SE. L sec. 8, T.18., R. 13 W.

4.
b.
6. Olsen’s switch, *fuller’s clay.”
7
8.
9.

Benton, Woolst.y s clay.

Ridgwood SW.L1NE. $sec. 25, T.1N,,
. Benton, Howe’s pottery

. Clay from scc. 4, T.8S.,R. 16 W,
. Clay from sec. 5 T.88.,R. 16 W.
. Clay from S. & sec. 13 T.2 S, R.13 W,
. John Foley’s, NE. SE 1 sec. 18, T.13 8., R. 24 W.
V. + SL. 1 sec. 5, T.1568S., R. 28 W,
. Atchison’s, NE. 2 NE. +sec. 24, 1. 4 S., R. 17 W.
. Kaolin, sec. 36, T. 1 N., R. 12 W,, Tarpley’s.

. Climax pottery,

R.12'W

——

TR
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PORTLAND-CEMENT INDUSTRY IN ARKANSAS,

A Portland-cement plant was erected at Whiteclitfs Landing, on
Little River, 1 mile south of Whitecliffs post-office, and a branch rail-
road constructed from the river opposite the plant to Wilton, on the
Kansas City Southern Railroad, in 1895. On account of l1t1g<1t10n
between those financially lllt@lebted the works have been idle since
May, 1900. The members of the company and those involved in the
litigation were scattered, and it was not practicable to obtain a cor-
rect history of operations. Operations were resumed late in 1901,
with the name of the company changed to the Southwestern Por tland
Cement Company.

Four continuous dome kilns were utilized, and the bricks passed
upon cars from the forming machine through the drying plants to the
elevators, which conducted them to the kilns. From the kilns the
clinker returned on cars to the crushing plant and mills.

The quarry in the rear of the works is elevated, so the chalk descends
hy gravity to the reducing machines. Clay silt from the river bottom
land near by was utilized as a mixture with the chalk. The use of
this material, because of its convenient location, instead of clays of
high grade was a mistake, it is believed.

Coal and coke of high grade in large quantity occur in n eastern Indian
Territory on or near the Kansas City Southern Railroad. This fuel
may bé transported by rail at small cost directly to the cement works.

Until the year 1900 the nearest cement plant of any nature to the
Whitecliffs works was at San Antonio, Tex., a distance of 375 miles.
In this year a Portland-cement plant was erected at Dallas, Tex., where
a mixture of upper Cretaceous chalk from the southern extensioh of
the Whitecliffs formation and underlying clay marl is utilized. The
product from this plant will naturally supply a large part of the North
Texas market at least. The Whitecliffs cement should supply all
Arkansas, Indian Territory, central Oklahoma, a large part of Loui-
siana, and possibly western Tennessee and Mississippi. Transporta-
tion north and south is direct by the Kausas City Southern, northeast
and southwest by the St. Louis, Iron Mountain and Southern, and east
and west by the Choctaw, Oklahoma and Gulf and the Memphis and
Choctaw railroads.

The chalk deposits at Rocky Comfort are within 1 mile of the
Arkansas and Choctaw Railroad, which connects with the Kansas City
Southern at Ashdown. This road is extending westward to tap the
Missouri, Kansas and: Texas at A1dmo1e, Ind. T.

* The chalk of the Saline Landing area is more than 10 miles by direct
line from the St. Louis, Iron Mountain and Southern and the Arkan-
sas and Louisiana 1'ailroads. Saline Landing, however, which is upon
the chalk, may be accessible to the St. Louis, Iron Mountain and
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Southern Railway at Fulton by West Saline River, which is navigable'

to small steamers during a large part of the year.

BIBLIOGRAPHY OF CEMENT RESOURCES OF ARKANSAS.

BrANNER, J. C. On the manufacture of Portland cement. Ann. Rept. Arkansas
Geol. Survey for 1888, vol. 2, pp. 291-302.- 1888. i

Branxer, J. C. The cement materials of southwust Arkansas. Trans. Am. Inst.
Min. Eng., vol. 27, pp. 42-63. 1898.

Branwser, J. C. Claysof Arkansas. Bull. U. 8. Geol. Survey. 1905.

Horxixs, T. C. Marbles and other limestones (of. Arkansas). Ann. Rept.
Arkansas Geol. Survey for 1890, vol. 4, 443 pp. 1893.

Tarr, J. A. Chalk of southwestern Arkansas. Twenty-second Ann. Rept. U. S.
Geol. Survey, pt. 3, pp. 687-742. 1902,

PORTLAND-CEMENT RESOURCES OF CALIFORNTIA.¢
PORTLAND-CEMENT MATERIALS.

Few extensive belts of limestone are found in California, but namer-
ous comparatively small areas occur, and many of them furnish rock
suitable for use as a Portland-cement material. Three Portland-cement
plants are now in operation, and the prosfmcts seem good for a marked
expansion of the California cement industry. Owing to the lack of
good native coals and the abundant supply of vetroleum, oil is used
as fuel.

DISTRIBUTION.

Detailed mapping of California geology has been of such a frag-
mentary character that-few generalizations can be made regarding the
occurrence of good cement limestones. The areas in which limestones
are known to occur are indicated on the accompanying map (Pl 1V),
but not gll of the areas shown will give material fit for Portland
cement; and, on the other hand, deposits of good- material probably
exist which do not appear on the map. The map will, however, serve
as a guide in the location of deposits of available cement materials.

SAN DIEGO COUNTY.

Fine-grained, cbalk-like limestone occurs near the coast at Jamul,
San Diego County, where it was used about 1888 in a small Portland-
cement plant. Its composition is as follows:.

aMsdny of the datw in this section, when not otherwise credited, have been abstracted from the
valuable reports of the State mineralogist of California. The writer is, however, respousible for the
discussion of the cement industry and of the different plants, all of which were visited during the
fall of 1903. Mr. J. S. Diller, of the United States Geological Survey, has furnished all the data refer-
ring to-the limestones of the Redding district, and has very kindly located these Shasta County
deposits on the accompanying map.
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Analysis of -limestone from Sen Diego County, Cal.@

SHHEA (S104) o ee e e e et e eeaeaaeaeaans 1.86

Alumina (ALOQg) ....... e eeeeeas e 1.10

Lime carbonate (CaCOs) ... ..o 94. 28

Magnesium carbonate (MgCO,) ... . . e 1.19

Alkalies (K,Q, Na,0) oo oo i feeteeeeaan 1.15

ORANGE COUNTY.

In Orange County a shell limestone is exposed at San Fernando,
and outerops on the mesa at various places, both toward Orange,
where there is a large exposure at the Los Alisos ranch, and toward
San Juan. '

Analyses of‘shell limestone from Orange County, Cal.b

1 2

$ilica (S105) «+evmemeeeenn S e

Alumina (ALOg) «.oooo i il }14 o5 1 27.08
Tron oxide (Fe,05) - - e mm e e

Lime carbonate (CaC0s) - ... . .ooveooneei 81.36 | 65.26
Magnesinm carbonate (MgCQy)...vevemeiieienon. . . .76 1.22
Alkalies (K,0, Na,0) ..o, e 1.82 2.02
Lime sulphate (CaSO,)....... P e .42 1.02
Water .......o.o...... e e 1.25 1.20

LOS ANGELES COUNTY.

On the flat land at the edge of the foothills near Mission San Fer-
nando, Los Angeles County, a shell limestone of the following compo-
.sition occurs in extensive deposits: .

Analysis of limestone from Los Angeles County, Cal.

Silica (S10,) - o nen i e i teiieeaiaaaaan 19.72
CATamMINa (Aly05) - } 397
Tron oxide (Fe,0%) ... ... . .. .. ... ...: e e e ’

Time carbonate (CaCOy) - ... .o et 72.68
Magnesium carbonate (MgCO,) ... .o, et 1.05
Alkalies (Ky0, Nay0) oo oo e e .67
Sulphur trioxide (S0;) ... it ittt iiiaieiiieeeceieeaaaeaa. .. Trace.
R O e 1.76

eNinth Ann. Rept. California State Mineralogist, p. 809.
b Eighth Ann. Rept. California State Mineralogist, p. 880,



118 . CEMENT MATERIALS AND INDUSTRY. [BULL. 243,
SAN BENITO COUNTY.

The following partial analyses of very pure limestones occurring
west of Hollister, in San Benito County, are given in the Mineral
Resources of the United States for 1889-90, page 383:

Analyses of limestones from San Benito County, Cal.

1 2 3
Silica (8105) - oo 210 - 0.7 0.5
Lime carbonate (CaCOy)....... e .| 96.00 99.2 99.0

SANTA CRUZ REGION.

Extensive deposits of a soft, chalk-like limestone occur near Santa
Cruz. These deposits are accompanied by shales and clays of good
composition, as can be seen from the following analyses:®

Analyses of cement materials from Sante Cruz, Cal.

Limestone. Clay.
Silica (8i0,) -~ ... .- et 2.40 4.71| 63.73| 60.03 62. 22
Alumina (A1,Oy) - oooooi i .51 1.20 | 22.12| 21.76 20. 02
Iron oxide (Fe,0y) cevuenoion oot .56 .60 9.01°| 11.49 8.25
TN (0210 ) NN 51.31 | 50.02 | 2.83| 3.37 1.96
Magnesia (MgO) ............. Teenn. 1.25 .75 | Trace. .25 Trace.
Alkalies (K,0, Na,0) ............... 1.45 1.80 .21 1.36 .81
Carbon dioxide (CO,) ..... S e 40.32 | 39.25 n.d. n.d. n.d.
Water_.__._..... s 1.21 1.40 1.12 1.45| . 6.52

aEighth Ann. Rept. California State Mineralogist, p. 881.

SOLANO AND CONTRA COSTA COUNTIES.

Beds of soft limestone, usually quite high in clayey matter, are .

exposed from Vallejo to Goodyears, Solano County, and from Mount
Diablo to Pinole, Contra Costa County. '

e e

B 1
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Analyses of limestones from Solano and Contra Costa counties, Cal.¢

1 2 t 3 4 ]
Siliea (810,) oviunerieeineieaen 9.05 | 42.61| 12.89 () 0.26
Alumina (A1,0y) ... BT 7.56 | 15.05 |........ 6.12 .20
Tron oxide (Fe,O4) -oonveeeeen oo 5.20 4.10 Y R | N
Lime (Ca0) - oo i, 33.85 | 17.98 | 40.32| 50.85 54. 80
Magnesia (MgO) ... oo 1.25 2.60 | 2.26 .24 .30
Alkalies (K0, Nag0) ............... 2,05 .26 .37 .83 .14
Sulphur trioxide (80,) 2. o.ooo.o.. - 1.03 L84 (... n.d. " ond.
Carbon dioxide (CO;) .............. 28.56 | 14.12 | 40.11| 41.96|  43.38
WALET - - e e lee e 2.05 .96 67| n.d. .50

1, 2, 8. Contra Costa Counl\' between Mount Diablo and Pindle.
4. Bemom Solano County.
5. Yort Costn, Contra Costa County.
SONOMA COUNTY.,/
The following is an analysis by T. Price of a very pure limestone
occurring on Little Sulphur (Jrcck, 4 miles east of Geyserville,
Sonoma County: _

Analysis of limestone from Sonoma County, Cal.b

I G110 DU 1.27°

Alumina (AIZO.,‘) ........................................................ } 3
Tronoxide (IMe,Og) oo oo o e emeaeanan e N -

Lime carbonate (C‘lCOa) .................................................. 95. 20
Magnesia (MgO) .......... B SR U 1.82
B R 1.60

REDDING DISTRICT.

The limestones ocecurring in the Redding district are described as
follows by Mr. J. S. Dlllel 1n Bulletin 213, United States Geological
Survey, page 365:

More limestone occurs in the copper region of Shasta County, Cal., than in an.
equal area of any other part of the State. A thick limestone of Triassic age occurs
along the stage road east of Furnaceville, and subordinate massés crop out around the
upper slope of Bear Mountain, a few miles northwest of Sherman, but the principal
mass of this belt forms Brock Mountain, on Squaw Creek, and may be traced for many

" miles to the north. This limestone is full of fossils and is especially noted for the
large lizard-like animals it contains. It is generally pure and at Brock Mountain
is used for flux in the Bully Hill smelter.

A-belt of more prominent limestone ridges and peaks extends from near Lilienthals
north by Gray Rock, the Fishery, and Eirz Mountain, along the McCloud for many
miles. The limestone where best developed is over 1,000 feet thick, and until
recently has been used for flux at Bully Hill. It is cut by numerous irregnlar dikes

aBighth Ann. Rept. California State Mineralogist, p. 882.
b Eighth Ann. Rept. California State Mineralogist, p. 633.
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of igneous rock, which locally interfere with quarrying. If the projected branch
railroad up Pit Riveris ever built, it would pass near this great limestone.

A third belt of limestone occurs near Kennett, within a few miles of the railroad,
and furnishes not only flux for the Mountain Copper Company at the Keswick
smelter, but also lime, which is burned at Kennett and shipped to many points on
the Southern Pacific Railroad. This limestone is of Devonian-age and consequently
much older than the others. Although the limestone is not nearly as large as the
others and isolated on ridge crests by igneous rocks, it is more valuable because
more accessible. Smaller masses occur near Horsetown and at several points on the
plain northeast of Buckeye, where lime has been burned, but since the Kennett
locality has been opened they are of little importance. ’

Below are given partial analyse.s of three of the limestones above
described by Mr. Diller: -

Analysis of limestone from Redding district, California.

1 2 3
Silica (8i0;) - oo e, 2.0 4.0 4.4
Alumina (Al04) - oot e } '
’ ' 1.5 1.5 . d.
Iron oxide (Fey0y) - oo on e } .
B (070 ) R 52.5| 510 53.3
Magnesia (MgO) -« con i e n.d.| n.d. .5

1. Near U, S. Fishery at Baird. Bull. U. S. Geol. Survey No, 225, p. 176. -
2. Brocks Mountain, 6 miles northeast Delamar. Ibid.
3. Kennett. Elghth Ann. Rept. California State Mineralogist, p. 572.

'PORTLAND-CEMENT INDUSTRY IN CALIFORNIA.

Until within the past two years only one Portland-cement plant had
succeeded in establishing itself in California. This was the California
Portland Cement Company, with works located at Colton, in southern
California. During 1903, however, two additional plants went into
operation, hoth located near San Francisco. In consequence of the
slight development of a local industry, California has been supplied
largely with foreign Portlands, always high-priced and frequently of
poor quality.

The plant of the Pacific Portland Cement Company is located about

. 6 miles east of Suisun, Solano County. The, materials used ave trav-

ertine—a very pure lime carbonate deposited from waters carrying it
in solution—and clay. Eight rotary kilns are in operation, Bakers-
field oil being used for fuel. The electric power necessary for running
the plant is derived from Marysville. Analyses of the raw materials
and of the finished cement, which is marketed as ‘‘Golden Gate”
brand, follow:
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Analyses of travertine, clay, and cement.

Travertine.’ Clay. Cement.
Silica (S10,) < enm e el 1.21 58.25 22.25
Alamina (ALOy) oo oe oo ] ' 70| 18.56 7.65
Tron oxide (Fe,04) -cnvreeeenn .. TR .50 7.35 3.35
“Lime (CaO) ..ol 53.62 |  3.10 62. 85
Magnesia (MgO) o v eomeen e .44 1.28 .78
Alkalies (K,0, Na,0) - .o oo 2.35 .69
Sulphur trioxide (8Oy) ... L1 .45 1.34
Carbon dioxide (CO,) .. ... ]f 42,98 8.55 1.00
Water. ... ... .l _

The Standard Portland Cement Company plant is located -at Napa
Junction, Two grades of limestone are used as raw materials, one
a very clayey limestone, averaging about 60 per cent lime carbonate;
* the other a purer rock, carrying 85 per cent or more of lime carbonate.
In this respect the materials are closely similar to those used in the
Lehigh district of Pennsylvania-New Jersey; but the California lime-
stones are much softer than those of the Lehigh region. Ten rotary
kilns are in use, with Bakersfield oil for fuel. Analyses of the raw
materials follow:

Analyses of raw materials of cement made at Napa Junction, Cal.

High-lime | Low-lime
rock. rock.
Silie (S10,) < ot e 7.12 20. 87
Alumina (ALOy) . oo 2.36 |- 10.50
Tron oxide (FeyOy) - .- vouemmme o iiame e e 16 _3.50
Lime carbonate (CaC0y) - ocemiaeiin it 87.70 62.76
. Magnesium carbonate (MgCOy) . ..o oo .. .84 1.48

The plant of the California Portland Cement Company is located at
Colton. The raw materials used are a pure, very highly crystalline
limestone (marble), obtained near the plant, and clay shipped in from
Perris, 25 miles away. The limestone will range from 90 to 99 per
cent lime carbonate; the clay is rvelatively low in silica and high in
alumina and iron oxide. Three rotary kilns are in operation, using
Los Angeles and Bakersfield oil for fuel.

BIBLIOGRAPHY OF CEMENT RESOURCES OF CALIFORNIA.
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PORTLAND CEMENT RESOURCES OF COLORADO.

PORTLAND CEMENT MATERIALS.
DISTRIBUTION AND COMPOSITION.

For the purposes of the present bulletin the ]jmestories of Colorado
may be divided, on a geographical basis, into two groups, those lying
west of the Front Range and those lymg east of that range in the

plains.
LIMESTONES WEST OF THE FRONT RANGE.

Of the limestones occurring in central and western Colorado, west
of the Front Range, those of Mississippian age seem to he of most
promise as Por tland cement materials, though hmcstones occurring in
other divisions of the Carboniferous, as well as later and earlier
rocks, are occasionally of value for this purpose. Analyses of a
number of nonmagnesian limestones are given in the following table:

Analyses of limestones from Colorado west of the Front Range.

- Alumina . . Carbon .
o B | e | B | GRS | aeide
: (Fes0s).
| P 21.45° 1.20 40. 64 0.73 32.73
S S 6.47 77 46. 65 2.64 89.55
B e 3.71 .55 47. 40 4.49 42.15
G 2.97 .14 53.79 .46 42.76
B e .22 Trace. 55.17 .21 43.58
B e .23 .09 55. 49 .24 43.87
T e e L N\ O 55.81 |oeeennnn.. 43.85
8..... ST .22 .20 55. 45 .24 43.84
L I 11 .10 55. 68 Trace. 43.75
10l 6. 54 .92 50. 58 © .86 40.18
3 DO 1.44 .13 54.98 | Trace. n.d.
12 5.32 .91 48.73 2.95 41.71
B .51 .10 55. 50 .17 43.82
3 S 2.37 .19 53.64 .73 42,93
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Analyses of limestones from’ Colorado west of the Iront Range—Continugd. :

. ili Alllx]lIP i:m} Lime Magnesia Carbon

No. o, iré);’}e?%;i))d.e (€a0y. | (Mg0). dioxide
1B el .33 Trace. 55.81 | .18 44.03
16 e 4.13 e 53. 00 .59 42. 98
1T .7 00| 53.40 45| 4248
18 e e n. d. n.d. 53.20 n.d. n.d.
19 s e aeas ©o8L12 .65} 37.28 54| 20.88
20 el 2.4 15| 54.62 .25 43.28
b2 .82 .07 55. 47 .22 43.86
S T .36 17| 55.58 .87 44.17
28t el L 4.42 .10 52.97 .40 42,12
. SR .62 .25 55. 24 .94 43.81
P S C79l .82 50. 83 .70 40. 90
26 1.75 .32 53. 60 1.23 43.65
27 L 2,60 * .21 54. 23 .21 42.97

g—f) (‘Ienwood Springs, Garfield County. George Stelger analyst. Bull. U. S. Geol. Survey No.
168, p. 2 !
10. North Park, Grand County. B. E. Brewster, analyst. Fortieth Par. Survey, vol. 2, p. 116.
11. Gunnison (,ount,y Ann. Rept. Colorado School Mines for 1887, p. 21
12. Morrison, Jefferson County. L. G. Eaking, analyst, Bull. U, S. Geol. Survey No. 16% p. 270.
13. Mount Sllvurhccls, Park County W. F. Hillebrand, analyst. Ibid,, p. 2
14. Fairplay, Park County. W. F. Hillebrand, analyst, Ibid.
-16. Aspen, Pitkin County, L. G. Rakins, mmlyst Ibid., p. 273.
16. Aspen Mount, Pitkin County. Reese & Richards, mmlysts Rept. Colorado School Mines, 1886,
p. 67,
17. Aspen Mount, Pitkin County. F. Bardwell, analyst. Ibid,
18. Aspen Mount, Pitkin County. F. Buckley, analyst Ibid., p. 68.
19. Aspen dmtr]ct Pitkin County. George Steiger, analyst. Bull. U. S. Geol. Survey No. 168, p. 272
20. Jacque Mount Tenmile district, Sumxmt(*ounty W. F. Hillebrand, analyst., Bull. U. 8. Geol.
survey No. 168, p. 274.
1. Near Sabbath Rest tunnel, Tenmile district, Sumnut County W. T, Hillebrand, annlyst Ibid.
22, searls Gulch, Tenmile dlstl‘l(,t Summit Connt\ W. F. Hillebrand, analyst. Thid.
23. North of SUgurlonf Tenmile dlsmct Summit County, W. F. I[lllubmnd analyst. Ibid.
24,25, Pittston tunnel, Tenmile district, Summit County. W. P, Hillebrand, analyst. Ibid. .
26, Saummit quarry, Tenmile district, Stmmit County. W. F. Hillebrand, mmlvst Ibid.
Ibz.(71 Fletcher shaft, Copper Mountam Tenmile district, Summit County, W.F. Hillebrand, analyst.
i

LIMESTONES EAST OF THE FRONT RANGE

In the eastern portion of Colorado the surface rocks are of Creta-
ceous or later age. While mostly made up of clays and sands, these
rocks contain one limestone formation of great importance as a possi-
ble source of Portland-cement material. This is the Niobrara limestone
of the Cretaceous.

The areas in which the N1obrzua, limestone ou‘rcrops in eastern Col-
orado, as shown on the Hayden map, may be described as follows:

One belt of Niobrara limestone enters Colorado from Nebraska, fol-
lowing the South Platte and ending between Fort Morgan and Greeley.
Another belt enters the State from Wyoming, at a point just west of
the Colorado and Southern Railroad, and runs about due south, as a
band from 1 to 6 miles in width, the towns of Laporte, Namaqua, and
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Boulder being near its western ed ge, while Fort Collins, Big Thomp-
son, Berthoud, Valmont, and Marshall lie on or near its eastern
border. This belt thins out southward near Golden, turns slightly
east of south at a point just east of Morrison, and disappears west of
Larkspur. '

Another belt commences about 10 miles north of Colorado Springs,

- and covers a wide area east and west of the Denver and Rio Grande

Railway. The towns of Colorado Springs, El Paso, Fountain, Pueblo,
and St. Charles are located on this limestone belt, while Sunview and
Turkey Creek lie on its west border. Arms of this belt are extended
up Arkansas River as far as Canyon, and up Huerfano River to Huer-
fano Park, reaching almost to Dixon. The stations of Granero, Huer-
fano, Cucharas, Santa Clara, Placito, Walsenburg, Apishapa, and
Trinidad are located on the southern portion of this belt.

- PORTLAND-CEMENT INDUSTRY IN COLORADO.

Only one Portland:-cement plant is at present in operation in Colo-
1ado, but several attempts have been made to manufacture cement
in the State. The materials used at the plesent plant, as well as at
all the previous plants, are limestones of various grades of puuty
from the Niobrara formation. _

The plant of the Portland Cement Company of Colorado is located
about 8 miles east of Florence, Fremont County, south of Arkansas
River. The materials used are an argillaceous limestone averaging
about 71 per cent of lime carbonate, and a purer limestone carrying
about 88 per cent of lime carbonate. The former occurs in several
beds, aggregating about 60 feet in thickness; the purer limestone is
taken from a 40-foot bed lying about 50 feet below the other. Six
rotary kilns are in place, using oil from the Florence field as fuel.

BIBLIOGRAPHY OF CEMIENT RESOURCES OF COLORADO.
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PORTLAND-CEMENT RESOURCES OF CONNECTICUT."

While many outcrops of limestone occur within the limits of the
State of Connecticut, few of them, unfortunately, are large ‘enough
to justify the erection of a cement plant. In addition to this disad-
vantage, most Connecticut limestones carry entirely too high a
percentage of magnesium carbonate to be considered available as




ECKBL.] CONNECTICUT. 125

Portland-cement materials. This last statement is par tlculmly true
of the thick and extensive limestone beds of western Connecticut,
which are so extensively quarried and utilized for lime burning in the
vicinity of Danbury, Canaan, etc. Numerous analyses of these lime-
stones show that they rarely carry less than 20 per cent of magnesium
carbonate, while they often run as high ‘as 40 per cent of that constit-
uent. The nonmagnesian limestones, on the other hand, which occur
chiefly in central and eastern Connecticut, are ravely over a few feet
.in thickness, or else have a very limited area of outcrop.

Of the analyses given below Nos. 2 and 3 are fairly typical of most
of the limestones of western Connecticut. They are in general quite
pure, carrying usually very low percentages of silica, aluinina, ivon
oxide, etc., but they are at the same time almost invariably high in
magnesia, often approaching dolomite in composition. Occasionally
beds are found which show very low magnesia percentages. An
example of this is afforded by analysis No. 1. Such limestones would
of course be serviceable as Portland-cement materials, but the trouble
is that these low-magnesia beds are not extensive, nor can they be told,
at sight, from high-magnesia rocks occurring in the same quarry. Tt
would therefore be impracticable to separate the two kinds of rock
during quarrying, and for- this reason the writer believes that such
occasional occurrences of low-magnesia rocks give no promise of a
futare Portland-cement industry in Connecticut.

Analyses of limestones from Connecticul.

1 2 3
Silica (Si0y) -ve.. ... b e e e 5.83 | .0.08 0.48
Alumina (ALOy) .ol y

3.90 .25 .20
Iron oxide (Fe,Oy).ccnenoaaiiaii .. A } .
Lime (Ca0) « vt e .50.40 | 30.46 31.31
Magnesia (MgO) ...l e J10 | 21.48 21.03
Carbon dioxide (CO,) ... o 39.72 | 47.58 46. 98

1. Quarry of Panbury Lime Company, Danbury, Fairfield County, Mineral Resources U. S. for 1889-
1890, p. 386.

Lz Quarry of Canaan Lime Company, Canaan, Litchfield County. Twentieth Ann. Rept. U.S. Geol.
Survey, pt. 6, p. 370. .

3. Quarry of Canfield Bros., East Canaan, Litchfield County.- Ibid.

JPORTLAND-CEMENT RESOURCES OF DELAWARE.

No limestones occur within the limits of Delaware, with the excep-
tion of small isolated outcrops in the crystalline rocks of the extreme
northern portion of the State. Though some of these furnish rock
low in magnesia, the outcrops are entirely too small to be worth
considering. -
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PORTLAND-CEMENT RESOURCES OF FLORIDA.

Though Florida is largely urderlain by beds of limestone of Ter-
tiary and recent age, these are covered, over great areas, by later

- deposits of sand and gravels. Owing partly to this, and more largely

to the lack of local fuel deposits and cement markets, no attempt has
ever been made to manufacture Portland cement in the State. Should
commercial conditions ever change so as to render a local cement

industry possible there will probably be little difficulty in locating:-

deposits of limestone suitable for use as Portland-cement material,
for the St. Stephens limestone, which is so promising a source of
cement material in Alabama (see pp. 77-81), covers a large area in
northern Florida, while other limestones of equal value as cement

‘materials outcrop elsewhere in the State. :
The : malyscs in the following table give some idea of the composi-

tion of various Florida limestones.

Analyses of limestones from Florida.

1 2 3 4 b 6 7 8 9
Silica (8i0,) ......... 39.01 12.81 | 0.17 | 0.25 | 0.12 | 0.19 | 0.07 | 2.94 | 8.50
Alumina (ALO,) ... .. 1.20' 12.19°| .20°| .17 :
umina (AL,0,) 0 }.08 16| .16| .23| .73
Iron oxide (Fe,0;) -..| .53 ] .66 | .07 | .07
Lime (CaO).......... 30,99 126.28 [54.03 |54.01 (54.38 [55.12 [54.02 [51.51 | 47.29
Magnesia (MgO) ..... .42 116.72| .29 | .77.| .86 .30|1.06| .71 1.51

Alkalies (Na,0, K,0) .| .71 | .50 {n.d. [n.d. |n.d. [{n.d. |nd [nd | nd
Sulphurtrioxide (SO) [ .33 [n.d. {n.d. | n.d. {n.d. |n.d. {n.d. |nd | n.d
Carbon dioxide (CO,).|24. 25 |38..12 |42.52 |42. 84 143,36 43.28 |43.20 |41.59 | 39.00

Water ............... 307129 |nd |nd |nd |nd |nd |264] 337

1. St. Stephens limestone, Wakulla County. Vol. 6, Tenth Census Rz,ports p. 193.

225R1vcr Junction, Escambia County. George Stelgcr analyst. Bu]l . S. Geol. Survey No. 168,
I) .
. Artesian well, Key West, 25 feet down. George Steiger, analyst. Ibid.
. Artesian wcll Key Wcst 100 feet down. George Steiger, analyst. Ibhid.
. Artesian wc]l Key \th 150 feet down. George Steiger, analyst. Ibid.
. Artesian well Key Wcst, 1,400 feet down. George Steiger, analyst. 1bid.
. Artesian well, Key West; 2,000 feet down. George Steiger, analyst. 1bid.
. Shell rock, near Fort Worth F. W. Clarke, analyst. Ibid.
. Shell rock near Seville. - .- W, Clarke, unul)st Ibid.

PORTLAND-CEMENT RESOURCES .OF GEORGIA.
PORTLAND-CEMENT MATERIALS.
One Portland-cement plant is already in operation in Georgia, and
the prospects for some extension of the industry seem good, though

the locar maiket, unless it improves materially, will not justify any
great expansion. - :
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Four series of limestones occurring in Georgia are worth consider-
ation here. Beginning with the oldest formation, these four are:

1. Metamorphic limestones (marblés) of uncertain age. '

2. Chickamauga limestone of Ordovician (Lower Silurian) age.

3. Bangor limestone of Mississippian (Lower Carboniferous) age.

4. Cretaceous and Tertiary limestones (so-called ‘‘marls’).

The distribution of these limestones in the western portion of the
State is shown on the' geologic map, Pl. 1I.

METAMORFPHIC LIMESTONES OR MARBLES.a

DISTRIBUTION.

Highly crystalline limestones, suitable for use as marble, occur in
parts of northern Georgia, notably in the counties of Fannin, Gilmer,
Pickens, and Cherokee. The principal outcrops in this district occur
in a belt closely parallel to the line of the Murphy and North Georgia
TRailroad, extending from near Canton northward to the Georgia-
North Carolina line. Throughout the entire extent of this belt thc
marble has been quarried more or less extensively.

COMPOSITION.

As shown by the analyses quoted by S. W. McCallie, two quite
distinct types of marble occur, so far as chemical composition is con-
cerned. One of these types rarely carries over 1 per cent.of mag-
nesia, and is therefore available as a Portland-cement material. Thc
analyses given in the following table are fairly repr esentative of this
type. 'The othertype of marble carries 15 to 22 per cent of magnesia,
and is therefore not worth considering in the present connection:

Analyses of metamorphic limestones from Georgin. b

1 2 3 4 [
© Silica (Si0;) - o il 0.35 | '1.62 2.12°| 1.43|  0.76
Alumina (ALOy) .. ... ...l
: .15 .32 1 .2 .42
Iron oxide (Fe,04) .o ooon oot } . . 0 3 8_
Lime (CaO) ............. P 55.00 | 54.41 | 54.06 | 52.77 | 54.67
Magnesia (MgO) ...................... 1.12 .75 .90 .82 1.01
Carbon dioxide (C0,) - -ooooiiiiiiaan 44.16 | 43.13 | 42.86 | 41.85 | 43.49

1. ““Creole’ marble, Georgin Marble Company’s quarry, near Tate, Pickens County,
2. ' Etowah” nmrblc Georgin Marble Company's quarry, near Tate, Pickens County.
3. Coarse white nmrble Georgin Marble Company’s quarry, near Tate Pickens County.
4. Haskins property, 1 mile southeast Red Clay, Whitfield County.

5. Ellinger property, 1 mile cast Varnells station, Whitfield County. .

aThe composition, character, and distribution of these valuable building stones are described in
Bulletin No. 1, of the Georgia Geological Survey, by 8. W. McCallie, entitled ‘ Preliminary Report on
the Marbles of Georgia.” To this bulletin reference should be made for details concerning the crys-
talline limestones of Georgia.

bAnalyses 1 to 5 of the table are from the report by Prof. 8. W. McCallie on the * Marbles of Gcnrgm,”
issued as Bulletin No, 1 of the Georgia Geological Survey. All these analyses were made by Prof,
W. H. Emerson.

=
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CHICKAMAUGA LIMESTONE.,

DISTRIBUTION.

- The Chickamauga limestone occurs only in northwest Georgia,
appearing as a series of long, narrow bands, which usually trend N.
30° E.  The distribution of this limestone is shown on Pl IIL
page 62. A few of the more prominent areas will be briefly described,
heginning in the extreme northeastern portion of the State, particular
attention being paid to outcrops located on or near railroads.

A belt of Chickamauga limestone enters (Georgia a few miles south-
west of Chattanooga, the Alabama Great Southern Railtoad running
on this limestone belt from near Chattanooga to a few miles below
Trenton; another belt is crossed by the same railroad about 8 miles
south of Rising Fawn; a third belt is followed closely by the
Southern Railroad from Rossville to Cedar Grove, and another belt is
followed by the same road from Bronco to Menlo. The line from
Chattanooga to Summerville runs, for 5 miles east of Chickamauga,
across one of these limestone belts. An extensive belt of the lime-
stone borders the western faces of Taylors Ridge and White Oak
Mountains, but is crossed by railroads only at two points, near
Ringgold and Lavender, respectively. Other belts are crossed at
Dalton and between Dalton and Tunnelhill.

The Chickamauga limestone is very extensively exposed in the
northern half of Polk County, being crossed by railroads at or near
the stations of Esomhill, Cedartown, Fish Creek, Rockmart, Davittes,
and Taylorsville. As later noted, one Portland-cement plant is already
in olj'ql'ation at Rockmart utilizing this limestone.

COMPOSITION.

Throughout its range in Georgia the Chickamauga limestone is com-
monly a rather pure rock, carrying 90 to 95 per cent of lime carbonate
with less than 2 per cent of magnesium carbonate. Analyses 1, 2,
and 4 of the following table are fairly representative of the usual
composition of the Trenton limestone. Analysis 3, on the other hand,
representsa highly magnesian type of rock that is fortunately uncom-
mon in this series. '
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Analyses of Chickamauga limestones from Georgia. @

v . 1 2 3 4
Silica (810;) --ooem e eeeie s eeeaeeens| 2.82 |l 816 | 2,30
Alumina (ALOs) «oer e ! :

: 1. 80 2.23 9.50 . 40
Iron oxide (Fe,Oq) ----... F e } .
Lime carbonate (CaCO,)..-...... eieeieaeao..| 91.40| 94.87 | 55.47 | 95.20
Magnesiom carbonate (MgCOy) ................ 3.75 2.10 | 25.33 2.17

1. South of Trenton, Polk County. J. M. McCandless, analyst.

2. Cedartown, Polk County. W.J. Land, analyst.

3. Near Trenton, in valley of Lookout Creek. J. M. McCandless, analyst.

4. Devitte lime quarry, 5 miles northeast of Rockmart, Polk County. Chemist, Cherokee Iron Com-
pany, analyst,

ANGOR LIMESTONE.
DISTRIBUTION.

The Bangor limestone in Georgia occurs only in Dade, Walker, and
the northwestern portion of Chattooga counties. In this area it
appears as a series of belts from one-half to almost 2 miles in width,
following closely the trend of Sand, Lookout, and Pigeon mountains,
and usually running up high on the flanks of these mountains, as well
as occupying parts of the valleys at their feet.

COMPOSITION.
The Bangor limestone in its Greorgia areas varies between 700 and
900 feet in thickness. The greater part of this is a ratbher heavy-
béedded blue limestone, commonly quite pure and low in magnesia.

Toward the top of the formation the limestone becomes more clayey,
and interbedded shales become more and more frequent.

Analyses of Bangor limestone from Georgia.

1 g
Silica (Si0,) «oveennnn. S SO U 0.95| 12.70
Alumina (ALOg) ..... e e e e i
Tron 0Xide (Fey03) - e mn e emeeeee e } 1.00| 3.20
Lime carbonate (CaCOg) - -ttt ici e 96.13 80. 60
Magnesium carbonate (MgCOs) .. --ccovoovoiiiiiiii.. 2.05 2.45

1. Rising Fawn, Dade County, J. M. McCandless, analyst. ‘‘ Paleozoic Group of Georgia,” p. 271.
- 2. Side of Sand Mountain, Polk County, J. M. McCandless, analyst. Ibid., p. 271.

aTaken from a report by Prof. J. W. Spencer on the ““Paleozoic Group of Georgia,” issued by the
Georgia Geological Survey. The composition of No. 3 is very different from that of normal Chicka-
mauga limestones, and its reference may thercfore be erroneous.

Bull. 243—05——9
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.

CRETACEOUS AND TERTIARY LIMESTONES.

DISTRIBUTION.
N

The portion of Georgia lying south and southeast of a line drawn
through Knoxville to Columbus is occupied by clays, gravels, and soft
limestones of Tertiary and Cretaceous.age. The limits of these forma-
tions have never been accurately mapped, so that the distribution of
the soft limestone beds can be stated only in a general way. Several
areas of ‘the soft limestones (commonly called ‘‘ marls” in geological
and agricultural reports) are known to occur. One of these areas is
the continuation of that described as the St. Stephens limestone of

- Alabama. A detailed description of the character-of this limestone,
with numerous analyses from Alabama. localities, will be found on
pages 77-83 of this bulletin. In Georgia this limestone occupies
most of the counties of Decatur, Miller, Baker, Mitchell, Dougherty,
and Lee. The only analysis of it from a Georgia locality is given as
No. 6 of the table below. Other limestone, beds occur in the Creta-
ceous and ’lertlal y region, but little is known con(,ernlng their

distribution.
COMPOSITION.

Such analyses as are available are presented in the following table.
They all show the presence of considerable percentages of silica,
alumina, and iron oxide, but are at the same time remarkably low in
magnesia.

Analyses of Cretaceous and Tertiary limestones from Geor‘(/ia.

1 2 3 4 b 6
Silica (8105) uveeernneeennnt 8.90| 6.30| 9.63| 13.86| 13.86| 14.44
© Alamina (ALOy) «eeneeneeanl .55 .41 62| 111 1.76 1.33
Iron oxide (Fe,03) -ooooo.o. 3.221 1.65 4.31 2.08 3.02 2.65
© Lime (C20) - eeeeeeo .. 50.14 | 49.87 | 46.76.| 45.65 | 43.67 | 42.88
Magnesia (MgO).._......... .05 .12 .05 .08 .04 .15
Carbon dioxide (CO,) . -..-.. 37.05 | 39.21| 36.52 | 34.87 | 34.12 31.96
 Water.....ooooooi 123 163 13| L19| 145| ,163

Reddick’s quarry, Screven County. Reports Tenth Census, vol. 6, p. 312.
. Waghington County. Ibid.

Shell Bluff, Burke County. Ibid. .

. Houston County. Ibid.

. Near Montezuma, Macon County. Ibid.

. Near Albany, Dougherty County. Ibid.

SO N

PORTLAND-CEMENT INDUSTRY IN GEORGIA.

Only one Portland-cement plant is at present operating in Georgia,
and this plant is of very recent construction. It is owned by the
Southern States Portland Cement Company, and is located about half
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a mile east of the village of Rockmart, Polk County, Ga. The Port-
land cement manufactured here is made from a mixture of pure lime-
stone and slate, both of which materials occur in the immediate vicinity
of the plant.

Hard blue slates, which -have been u&tunslvcly quarried for struc-
tural purposes, outcrop on the hills south of Rockmart. These slates
are of Ordovician age and have been described as the * Rockmart
slates” by Doctor Hayes. East of the town the surface rock is the
*“Chickamauga limestone,” which here contains beds of pure nonmag: .
nesian limestone which have been quarried at several pomt,s in the
vicinity and burned into lime.

The ¢ement company purchased the property of the old Georgia
Slate Company, about one-half mile southwest of Rockmart, and car-
ried on extensive operations with the diamond drill. The intention
was to quarry the slate, sell as slate the portions best suited for that
use, and utilize the scrap and waste in the manufacture of cement.
The quarries from which the limestone is obtained are located one-half
mile east of town, near the mill. The president of the cement com-
pany is Mr. W. F Cowhan, who is also connected with the Penin-
sular Portland Cement Company, of Jackson, Mich., and the National
Portland Cenient Company, of Durham, Ont&mo.

Analyses of slate and limestone from the particular quarries which
it is intended.to work could not be obtained. Dr. J. W. Spencer,
however, quotes analyses of similar material from the vicinity, and
these will serve to indicate the character of the material which will he
used: .

Analyses of slate and limestone from Rockmart, Georgia.

Limestone.
Slate.

1 2
Silica (810,) - -nnnmmnemeen e . 61.66 |..o..... } 0.40
Alumina (A1,O05) - oo i i e 19. 64 2.23
Tron oxide (Fe,04) » o ciomeoi oo e iaae 7 N [ P
Lime carbonate (CaCOs) -..oooomoeeaoio.. N 94.37 | 95.20
Magnesium carbonate (MgCOg) ........ SN S 2.10 2.17
Soda (Nay0) oot it SRR s 1 20 O PR,
Potash (Ky0) oo e 1.27 (... Y PR,

IDAHO.

Small isolated areas of crystalline limestone (marble) occur in the
western portion of the State, but no extensive areas of limestone are
known to occur.
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PORTLAND-CEMENT RESOURCES OF ILLINOIS.

PORTLAND-CEMENT MATERIALS..

Low magnesia limestones, suitable for use in Portland-cement man-
ufacture, occur in Illinois in three different geologic groups. The
limestones of these groups will be discussed in the following order:
(1) Trenton limestones, (2) Mississippian limestones, (3) Coal Measures
limestones.

Of the three groups named above only one, the Coal Measures, has
yet been utilized in Illinois as a source of Portland-cement material,
though the Mississippian limestones, when their location, thickness,
and composition are considered, would seem to be the most promising
group of the three. The Trenton group occurs in large areas, but
only a small part of the limestones usually included in it are sufficiently
low in magnesia to be worth considering. '

TRENTON LIMESTONE,
DISTRIBUTION.

Though the so-called Trenton limestone covers a very large part of
northern Illinois, it seems, in this part of the State, to be almost
entirely a high-magnesia rock, and therefore unavailable as a source
of Portland-cement material. In western and southwestern Illinois,
however, along the bank of Mississippi River, a number of isolated
areas of Trenton limestone occur, and the rock from these localities,
to judge from the analyses available, is sufficiently low in magnesia to
be used in Portland-cement manufacture.

The geologic map (Pl. 1X, p. 220) shows the location of four sep-
arate areas of Trenton limestone in the district considered The first
of these areas occurs on the east bank of Mississippi River at and
below Thebes for a mile or two, The second area, larger than this,
extends along the east bank of Mississippi River from Harrisonville

“to Smiths Landing, in the northern part of Monroe County. A third

area is exposed along both banks of Illinois River, néar Hartford, in
Jersey County. The fourth area shown on the map occurs along the
east bank of Mississippi River, south of Harding, in Calhoun County.

COMPOSITION.

The only available analysis of Trenton limestone from any of these

areas in southwestern Illinois is that given below. It shows a very

pure nonmagnesian limestone. Similar occurrences of nonmagnesian
limestones in the Trenton series across the river in Missouri will be
found discussed on page 221, where further analyses are given.




HCKEL,] S ILLINOIS. 133

Analyses of Trenton limestone from Thebes, Alexander County, Ill.@

[H. Pratten, analyst.]

Silica (S10,) <ot i i 0.06
Alumina (ALO,) <o aiaaan e } 2
Tron oxide (Feg0y) oco oot e e e )

Lime carbonate (CaCOg) - .- i 98.01
Magnesium carbonate (MgCO,,) .............. e e e e 1.59
Water ..ol i e eeeeemeaa e 1.07

MISSISSIPPIAN LIMESTONES.

DISTRIBUTION.

The Mississippian limestones occur only in one belt, which extends
through western and southern Illinois. The northern end of this belt
is near New Boston, in Mercer County. From this point the limestones

extend southward along Mississippi River, in a belt averaging, per-
haps, 20 miles in width, through Henderson, Hancock, Adams, and
Pike counties. A narrow branch of this belt extends up Illinois
River as far as Beardstown, and narrower bands border several of
the larger tributaries of the Illinois. The main belt continues south-
ward, parallel to and usually bordering Mississippi River, and covers
the greater part of Scott, Greene, and Jersey counties. Near Alton
the limestone belt contracts until it is only a few miles in ‘width, but,
widens out again a few miles south of Alton, and covers extensive
areas in Madison, St. Clair, Monroe, Randolph, and Jackson counties.
Near the southern boundary of Jackson County the belt leaves the
Mississippi and turns eastward through Union, Johnson, Pope and
Hardin counties. '

COMPOSITION.

As in other States, the Mississippian limestones of Illinois are in
general rather well adapted for use as. Portland-cement materials.
Occasionally they contain beds carrying too much magnesium carbon-
ate for this use, but the commonest type is a limestone containing say
90 to 95 per cent of lime carbonate, 1 to 4 per cent magnesium car-
bonate, and 1 to 6 per cent of silica, alumina, and iron oxide. The
analyses given below are therefore fairly representative of the
Mississippian limestones of Illinois.

aGeology of Illinois, vol. 1, p. 148,
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Analyses of Mississippian limestones from 1llinois.

1 2 3 4 5
Silica (Si0) ------ s et 0.05| 0.37| 272 12.50| 0.47
Aluming (ALOg) - -ooooommnereoennen } 20| .er| 1o06| 210| 218
Iron oxide (Fe,04) ceomesoenniool... ;
Lime carbonate (CaCOy) .............. 94.68 | 92.77 | 90.86 | 82.48 | 95.62
Magnesium carbonate (MgCOs) ........ 4,31 6.75 3.18 ooonne .82

1. Quincy, Adams County. H. Pratten, analyst. Geology of Illinois, vol. 1, p. 108.

tszmg%y Adams County. C. G. Hopkms analyst Twentieth Ann. cht U. S. Geol. Survey,
pt. 6, p. 87

3. Rosxc]are. Hardin County. H. Pmtten analyst. Geology of Illinois, vol. 1, p. 374.

4, Nauvoo, Hancock County. H. Pratten, analyst, Ibid., ’
t5. Marblehead, Adams County. N. G. Bartlctt, analyst. 'l‘wentleth Ann. Rept. U. S. Geol. Surves,
pt. 6, p. 877.

PENNSYLVANIA (“COAL MEASURES”) LIMESTONES.

DISTRIBUTION.

The Pennsylvania (‘‘ Coal Measures,”) rocks of 1llinois cover most of
the State south of a line drawn through Paxton, Wilmington, Lasalle,
Princeton, and Rock Island. .The greater part of this thick series of
Coal Measure rocks consists of shales and sandstones, but the presence
of occasional relatively thin beds of limestone is of interest, for it is
from these limestone beds of the Coal Measures that three of the four®
Portland-cement plants now operating in Illinois draw their supply of
raw material.

The limestones oc¢curring in the Coal Measures of 1llinois are ubually
thin, but fairly persistent. One thick bed, or series of beds, is well
exposed near Lasalle and Oglesby, showing a total thickness of 20 to
25 feet of limestone.

The following geologic section at Lasalle, Lasalle County, will serve-
to indicate the position of one of the principal beds of Coal Measure
limestone. The beds are given in descending order, and bed No. 5,
is the limestone used by the three Portland-cement plants located at
and near Lasalle. .

Section at Lasalle, 111.b

Feet.
(1) Shales..... e e e e et ieeaeae s 37
(2) Bluelimestone. . ........oo i 1
(8) Bituminous shaleand coal ... .. ... ... ... ...... 2
(4) Shales . .wnene e .. - 32
(5) LImestone .. ... e oo i 20
(6) Bituminous shale and coal _._.._... e R, 36
(7) Fire clay (sometimes absent)
(8) Shale. . ..l 17
(9) Limestone ........... e et 2

(10) Shale..

a The fourth plant uses slag.
b Report Illinois Board World’s Fair Commissioners, 1893, p. 129.
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In the cut on the Illinois Central Railroad north of the zinc-smelting
works at Lasalle the following section is shown:

Section near Lasalle, Tll.«

Feet.

(1) Green and ash-gray shales .. ... . .. .. ... . ... 4
(2) Nodular calcareous shale........ et eeeeeaaaas 3

. (8) Greenishshale ... ... . ... ... .. iiii... 12
(4) Impure chocolate-colored limestone......... ... ... ... 2
(5) Red and green shales ... ........._.. - U 10
(6) Greenshaly clay .. ... o ool 8
(7) Shaly limestone .. ... . ... .. ... ...l -6
(8) Upper main limestone. ... .. 0. . . ... 12
(9) Greenshale. ... . ... .l ...l 2
(10) Lower limestone ... .. ... .. ... ... .ol.... 12

Beds 8, 9, and 10 of this section, taken together, represent bed No.
5 of the precedmO‘ section. The shale parting which here separates
the two limestone beds increases in thickness farther south, until at
Peru 6 or 8 feet of shale intervene between the two beds of limestone.
This limestone series occurs at about the horizon of coal' hed No. 9
of the Illinois reports, and is probably the same as the limestones
exposed near Carlinville.

COMPOSITION.

The Coal Measures limestones, though usually high in clayey impuri-
ties, are commonly low in magnesium carbonate. The analyses given
in the following table are of the more argillaceous limestones. Anal- -
yses of purer rocks, used at three Portland-cement plants in the State,
will be found on pages 136 and 137. °

Analyses of Coal Measure limestones from Illinois.

1 2 3 4 5 6

Silica (S10y) wnmeeneenneeennnns 7.54 | 17.11| 18.54 | 13.89 | 19.49 | 10.27
Alumina (ALOg) . coceeeoaan... ' '
" Tron oxide (Fe,Oq)-.-ruucn....
Lime (C20) «ueoeenneeeannnnn. 4557 | 44.44 | 42,03 | 45.91 | 41.75 | 38.49
Magnesia (Mg0) «..vveennnes . 4836 12| 1.54| 1.00| 121| 241

}3.43 197 3.91| 26| 371 15.32

1-5. Lasalle County.
6. Sugar Creek, Sangamon County, H. Prattcn annlyqt Geology of Illinois, vol. 1, p. 60.

PORTLAND-CEMENT INDUSTRY IN ILLINOIS. A

Four Portland-cement plants are at present in operation in Illinois.
Three of these plants use limestones and shales from the Coal Meas-
ures; the fourth utilizes a mixture of blast-furnace slag and limestone.

aRept. Geol. Survey Illinois, vol. 7, p. 46-47.
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The Chicago Portland Cement Company plant is located at Oglesby,
Lasalle County. The following section is exposed in. their quarry,
from above downward:

I

Section at quarry of Chicago Portland Cement Co., Oglesby, Ill.

Limestones .- . ...... . ... . ... ..._..... e feet.. 28
Black slaty shale. ... ... ... do... 6
Coal........o..... e e e e e eiaeaaaaas ....inches.. 3
Harder gray shale . ... .. .. . iiiiiiieiiiiiiiiiea. feet.. 9

The raw materials used at the plant are limestone from this quarry
and shale from both of the beds noted. Analyses of the raw materials .
are given in the following table, that of the shale being from the 6-foot
bed of black shale:

Analyses at cement materials from Oglesby, 1l

Limestone. [ Shale.

Silica (8105) «nneemeee el . 6.06 | 53.12

Alumina (ALOg) ... e e } 3. 09 { 20. 60
Iron oxide (Fe,0y) oo oo e i eaean 4.09
Lime (Ca0) - e 49.46 | 4.02
Magnesia (MgO) ... ... ... “91 2.24
Sulphur trioxide (80;) ...... e et .10 n. d.
Carbon dioxide (CO,) . .......ooii it e } 39.06 |~ 15.70

B 7<) A S P |

The plant of the German-American Portland Cement Company is
located just east of Lasalle. The quarry shows 8 to 10 feet of lime-
stone, underlain by 3 to 3% feet of blue shale, and this in turn is under-
lain by 11 to 12 feet of limestone. Other shales outcrop beneath the
lower limestone, but are not .at present used in the cement plant,
Analyses of the raw materials, made by Mr. W. E. Prissing, follow.

Analyses of cement materials from Lasalle, I1L.

Limestone. Shale.

Silica (S10,) «oeeiee e e 5.43 5.06 | 52.74
Alumina (ALOy) .- oL il

, , } 1.43] 2.32] 2173
Iron oxide (FeyOg) - ..aooooi i L. i eeeaacaaas

Lime (Ca0) -t 52.02 | 48.29 12.37
Magnesia (MgO) ............... S B O B 3.66 2.01
Carbon dioxide (CO,) oot i,

}40.24 41.05 | 1127

Waler. . e teeaeaeeaieaans

The plant of the Marquette Cement Company is located at Dickin-
son, about 5 miles south of Lasalle. The limestone used is derived
from the two heavy beds included in the Coal Measures of this district
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and noted in the sections given on pages 134 and 135. Shales occurring
below the limestone are mined to complete the mixture. Analyses of
the raw materials used are as follows: -

Analyses of cement materials from Dickinson, Ill.¢

Limestone. | Shale.
STHEA (8103) wcm e in i e e i 8.20 54. 30
Alumina (A1,04) et e e i } 150 { 19.33
Tron oxide (Fe,08) -« cuenomnit i i, ) 5.57 -
Lime (Ca0) - ool e 49. 37 3.29
Magnesia (MgO) - ... .ot i .85 2.57
Sulphur(S)---...,.....................; ................... n. d. 2.36
Carbon dioxide (COy) - oo nnemmn e e 39. 72 n. d.

The fourth Portland cement plant in the State is that of the Illinols
Steel Company. This is located at Chicago, and uses a mixture of
blast-furnace slag and crushed limestone.

BIBLIOGRAPHY OF CEMENT RESOURCES OF ILLINOIS.

In addition to the few papers listed below data on limestones and
-clays are scattered through the various volumes of reports issued by
the Illinois geological survey.

Covover, A. D. [Limestones and sandstones of Illinois.] Reports Tenth Census,
vol. 10, pp. 219-226. 1884. '
Rigs, Huinrren.  [Clays of Illinois.] Prof. Paper U. 8. Geol. Survey No. 11, pp.
94-97.  1903. '
PORTLAND-CEMENT RESOURCES OF INDIANA.
PORTLAND-CEMENT MATERIALS,

Three of the geologic groups represented on the map of Indiana
(P1. XII, p. 270) contain limestones which seem worthy of considera-
tion as sources of cement materials. These three groups are: (1)
Cincinnati shales and limestones; (2). Mississippi limestones and shales;
(3) limestones of the Coal Measures. '

In addition to the three formations named, whose areas of outcrop
are shown on the map, a fourth-source of cement is found in the
fresh-water marls.of Quaternary age.

ORDOVICIAN SHALES AND LIMESTONES.
CINCINNATI SHALES AND LIMESTONES.
DISTRIBUTION.

The Cincinnati group occurs only in southeastern Indiana, occupying
part or all of the counties of Urion, Wayne, Fayette, Franklin, Dear-
born, Ohio, Switzerland, Ripley, and Jefferson. 1In this area it is

aTwentieth Ann. Rept. U. S. Geol. Survey, pt. 6, p. 544.  Analyses furnished by company.
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made up of bluish thin-bedded limestones interbedded with soft bluish-
green calcareous shales. Toward the top of the series massive sandy
limestone beds, brownish in color, occur.®

COMPOSITION. ’/

No analyses of the limestones and shales of this series from Indiana
localities are available, but on pages 173 and 270 will be found a num-
ber of analyses of similar materials from adjoining areas in Ohio and
Kentucky. :

.

MISSISSIPPTAN (‘‘ LOWER CARBONIFEROUS”) LIMESTONES AND SHALES.'

As shown on the geologic map, P1. XII, the Mississippian rocks occur
in Indiana in a belt averaging 20 miles or more in width and extend-
ing from Ohio River in a general northwesterly direction to the
Indiana-Illinois line. Another area underlies Elkhart, Lagrange, and
St. Joseph counties, in the extreme northern part of the State.

The Mississippian rocks as thus mapped include several distinct
formations. Beginning at the top there are (¢) Kaskaskia group:
sandstones, shales, and limestones; (b) Mitchell limestone; (c) Bedford
oolitic limestone; (¢) Harrodsburg limestone; (¢) Knobstone group:
shales and shaly sandstones. '

KASKASKIA OR HURON GROUP.

These rocks are from 100 to 150 feet thick and are immediately
overlain by the heavy Mansfield sandstone of the Coal Measures. The
_group includes several beds of limestone interbedded with sandstones
and shales. In view of the nearness of the thick and valuable Mitchell
and Bedford limestones it seems improbable that the limestones of
the Kaskaskia group will become of importance as cement materials.
MITCHELL FORMATION. ‘

This formation, lying below the Kaskaskia group and above the
Bedford limestone, is a thick series of limestones with occasional thin
beds of shale. The series varies in thickness from 150 to 250 feet.

""" BEDFORD LIMESTONE.

This formation varies in thickness from 30 to 90 feet, or even less,
the greater thicknesses being in the area_from Bedford to Salem.
The Bedford limestone is the well-known oolitic rock—a creamy
white limestone, soft when freshly quarried, but hardening rapidly
on exposure. ' '

HARRODSBURG LIMESTONE.

.Undgrlying the Bedford limestone is the Harrodshurg limestone, a
series ranging from 30 to 100 feet in thickness and made up mostly
of limestones, with occasional thin beds of shale.

aThese oceur so seldom (only loeally in Clark and Jefferson counties) that the fact is hardly worth
mentioning. The lower 200 feet consist almost entirely of shale, and in the next 200 feet the lime-
stones are more abundant than in other parts of the series. .
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KNOBSTONE GROUP.

The lowest member of the Mississippian is the Knobstone group.
This is about 400 feet in thickness, and is made up of shales and shaly
sandstones. The Knobstone series is of interest in the present connec-
tion because the shale used: at one of the Portland cement plants of
the State is derived from it.

COMPOSITION.

The composition of the Mississippian lnnestones of Indiana is shown
by the following analyses:

Analyses of Mississippian limestones from Indiana. ¢

Alumina . N
No. Siliea (Si0y). "(Eﬁ% ;:))( o | Ume carbon- {‘ﬁg‘% ?)3)
D T 0.50 0.98| . 96.60 0.27
2 e eeaaaanans .70 .91 96.79 | . .23
S 174 .29 95. 62 .89
. S 1.60 18 95. 55 .93
S 65| 100 95. 54 .40
B e e eeeaens .90 3.00 95. 00 .22
T e 1.13 1.06 96. 04 .72
8 e B 1 .32 98.09 |....... o
R .48 15 98.91 .63
10 e e e et .84 13 " 97.39 .78
| .86 .16 98.11 .92
120 i U .64 .15 98. 27 .84
1 F S .76 .15 98.16 .97
T4 1.26 .18 97.90 .65
15 e ans . 1.69 .49 97.26 77
16t .63 .39 98.20 | - .81
) .15 .64 93.80 | 4,01
1 S .50 .71 93.07 4,92

] Chlcngo and Bedford Stone Company, Bedford, Lawrence County. Indiana Geol. Sury,, 1878,

p. 9

2. Slmpson and Archer guarry, near Spencer. Ibid., p. %4,

3, 4, 5, Dunn & Co,, Blomnmgton Twenty-first Rept Indiana Dept. Geo‘ p. 320.

6. Monroe Marble Lompimv Stinesville. Indiana Geol. Rep., 1862, p. 187.

7. Sulem. Idem, 1886, p. 144.

8. Stockslager quarry, Harrison County. Idcm, 1878, p. 96.

9. Milltown. W. A. Noyes, analyst. Twenty- _séventh Rept. Indiana Dept. Geol., p. 98.

10. Acme Bedford Stone Company, Clear Creek, Monroe County. Twentieth Ann. Rept U. S. Geol.
Survey, pt. 6, p. 381.

11. Hunter Brothers’ quarry, Hunter Valley. W. A. Noyes, analyst. Twenty-first Rept. Indiana
Dept. Geol., p. 320. .

12. Indiana Stone Company, Bedford, Lawrence County. W. A. Noyes, analyst. Ibid.

13. Twin Creek Stone Company, Snlem Washington County. W. A. Noyes, analyst. ITbid.

14, Romona Oglitic Stone (,ompsm Romona, Owen County. W. A, Noyes, analyst. Ibid.

15-16. Hoosier Stone Company, Be ford Lawrence County F. W.Clarke, analyst. Bull, U.S. Geol.
Survey No. 42, p. 140.

17-18. Indiaha Stenm Stone Works, Big Creek. L. H.Streaker, analyst. Twenty-first Rept. Indiana
Dept, Geol., p. 320.

aThese analyses are mostly of the Bedford limestone.
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LIMESTONES OF THE PENNSYLVANIA SERIES (COAL MEASURES).

Limestone beds occur in the Coal Measures of Indiana, but details
regarding their distribution and composition are lacking. On pages
134-135 will be found a discussion of the Coal Measures limestones
occurring in adjacent portions of Illinois.

FRESH-WATER MARLS OF QUATERNARY AGE.

A very detailed report on ‘“The lakes of northern Indiana and their
associated marl deposits,” by W. S. Blatchley and G. H. Ashley,
appeared on pages 31-321 of the Twenty-fifth Annual Report Indiana
Department Geology and Natural Resources. In this report all the
known marl deposits in the State are separately described and detailed
maps of the deposits are given. The following data are abstracted
from this report:

DISTRIBUTION.

Marl deposits of sufficient size to justify the erection of Portland-
cement plants occur in Indiana only in the three northern tiers of
counties. The largest of these deposits, so far as area is'concerned,
is in Lake Wawasee, which containg about 1,700 acres, while the
thickest deposit (45 feet) is reported from ’lulkey Lake, Lagrange
County.

A .deposit of marl covering 160 acres and 10 feet thick will supply
for thirty years a cement plant producing 500 barrels a day. Thirty-
three deposits of this size or greater are described in the report. The
names and locations of the lakes containing these workable deposits are
as follows: ;

Marl daposits in Indiana.

1. Hog Lake, Steuben County, 2 miles west of the v111age of Jamestown, James-

town Township.

2. Lime Lake, Steuben County, 1 mile northwest of Orland (Mill Grove Town-

ship).

3. Clear Lake, Steuben County, in secs. 19 and 20, T. 38 N., R. 15 E. (Clear Lake

Township). : :

4. Shallow and Deep lakes, Steuben County, secs. 6 ‘and 7, T. 37 N, R. 12 E

(Jackson Township).

. James Lake, Steuben County, 3 miles northwest of Angola.

. Gage Lake, Steuben County, sec. 35, T. 38 N., R. 12 E,

. Silver Lake, Steuben County, 4 miles west of Angola.

. Shipshewana Lake, Lagrange County, three-fourths of a mile west of Ship-
.shewana.

9. Cedar and Grass lakes, Lagrange County, 3 miles northeast of Lima.

10. Fish Lake, Lagrange County, 8 miles southeast of Lagrange.

11. Turkey Lake, Lagrange County, near Stroh.

12. Waldron Lake, Noble County, 2 miles west of Rome City.

13. Eagle Lake, Noble County, sec. 6, T. 3¢ N., R. 9 E.

W =S W;
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4.
15.

16.
17.

18.
19.
20.
21.
22.

23.
24.
25.
26.
27.

28.
29.

30.
31
32.
33.

Deer Lake, Noble County, sec. 25, T. 34 N., R. 8 5. (Sparta Township).
Crooked Lake, Whitley County, secs. 3 and 4, T. 32 N., R. 9 E. (Thorn Creek
Township). '

Loon Lake, Whitley County, 9 miles northwest of Columbia City.

Simonton Lake, Elkhart County, secs. 13, 14, 15, 16, and 17, T. 38 N., R. 5 E.
(Osolo Township).

Indiana Lake, Elkhart County, northwest of Bristol.

Turkey Lake, Kosciusko County, near Syracuse.

Syracuse Lake, Kosciusko County, near Syracuse.

Milford Lake, Kosciusko County, 4 miles southeast of Milford.

Tippecanoe Lake, Kosciusko County, three-fourths of a mile southeast of
Milford.

Barbee Lake, Kosciusko County, 3 nnles southeast of Oswego.

Little Lagle Lake, Kosciusko County, 3% miles northeast of Warsaw

Center Lake, Kosciusko County, W'arsctw

Winona Lake, Kosciugsko County, 1 mile southeast of Warsaw.

Manitou Lake, ‘Fulton County, 1 mile southeast of Rochester.

Maxinkuckee Lake, Marshall County, secs. 15, 16, 21, 22, 27, 28, and 34, T. 32
N, R. 1 E.

Hou},hton Lake, Marshall County, secs. 7 and 18, T. 32 N., R. 1 E. (Union
Township).

Chain Lake, St. Joseph County, 5 miles west of South Bend.

Du Chemin Lake, Laporte County, 11 miles northeast of Laporte.

Fish Lake, Laporte County, Fish Lake station.

North Judson Marsh, Starke County, 3% miles west of North Judson.

A number of other marl deposits are described, which, though of
sufficient size, have the larger part of their area covered by 10 feet
or more of water, and are, the1ef01e, not workable under present
conditions.

COMPOSITION.

The compbsition of these marls is shown by the following table:

Analyses of Quaternary marls from Indiana.«

ilica, | Alumin, Iron | Lime car- ﬁﬂlﬂgnﬁr rgani '

Ne. (6. | non: | gxide | bonate jﬁ‘;‘é‘gtﬁ Taater, | CasOs
............... 0.68| 0.14| 0.28| 90.42| 2.88| 4.13|........
............... 108 [.ccoo.| L16| 86.00 | 9.42] 232 |........
............... .47 04| .12 93.29| 2.67| 1.56|........
............... 116 |oeeeeens] ..29] 92.41] 2.38| 197 0.15
e 452 oo, 1.34 | 84.00| 6.46| 3.68 |........
............... 5.95 .41 42| 82.07| 2.63| 6.71 .22
............... 7.94 64 82.89 | 2.04| 8.67 [........
............... 1.42 .88 88.21| 4.78] 2.58|........
e L8] O na1 88.49 | 2.71| 4.23| 1.58
............... 2.00 .53 92.35 | 3.54| 2.12(........
....... Ceeee| 452 .18 .30 sa2a| 2.85| 502 |........

aTwenty-fifth Ann, Rept. Indiana Dept. Geol. Nat. Res., p. 8321. W. A. Noyes, analyst.
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Analyses of Quaternary marls from Indiana—Continued.

ilica. . Iron |Lime car| Magne- .

No. E6. | (Ao | gxide | bonatc (Eﬁ%&; or. | CasOx
12, 2481 0.06| 0.26| 90.67( 2.42| 2.871.......
180, e 2092l .29 91.02| 2.28| 210|........
1 SO 4.61 .15 35| 84.75| 2.84! 5.69 |........
15l | 6.39 .19 .30 | 87.65| 2.60| 2.88 | .......
160 5.67 .12 .33 | 85.02| 3.85| 3.21 0.17
17, .. 6. 40 .05 .33 85.38| 3.50| 3.15| .17
18 e 15. 26 .09 51| 75.07] 4.18| 3.65|. .11
19 . 2,02 .04 .20 | 89.22°| 273 415 |........
90 .19 .05 07| 9162 4.02| 2.25 .14
] D 3.10 10 .20 87.92| 2.64| 4.18 .23
220 . .82 |........| .08| 91.30| 2.90| 3.88 .29
% S, SO 2.06 .45 74| 89.92 | 2.46| 451 (........

. Hog Lake, Stcuben County.

. Lime Lake, Steuben County,

. Deep Lake, Steuben County.

. James Lake Steuben County

. Silver Lake, Steuben County.

. Loon Lake, Whltley County.

. Mud Luken Elkhart County.

. Cooley Lake, Elkhart County.

. Syracuse Lakc, Kosciugko County.
. Dewart Lake, Kosciusko County.
. Dewart Lnke Kosciusko County.

b s it
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. Tippecanoe Luke, Kosciusko County.

13. Tippecanoe Lake, Kosciusko County.

14. Little Eagle Lake Kosciusko County.
15. Manitou Lake, Fulton Countf

16. Maxinkuckee Lnke Marshall County.
17. Maxinkuckee Lake, Marshall County.
18. Maxinkuckee Lake Marshall County.
19. Houghton and Moore]akes Marshall County.
20. Notre Dame Lake, St. Joeeph County.

21. Chain and Bass lakm St. Joseph County.
22. Kankakee Marsh, St. "Jose Eh County.

23. North Judson Marsh Starke County.

PORTLAND-CEMENT - INDUSTRY IN INDIANA.

Three Portland cement plants are now in operation in Indiana.
These are the plants of the Sandusky Portland Cement Company, at
Syracuse, the Wabash Portland Cement Company, at Stroh, and the
Lehigh Portland Cement Company, at Mitchell. Of these, the first
two mentioned use a mixture of marl and clay, while the plant last
named uses hard limestone and clay.

follow:

Analyses of the materials used at these plants and of their pr odu(,t

an k yaimt
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Analyses of raw malerials and cement from Syracuse, Ind.

143

1. 2. 3. 4.

Silica (8104) «oeeemciaan it . 1.74 1.78 | 55.27 22.06
Alumina (ALOg) eoveinniei 0.90 } 1.91 10. 20 4. 80
Iron oxide (Fe,03) veemmnmemneaeeaaann... | 0.28 o 3.40 1.66
Lime (Ca0) ool 49.84 | 49.55 9.12 65. 44
Magnesia (MgO) «vneovimmmi et 1.75 1.29 5.73 3.82
Sulphur trioxide (805) «vvvvvveeniaiiiioiin.. 1.12 | (¢) n.d. 0.90

arbon dioxide (CO,) «enmvrnmenmennenenn.. 40.36 | n.d. |.o......
Carbon dioxide (CO,) } 46,01 n
Water . ..o ) 4,93 nd. |.....o.
Organic .o...ciomi i i aeol ned - nd. |.......

aCaS0y, 1.58 per cent.

1. Marl. Twenty-fifth Ann. Rept. Indiana Dept. Geol., Pp. 28.

2. Marl. Nineteenth Ann, Rept. U. 8. Geol. Survey, pt. 6, p. 493,

8. Clay. Twenty-fifth Ann. Rept. Indiana Dept. Geol., p. 28.

4, Cement. Twenty-fifth Ann. Rept. Indiana Dept, Geol., p. 28.

Analyses of raw materials and cement from Stroh, Ind.
L e . 4 5. , 6.
- Silica (8i0p) «ocenviiiin s 0.85 0.66 | 61.70 | 57.74| 56.74 21.78
Alumina (Al,Og) -cocoeaao.ot } 19.43 7.31
i 0.86 | 0.62| 18.00| 17.76 { ;
Iron oxide (Fe,Og)-c.o..... , 4.83 2. 65
Lime (Ca0) ............ ... 51.04 | 53.17 8.40 7.80 7.27 62.35
Magnesia (MgO) ............ 1.31 ] ~0.47 2.91 3.52 3.0 2.88
Alkalies (K,0, Na,0) ........ n. d. n. d. n. d. nd | nd 0. 47
Sulphur trioxide (SOs) -..... n. d. n. d. n. d. n. d. n. d. 1.78
Carbon dioxide (CO,)....-.. 40.10 | 42.35 0.23
13.30 | 12.30 | 10.39 {

Water. ... oiiiiiio. nd. |........ } 30 0.55
Organic «.ooooeiaeeeiiaoan n. d. b1 T P I S (R

1. Marl. W.R. Oglesby, analyst. Twenty-fifth Ann. Rept. Indiana Dept. Geol., p. 112,
2. Marl. Analysis given by Wabash Portland Cement Company, 1904.

3-4. Clay. Analysisgiven by Wabash Portland Cement Company, 1904.
6. Clay. W. R. Oglesby, analyst. Twenty-fifth Ann. Rept. Indians Dept. Geol., p 112.

6. Cement. W. R. Oglesby, analyst. Twenty-fifth Ann. Rept. Indiana Dept. Geol., p. 28.
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Analyses of raw materials for cement from Mitchell, Ind.

1 2.
Silica (8104) «nvnmnemeemnens el 0.74 | - 59.64
Alumina (AlOy) oo i 13 «19.14
Tron oxide (Fey04) e e memon e e e } o 7.59
Lime (Ca0) .o 52.49 .26
Magnesia (MgO) .ot i 1.87 2.31
~ Alkalies (K0, NayO) oo oot e n.d. 4,33
Carbon dioxide (COy) «-wneeeemeeeae e . R
WabeT .« oe oo s } +3.68 4.36

@ With TiOs, 1.05 per cent.

1. Limestone. F. W, Clarke, analyst, Specimen collected by E. C. Eckel.
2. Shale. Twenty-sixth Ann. Rept. Indiana Dept. Geology, p. 276.

BIBLIOGRAPHY OF CEMENT RESOURCES OF INDIANA.

The following papers relate to the raw materials or the manufacture
of Portland cement in Indiana:

Brarcuiey, W. S. Preliminary report on the clays and clay industries of the coal-
bearing counties of Indiana. Twentieth Ann. Rept. Indiana Dept. Geology,
pp. 24-187. 1896.

Brarcniey, W. 8. Clays and clay industries of northwestern Indiana. Twenty-
second Ann. Rept. Indiana Dept. Geology, pp. 105-153. 1898.

Brarcarey, W. 8. Portland cement (in Indlana) Twenty-fifth Ann. Rept. Indiana
Dept. Geology, pp. 1-50. 1901. :

BrarcrnLey, W. 8. Oolite and oolitic stone for Portland cement manufacture. Twenty-

+ fifth Ann. Rept. Indiana Dept. Geology, pp. 322-330. 1901.

Brarcriey, W. 8., and AsuLey, G. H. The lakes of northern Indiana and their asso-
ciated marl depos1ts. Twenty-fifth Ann. Rept. Indiana Dept. Geology, pp. 31-
321. 1901.

Hopxixs, T. C., and Sieentaarn, C. E. The Bedford white limestone of Indiana.
Twenty-first Ann. Rept. Indiana Dept. Geology, pp. 291-427. 1897.

Latasury, B. B., and Spackman, H. S. The Wabash Portland Cement Company,

' Stroh, Ind. The Rotary Kiln, pp. 128-133. 1902.

Sieeentian, C. E. The Bedford oolitic limestone (Indiana). Nineteenth Ann.
Rept. U. 8. Geol. Survey, pt. 6, pp. 292-296.

PORTLAND-CEMENT RESOURCES OF INDIAN TERRITORY.
By J. A. Tarr.

Limestones of several different ages occur in Indian Territory, and
it is probable that most of them would be suitable for cement mate-
rials. No complete analyses, however, are ayailable.
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CAMBRIAN, ORDOVICIAN, AND SILURIAN LIMESTONES.

A large part of the Arbuckle Mountains in Indian Territory and of
the northern foothills of the Wichita Mountains in southern Oklahoma
are composed of a great section of Cambrian, Ordovician, and Silurian
limestones,® having a total thickness of nearly 8,000 feet. There are
three dlstlnct limestone fOlnl&tIOLS in this section, separated by
deposits chiefly of shale.

ARBUCKLE LIMESTONE. P

The lowest of these, known as the Arbuckle limestone, consists of
limestone and dolomite of ‘Cambro-Ordovician age 4,000 to 6,000 feet
.thick. Samples from the lower part and from the top downward 600
or 700 feet were tested for magnesia and lime and showed a very small
percentage of magnesia. Beds 2,500 feet below the top contain a small
amount of magnesia. Probably 2,000 feet of massive beds in the cen-
tral part of the formation are dolomitic. A sample from approxi-
mately the middle of the formation yielded 29.4 per cent of lime and
19.2 per cent of magnesia, showing it to be a nearly normal dolomite.
A sample from the lower part of this dolomitic zone showed contents
of 33.1 per cent of lime and 14.3 per cent of magnesia. TheArbuckle
limestone outcrops over more than three-fourths of the surface of the
central part of the Arbuckle Mountain district, inclosing pre-Cambrian
granite and granite-porphyry. Almost all of the limestones of the
Wichita Mountains belong to this formation, which is fine- te\(tmed'
a,nd genemlly hard. ‘

VIOLA FORMATION.

An Ordovician limestone, 500 to 700 feet thick, known as the Viola
formation, outcrops in a belt in the border of the Arbuckle Mountains
and in small areas in the central part. It makes three small hills near
Rainy Mountain Mission, in the Wichita Mountains. This formation
is of limestone, with the exception of local deposits of chert. Chem-
ical tests of samples from this limestone in the Arbuckle Mountains
show it to contain very httlc magnesia: It is fine-textured and gen-
erally hard.

SYLVAN SHALE.

Above the Viola limestones is a deposit of greenish clay 50 to 300
feet in thickness, known as the Sylvan shale. This ¢lay outcrops in
narrow belts and has a wide distribution in the Arbuckle Mountains,
but in the Wichita Mountains both it and the Hunton are concealed
by Permian deposits. '

aTheée limestones are described in detail in the Atoka and Tishomingo folios Nos. 79 and 98.  Also
in the Geology of the Arbuckle and Wichita Mountains: Prof. Paper U. 8. Geol. Survey, No. 51.

" Bull. 243—05——10
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HUNTON LIMESTONES.

Separated from the Viola limestone by about 150 to 300 feet of clay
shale is a Silurian formation having an average thickness of about 200
teet. This formation varies in physical character and in composition
through its section. A massive bed at the base is in places almost
pure limestone and is white, while in others it is in large part silici-
fied. In the central part beds of clay and marl are interstratified
with the limestone. Samples of limestone from the lower part of
these beds contain a small amount of magnesia. Toward the top the
limestone is white to light yellow and becomes more massive. Some
of the layers near the top, however, contain local segregations of
chert. Inthe reports above cited this formation is known as the Hun-
ton limestone. Like the Viola limestone, it outcrops around the bor-
ders of Arbuckle Mountains in a narrow belt, besides occurring in
many small areas in the central part.

CARBON. IFEROUS LIMESTONES.

In northern Indian Territory are a few belts of Carboniferous lime-
stones—continuations of the areas which are so important in Kansas.
These limestones thin out and disappear to the south, however, and
are probably ‘of workable thickness only in the (,herokec Natlon
Other formations of middle Carboniferous age occur in the eastern
part of the Cherokee Nation and extend into Arkansas north of the
Boston Mountains. These limestones are thin bedded, and with them
are associated deposits of blue to black clay shales. Analyses of some
of the beds from their eastern extension in Arkansas show only a trace
or a fraction of a per cent of magnesia.

In central Choctaw Nation and along the southern edge of the coal
field, is a long lentil of Carboniferous limestone of the same age and
character as the limestones in eastern Cherokee Nation. In the cen-
tral part of the exposure many of the beds are massive and the forma-
tion attains a thickness of nearly 300 feet. The eastern end of these
exposures extends nearly to the Arkansas line on the north flank of
the Ouachita Mountains, while the west end is in the edge of .the
Chickasaw Nation, against the Arbuckle Mountains. Judging from
physical characters this limestone is essentially the same in quality as

limestones above described in eastern Indian Territory and Northern -

Arkansas. ’ “
CRETACEOUS LIMESTONES,

Cretaceous limestones occur in the southern part of the Territory,
in several distinct formations associated with the limy clays. These
limestones are mostly soft, thin bedded, and are of various shades,
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ranging from light blue through cream to white. The lowest lime-
stone bed is, however, massive, white, and generally homogeneous.
These formations continue southward in unbroken exposures from
Red River, and, judging from analyses of very similar beds occurring
in Texas, are probably low in magnesia.

PORTLAND-CEMENT RESOURCES OF IOWA.
By H. Fosrer Baix.

It has already been shown that materials capable of furnishing the
silica and alumina necessary to the manufacture of Portland cement
are widespread, and that the location of new plants is apt to be deter-
mined by the presence of suitable calcareous deposits and favorable
industrial conditions. Iowa affords no exception to these general
rules. In practically all parts of the State are shales or clays which
might, if necessary, be used as one of the constituents of a cement
mixture. The indurated rocks from the Ordovician to the Cretaceous
afford shales of wide distribution and excellent charactey. The surface
formations supplement these resources with loess, alluviom, and cer-
tain minor bodies of water-laid clay of glacial derivation. Material
cuitable for use in the manufacture of Portland cement can be found
at almost every point in the State (see P1. V).

The calcareous constituent of cements may be derived from marls,
chalk, and limestone. All these occur within the State, though they
are of very unequal importance.

CALCAREOUS MARLS.

Marl occurs in lakes which are particularly characteristic of the area
covered by the Wisconsin drift.” The north-central portion of Towa is
covered by drift of Wisconsin age,® and is dotted with small shallow
lakes resembling in appearance and genesis those of Michigan. From
time to time small amounts of marl have been reported from this area,
and while so far no bodies of commercial importance have been located
it is not impossible that such may be found.

CHALK DEPOSITS.
DISTRIBUTION.

The Cretaceous deposits which cover the western third of Iowa
include important bodies of ehalk. With but two exceptions, both of
which are unimportant, outcrops of the chalk beds are confined to the
valley of the Big Sioux River between Sioux City and Hawarden.
The chalk beds received some attention in the course of the early geo-

aSee Pl. 11, Iowa Geol. Sury., vol. 11, 1900.
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logical surveys of the region, and have been recently restudied by
Calvin,” Bain,? and Wilder.c

The chalk forms prominent bluffs at intervals and may be well seen
near Westfield, Akron, and Hawarden. It was referred to the Nio-
brara formation until Wilder-discovered fossils characteristic of the
Benton in the shale above. This proves that the Iowa chalk is the
equivalent of the ‘‘Oyster Shell Rim” of the Black Hills or the
Graneros limestone. ‘

' THICKNESS.

’

A thickness of 20 to 30 feet is ordinarily seen in individual expos-

“ures, but a total thickness of 50 feet is probably present. ‘A general-

ized section may be given as follows:

Section of chalk beds.

Feet,

) 1 | RN 4-6
2. Limestone, soft, splitting into -thin slabs and crowded with shells of

INOCeramus . - - e aaeeeeeeeeaaan 12

3. Chalk. ... i et 12

COMPOSITION.

The interbanding of thin-hedded limestone with the chalk, as shown
in the foregoing section, is quite characteristic. Both materials are
soft and grind easily. Almost no magnesia is present, as is shown hy
the following analyses, and in some instances the chalk beds them-
selves carry enough or more than enough clay to make a good cement
mixture. In all cases excellent clays ocenr immediately above or
below. 'The clays are now being used at Sioux City and elsewhere in
the manufacture of a wide variety of clay products.

- Analyses of Towa chalks.

1 2 3
Silica (Si0,) and insoluble... ... .. . . . .. ... ... .. 22.70 |eeeeeifeaaanns
Iron oxide and alumina (Fe,0; and ALO;) ... ....... 6.68 f.ooofeaaaaons
Calcium carbonate (CaCOjz). ... .. oo . io..... 64.30 | 83.70 94. 39
Magnesium carbonate (MgCOs) ... iiia. 5.38 2. 48 70
Water............ [T IS 08 06

.1..Chalk rock, Hawarden, Iowa. Newberry, analyst.
2. Chalk rock, Westfield, Iowa. Weems, analyst.
3. Chalk rock, Lemars, Iowa. Weems, analyst.

aCalvin, 8., Cretaceous deposits of Woodhury and Plymouth counties, etc.: Iowa Geol. Survey, vol.
1, 1893, pp. 147-161.

bBain, H. I, Cretaceous deposits of the Sioux Valley: Iowa Geol. Survey, vol. 8, 1895, pp. 101-114;
Geology of Woodbury County, ibid, vol. 5, 1896, pp. 273-275, 295-296; Geology of Plymouth County,
ibid, vol. 8, 1898, pp. 354-360. .
* cWilder, F. A., Geology of Lyon and Sioux counties: Iowa Geol. Survey, vol. 10, 1900, pp. 111-115,
151-152, : . ’

e st
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It is evident that materials suitable for the manufacture of cement
are available, and this conclusion is confirmed by the fact that at
Yankton, S. Dak., a plant has for many years been in operation in
which similar beds belonging to the Niobrara are used. Further-
more, in tests carried on at Sioux City cement h‘l.b been made experi-
mentally from the local material.®

LIMESTONES.

Nonmagnesian Jimestones are found in Iowa in the Ordovwmn
Devonian, and Carboniferous. The limestones of the Cambrian fmd.
* Silurian are without important exception highly magnesian. Those
of the Ordovician ave predominantly magnesian, though an exception
occurs in the case of the beds which it has been customary to map and
discuss under the name Trenton. In eastern Iowa the dolomites and
magnesian limestones have heretofore attracted more attention than
the nonmagnesian rocks, and flourishing lime and building stone
industries have been founded upon them. Limestone of one class or
the other occurs in all ‘of the eastern and most of the southern coun-
ties. In the northwest the covering of Cretaceous and Pleistocene
deposits limits the outcrops to a few deep stream valleys. * The general
distribution of the geologic formations.of the State is shown on
Pl V. For details of loca,htes the reader is referred to the various
county reports of the Iowa Geological Survey cited in this text. The
transportation facilities available at each point may be best learned
from the large map of the State pubhshed and distributed gratuitously
by the railway commissioners.

.

ORDOVICIAN LIMESTONES.
DISTRIBUTION.

Below the.Devonian hut one limestone outcrops in Iowa which is at
“all suitable for Portland cement manufacture. It is known as the
Trenton, and occupies portions of Dubuque, Clayton, Fayette,
Winneshiek and Allamakee counties.” Under this name has been
mapped an aggregate of nonmagnesian limestones and thin shales,
varying in thickness from 15 to 350 feet. The variation in thickness
is an expression of the fact that the difference between the Galena and
Trenton is lithologic and not formational. It is probable that in the
future the division will be made upon some other basis, but for present
purposes the lithologic difference 4s the important one. The strata
included on this basis within the Trenton are in the main either non-

aLonsdale, E. H., Proc. Towa Acad. Sci., vol. 2, 1395, p. 173.

bReports on the geology of Fayette, Winneshiek, and Clayton counties are now in preparation.
For the geology of Allamakee County sec Iowa Geol. Survey, vol. 4, pp. 35-120; for Dubnque County
see ibid, vol. 10, pp. 379-651.
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magnesian or only slightly magnésian.

In composition as in geologic

position they are almost exactly equivalent to the famous cement rock
of the Lehigh Valley, from which 60 per cent of the Portland cement
of the United States now comes.

Ferry, in Dubuque County, the following section was observed:

[

@ =3 O Utk W

10.

11.

12.
13.

. Thin-bedded brown domolite with shaly partings (Gﬁlena)
. Thin-hedded, imperfectly dolomitized limestone, with fossil brachiopod

Specht Ferry section.

shellg only slightly changed; the limestone brown earthy, noncrystalline,
but evidently of the Galéna type. ....co. oot i iiiiaiiiiaaa i

. Thick, earthy, imperfectly dolomitized beds (Galena)...... ... ... ...
. Thin ]iinestone beds with much shale in the partings; in part a true shale.
. Limestone, bluish, rather coarse grained, with a few fossils......._.._._.
. Limestone similar to above. ... ... ... . il
. Limestone similar toabove. ... ... .. iiaiiiiaao-.
. Shale, bluish or greenish, containing occasional thin beds or discontinuous

flakes of limestone; the ‘ Green shales’’ of the Minnesota geologists . ..

. Thin-bedded, bluish, rather coarse-grained limestone, weathéring brown-

Cdshiin color. Lo e
Limestone, in rather heavy layers, which range up to 15 inches in thick-
ness; bluish on fresh fracture, but weathering to buff on exposure.....
Btittle, fine-grained blue limestone, very fossiliferous, breaking up on
weathered surfaces into flexuous layers about 2 inches in thickness © ...
Lower buff beds, exposed, about. .. ... ..o .. ..
Unexposed to level of waterin river ... . .o . ...
.COMPOSITION.

.

Excellent exposures of the Trenton oceur along the Mississippi

River and its tributaries in the counties named above. At Specht

20

45

The * Green shale” No. 8 of the above section and the limestones

above and below were sampled and fmalymd by Mr. Lundteigen with
the results given below:

Analyses of Trenton limestone from Specht Ferry section, Jowa.

1 2 3 4 H 6
Silica (810y) ceoveeian i 7.28 | 2.25|46.34| 8.98 5.00 | 54.90
Alumina and iron oxide (Al, Og and : )
l‘ezOq) ......................... S197 0 1,32 1-19.90 | 2.58 2.07 | 25.50
Time (Ca0) oooeoieea i, 46.93 | 49.66 | 10.27 | 41.32 | 50.22| .41
Magnesia (MgO).................. 2.58 | 3.24| 2.13| 5.80 .85 .30
Alkalies by difference . ... .. .ol o | ool .76 9.55
Sulphur (S) ..o ll.. Bt .01 . 00 .85 .24
Loss by ignition (H,0, CO,)....... 40.10 | 42.80 | 13.90 | 40.00 | 40.25 9.10
199.25 | 99.27 | 92.55 | 98.68 | 1€0.00 | 100.00
1. Beds 5 and .. 4. Bed No, 10.
2. Bed No. 8. 5. General sample of limestone.
3. Bed No. 9. 6. General sample of clay.

s
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While the'amount of magnesia in certain of these beds is higher
than is desirable, there is still a large amount of rock available which
is not higher in that element than that elsewhere used. It is probahle
that careful search would locate even better beds at the same horizon
farther north. '

DEVONIAN LIMESTONES.

There are in Towa beds representative of both upper and middle
Devonian. The former includes the State quarry beds in Johnson
County ® and the Sweetland shale in Muscatine County.® The larger
portion of the Iowa section belongs to the.middle Devonian, which
may bhe divided into three formations—the Lime Creek, Cedar Valley,
and Wapsipinnicon. In various counties these formations have been
subdivided and individual members have been mapped. The Lime
Creek and the Wapsipinnicon formations each include some shale and
magnesian rock, but in general the Devonian limestones in Iowa are
characteristically free from magnesia.

WAPSIPINNICON FORMATION.

DISTRIBUTION.

This formation was first discriminated by W. H. Norton, who has
discussed it in considerable detail and has mapped various subdivisions
belonging to it in Linn,® Cedar,? and Scott® counties. J. A. Udden
has discriminated it in Muscatine County,” and Calvin has mapped

. certain members belonging to it in Johnson¢ and Buchanan?® counties.
Details of the development of the formation may be learned from the
reports cited. In the northern portion of the State there is an over-
lap, so that the Wapsipinnicon is not represented.

COMPOSITION.

In general it may be stated that, while the formation includes some
shale and some very pure limestones, the magnesia is apt to be found
abundant in almost any section, and careful sampling will be necessary
to determine the availability of the rock at any given point. The
Fayette breccia, which forms one member of the Wapsipinnicon,

aCalvin, 8., Geology of Johnson County: Iowa Geol. Survey, vol. 7, pp. 33-104.
b Udden, J. A., Geology of Muscatine County: Idem, vol. 9, pp. 247-388,

¢ Geology of Linn County: Towa Geol. Survey, vol. 4, pp. 121-195.

dGeology of Cedar County: Idem, vol. 11, pp. 279-396.

e Geology of Scott County: Idem, vol. 9, pp. 389-520.

7 Geology of Muscatine County: Idem, vol. 9, pp. 248-388.

g Geology of Johnson County: Idem, vol. 7, pp. 83-116. N
h Geology of Buchanan County: Idem, vol. 8, pp. 201-25b,
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includes near Rock Island a very pure limestone, as is shown by the.

following analysis:

Analysis of Fayette breccia.@

Ingoluble . .uoin il e 0.42
Iron (as carbonate). ... ... ..o i .36
Lime carbonate (CaC0s) . .. i it 98.77
Loss, alkalies,ete. ... ... ... ... ... . ... Rt .45

Samples of the Otis and Kenwood beds from a railway cut 2 miles

north of Cedar Rapids Qhowed so much magnesm as to preclude the
use of the rock.

CEDAR VALLEY LIMESTONE.

DISTRIBUTION. '

The most 1mportant member of the Devonian of ITowa, as measured
either by areal extent or thickness, is the Cedar Valley limestone. It

extends from Muscatine County on the Mississippi to the Minnesota .

line in a broad belt trending northwest. It has an estimated maximum
thickness of 300 feet and rests to the southeast on the Wapsipinnicon
formation. To the northeast it comes by overlap to rest on the
Maquoketa shale.® To the southwest it is in turn covered by rocks of
the Mississippian series, while on the nor thwest the Lime Creek shales
intervene between the latter and the Cedar Valley.

COMPOSITION.

In the southern portion of the area of outcrop the Cedar Valley
limestone is characteristically a nonmagnesian limestone, which is usu-
ally fine grained and breaks with a sharp conchoidal fracture. This
phase of the formation is excellently exposed in Johnson County, and
the following analysis was made by George Steiger, in the laboratory
of the United States GGeological Survey, from an average sample rep-
resenting the rock quarried at Jowa City. These quarries exposed a
total thickness of about 50 feet.

Analysis of Devonian limestone at. Jowa City.

Silica (8i0y) ovcieeeeenennn .. e, e e eemaeaee... 3.08
Alamina (ALOy) oo e ¢1.24
Iron oxide (FepOy) e ovnmen oo e .73
Lime (Ca0) ool et 50.30 -
Magnesia (MgO0) - oot el 2.22

Sulphur trioxide (SOj)

Toward the north the lnnestone becomes more magnesian, until in
Howard County it is a massive dolomite which has been mistaken for

a Hall, Geology of lowa, . 372.
b Calvin, S., Geology of Howard County: Towa Geol. Survey, vol. 13, pp. 49-62.
¢ With the AlL,Oy is included any TiO, or P,O; present.
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the Niagara. About midway the rock has been extensively quarried,
at Independence and Waterloo, where it is a soft, easily crushed lime-
- ‘stone, apparently nonmagnesian in character. At Waverly the rock
is soft, thin bedded, and exposed to a total thickness of about 50 feet.
Analysis of two separate beds, by Lundteigen, gave the following
results: '

Analyses of Devonian limestone at Waverly.

1 2

Silica (8104) - e omeneeeeaananes e iiiiiiiiei..| 4634 2,95
Alumina (ALO,) <. oo et } 19,90 |32
Iron oxide (Fey0g) ccouannmin e ) ’

Lime (Ca0). ..ot s e 10.27 49. 66
Magnesia (Mg0) - e emaeen e 2.00 3.24
Sulphur trioxide (SO;) ....... N .01 .00
Loss on ignition ... e 13.90 42.80

92. 42 99. 27

Still farther north, in Mitchell County, the limestone has attracted:
attention because certain beds are lithographic. The following anal-
ysis, made by Mr. A. B. Hoen, suggests that at least some of the stone
is sufficiently free from magnesia to be suitable for cement material.

Analysis of Devonian limestone, Mitchell County.

SHHCA (S10,) oo e e et e e eeeeaaieaanas 0.78
Alumina (A,0,) ....._.. e e e e J12
Time (Ca0) o .o it 54,91
Magnesia (MgO) ... i .07
Soda (Na,0) ...... i e U eeeiaen. .18
Potash (K y0) oo e e e e e e 11
Carbon dioxide (CO,) .ot e 43.16
Water (H,0) e .35

There are a number of fine exposures showing a thickness of 10 to
15 feet of the nonmignesian beds. Not all of this rock is free from
cracks and crystals, but it is all similar in composition to the sample
analyzed. At the Gable and other quarries there is practically no
stripping, while in the vicinity is an abundance of loess clay.

LIME CREERK SHALES.
DISTRIBUTION.

The uppermost member of the Devonian section of Towa is well dis-
played in Cerro Gordo County, and has been discussed and mapped in

aJowa Geol. Survey, vol., 13, pp. 292-352.
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Calvin’s report on that area.® He gives the following general section
of the formations:

General section of the Lime Creek shales.

Feet.

. Calcareous beds, light gray in color..... . . ... o . .. . ..., 20
Magnesian shales and argillaceous dolomites..... .. ... ... ... .. .... 30
Limestone with slender Idiostroma . ......... .. . oo iailoL 4

. Fossiliferous calcareous shales . .. ... ... .. et 20

. Yellow nonfossiliferous shales . . oo oo e e e 10

. Blue nonfossiliferous shales - .. ... .o ot i e 40

S Gk W

Nos. 4, 5, and 6 of this section malke up the Hackberry member of
the formation, while the remaining heds represent the Owen beds.

. COMPOSITION.

The shales constituting the lower portion of the foregoing section
are used at Mason City for the manufacture of clay goods and ave rep-
resented in the following analysis made by G. E. Patrick.

Analysis of Lime Creek clay at Mason City. .

S e €10 IR 54. 64
Alumina (Al Oq) - oo eiiiaao. 14.62
Iron oxide (calculated as Fe,Oq) . oo oo . 5.69
Maganese oxide (calculated as MnO) ... ... L L iiiiiiiiiiiaaal .76
Lime (Ca0) ..o e 5.16
Magnesia (MgO) oo oo oL. e e e e 2.90
Soda (Nay0) e ceee et e e 1.12
Potagh (K, 0) oo i e et 4.77
Carbon dioxide (CO,) - wovneme i i et eaeaaaaan 4,80
Hygroscopic water (expelled at 100° C.) ..o oo .85
Combined water (expelled by ignition). .. . ... . o . .o.i.o.o. 3.74
B 0] 7Y 99.05

This analysis represents only the noncalcareous portion. The beds
above contain considerable lime, as noted in the section given. Inthe
vicinity of Mason City, where these beds outcrop, there are extensive
exposures of the nonmagnesian beds of the underlying Cedar Valley,
and it should be possible to combine the two to advantage.

CARBONIFEROUS LIMESTONES.

Carhoniferous rocks underlie a large portion of Iowa. They include
limestones; sandstones, shales, and coals. The limestones are very
rarely magnesian, and because of this fact, as well as their excellent
situation with reference to fuel and transportation facilities, it seems
not improbable that time will see the development of a considerable
cement industry based upon them.

aGeology of Cerro Gordo County; Iowa Geol. Survey, vol. 7, pp. 117-192.
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Of the three series into which the Carboniferous has been divided,
two—the Mississippian and the Pennsylvanian—are represented in
this State. The Mississippian may be divided into the Kinderhook,
Osage, and St. Louis, each containing important limestone beds. The
Pennsylvanian includes the Des Moines formation (lower Coal Meas-
ures) and the Missourian (upper Coal Measures).. The lower Coal
Measures includes most of the coal beds worked in the State, but very
little limestone. The formation outcrops in a broad belt between the
limestones of the Mississippian series to the east and the calcareous
shales and thin limestones of the Missourian formation.

The general distribution of the Mississippian, Des Moines, and
Missourian beds is shown on the accompanying general map. The
details as to character, thickness, etc., in any area may be learned in
the appropriate county reports.® ‘

KINDERHOOK LIMESTONE.

‘ . DISTRIBUTION.

The Kirderhook forms the lowermost division of the Carboniferous
of this State. It consists for the most part of a soft argillaceous shale,
which is exposed to a thickness of 60 feet at Burlington.” Above the
shale are about 50 feet of sandstone and limestone helonging also to
the Kinderhook. In general, the beds are not well exposed, and in
the southern area of outcrop are not likely to be of importance in
cement manufacture, except as a source of clay to he mixed with the
overlying Burlington limestones. Farther north, in Marshall County,
there is an extensive development of limestone. The rock is quarried
at Le Grande.

.

COMPOSITION.

The following analyses, by G. E. Patrick, indicate that a consider-
able portion of the Kinderhook limestone is suitable for cement
manufacture. ' ‘

«Reports upon counties in which the Carboniferous rocks arc important will be found in the vol-
umes of the Towa geological survey, as follows:

. Appanoose, 5, 361-438. " Mahaska, 4, 313-330.
Boone, 5, 175-240. i Marion, 11, 127-198.
Dallas, 8, 51-118. Marshall, 7, 197-262.
Deeatur, 8, 255-338, . Mills and Fremont, 13, 123-183.
Des Moines, 3, 409-492. Monroe, 13, 353-433.
Fremont and Mills, 13, 123-183. Montgomery, 4, 381462,
Guthrie, 7, 413488, Page, 11, 397-460.

Hardin, 10, 241-314. ' Polk, 7, 263412.

Henry, 12, 237-302. Pottawattamie, 11, 199-278.
Humboldt, 9, 109-154. ’ Story, 9, 155-246,

Jefterson, 12, 355438, -~ Van Buren, 4, 197-254.
Keokuk, 4, 255-312, . Wapello, 12, 439-499.

Lee, 3, 805-408. : ' Warren, 5, 301-360.

Louisa, 11, 55-126. Washington, 5, 113-174.
Madison, 7, 489-540. . - Webster, 12, 62-191.

lrWelier, Stuart, Iowa Geol. Survey, vol. 10, p. 65.
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Analysis of Kinderhook limestone from Le G’mndé, ITowa.

1 2 -3 4
Silica (Si0,) and insoluble ... ............. . o7r) 096 1.24| 1.22
Alumina (ALOg) oo .05 .07 .18 .14
Iron oxide (Fe,03) «ocooeoienooo. O PN A .15 .26
Tron (FeO) wuemeeeaaaa oo ceerennanaaneans T .09 .27 .09 .09
Manganese oxide (calenlated as MnO) ... . |........ L08 ool Trace.
Time (CA0) . on e 55.05 | 54.85 | 50.56 | 50.42
Magnesia (MgO) - oomee e i ieieeaean .28 .28 3.70 3.96
Carbon dioxide (CO,) nnnueeeeeneeeeeaaaao..l| 43.62 | 43.30 | 43.79| 43.85
Hygroscopié water (loss at 100°C.)_._....._.._. .03 .09 .06 .04
Combined water (expelled by ignition).........| .13 .21 .15 .12
Phosphoric acid.. ..o i iiiaii i [ P Trace. |.......

100.02 | 100.11 | 99.92 |. 100.10

. PROBABLE COMBINATIONS.

Silica and silicates. ... ... ... ... .... U,
Iron, alumina, oxides, etc ... .. ... ...

" Calcium carbonate (CaC0,) - wmvonneeeeaen.. 98.30 | 97.95| 90.28 | 90.04
Magnesium carbonate (MgCOq) «....oooooo ... .59 .38 7.77 8.08
Water (H,0) ..o .. s .16 .30 .21 .16

100. 00 | 100.00 | 100.00 | 100.00

1. Fine-grained oolite. o 3. Towa Caenstone.
2. Blue limestone. 4. Stratified limestone.

Associated with these beds are certain others which are more mag- .

nesian, but which happen to be in'demand as building stone. Possibly
a combination of industries could be based on this association. In
Hardin County there is a. considerable thickness of the rocks with
some associated shale.  Still farther to the north and west the Kinder-

hook outcrops, but without exposing any great thickness. While

much of the Kinderhook limestone is magnesian, it is believed that in
localities where other conditions are favorable, the formation warrants
prospecting and testing.

OSAGE FORMATION.

DISTRIBUTION.

The Osage includes beds which have been widely known as the
Keokuk and Burlington limestones. The formation consists for the
most part of coarse crinoidal limestone, white, nonmagnesian, and

with chert in nodules along bedding planes. The limestone, in the

}0.95 1.87 | 1.74 1.72
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" upper portion especially, is associated with abundant argillaceous
shale, and often outcrops in steep blufls, at the foot of which the shales
of the Kinderhook are available. The beds are best exposed in Lee

“and Des Moines counties, but occupy portions of Louisa, Washington,
Henry, and other counties in the southeast part of the State.

At Burlington, in the south bank of Cascade Hollow, the following
section was measured by Mr. T. E. Savage.

Cascade Hollow section.

. Feet.
1. Fine-grained, homogeneous soil material without pebbles, dark-colored
above, grading down to yellow below .........._.. s 4
2. Clay with pebbles and small bowlders of granite and greenstone, reddish
L5701 g S 6
3. Limestone, much decayed, in layers one 1 to 4 inches thick, numerous
chert nodules . ... it 5
4. Chert............. e e e e %
5. Limestone, crinoidal, coarse-grained, layers 4 to 8 inches thick ......._ ... 4
6. Limestone, crinoidal, with chert nodules.............. .. ... ... .. ... 1
7. Limestone, coarse, crinoidal; at places massive, at others weathering into
layers 3 inches to 1 foot thick, containing numerous fossils............_. 10
" COMPOSITION. .

An aver@gc sample of this limestone was analyzed by George
Steiger in the lahoratory of the United States Greological Survey with
the following results: ‘

Analysis of Burlinglon limestone.
Silica (Si0,) ..oo..... Rt .-eo. 518

Alumina (A1,04)¢ } 87
Tron oxide (Fe,Q,)f """ " 7 TT T TII It —

Lime (CR0) ..ot e 52.16
Magnesia (MgO) .o it e - .40
Sulphur trioxide (SO0g) ... oo .00

The beds outcropping at this point are thmoughly representative
of the limestone of this formation. Greater thicknesses are exposed
at other points, and the total thickness has been estimated to be about
250 feet.

ST. LOUIS LIMESTONE.

DISTRIBUTION.

The St. Louis is one of the most widely distributed formations in
Towa. It rests on the Osage and lies unconformably below the Des
Moines formation. On account of its relation to the coal beds it has
been carefully mapped and extensively studied. It includes three
minor divisions, the Pella, the Verdi, and the Springvale beds. The
Verdi and Springvale beds have limited areas of outcrop and are

a This figure includes any TiO; or P»0; present.
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usually not suitable in composition for cement manufacture. The
Pella beds are more important. They outcrop widely and are, in
composition, excellently adapted to cement manufacture. They fringe
the productive Coal Measures on the east and occur as scattered.
inliers within the general area of outcrop of the coal beds. This
results from the pronounced unconformity between the Des Moines
and the St. Louis, hills of the limestone rising like islands above the
lowest coal beds. '

The Pella beds usually show an upper portion consisting of calcare-
ous marl with some thin beds of limestone. This facies is ordinarily
8 to 10 feet thick. Below it are beds of fine-grained blue to gray
limestone, breaking with clean conchoidal fracture, and usually thin-
bedded. The rock is very rarely magnesian, and the analysis quoted

. below is quite representative. The sample was taken from the Chil-

ton quarry at Ottumwa by Mr. T. E. Savage. The beds exposed at
this quarry are noted in the following section:

Chilton quarry section.

Feet
1. Fine-grained, dark-colored, pebbleless soil......... [ 1
2. Clay, reddish brown, with pebbles. .. ... ... .. ... ... ... P, 3
3. Sandstone, brown, iron-stained, mostly incoherent, but in places indurated
© (DesS MOINES) . . e ottt e it 10
4. Calcareous shale, weathering into small bits, very fossiliferous............. 3
5. Limestone, dense, fine-grained, gray - ... oo iiiiiiiii it 2%
6. Limestone, shaly, soft, weathering readily, similar to No. 4...... SUUUUURNRN -
7. Limestone, dense, fine-grained, gray ......... . ccecoioioiiiion e 13
8. Shale, calcareous . ... it 3
9. Limestone, hard, fine-grained, gray, fossiliferous. ... ... ... ... ... 1%
10. Limestone, dense, bluish .. ... .. .. . . ... . ... 1
11. Limestone, dense, finer-grained, bluish gray, in part massive, in part thin-
bedded, fossiliferous ... ... ...l 4
12. Limestone, hard, gray ... .o oiiiaai oot et 13
13. Limestone, dense, Bray. ..o 13
COMPOSITION.

An average sample of the limestone here was analyzed in the labo-
ratory of the United States Geological Survey by George Steiger
with the following results:

. Analyses of St. Lowis limestone at Ottumwa.
SIEEA (BI04 - e e e T et et et e 6.83

Alumina (ALOg) . cooeeiiaoo e e e e e «2.12
Tron oxide (Fe,Oy) . ..ol et .54
Lime (Ca0) .o oeeeeei e e e 49.54
Magnesia (MgO). ..o ol e e .07
Sulphur trioxide (SO3) ... - i. i e .13

aThis figure includes any TiO, or P,O; present.
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Samples of limestone from Pella, Tracey, Oskaloosa, and Humboldt
have also been analyzed, with the following results:

Analysis of Towa limestones.

1 2 3 4

Silica (80,) . neeneeaaaanns U 492 (oo
Insoluble ... . . .iiiiiill.. U O 1.57 4.01 0.91
Alumina (AL0y) -.ooomennnnnnns S } 4 5 { .49 13 48
Tron oxide (Fey,O4) - oo oo ’ 17 .46 73
Lime (Ca0) ... ool 47.50 ).
Lime carbonate (CaCO;y) - ocoooiio e aaaaan 94.60 | 95.30 97.98
Magnesia (MgO) ... ... ool .00 3.17 200 feeinet
Sulphur trioxide (SOy).cceeemmmmmeeeenaanns P T D IR P
Carbon dioxide (CO,) ... ool

Water (H,0)..eemneeeeemneeeneneecnense. JECSTY SRR S M-

1. Limestone, Pella. Lundteigen, a,nalvst
2. Limestone, Tracy. Murray, mmlyst

3, Limestone, Oskaloosa. Murray, analyst.
4, Limestone, Humboldt. Murruy, analyst.

Analyses of limestone and interbedded shale from the mouth of
Lizard Creek in Webster County - were nmde by Mr. Lundteigen, with
the following results:

Analysis of limcsl‘oncs and shale.

CnCO;. | CuSO,.

1. Upper, limestone, 2 feet. . .......ooeeeeeen.... SRR 88.75 |  0.28
2. Middle, shale, 2 feet ...... e eeieiiiaiaeomo| B3.95 2.46
3. Bottom, limestone, 23 feet. .. ... .. .. . iiiiiiil.. 88.75 L17

A cement made from this material gave the following analysis, and
on test showed satisfactory color, strength, and setting properties.

Analysis of Fort Dodge cement.

Bilica (S10,) e cee e Ceeeemanan 25. 52
Alumina and iron oxide (Al,O3 and Fe,Oy) - oo oo ool 8.80
Lime (Ca0) ..o e 63. 48
Magnesm (MEO) e e 1.19

The material from the Pella exposures has heen made up into a
cement which has good color, is sound on glass, sets very quickly,
and has satisfactory strength.  The results of these tests, together with

. the fact that limestone of the same age and character is being exten-
sively used at St. Louis, Mo., makes it certain that this formation
can be relied upon to furnish the calcareous element wherever other
conditions are favorable to the establishment of cement plants.
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DES MOINES FORMATION.
DISTRIBUTION.
The. Des Moines (lower Coal Measures) contains very little lime-

stone. Its principal importance in the present connection arises from
the coal and clay which make up so large a portion of the formation.

The elays and shales are extensively used in the brick-making indus-

try. They are available over wide areas, and may prove of service
in connection with limestones.of the formations above and below.

COMPOSITION.
- The following analyses are typical of these clays:

Analyses of Coal Measures shales and clays.

1 2 3
N € (0 53.08 |. 64.41 | 53.86
S Aluming (ALy0y) L oot e " 17.71| 20.43 | 26.28
Tron oxide (Fe,05) s ulmeeenne e e e ano. .| 864| 5.88 4.32
Lime (Ca0) ..eveeenno ... R S 4.05 34| . 12
Magnesia (MgO) ...... e 94 LT71 .43
, Soda (Na,0) e oo i, e 3.70 } L% { 43
Potash (Ky0) v oeeei e eeiaanas 1.25 o 2.52
Sulphur trioxide {SO3) ... ool SR SO 1.22
Carbon dioxide (COy) . vvvenreee e 2.53 | ..
Water (H,0), combined ............................... 6.77 | 3.93 3.02
Water (H,0), fre€. . ennmm oo 197 |,
Undetermined and igni-tious.....-.....‘ ................. 1.3 (..o, 8.08

1. Brick clay, Fort Dodge.
2. Brick clay, Des Moines. C. O. Bates, analyst.
3. Brick clay, Ottumwa. J. B. Weems, analyst.

APPANOOSE BEDS.

Near the middle of the Des Moines formation are strata which have
been called the Appanoose beds. These have been mapped and dis-
cussed in connection with the report on Appanoose County, and their
outcropping edge is shown on the accompanying map (PL V). They
include the Mystic or Centerville coal and certain associated shales and
limestones. The latter are known locally, from their relations to the
coal, as the *“Bottom rock,” ¢ Cap rock,” ‘“Thirteen-foot limestone,”
and ‘ Fifty-foot limestone.” The limestone bed is thin, usually from 4
to 6 feet in thickness, but near Rathbun and Clarkdale it reaches a thick-
ness of 10 to 15 feet. It isa soft limestone, easily crushed, and because
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of its close association with clay and a very good coal bed is probably
of value. Analyses show that it is practically free from magnesia and
runs from T4 to 93 per cent in calcium carbonate. The following
analysis, by Lundteigen, is representative. ‘

Analysis of Fifty-foot rock, Rathbun.

Silica (810,) <voeo i P U ° A ¢ 1
Alumina (ALOy) ... .... e e e e e acieteaceaeaaaaeaaan } \

. f .4
Iron oxide (Fe,0,) ....... e e 640
Magnesia (MgO) .. .........o...... et ee e et acactciceiaecaanann Trace.

Lime carbonate (CaCO0,)..... el S 83.37

MISSOURIAN FORMATION.

DISTRIBUTION. |

_ The southwestern portion of Towa is underlain by the rocks of the
Missourian formation or upper Coal Measures. In contrast with the
lower Coal Measures or Des Moines formation, the Missourian includes
considerably less sandstone and very little coal. The beds are mainly
shales and limestones. The latter are almost entirely free from mag-
nesia, are occasionally somewhat eaithy, are usually free from chert,
and are easily ground. They are accordingly well adapted’ to cement
manufacture, and, indeed, the equivalent beds are now in use at Iola.
Kans. The individual members of the Missourian formation have not
been mapped in Iowa, though they are discussed in the county reports.
The most important limestone lies at the base of the formation, and
its outcrop is accordingly-indicated on the accompanying map by the
eastern edge of the formation. This limestone, which is variously
- known as the Winterset, Earlham, and Bethany, is discussed in some .
detail in the Madison County report.

‘The Bethany limestone in Madison County includes four separate
ledges occurring in the following order and thickness: Fusulina, 25
feet; Winterset, 20 feet; Earlham, 21 feet; Fragmental, 10 feet.
These ledges are sepatated by shale beds, usually 10 to 20 feet in thick-
ness and in part calcareous. The rocks are quarried at various points,
particularly Earlham, Winterset, and Peru, and the same ledges have
been recognized as far south as Decatur County, on the Missouri -
boundary.

COMPOSITION.

Analyses of individual ledges at Peru, made by Lundteigen, show

a lime content ranging trom 60.50 to 83 per cent. A cement mixture

made from them gave 75.50 per cent CaCO,. At Earlham the follow-

ing section was measured by Mr. T. K. Savage, and an analysis of an

average mixed sample of the stone was made in the laboratory of the
Bull 243—05—11 '
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United States Geological Survey by George Steiger. The results are
given below:

Section of Robertson quarry, Earlham.

}II)%T Feet. |Inches.
1 | Dark-colored, fine-grained, pebbleless soil ............. ... .. R A P
Reddish bowlder clay with pebbles and quartzite fragments. ... 1 6
3 | Yellowish-colored, soft, shaly limestone, which disintegrates '
readily ..o it 4 |......
4 | Layer of very hard, light-gray, fine-grained limestone .........1._.__. 7
5 | Narrow layer of softer limestone with less perfectly comminuted
fossil fragments ... ... L Lt e 2
6 | Ledge of hard, white limestone, fine-grained, separating in places
into three or four uneven layers............ ... ... ... ... N
7 | Soft, calcareous shale which weathers rapidly into fine bits .. __|..._.. 4
8 | Dense gray, fine-grained limestone; fossil fragments abundant
but indistinet -.coo. o .o 6
9 | Gray shale like No. 9. ... ... .. .. ... ... S 13
10 | Layer of hard gray limestone . .. U S 2
11 | Band of soft shale. .. ... ... 13
12 | Dense, fine-grained, light-gray limestone, in places massive,
again separating into two layers of about equal thickness .... 1 8
13 | Shale, soft, gray in color, and quite calcareous ._..._.._........|._.... 6
14 | Layer of impure limestone, grayish yellow in B SUUURTUU S 2%
15 | Band of soft, gray, calcareousshale ... .. ... ... ... .. ..., [— 7
16 | Ledge of hard, fine-grained, light-colored limestone, imperfectly
separated into three uneven layers ... ... .. .. .. .. 1 3
17 | Massive layer, separating in places into two uneven layers with
shaly partings between them and such partings of shale sepa-
rating No. 3-from No. 4 above and No. 2 below.............. 1
. 18 | Ledge of gray limestone_.. ... ... ... . ... .. ...
19 | Layer of gray limestone . ... ....................... e 1 8
Analysis of Earlham limestone.
Silica (8i0;) ....... .. SRS T 10.92
Alumina (ALO,)..... e geeranaaans il al.77
Iron oxide (Fe,O4) ... ... ......... e i .60
Lime (Ca0) oo i 47.66
Magnesia (MgO)............ N S .75
Sulphurtr10x1de(SO)............_...L .................................. None.

The beds above the Bethany have not been as cfuefully studied,
though they are apparently similarin composition and character. The
next higher limestones, the Dekalb, yielded the following on partial
analysis by J. B. Weems: »

aThis includes any P;0; or TiO, present,
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Analysis of Dekalb limestone.

Lime carbonate (CaC0sg) - - ceuenononon i i i e e et e 91.96
Magnesium carbonate (MgCO,) ................. e 1.99
Water (Hu0) «omeeemeemeee oo e .07

ECONOMIC CONDITIONS.
'AVATLABLE MATERIALS.

It is believed that the data presented bear out the assertion that
there are many points in Jowa at which materials suitable for manu-
facture are available. The marls are not now known to be important
and may never prove to be. Chalk suitable in all particulars may be
found along Sioux River north of Sioux City. As this is.a soft, easy-
grinding material, it is a favorite among cement manufacturers. - The
question of the advisability of establishing a plant in this district must
be determined by consideration of manufacturing costs, of market,
and transportation facilities.

In regard to the limestones the following general considerations are
important. Iowa is largely a drift-covered State, and within the broad
areas shown upon the map as underlain by the various limestones there
are really only a limited number of outcrops. Even where outcrops
occur the overburden is in many cases so thick as to entail prohibitive,
stripping costs. The best situations ave in the valleys, usually where -
some important tributary joins the main stream. Fortunately many
of the railway lines follow valley routes.

The Trenton limestone, which occurs in the driftless area, is found
usually in rather steep blutfs, a fact due to the resistant character of
the dolomite usually found above it. As compared with the other
limestones of the region, the Trenton is most likely to carry magnesia
in excess; but it is, on the other hand, practically free from chert, is
often somewhat earthy in composition, and is intimately associated with
shale. As already noted, the similar and approximately equivalent
beds in the Lehigh district of Pennsylvania and New Jersey are a very
important source of cement material.

The Devonian liniestones are in large measure free from both chert
and magnesia, though. outcrops in the northern part of the State need
careful examination to make sure. of the absence of the latter. As
contrasted with both the Trenton and the Carboniferous limestones
they are in the main harder, and this will to some extent influence the
cost of grinding.

Of the Carboniferous limestones the Kinderhook is in most situa-
tions too magnesian and the Osage too full of chert for easy use,
though it is probable that some suitable material can be found in each
formation. The Pella beds of the St. Louis and the Winterset and
other limestones of the Missourian are entirely suitable as regards
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composition, freedom from chert, and grinding qualities. Equivalent
beds are now in use in Missouri and Kansas.. These limestones are,
furthermore, excellently situated as regards fuel and clay. The Pro-
ductive Coal Measures, Des Moines formation, outcrop in a broad
belt between the two, and often the Pella beds and shales of the Des
Moines occur in the same section. Where the shales are absent, loess,
such as is elsewhere used, is nearly everywhere present.

FUEL. ' -

The area of the Productive Coal Measures, Des Moines formation,
is shown on the accompanying map. It will be seen that the coal
mines are so situated as to afford cheap fuel to most of the limestone
localities. This is important, since the fuel cost forms approximately
30 per.cent of the total cost of manufacture. Iowa coal, while not of
the highest grade, is still well adapted to cement manufacture. The
following analyses indicate the approximate composition of a few of
the beds. These analyses and tests were made at the Iowa State
College of Agrlculture and are published in the report on Monroe
Countv.

Analyses of Towa coals. o -

1 2 3 4 5 6 7 8
Volatile combustible................ 42,32 | 37.79 | 37.98| 45.62 | 46.06 | 36.94 | 385.11 18.23
" Fixed combustible.... ............. 46.81 | 54.85 | 47.98 | 50.29 | 46.89 | 54.20 | 51.91 75.08 .
Total combustible 89.13 | 92.64 | 85.96| 95.91 | 92.95| 9L.14 | 87.02 93.31
10.13 | 7.36 | 14.04| 4.09| 7.05| 8.8 | 12.77 6. 69
410 3.29| 5.90| 2.74| 2.81| .28 3.02 .60
11,922 | 12,681 | 12,431 | 12,041 | 13,050 | 12,245 |........ [EEEEREPR

. Average five Monroe County coals.

. Centerville Block Coal Company, Appanocose County,

. Corey Coal Company, Webster County. A

. Des Moines C. & M. Company, Polk County.

Whitebreast Fuel Company, Pekay, Mauhaska County.
Carbon Coal Company, Wi ]a,rd Wapello County.

. Average 22 Illinois coals,

. Pocahontas coal, Virginia.” . : .

PN U N

In the above tables the Pocahontas coal is quoted for comparison,
and the Illinois coals are noted, since, in event of the Trenton lime-

stone being used, coal would probably be drawn from Illinois rather

than Iowa. Many additional analyses will be found in the special
report on the coal deposits forming Volume 1I of the reports of the
Towa Geological Survey, and some additional data in the Twenty-
second Annual Report of the United States Geological Survey.?

aTowa Geol. Survey, vol. 13, p. 414.
bThe Western Interior coal field; Twenty-second Ann. Rept. U. 8. Geol. Survey, pt. 3, pp. 333-366.

SO
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TRANSPORTATION.

The relations to transportation lines are perhaps sufficiently indi-
cated by the map (Pl. V). It may be noticed that there are several
promising localities along the Mississippi where that river could be
utilized directly and would, in addition, act as a regulator to railway
lines. The main railway lines of Iowa run either east-west or south-
east-northwest, and much of the freight originating in the State,
aside from agricaltural products, moves to the north and west.

Markets.—Any cement plant which may be established would find a
ready market in the same direction. Iowa itself affords a very con-
siderable market for cement, and'an Iowa cement plant would have
considerable advantage in reaching an important and growing market
to the north and west. ‘

PORTLAND-CEMENT RESOURCES OF KANSAS.e
B PORTLAND-CEMENT MATERIALS.

Limestones of economic importance occur in Kansas in four different
geologic groups, as follows: (1) Mississippian, (2) Coal Measures,
(3) Permian, (4) Cretaceous.

Of these, the Coal Measures limestones areat present of most impor-
tance, and are the only ones now in use as Portland-cement materials.
The Cretaceous chalky limestones would be valuable cement materials
if fuel supply and markets were nearer. The limestones of the Per-
mian are of little present or prospective importance; but those of
the Mississippian are most promising.

MISSISSIPPIAN (‘‘LOWER CARBONIFEROUS”) LIMESTONES.

The Mississippian rocks of Kansas occur only in one small area in
the extreme southeastern corner of the State, about 30 square miles
in Cherokee County being covered by rocks of this age. The series
is made up of limestones, with interbedded cherts, and a few beds of
shale. The limestones are usually heavily bedded and low in magnesia.

The limestone quarries in the Lower Carboniterous are described
by Haworth as follows:? o

In the southeastern part of the State a small amount of quarrying is done in
_ the sub-Carboniferous limestone at and near Galena. This limestone is a highly

crystalline one, very compact in character, light blue in color, and occurs in heavy
layers, so that large dimension stone could be obtained from it were the quarries

operited for that purpose. It isthe same rock in every respect, both as to geologic
age and general character, that is so extensively quarried at Carthage and other.

aThe data relative to the distribution and composition of Kansas limestones is quoted, in large
part, from descriptions given in the “Mineral Resources of Kansas for 1897, a publication issued by
the Kansas State Geological Survey.

b Mineral Resources of Kansas, 1897, pp. 73-74.
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points in Missouri. From the Carthage quarries many thousands of dollars’ worth
of stone are shipped into Kansas, all of which might be supplied from the Kansas
stone if quarries were worked as extensively as might be done. The quarries at
Galena are operated to supply local demand, and that only for foundation material
in buildings, although considerable dimension stone is shipped from Carthage into
Galena for the larger buildings.
Years ago this same stone was quarried at Galena, at Lowell, and elsewhere for the
" production of lime. It is so abundant in quantity and so easily accessible along the
hillsides that it is a great wonder more limekilns are not in operation. The same

rock is quarried at different places in Missouri and burnt into lime, producing lime

of a good quality, but no better than might be obtained from Kansas quarries.

~

Analyses of Mississippian Limestones from Kansas.

‘ 1 2
Silica (S10,) cemnon it e e S 0.32 | ¢8.00
Alumina (ALOy) «ooooooiol. e . .17 } "
Tron oxide (Fe,05) - e oo e e e e .20 '
Lime carbonate (CaCO,,) ....... 98. 66 97. 32
Magnesinm carbonate (MgCO,) ... ... i .73 .80

a Probably erroncous.

1. Quarry on Short Creek, near Spring River, Cherokee County. L. G.Eakins,analyst. Bull. U. §
Geol. Survey No. 78, p. 125, .
2. Galena, Cherokee County. Mineral Resources of Kansas, 1897, p. 78.
7

PENNSYLVANIA (*‘COAL MEASURES”) LIMESTONFS.

"The Coal Measures rocks of Kansas covers the three eastern tiers of
counties and parts of the counties in the fourth tier. Though made
up mostly of shales and sandstones, the series includes a number of
beds of limestone. These limestones are of importance as Portland-
cement materials because of their usual purity, their proximity to
satisfactory shales and to tmnspm tation routes and, above all, because
they occur, in many places in Kanws, in the vicinity of mbural gas
fields. :

Haworth describes the Coal Measures limestones as follows @

To the northwest of Cherokee County many local quarries in heavy limestone
formations have been operated, some of which are still operated in an irregular
manner. The most extensive of these is the quarry at Iola, which has produced
large quantities of dimension stone and sawed flagstone for local trade and for ship-
ment to other points. The limestone at Tola exists in a layer nearly 40 feet thick,
from which dimension blocks of any size or proportion desirable can be obtained.

Still farther to the northwest the next quarries are those along the banks of the
Kansas River west of Kansas City, from which large quantities of stone are taken for
ballast and for macadamizing streets. Near Kansas City a deposit of fragmentary
material exists, from which large quantities have been shipped for making sidewalks,
macadamizing streets, and similar purposes

. aMineral Resources of Kansas, 1897, p. 74-75.



RCKEL.] KANSAS. 167

Other places furnish quantities of stone, the output of which would be greatly
increased if the demand were suflicient to justify the extensive operation of quarries.
Generally, however, it iy principally a local demand, for which no statistics can be
gathered, but which in the aggregate amounts to many thousands of dollars.

Still farther west a limestone exists which is remarkable in many of its properties,
permitting it to be successfully quarried for all kinds of dimension stone wherever
it comes to the surface. It is known commercially as the Cottonwood Falls lime-
stone, because such large quantities have been shipped from Cottonwood Falls and
Strong City to so many points within and without the State. The same rock hag
been quarried at a dozen or more places to the north of Cottonwood Falls, such asg
Eskridge, Alma, Manhattan, Beattie, and a number of other phces. This limestone
is not very thick, averaging from 5 to 8 feet, and generally consists of two individual
layers, known in the markets as the ‘“upper’’ and the *‘lower.”” The rock from the
two layers differs slightly in quality, the lower one generally producing the best
stone. Its most valuable properties are two—almost perfect uniformity of texture
throughout, and the absence of vertical fissures. It is white or light eream in color,
fine and noncrystalline in texture, and well filled with the little rice-grain-like
invertebrate fossil, Fusuling cylindrice. The color is so uniform that when the stone
is placed in a building the general color effect is very pleasing and satisfactory. The
absence of vertical fissures and the uniformity of texture throughout make it possible

to obtain dimension. blocks of any size desired, which can be worked with perfect-

uniformity. These qualities make it by all odds the most desirable and therefore
the most extensively used “stone in the State. Large buildings are erected from it
entirely, and many others partly constructed from the same rock. The different
quarries, so widely separated, make it possible for a large community to use it with-
out paying excessive freight.

From this Cottonwood Falls limestone the followi ing important buildings are con-
structed: Snow Hall, and the stone trimmings of the main building, University of
Kansas, Lawrence; the Methodist Episcopal Church, Lawrence; the Rock Island
depot, Topeka; the Santa Fe depots at Ottawa, Wellington, and elsewhere; and a
number of other depot buildings along the lines of the different railways in Kansas.

In addition to the above-mentioned uses, the different railroads in the State use
the Cottonwood Falls limestone for bridge building and other construction purposes.
This is true to so great an extent that many thousands of dollars’ worth of dimension
stone are annually supplied the different Kansag lines for use in this State and else-
where, much of it being shipped outside of the State.

Analyses of Coal Measures limestones from Kansas.@

Sition (si0n] (ABODaMa | Lymecir | ngnestum | Sulphur
, (FesOg). | (CaC0y). | (MECO.). | (SOy).
Ll 1.53 1.75 94.12 2,72 |ooociiiil.
... " 1.99 1.21 95. 20 110 {o.ooo...
> 2 3.79 ©1.07 93.20 1.01 0.20
S 2.75 5.91 91. 02 S T
S 2.63 176 | 94.10 73 I
B e 4.30 8l 92.76 .95 .23
T i .61 1.51 97.32 .32 .43

« From Mineral Resources of Kansas, 1897, pp. 77-78.

S
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Analyses of Coal Measures limesiones from Kansas—Continued.

| BULL, 243.

Alumi - . .
No. - lsiien(sion.| AHGana | Mmec | Nagiedun | Suirhr
(FeyOy). (CaCOy). (MgCO0sy). (S0;).

8 el 11.83 5.53 81.91 1.56 0.05
R 8.57 3,62 84.72 1.75 .90
100 e e 7.30 1.05 90. 00 1.60 .03
1) DR 3.53 1.07 94.18 116 |,
12 229 | 1.79 95. 02 N
IE SRR 8.02 2,05 |  88.54 1.29 |,
Tdooooa i .66 2.13 93.49 3.04 .36
15 e 1.18 2.38 94.77 1.07 |oeeee. ..
16 e el 3.82 77 94. 21 130 |oeeeeee...
17 e 3.94 1.20 93. 61" 1.20 {eeeeee..
18 e 479 1.18 93.30 1.26 |oeeeee. ..
19 e 1.18 3.09 92.71 2.64 ... ...
20, el 6.98 1.04 90. 01 1.66 |.ooeeen...
........................ 8.00 1.35 90. 00 12 .02
22 . 5.91 2.47|  89.88 1.11 .38
D3 6.20 3.81 88.17 1.88 .28
Q4 12.97 3.06 78. 46 1.16 2.32
25....... et 17.49 4,09 69. 07 3.08 .87
26 e e 8.75 2.37 84.80 2.80 oo,
2T el 14.01 1.34 80. 31 3.87 .78
28 . 13.89 4.99 80.10 1.00 .39
29 L 1.50 95 96. 50 N 7
B30 et el 1.35 1.32 96. 09 100 {oeeeeee. ..
Bl 2,44 .82 95,57 80 .
32 e 16.15 1.91 79.95 180, e
B S 11.97 3.59 | 81.98 1.20 .55
B4 L 6.22 174  89.68 199 |
s 9.12 .70 88. 55 1.25 |ooee ..
36 ... U 1 10.37 2.49 84.53 2.85 |..o......
BT el 3.27 2.61 92. 50 1.62 |,
B8l 6.80 2. 60 88.03 2.04 .91

1,2, 3. Humboldt, Allen County.

4, 5. Tola, Allen County.

6, 7. Garnett, Anderson County. .

8. Horton, Brown County.

9. Cottonwood Falls, Chase County.
 10. Strong City, Chase County.

11, 12, 13, Lawrence, Douglas County.

14. Moline, Elk County.

15, 16, 17, 18. Lane, Franklin County.
© 19, Greeley, Franklin County.

20. Winchester, Jefferson County.

21. Ottawa, Johnson County.
22, 23, 24. Lansing, Leavenworth County.
25, Soldiers’ Home, Leavenworth County.
26, 27, 28. Beattie, Marshall County.
29, 30, 31. Fontana, Miami County.
32. Independence, Montgomery County.

~ 33, Ssabetha, Nemaha County.
34, 35, 36. Alma, Wabaunsee County.
37. McFarland, Wabaunsee County.
38. Yates Center, Woodson County.
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PERMIAN LIMESTONES.

Permian rocks occur west of the Coul Measures and include a few -
beds of limestone, which are described briefly by Haworth: ¢ ‘

A few hundred feet above the Cottonwood Falls limestone are heavy beds of the
Permian limestone, which are usually filled with flint nodules. These soft Permian
limestones, carrying so.much flint, are very serviceable for railroad ballast and are
extensively quarried and crushed for this purpose at different places. The quarry
near Strong City has probably yielded more ballast of this kind than any other one
in the State, but extensive quarries are operated farther west along the Santa I'e at
Florence and near Marion, and along the Rock Island at different points, all of which
produce practically the same kind of stone.

Analyses of Permian limestones from Kansas.

1 2 3 4 5 6
Silica (S104) - eevnenneenn. .| 5.04(13.60| .34 | 5.27| 4.25 | - 5.51
Alumina (ALOy) ......... FUU .. . 1.07
: .96 | 2.55| 1.69 .86 1.24
Iron oxide (Fe,Oy) -cceneo oot } 0 { 1.03 }
Lime qarbonate (CaCOg)ecceannnn... 93.32 | 76.16 | 93.98 | 89.93 | 94.06 | 91.50
Magnesium carbonate (MgCO,) ..... 106 7.63 .94 1,18 .62 1. 62

. Eldorado, Butler County. Mineral Resources of Kansas, 1897, p. 77.

. Arkansas City, Cowley County. Ibid.

. Cambridge, Cowley County. Ihid, p. 78.

. Silverdale, Cowley County. C. Catlett, analyst. Bull. U. S. Geol. Survey No. 04, p. 46.
. Wintfield, Cowley County. Mineral Resources of Kansas, 1897, p. 77.

. Marion County. Ibid,

[Ny S

CRETACEOUS LIMESTONES.

The chalk and chalky limestones of the Cretaceous occurring in
western Kansas are as promising as those of Arkansas and Texas, but
the quarries are at present handicapped by distance from fuel and
from cement markets. Haworth describes the limestones as follows:®

In the central and west-central part of the State the Cretaceous limestones have
been quarried to a great extent. They are generally spoken of locally as magnesian
- limestone, although such a term ig entirely misapplied. A belt of country stretches
across the State, by way of Beloit and Russell, throughout which a fine layer of
limestone is quarried and broken into pieces suitable for fence posts. Travelers
_ passing from east to west along almost any railroad line in the State can notice large
fields and pastures fenced entirely by fastening the wire fencing to these stone
posts, which are set in the ground similar to the way common wooden posts are
used in ordinary fencing. The Cretaceous limestones also serve many structural
purposes in all of the cities and villages within the Cretaceous area. The rock is so
goft it can easily be sawed into blocks and worked with chisel and hammer much
more rapidly than ordinary limestone. This, added to its property of materiaily
hardening after quarried, greatly increases its value. None of it is what would be
‘called a first-class building material, yet it is capable of being used in many ways,

aMineral Resources of Kansus, 1897, p. 75,
01bid, pp. 75-76.
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and furnishes a convenient and durable structural material for that part of theState,
which prevents other stone from being shipped in. Here, as elsewhere, local demands
are not so great now as they formerly were, but every year thousands of dollars’ worth
of the rock are quarried and used for various purposes, principally for supplying
fence posts.

. Analyses of Cretaceous limestones from Kansas.

Silica (Si0,) oo oe e S eeed| 481 5.06

Alumina (ALOy) ... iiiiiiliiiiiiiiioe.

: 3.07 2.
Iron oxide (Fe,0,) } 08

Lime carbonate (CaCO,) ... ... ... ... et ‘90. 63 91. 30
Magnesium carbonate (MgCO3) - .. oeooea it o .84 .87
Water .. e e .08 .44

1. Coolidge, Hamilton County. Mineral Resources of Kansas, 1897, p. 78.
2. Jetmore, Hodgeman County. Ibid.

PORTLAND-CEMENT INDUSTRY IN KANSAS.

Two Portland-cement phnts are now in operation at or near Iola,
Allen County, while a third is in prospect, to be located at Inde-
pendence, Montgomery County. Both of the present plants (as well
as the one projected) use Carboniferous limestones and shales.  While
the materials are very satisfactory, there is nothing strikingly advan-
tageous in their use. The particular advantfl,ge possessed by the
Kansas plants is derived not from the use of especially good raw
materials, though the limestones and shells are satisfactory enough,

but from the fact that the plants are located in a natural-gas area’

and are therefore supplied with cheap fuel.
The materials used at the two plants now in operation give the
following representative analyses:

Analyses of limestones and shales used for cement making in Kansas.

Silica (810,) «onone e 119 | 5418 11| 56.0
Alumina (Al,0,) } 0.86 { L95 | 19.17 } 18 291
Tron oxide (Fe,05) - - oevnvenee ... 29 128|611 '
Lime (C20) -.oooooeee 55.74 | 53.13| 7.05| 5L7| 8.0
Magnesia (MgO) .. ©oenoeneenenen.. Go.s1] 136] 1.8 2.0 1.5
Carbon dioxide (CO,) . .............. 42.7

}42.66 1.95 | 43.3| 10.7
L T, 04 ;

. Limestone from Tola, Kansas. * H. N. Stokes, analyst. Bull. U. 8. Geol. Survey No. 78. p. 124.
. Limestone used by Tola Portland Cement Companv

. Shale used by Iola Portland Cement Company.

. Limestone used by Kansas Portland Cement Company

. Shale used by Kansas Portland Cement Company.

AW
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PORTLAND CEMENT RESOURCES OF KENTUCKY.«

Limestones prevailingly low in magnesia and otherwise satisfactory
as cement materials occur ‘in Kentucky in four different geologic
groups. These groups, whose areal distribution in Kentucky is shown
on the map forming Pl. VI, are as follows, beginning with the oldext:

1. Trenton limestone.

2. Cincinnati group limestones.

3. \{Iississippi‘uror Lower Carboniferous limestone.

4. Pennsylv wnia or Coal Measures limestones.

TRENTON LIMESTONE.

The Trenton group occupies much of the counties of Franklin,
Scott, Bourbon, Woodford, Fayette, Jessamine, and smaller portions
of Boyle, Clark, Mercer, Owen, Henry, and Anderson. The lime- -
stones which make up most of this series are usually quite low in
magnesia, while their range in lime carbonate is commonly from 90 to
95 per cent.

According to Mr. E. O. Ulrich the rocks in Kentucky that are
referred to this group comprise an exposed thickness of about 700 feet
of solid, chiefly nonmagnesian, limestone. The magnesian beds are
practically confined to the lower 400 feet, and it is doubtful if these
magnesian beds will reach an aggregate thickness of 150 feet. The
series is equivalent to the Mohawkian of New York, to the limestones
in Middle Tennessee included between the Murfreesboro and Catheys -
limestones (see Columbia folio), and, in a general way, to the ‘“Trenton”
(including Galena) of the Mississippi Valley.

In Kentucky State reports the series is divided, from below upward,
into ‘“ Chazy,” ‘‘Birdseye,” and ““Trenton”. The first two ave the
same as the Stone River group in Tennessee and .the High Bridge
limestone of Campbell in the Richmond folio. The third embraces
the recognizable equivalents of the Hermitage, Bighy, and Cathey
limestones of middle Tennessee, and the Lexington limestone (= Her-
mitage and Bighy), Flanary chert, and lower part of Wmchestm
limestone (together = Cathey) of Campbell.

aFor most of the data prcscntcd in regard to Kentucky cement materials the writer is indebted to
Mr. E. O. Ulrich, of the U. 8. Geological Survey
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Analyses of limestones from Trenton group, Kentucky.o

[R. Peter, analyst.]

1 2 3 4 5 6 7 S 9
Silica (810} ...oo ooy oiiiiiii . 592 | 2.38] 2,18| 2.08| 6.94| 1.88] 518] 1.58 2.18
Alumina (Al;04) P .

. . .4 T LT N .5 . . 6
Tron oxide (Fe,05). - 3.28 | 3.98| 2.42 0 21 2 :0. 1.53 38 63
Lime carbonate (CaCOy) ............ 85.56 | 91.48 | 92.73 | 95.38 | 89.63 | 90.72 | 91.33 | 95.68 | 94.75
Magnesium carbonate (MgCOs) ..... 3.57 | 1.04 .63 | 1.51 .88 | 4.61 567 2.04 1.96
Alkalies (Ko0, NagO)....ooennnnn... .88 | .55 | .51 4| .52 .8 .77 .24 .26
Sulphur trioxide (SO3) ceeeeeeenn.n.. 47| .32| .3¢| .58| .68 n.d. .83, .7 .30

a¥rom Kentucky Geol. Survey, Rept. A, pt. 2, pp. 128-124.

1. Clark County. 6. Mercer County.

2. Fayette County. . - 7. Woodford County.
3. Fayette County. ) 8. Fayette County.
4. Franklin County, - 9. Woodford County.
5. Franklin County. ’

The proposed Portland cement plant at Mentor will use shaly lime-
stone of Trenton age. This formation outcrops in a narrow strip
along .the Ohio River in Kenton and Campbell counties. Another
proposed plant, below Ludlow, is to use the limestones (100 feet thick)
capping the hills and the Eden shales beneath them. The slope of
the hills, to a height of 250 feet or more, is composed of these shales.
The Trenton limestone along Ohio River runs higher in silica than in
central Kentucky, but MgCO, generally is less than 2 per cent.

CINCINNATI OR HUDSON GROUP.

The series of shales and limestones which make up the Cincinnati
or Hudson group in Kentucky occupy most of the north-central por-
tion of the State. The group consists of dark blue, argillaceous,
thin-bedded limestones, with frequent interbedded shales. The lime- -
stones are usually of satisfactory composition for use as cement
materials. The shales, however, are frequently sandy in the southern
and western parts, but it is probable that even here shale beds of
satisfactory composition could be found on careful search.

North of a line connecting Madison, Ind., and Maysville, Ky., the
Cincinnati limestones are pure and the shales are calcareous and never
arenaceous. In. going southward from this line both the shales and.
the limestones, particularly in the middle part of the group, gradually
grow more and more sandy. Along the Cumberland River (in
southern Kentucky) practically the whole group is represented by a
fine-grained sandstone. This has been called by Shaler the Cumber-
land sandstone. ’
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Analyses of limestones from Cincinnati group, Kentucky.e

[R. Peter, analyst.]

1 2 3 4, b 6 7 8 9 10

Silica (8i02) ceveveeiniiin 14.44) 6.38]13.98(10.42 | 1.89| 3.68| 7.18 ] 16.64 | 1.72 0.78
Alumina (Aly0s)...... e |

3.7 2, 2 L9 2. 05 .54 .1 2.¢ 2.4 3.58 .04
Iron oxide (FexOy) .oune.n.... } 5 0} 3.9 0 119 s 8 5 !

Lime carBonate (CaCOy)..... 75.44 | 87.98 | 77.36 | 85.20 | 96.51 | 92.65 | 88.90 | 78.68 | 92.92 | 96.24
Magnesium carbonate '

(MgCO0s) v eeieeeeiaannnne. 4.78 | 1.72 ) 2.81] 1.24) 1.05] 1.4 147} 1.57 .56 .94
Alkalies (Kq0, Nag0) ..... .83 84| .d9| 79| 25| 43| 22| 85| .32 .87
Sn]phur trioxide (SOy) ...... .47 .37 | 2.43 .17 J18 | 127 .24 .27 .34 .18

1. Mason County.. -
2. Mason County.

3. Mason County. . Nicholas County.
4, Anderson County. . Owen County.

5. Bourbon County. ’ 10. Woodford County.

. Franklin County.
. Mercer County.

Doo~In

A

Excepting 5 and 10, which are of unusually pure limestones for -
their respective localities, and 9, which is nearly normal for the north-
ern part of the Cincinnati outcrop, all these analyses illustrate the -
increase in silica southward, referred to above. In the central coun-
- ties north of the Maysville-Madison line the limestones contain very
little silica and agree closely with those in southwestern Ohio.

MISSISSIPPIAN OR ‘‘LOWER CARBONIFEROUS’ LIMESTONES.

The Lower Carboniferous limestones are commonly low in magnesia;
and in' most of the area covered by them in Kentucky they are also
high in lime carbonate. As the Tennessee-Kentucky State line is
approached, however, interbedded layers of chert become more and
more common, until the lower part of the series becomes too siliceous
to be of much promise as a source of Portland-cement materials.

The lower Mississippian sandstone, or Waverly sandstone, shown
on the map, is limited to the east side of the Cincinnati axis and north
of Jackson County, Ky. South of Jackson County and west of the
Cincinnati axis the equivalent strata consist, in central Kentucky,
principally of shale, in which may occur considerable beds of siliceous
limestone; in west Kentucky and middle Tennessee principally of sili-
ceous limestone, with more or less shale in the lower part (= Tulla-
homa), passing southward into the Fort Payne chert. '

In the Mississippian group there are two horizons or beds, hoth
oolitie, that are important as future sources of Portland-cement mate-
rial. The first, occurring at the base of the St. Louis and equivalent
to the Spergen Hill (Bedford) limestone of Indiana, forms a generally
broad strip passing through Meade, Hardin, Larue, Barren, Warren,
Todd, Christian, and Trigg counties. The second is the Ste. Gene-
vieve limestone, which is limited to Christian, Caldwell, Crittenden,

aFrom Kentucky Geol. Survey, pt. 2, p. 123.
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and Livingston counties, in western Kentucky. Between the first
strip and the border of the western Kentucky coal field there is first
a broad strip of St. Louis limestone, which is usually too siliceous and
too magnesian for use in making Portland cement, and then, near or
just outside of the coal field, the limestones, shales, and sandstones of
the Chester group.

The Chester contains several beds of apparently promlsmg lime-
stone closely associated with beds of shale.

No good limestones occur in west-central Tennessee except in Mont-
gomery and Robertson counties, where the lower oolite is present.
However, the St. Louis limestone here, as also in Kentucky, contains
many heds of only slightly siliceous and probably nonmagnesian
limestone.

Of the analyses below, Nos. 1 and 7 are Spergen Hill oo]ites,
Nos. 3, 5, and 6 St. Louis limestone, and 2, 4, and S Chester limestones,
though the last is extraordinarily pure for a Chester limestone.

Analyses of Upper Mississippian limestones from Kentucky. ¢

[R. Peter, analyst.]

Alumina . A
- Lime Magnesium : Sulpht
No. (Ssllho?f; ll”((;}llné)xl)de carbonate ua%rl;onla}.g ( K‘}ékslﬁ}ff%) Lrloli(;dlg
2). (FesOy). (CaCO0y). (MgCOy). 20, Nax0). (S0,).

| e 1. 06 0.51 98. 05 0. 36 0. 44 0.26
2. - 2.7 .92 93. 02 2.09| not det. .60
F 3. 06 1.39 95.15 .24 | not det. Trace.
4.l - 7.48 2.56 85. 68 2.50 .36 .84
s P 9.56 .15 88.15 .38 | notdet. |..........
B .. 4,46 1.49 92.05 .22 | not det. 20
T e .38 - .46 “98. 58 .63 .18 .27
8 © .49 .22 97.63 .65 | not det. .34
1. Glasgow Junction, Barren County. 5. 0ld Town Creek, Greenup County.
2. Barren River, Butler County. b Kenton I‘nmam Greenup County.
3. Iron Hills Furnace, Carter County. . Hardin County.
4. Grayson County. . S Litchfield, (meson County.

PENNSYLVANIAN OR ‘‘COAL MEASURES” LIMESTONES.

A number of limestone beds occur interbedded with the shales and
sandstones of the Coal Measures. These Coal Measures limestones are
usually low in magnesia, but rarely carry more than 80 to 90 per cent
of lime carbonate. Compared with the thick series of lower Carbo-
niferous limestones, they are so thin that they would be of but little
importance if it were not for their advantageous location near sup-
plies of fuel.

aAnalyses 1 to 7 from Kentucky‘GeoL Survey, Rept. A, pt. 2, pp. 119-120; analysis 8 from
Twentieth Ann. Rept. U. S. Geol. Survey, pt. 6, p. 545. .
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Analyses of Coal Measure limestones from Kentucky.

) A Al{‘;:‘if‘? _ Lime Magnesium | 411 a1ies Sulphur

| | ol R v,
| . 14.70 6. 40 75.75 0.57 n. d. 0.78
. 5.96 3.76 88.41 279 0.51 | .04
E 3. 28 1.76 88.38 3. 68 .35 .17
L S 4. 26 - 4.33 82, 88 4.20 .29 4.72
. 115 .65 97.15 93 e

Analyses 1 to 4 (by R. Peter) from Kentucky Geol. Survey, Rept. A, pt. 2, p. 119; analysig b
communicated by ¥. E, Hayward. . .

. Mount Savage Furnace, Carter County.

.. Pea Ridge, Greenup County.

. Henderson County. .
. Muhlenberg County.

. Hayward, Carter County.

PORTLAND-CEMENT RESOURCES OF LOUISIANA.

by —

The great chalk formations, which seem destined to be such impor-
tant sources of Portland-cement material in the neighboring States of
Texas, Arkansas, Mississippi, and Alabama, fail to occur in Louisiana
except as small isolated outerops. The State is therefore practically
devoid of limestone and can hardly be considered as a possible future
producer of Portland cement. The few limestone outcrops that
appear within its limits are described as follows: ¢

Cretaceous limestones.—The beds of limestone seem to be almost entirely confined
to the Cretaceous. Of the three outcrops which occur in the State, the Winnfield
limestone is of very doubtful value as a building stone, but the Coochie Brake and
Bayou Chicot deposits may be utilized for that purpose.

The Winnfield limestone is a highly crystallized blue and white banded stone. It
is full of cracks and pockets and other flaws, which will rendér it useless as an
ornamental or building stone, It can doubtless be used to advantage for making
lime. The quantity of the stone in sight is large and it can be very economically
quarried. Several kilns of lime have already been burned there.’

The purity of the stone is shown by the following analysis by Dr. W. F. Hille-
brand, ? of the United States Geological Survey: '

Analysis of imestone from Winnfield.

Silica (S10,) oo imit it e 0.65
Alumina (ALOg) oo ooon oo .. e eeeeaaeeaann PO Trace.
Tron oxide (Fe,05) « o meee oot e Trace.
Lime (C80) + o ceme e e e e e 55. 01
Magnesia (MgO) ..o i i .60
Sulphur trioxide (SOy) < .ociie i e .27
Carbon dioxide (CO,) .o o i 43.43
2= R .13

aReport Geol. Survey Louisiana for 1899, pp. 130-131.
bBull. U. S. Geol. Survey No. 60, p. 160.
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The Coochie Brake stone is a light-yellow or bluish-yellow, coarse-grained, sandy -
limestone. . It is of excellent quality for building purposes, but its value is somewhat
impaired by the presence of small nodules of iron pyrites. These will restrict its
use to situations where a good external appearance is not one of the qualities required
of the stone. The pyrite, if the quantity proves to be large, may destroy its value
altogether. The quantity of stone at this.locality is large, and it is easily obtained.

The Bayou Chicot stone is the best for building that we have seen in the State.
It is a fine-grained dark-gray limestone. Only two very small outcrops of it were
seen, and from these no very satisfactory ideas of the extent of the deposit could be
gained. In the two outcrops the dip is very great, and the cost of uncovering the
stone would probably be large. Borings are needed to show the depth of the deposit.
In the early history of the country lime was made at this pla(,e The ruins of the

- old limekilng aré to be seen near the larger outcrop. '

A.nalysw of l'mwstone Jrom Rayborn’s salt lick, Bienville Parish. «

STHEA (S10,) - e e e e e e e e el 0.55

Alumina (ALOg) - i ,
Iron oxide (Fe,0y) .....ooooo... e et P } 1.61
Lime (CaO) _...... eeeamn e e e e i 54.09
Magnesia (MgO) .. ..ot .06
Sulphur trioxide (SOg) - oooriomi i il Ll e .05
Carbon dioxide (CO,) - ... ... .. ... e 44.12

Tertiary limestones.—The concretions of limestone in the Tertiary beds are often of
large size and have been used locally for the foundations of houses. At Shreveport
large calcareous concretions are crushed and used on the streets and in concrete
work. Hopkins reports a place 5 miles from Natchitoches, called the Kilns,

where large concretions have been burned for lime.

" At Rocky Spring Church lime was burned from a little outcrop of Tertiary lime-
stone for the masonry of Fort Jessup.

PORTLAND-CEMENT RESOURCES OF MAINE.

Numerous more or less extensive limestone beds are known to
occur in various parts of Maine, but few of these will be worth con-
sidering as possible sources of Portland-cement materials. Most of
the outcrops are located far from fuel supply and cement markets,
and the transportation question is particularly serious ina State having
so low a railroad mileage as Maine.. Geologic mapping has not pro-
gressed sufficiently to give even a fairly accurate map of the limestones
of the State, and few satistactory analyses are available. It is prac-
tically certain, however, that the only limestones on which a Portland-
cement industry can be based, under present conditions, are those
which outcrop along or near the Altantic coast line..

As a source of Portland-cement material, it seems plobable that
some of the limestones which are now so exten.slve]y utilized for lime
burning in the neighborhood of Rockland, Rockport, and Union, in
Knox County, might prove available. These limestone deposits are
of comparatively large size, and are located on or near deep water.

aBull, U. S. Geol. Survcy No. 188, p. 268; analysis by R. B. Riggs.
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Glacial clays are abundant in the vicinity of the limestone, and it is
probable that some of these clays can be found of suitable composition
for a Portland-cement mixture. The Knox County limestones are
of very satisfactory composition as cement, materials, as is shown by
the analyses quoted below.

Analyses of limestones from Knox County, Maine.

1 2 3
Silica (S105) aennrn e e et 1.08.| 1.00 0.43
Alumina (A0 oo e e e eiaan 07 .7
Iron oxide (Fe,Oq) - .08 | Trace. 225
Lime carbonate (CaCQy) ..., ........0 L 98.17 | 95.20 97. 69
Magnesium carbonate (MgCOa) ........................ .09 1.00 .82
Water ... il n.d. 2.70 n.d.

1. Mbl:l)nmm% qm{m, Rockland. J. C. Robinson, analyst. Twcnticdx Ann. Rept. U. S. Geol. Sur-
vey, pt

2. Bnchc?dtr quarry, Union. J. C. Robinson, analyst. Ibid.

3. Rockland-Rockport Lime Company. Communicated by G. O. Smlth 1904.

Limestone beds of considerable extent also occur near Isleshoro.
A specimen from this locality, collected by G. O. Smith; was analyzed
by W. T. Schaller in the laboratory of the United States Geological
Survey, and proved to be a very pure limestone, low in magnesia.

Analysis of limestone from Islesboro, 1Me.

STHER (ST0) - o e e e e e e e 3.76
Alumina (AlyOy) .o i 1.03
Iron oxide (Fe,04) -.. .o i e .43
Lime (CaO)._........... et eecesecceeeeaneeeenes . 51.30
Magnesia (MgO) ... iiaaaa P 1.16

The following analysis, communicated by G. O. Smith, is of a clay
occurring on the property of the Rockland-Rockport Lime Company,
in Knox County. As can be seen from the analy\ls, it would serve
well to mix with the limestones above noted:

Analysis of clay /rom Knox Count1 , Me.

LS e T ) (0 O AR 61 59
Alumina (ALOg) - .o e el 19.10
Iron oxide (Fe,0g) < cennnmmmom et ee e eaceaaa e 7.53
Lime (Ca0)........... e e et eeeeeeaeeeeeiaeaeaaaaaan 1.68
Magnesia (MgO) . ..ottt e et e e 1.87
Carbon dioxide (COy) .o rnomm it it } 5. 51
7 o

The analyses of limestones given in the following table are quoted
from an early report, by Professor Hitchcock, on the geology of
Maine. They are inserted here, as they may serve to some extent as

Bull, 243—05——12
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a guide to the limestone prospector. It should be noted, however,
that the quality of the analyses is not above suspicion, and also that

many of the beds analyzed may prove to be entirely too small to work
 with profit: ‘ -

Analyses of Maine limestones. !
No. County. Locality. ' Insoluble. ) Fea0s. CaCOy.
Androscoggin. . ... .. Turner ............... 2.0 0.4 74.6
2 | Franklin .__....... Carthage .............. 8.8 1.4 89.8
3 |..ido i A0uenieieenn.. 23.4 4 76.2
B PO do .oo........ Farmington........... 6.4 4.8 88.8
5 ... do .o..oo..... Farmington Hill .._. .. 14.4 1.2 84.4
6 |..... do . .......... Industry. ... ... 21.2 2.8 76.0
T oeees A0 eeiiiiilL. Livermore Falls....... 3.0 3.2 62.8
8]..... do............ New Sharon .......... 36.0 10. 2 53.8
¢ PR do . ool do.caoan.... e 20.6 2.4 77.0
10 |..--. (¢ (- S S do:eninn ... 10. 2 1.6 '88.2
1§ I PO I Phillips............... 34.4 .8 64.8
12 ... do ......oiif.. R U« SO - 26.8{ . 5.6 67.6
13)..... Ao e do...... 34.6 4 65.0
14 |.....do o........ .| Strong. ...l ' 8.4 1.0 90.5
15 |..... A0 e, Temple . .onennn. .. 28.4 1.4 70. 2
16 | Kennebec -........ Clinton._............. 17.2 .6 76.8
17 {eea-e do............0 Winslow.............. 24,2 2.0 73.8
18 |eeead0 oo A0 sLo| .6 68. 4
19 |..... A0 o do....... I 16.2 2.0 81.8
20 {..... do ooofeene. do. e, 20. 6 1.6 | 7.8
o1 | o | donemeeei 20.2 1.0 78.8
92 | Oxford............ Dixfield .............. 29.2 1.4 69. 4
23 1..... i U do.oeoiiil.. 20.0 4 79.6
24 |..... do connenno.... Rumford Falls ....... . 20.8 1.2 78.0
25 | Penobscot ._.._.__. Dexter ... .._....... 8.6 1.4 90.0
2 |..... O A 0o 9.6 1.2 89.2
27 eeeeadO cee e doseei . 20.0 1.8 78.2
28 |..... A0t fenen A0ueneeaa, 14.4 1.6 84.0
29 | Piscataquis ........ Abbot ... ... ... ..., 24.8 1.2 74.0
30 |..... do cooiinn.... DOVET «eneennennnnss. 25,4 4.0 70.6
31 |----. 40 weiiii . Guilford .............. 13.8 1.4 84.8
32°| Somerset .._....... Atheng ... ... . ... 25.2 4.4 70.4
R - 7 do ..ol do..oooiiiiiii 2.8l 72.6
34 |..... do ..., Harmony............. 36.4 2.2 61.4
35 |..... do ..ol Norridgewock._........ 10.6 | 1.2 88.2
36 |..... A0 e, West Waterville. ... 24.8 1.4 73.8
37 |----. do....... A S doo.iiiiiiill 9.0 1.2 89.8
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PORTLAND-CEMENT RESOURCES OF MARYLAND.

Up to the present time no Portland-cement plants have been built in
Maryland, but three limestone formations in the State are so well
located and so satisfdactory in chemical composition as to give promise
of being future sources of supply of Portland-cement materials.
Several other limestones occur, but are either too high in magnesia or
otherwise not well adapted to cement manufacture. The three avail-
able limestone formations above noted are, in descending order, as
follows:

Name. Geologic age.
Greenbrier limestone. ... ... ... .... Mississippian.
Lewiston or Helderberg limestone......... Silurian.

Trenton limestone ....... ... .._...... | Ordovician (Lower Silurian).
! .

The areal distribution of these thrée limestones in Maryland and
the adjoining States is shown on the geologic map, Pl. XV, opposite
page 314. :

TRENTON LIMESTONES, AND ADJACENT CLAYS.

DISTRIBUTION ANID CHARACTER.

The Cambro-Ordovician limestones, including the Trenton lime-
stone, which is the special object of interest here, occur, in three prin-
cipal areas in Maryland, two of which are in Washington County and
one in Frederick.

The westernmost area enters Maryland from Pennsylvania in central
Washington County, and runs in a direction slightly west of south to
Potomac River, which it veaches hetween Cherry Run and Williams-
port. The eastern border of this limestone belt lies just west of Con-
ococheague Creek, while Little Conococheague Creek lies in the lime-
stone area. Fairview, Reiffs, Hicksville, and Clear Spring are located
on the limestone.

The central limestone belt covers almost all of the eastern third of
Washington County. It enters from Pennsylvania as a broad belt,
being about 15 miles wide at the State line. It underlies the
Hagerstown Valley, Antietam Creek running down the middle of the
belt for its entire extent. Hagerstown and Shavpshurg are located
near the middle of the belt; Blue Mountain, Edgemont, and Weverton
lie on or near its eastern edge, while Williamsport, Salisbury, and
Mangansville are on or near the western border of the limestone.
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The third and easternmost area of these limestones lies in the east-
central portion of Frederick County, along Monocacy River. Fred-
erick, Adamstown, Frederick Junction, Woodsboro, and Walkersville
are ]ocated on thls area of limestone.

It must be borne in mind that these limestone belts as above
described and as shown on the map, P1. XV, opposite page 314, include
two very different types of limestone, one of which is excellent as a
Portland-cement material, while the second is absolutely worthless for
that purpose, because of the very high percentage of magnesia that
it usually contains. . This fact is discussed in considerable detail in
the descriptions of the Lehigh district cement rocks of Pennsylvania
and New Jersey, and the reader will do well to look over the discus-
sion there given (pp. 284 et seq.)

As a guide to searching for and recognizing the Trenton limestone,
which is the one suited for cement'manufacture, it may be said that
the Trenton is usually dark gray to almost black in color, often slaty
in appearance; that it frequently coutains fossil shells, but rarely
includes the beds or masses of chert which are so common in the
underlying light-gray or blue magnesian limestone.

As the Trenton limestone is, moreover, the higher of the two
limestones, it will usually be found along the contact between the
limestone belt and the slates or shales which border it, while the mag-
nesian limestones commonly occur near the middle of the belt of
limestone.

COMPOSITION.

The Trenton limestone is almost invariably low in magnesia, and is
therefore suitable for use as a Portland-cement material. In places it
catries a high percentage of clayey inatter, as is instanced by its com-
position in the Lehigh district of Pennsylv ania and New Jersey.

The analyses below are fairly representative of the composition of
the Trenton limestones of Maryland. It is probable that careful search
along the contacts between the limestone belts and the adjoining slates
or shales would show the presence of clayey limestones similar to the
Lehigh cement rock in composition.
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Analyses of Trenton limestones from Maryland.

. . ; f ime car- | Maj u
o Bl | M e | |
173 1.40 93.57 0.30
4.31 .90 81.97 13.00
.22 0.29 0.25 | 97.32 2.03
.10 .16 | Trace. 196.79 2.86
.20 | .10 97.00 2.50
.50 .10 98. 50 .80
6. 00 .20 90.70 3.00
0.2 94.6 5.2

7.2 86.0 6.8

6 98.3 1.1

Trace. 99.5 .5

5 | 920 7.5

1.7 92.3 6.0

3 94.5 5.2

.9 90.4 .7

1.2 97.5 1.3

2.2 95.3 2.5

1.5 96.0 2.5

.0 ‘ - 99,9 1

1.2 98.5 .3

1.3 96.2 2.5

2 99.3 5

S 1, 2. Walkersville, Frederick County. H. J. Patterson, analyst. Twenticth Ann. Rept. U. 8. Geol.
mvey, pt. 6, p:
3, 4. l"redcrmk Frederick County. J. O. Hargrove, analyst. Thid.
5. Beaver Crcek Washington County. J. Higgins, analyst. Third Rept. Maryland Agric. Chemist,
. 135.
pﬁ. Willinmsport, Washington County. J. Higgins, analyst. Ibid.
7. Pleasant Valley, Washington County. J. nggms analyst. Ibid.
8, 9. Frederick, I‘redukaounty J. Higgins, analyst. Fifth Rept. Maryland Agric. Chemist, p. /8
10-12. Unionville, Frederick County. J. Higging, analyst. Ibid., p. 80.
13-16. Woodshoro, Frederick County. J. Higgins, analyst. Ibid. ,p 717.
16, 17. Dollyhide Creek, Liberty, Frt,dcrlck County. J. Higgins, mm])st Ibid., p. 80.
18-22, Near Liberty, Frederick County J. Higgins, analyst. Ibid., p. 8 )

METAMORPHIC TRENTON | JMJ&SI‘O\'ES

In eastern Maryland, particularly in Carroll, Baltimore, and Howard
counties, a number of areas of highly crystalline limestones or ‘“ mar-
bles” occur. It seems probable that many of these crystalline lime-
stones are of the same age as the Cambro-Ordovician limestones farther
west, having merely assumed a crystalline condition as-the result of
being subjected to pressure and heat.

In composition these crystalline marbles vary, just as do the unmet-
amorphosed Cambro-Ordovician limestones. The Cockeysville marble,
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for example, is hzighly magnesian, while the stone from Texas and
other localities is just as low in magnesia as the best of the Trenton
limestones.

Analyses of metamorphic ( Trenton ?)- limestones from Maryland.

1 2
Silica (Si0g) - - v cem i PO et 0. 60 13.60
Alumina (AlOy) - o Trace. } ‘ 5.15
Iron oxide (Fe,04) - oo ool Trace.
Lime carbonate (CaCQOg) ..... ... ... e et maeeaas 98. 53 77.82
Magnesium carbonate (MgCOg) ..o .87 3.19

1. Texas, Baltimore County. J. Higgins, analyst. Third Rept. Maryland Agric. Chemist, p. 77.
2. Highlands, Howard County. H. J. Patterson, analyst. Eighteenth Ann. Rept. U. S. Geol.
Survey, pt. 5, p, 1059.

ADJACENT CLAYS AND SHALES.

In case a Portland-cement plant is projected. to utilize the more
clayey types of the Trenton limestone—material like the Lehigh
cement rock, for example—a small amount of pure limestone will be
needed for mixture with this clayey limestone in order to bring it up
~ to the proper composition ‘for a Portland-cement mixture. In this
case the requisite pure limestone can readily be secured from the lower
portion of the Trenton limestone itself, this lower portion being usually
a rock carrying from 93 to 98 per cent of lime carbonate.

The following analyses ate of surface clays from near Williamsport,
Washington County, used by the Conocheague Brick Company.

Analyses of surface clays from Maryland.

[H. Ries, analyst.]

1 2 3
Silica (810,) - oenvueens . O 67.50 | n.d.| 61.30
Alumina (ALOg) ..o ...l 17.20 n. d. 22. 30
Iron oxide (Fe;0y) e cvnieen i e aeee 6.70 mn.d. | 3.8
Lime (Ca0) «nenenmemannn... e 45 0.22] .70
Magnesia (MgO)................. R, .33 | n.d .86
Alkalies (K,0, NagO) .o orne il S © L76| n.ad. 2.10
Combined water ......_............. e 5.90| n.d 8.00
Moisture. .. .. ... e .20 nd |.......:.

1. Dark-red clay.

2. Light-red clay.

3. Light-gray clay. .

H. Ries, analyst: Md. Geol. Survey, vol. 4, p. 473.
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1f, on the other hand, the purer beds of the Trenton limestone are
intended to furnish the principal ingredient, a clay or shale will he
required for mixture with it. Surface clays of fair quality occur
throughout the area underlain by the Trenton limestones, and some
of them will probably be found available for use. In addition, the
. ghales and slates of the Hudson formation, which borders the lime-
stone belts, will be serviceable. The composition of some of these
-Hudson shales in Pennsylvania and Virginia is given in tables on
pages 288 and 322.-

HELDERBERG LIMESTONE AND ADJACENT CLAYS.
DISTRIBUTION.

The Helderberg or Lewistown limestone outcrops in Maryland in a
number of different belts. Most of these are in the west-central por-

tion of Allegany County, while several occur in western Washington
County. The Lewistown limestone occurs only in these two counties.
Its distribution in Allegany County is described as follows, by Mr. C.
C. O’Harra, in the report on the geology of that county published by -
the Maryland Geological Survey:

The easternmost and largest area, shaped like a much constricted letter W, lies
to the east, west, and south of Tussey Mountain, and by its prominent double bifur-
cation makes up a large part of Warrior Mountain and Martin Mountain. On the
State line east of Tussey Mountain the Helderberg belt is less than one-half mile
wide, while the width of the corresponding -outcrop on the western side is consider-
ably greater. Southward, owing to the pitching of the Tussey Mountain antiéline,
these bands gradually approach each other until, at a point near Rush, the. two
coalesce. Within less than 1 mile southward the area again becomes bifurcated, but
this time, owing to the synclinal nature of the fold, the projecting parts are separated
by the Oriskany formation, which immediatety follows the Helderberg. Of the two
southern Helderberg projections, the one farthest east is the more extensive, and
includes within it Flakes Knob, the highest point in the county east of the Alle-
gany Front. This part of the area narrows southward, but caps Warrior Mountain
to within almost a mile of where the mountain ceases to be a distinct topographic
feature. The projection lying farther west is much narrower than the one to the
east, but continues almost as far south and acts as a capping for Collier Mountain.

_ The next area of Helderberg lies farther west and flanks the outcrop of Salina
around Evitts Mountain in much the same way that the first area does the Salina
around Tussey Mountain. The bifurcation at the north caused by the Evitts Moun-
tain anticline is quite like that produced by the Tussey Mountain anticline. The
formation continues southward in one long, continually narrowing band to
within 14 miles of the Potomac, where the Helderberg ending in a sharp
point passes beneath the Oriskany to appear again at the roadside by the canal
where the Potomac has cut entirely through the overlying Oriskany and into the
Helderberg for a distance of fully a hundred feet. The eastern part of this area
forms much of the crest and western slope of Nicholas Mountam while the contact
line along the western side is clearly marked by a row of hills extending from the
State line southward. This row of hills reaches almost as far south asg does the
Helderberg outcrop, but finally coalesces with Nicholas Mountain.

East of Wills Mountain a belt of Helderberg averaging less than one-half mile in
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width comes into the county from the north, and, extending southward along the
western slope of Shriver Ridge, passes through the western part of Cumberland and
across the Potomac into West Virginia. The Potomac in its very perceptible east-
"~ ward bend nearly 3 miles above Cumberland, and again in the more prominent
eastward bend about 6 miles above Cumberland, has carved out two small portions
of this belt from the West Virginia area. These patches are mostly concealed, but
their contact with the Salina is fairly well shown. Northward the Helderberg-
Salina contact is largely concealed, but the limestone quarries which occur in the .
lower part of the Helderberg along the western base of Shriver Ridge afford a con- -

venient means of judging the approximate western outcrop of the Helderberg.

Shriver Ridge marks the eastern limit, as the contract lies on its western slope a
short distance below the top.

West of Wills Mountain there is a band of Helderberg corresponding in position
to the eastern belt, but by reason of the perpendicular attitude of the strata this belt
is considerably narrower than the one on the eastern side. TFollowing closely the
general direction of Wills Mountain, it crosses the Potomac River at Potomac station.
Along the belt north of the National Road the Helderberg-Salina contact is usually
not well shown, but the Helderberg-Oriskany contact is prominent, the latter being
represented by the steep ridges to the north and south of Corriganville. South of
the National Road neither contact is well shown, although slight topographic features
usually indicate their positions with reasonable accuracy.

Another Helderberg area of considerable extent is exposed south of Rawlings.
This forms the body of the steep isolated ridge known as Fort Hill, which e\tends
southward along the Potomac for a distance of about 4 miles.

In addition to the above-mentioned areas, two very slight exposures may be seen
along the West Virginia Central Railroad, on the north and south sides of Monster
Rock, near Keyser, W. Va. They are of little importance, except in so far as they
are of value in helping to work out the structure in that part of the county.

In addition to the areas above described as occurring in the western
and central parts of Allegany County, four narrow belts of the Helder-
berg limestone outcrop in the western portion of Washington County,
their location being shown on the map (Pl. XV, p. 314). The best
exposures of these limestones in the county, so far as location is con-

cerned, are those near Hancock, on Potomac River.

DESCRIPTION AND STRATIGRAPHIC POSITION.

The stratigraphy of the Lewistown limestone is thus described by
Mr. O’Harra in the report previously cited:

Lithologically, the Helderberg is preeminently a limestone formation. Argillace-
ous materials occur as impurities in some of the beds, but these are not important,
and sandstones are almost wholly lacking. Thin bands of chert, which are white or
yellowish-white in color, occur sparingly throughout the upper part of the formation.
Most of the limestone in the upper part is.heavily bedded, and much of it is highly -
fossiliferous. Thelower part of the Helderberg is a dark-blue thin-bedded limestone,
which in breaking gives a decided ring. This corresponds to the Tentaculite lime-
stone of New York, which in Maryland is over 400 feet thick. In the field the con-
tact between the Salina and the Tentaculite limestone is very marked because of the
different weathering qualities of the two rocks. The Salina rock weathers into soil
very completely, while the Tentaculite limestone leaves innumerable small, thin,
dark-blue slabs upon the surface.

The thickness of the formation ig nearly 800 feet. The two' partial sections given
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below are believed to represent the full thickness as well as a duplication-of some of
the middle beds as indicated. The Potomac section extends from the hottom of the .
formation to and includes a few inches of the coralline ledge. The 36-foot massive
Stromatopora bed of the Devils Backbone section is believed to come in immediately
above this, the other beds of the section contmumg upward in the order named to
the top of the formation.

. The Devils Backbone section, measured along the Huntingdon and Broadtop
Railroad east of Willg Creek, is as follows:

Devils Backbone section.

Feet.
Helderberg-Oriskany contaet. .. ... .. .. . il
ConeAN - - L oot 42
Light-gray fossiliferous limestone, with numerous layers; a very light colored
62T o 22
Light-gray massive fossiliferous limestone; breaks into rectangular blocks.... 16
Shaly limestone ... .. .o e 1%
Bluish-gray limestone, breaking into shaly fragments; weathering indicates
much argillaceous material............... e, e 18
Massive Stromatopora beds ... ... .. iiiiiiiieiii.lo . 36
Shaly limestone, somewhat nodualar .._... .. ... . ...l .. e 10
Light-gray massive limestone, with upper part containing layers of light
colored chert. ... il 45

Thin-bedded limestone; the weathered surface covered with small bryozoans: 16
Dark-blue massive limestone, very hard and difficult to break; upper part

filled with Pentamerus galeatus. ... ... i 36
TFine, shaly fossiliferous limestone .. _._.._........_.. e 16
Massive, dark-blue fossiliferous limestone ....... ... ... ... ... ... 40
Slightly argillaceous, thin bedded, fossiliferous limestone .._.._ .. ... .. _. 14
Gray, arenaceous fossiliferous limestone, with layers of cherty material ... .. S 16

Concealed to bottom of formation.
Total thickness of exposure at this'place............ [ 3284
The measurements made at Potomac station are as follows:

Section at Potomac station, Md.

. Feet.
Upper beds concealed; very massive light gray limestone, with a few feet of ot
nodular limestone near the top; coralline layer near the top............... 95
Mostly concealed, but sufticiently exposed to show that the beds are generally
"~ made up of thin grayish limestones; some massive beds dre present........ 240
Generally thin-bedded, dark-blue limestone, but with some heavy beds;
fossilferous - . oo iiiiiiiieiaaoes 148
Thinly bedded, dark-blue fossiliferons limestones, with occasional papery
shales ........ e e eemeeeeeeeeaeaeaaloaas 92
Helderberg-Salina contact. ’
Total thickness of exposed Helderberg............................... B7

COMPOSITION.

No analyses of Helderberg limestones from Maryland localities have
been published; but, to judge from its composition in Pennsylvania and
Virginia, it will be everywhere found to contain thick beds of nonmag-
nesian limestone suitable for use as a Portland-cement material. A
number of analyses of this limestone from Pennsylvania and Virginia
localities will be found on pages 281 and 324.
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GREENBRIER LIMESTONE AND ADJACENT SHALES.
DISTRIBUTION.

As shown on Pl. XV, the Greenbrier outcrops only in Allegany and
Garrett counties. A single belt passes through the western part of
Allegany, running about S. 30° W., and crossing the Potomac River
at a point about midway between W ebternpmt Md., and Keybel
W. Va.

In Garrett County the Greenbrier is bettel shown, appearing in a
number of belts or areas. As described in the report on Gauett
County pubhshed by the Maryland geological survey, the six belts
occurring in Garrett County are distributed as follows:

The most easterly of these areas is situated parallel to and about one-half mile
west of the crest of Savage and Backbone mountains. It enters the county from
Pennsylvania one-half mile west of the northeast corner of the county, and extends
in a southwesterly direction to the West Virginia line, 1 mile north of Potomac
stone. This belt is about 45 miles long and from one-fourth to one-half mile wide.
It occupies a valley between the Pottsville (Savage Mountain) and the Pocono (Little

Savage Mountain) ridges. This valley is drained at the north by the headwaters of

Laurel Run and Savage River, and farther south by Little Savage River, Swamp
Run, and Pine Swamp Run. "Along the northern end of Backbone Mountain the
line of outcrop is for a large part of the way up on the mountain side, but farther
south it occupies a series of valleys like those along Savage Mountain, but less
pronounced. '

The second Garrett County area extends along the eastern side of Meadow Moun-
tain in the valleys of Red Run and Meadow Creek Run as far as the confluence of
the latter with Deep Creek, near Thayerville. Thence it extends in the same south-
westerly direction, in a similar series of valleys between Hoop Pole Ridge and the
ridge of Pottsville rocks to the west of it, to the West Virginia line at a point about
7 miles southwest of Oakland. This series of valleys is drained by branches of Deep
Creek and of Miller Run and by White Meadow Run and Rhine Creek. Thé lime-
stone belt is about 37 miles long and from one-eighth to one-half mile in width.

The third belt extends from a point near Thayerville on the one last described
down the valley of Deep Creek to the mouth of Marsh Run, thence up the valley of
Marsh Run to McHenry, thence in a westerly direction for 1 mile, where it bifurcates.
One prong extends down the valley of Hoyes Run for about 1 mile, and then disap-
pears under overlying formations. The other prong extends in a northwesterly
direction through a valley to Sang Run. From here it extends down the Youghio-
gheny River to points 1} miles north and 24 miles south of Sang Run, where it dips
under the overlying formation.

The fourth area extends from a point on the one last described at McHenry in a
north-northeasterly direction in the valley parallel to and about one-half mile west
of Negro Mountain as far as across the Pennsylvania line. This belt is about 15
miles long and one-eighth of a mile wide.

The fifth belt extends from a point on the third one, about 1 mile east of Sang Run,

in a northerly and northeasterly direction, crossing the Pennsylvania line at Oakton.

It occupies a sinuous. line of valleys parallel to and about one-half mile east of the
crest of Winding Ridge. The belt is about 13 miles long and one-eighth of a mile
wide.

The sixth area enters the county from West Virginia near Cranesvxlle and extends
south along the valley occupied by Pine Swamp and Muddy Creek as far ag Brown-
ing Mill, and thence up the valley lying west of Snaggy Mountain for about 4 miles.
Here it extends across the line into West Virginia.
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DESCRIPTION.

The Greenbrier formation, where hest developed in Maryland, con-
sists of three distinct members. The lowest is a series of limestones,
usually silicéous near the base, and varying from 27 to 46 feet in thick-
ness. The middle member consists largely of shales, thin sandstones,
ete., and varies from 88 to 98 feet in thickness. The upper member
consists almost entlrcly of very pure limestones, and is from 65 to 85
feet thick.

The section below, quoted from the Garrett County report of the
Maryland Geological Survey, will serve to illustrate the characters of
the various members of the Greenbrier formation.

Section of Greenbrier formation at Crabtree, Garrett County.

Upper member: : . Feet.
Argillaceous limestone........ ..o 45
Massive sandy limestone. .. _ . —eemani e e et 13
Redsandylnnestone..-..........., ..................... 4
Gray limestome. .. ..ooooooono.. e e 3.
Red calcareousshale........._.... e e e eeaeeeeeaaeaas 3%
Red sandy limestone. .. .. ... i 8
Gray sandy limestone with red bands .................................... 21
Gray limestone ... o i iiiieiiiiiiieiiii. 10

65

Middle member: -

Red shale, with thin hands of gray sandstone ..__..__..._... ... ..... ~... 80
Pure white sandstone. ...l 8
88

Lower member: .

Giray lmestone. . . - ..o el 27
COMPOSITION. '

The upper member of the Greenbrier formation consists very largely
of thick beds of pure limestone. These limestones have heen very
extensively used for flux and for lime burning, and their range in
composition is fairly well established.

The series of analyses given below is representative of these upper
limestones. They are commonly very low in magnesium carbonate,
though occasional beds will show a prohibitive percentage of that
ingredient. In places they carry sufficient silica, alumina, and iron
oxide to approximate to the composition of the Lehigh cement rock,
but usually it will be necessary to add a considerable proportion of
clay or shale in order to bring the mixture up to correct composition -
for Portland cement.



188 CEMENT MATERIALS AND INDUSTRY. [BULL. 243.

Analyses of Greenbrier limestone froin Maryland.«

1 2 3 4 5] 6 7 8 9 10
Silica (Si0,) o....o..o.. 13. 65]13. 46] 8.57|20. 95|17. 00| 4. 47| 3. 65(11. 52| 5.11| 5. 24
Alumina (Al,Og) .........
. ) }5. 44(12.48] 2.38/41.10| 2.74] 2.70; 8.44| 3.37| 2.56/ 1.98
Iron oxide (Fe,0p)-c......

Lime carbonate (CaCOy)..179. 16[72. 92/88. 73|37. 35(64. 12(86. 73 85. 87|74. 48/89. 08/84. 58

Magnesium carbonate
(MgCO3) weceeeannn.. 1.21} 1.15) .86 .91|15.75 6. 38| 1.30[10. 99| 3. 17 7.49

Gerringer'end Inglehart’s quarry, Garrett County.
. Offutt’s quarry, Garrett County.

. Crabtree, Garrett County.

. South of Negro Mountam Garrett CounQ

. Offutt’s quarry, earrett County

‘Findley’s quarry, Piney Run, Garrett County.

9. Mouth of Stony Run, A]leg&ny County.

10. Barrelville, A]legany County.

\]&U\&WIQI:—‘

ADJACENT'SHALES.

The following analyses? of Carboniferous shales from near Corinth,
Garrett County. will serve to illustrate their range of composition.
It will be seen that they often carry high percentages of iron oxide

silica
alumina + iron oxide
and often falls helow 2.

and that the ratio rarely rises much above 2.5

Analyses of Carboniferous shales from near Corinth, Md.

1 - 2 3 4 5 6 7 8
Silica (SiO;) ................ 56. 42| 69.51| 62.98| 51. 53| 53.49| 56. 36| 61. 70| 56. 32
Alumina (1\1203) ............ 20. 94| 22.27] 18. 54 22. 60} 22. 83" 24, 18| 22. 24| 23.00
Iron oxide (Fe,0y) ---... ....{10.60 .80 5.70{ 6.80 6.90] 6.40/ 5.60] 5.80
Lime (Ca0) .......... eeeas Trace.|Trace.| 2.44| 5.40] 2.91| .50|Trace.| 1.47
Magnesia (MgO) ..... . 1.32|Trace.| .97| 1.87| 1.84] .82 1.44] .79
Alkalis (K;0, Na,0)....... S O Trace.|...oooleeoeei|oeeedeaat]. S
Water. ... ... ... 7.30{ 7.45] 8.85| 11.77| 9.44] 7.50 6.50 11.08

Ay

1. Red clay (bottom). ' 5. Top blue clay.
2. Fire clay or flint. 6. Cistern.
3. Buff clay, 7. Railroad clay.
4, Bottom blue  clay. . 8. Black shale, coal mine.

5

aThese analyses are taken from the report by the Maryland geological survey on ‘‘Garrett
County,” pp. 221-222.  All the analyses were made by T. M. Price.
b Geology of Garrett County, Maryland Geol. Survey, p. 219.”

b s iam i e i
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PORTLAND-CEMENT RESOURCES OF MASSACHUSETTS.

In the western part of Massachusetts extensive quarries are operated
for both marble and lime. The stone quarried in this area is a highly .
crystalline limestone, or marble, of Cambro-Ovdovician age. At many
pointg this stone is highly magnesian, but the quarries located in the
northwestern portion of the State, in Berkshire County, seem to pro-
duce almost exclusively a low-magnesia rock. The analyses given
below are fairly representative of this product. '

Unfortunately for the prospects of a Portland-cement industry in
the State no shales occur near these limestones, while the glacial clays
usually contain too much sand and pebbles to be worth considering as
cement materials. This fact, taken in connection with the cost of fuel
in this district, renders it improbable that Massachusetts will become
a successful cement producer

Analyses of limestones from Mussachusells.

1 2 3. +
Silica (S10,) «vnnenen.. s 0.69( 0.3 n d 0.63
Alumina (ALO;) ... .o }
; .06 .23 n. d. .55
Iron oxide (¥e,04) .. oo coiio. Meeeeenn !
Lime carbonate (CaCOq) . ..o oooeiaaiaa oo 93.86 | 98.80 | 99.03 99. 60
Magnesium carbonate (MgCOy) ........... S 5.34 .37 .27 .49

1. North Adams Marble Company, North Adams, Berkshire County., W, P. Muason, analyst. Twen-
tieth Aun. Rept. U. S. Geol. Survey, pt. 6, p. 406,

2, Cheshire Munufacturing Company, Chcslure Berkshire County. Davenport & Willinms, analysts.
Ibid., p. 410

3 f, H. ]mslmgs‘i quarry, West Stockbridge, Berkshire County. J. B. Britton, analyst. Ibid.,

- 41 4. Adnms Marble Company, Renfrew, Berkshire County. E. E. Olcott, analyst. Tbid., p. 410.
POR’l‘LAN])-ClthNT RESOURCES OF MICHIGAN.
PORTLAND-CEMENT MATERIALS.

Michigan now ranks third as a Portland-cement producer, being led
only by Pennsylvania and New Jersey, but closely followed by New
York. This high standing as a producer is due to the product of a
number of cement plants, most of them using a mixture of marl and
clay, but a few utilizing pure limestone with clay or shale.

The description of the cement resources and cement industry of
Michigan, given in the following pages, is somewhat abridged from a
report by Prof. I. C. Russell on The Portland Cement Industry in
Michigan, published in the Twenty-second Annual Report of the
United States Geological Survey, part 3, pages 629-685. Reports on
the cement materials of the State have also appeared in volume 8 of
the Michigan Geological Survey.
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LIMESTONES.

Of the various limestone formations that outcrop in different parts

of Michigan three have been utilized in the manufacture of Portland
cement, while another formation yields limestones which have not so
far been utilized, though low in magnesia and otherwise satisfactory
as cement materials. The four limestone groups above noved will be
described separately. ‘

DUNDEE LIMESTONE.

This formation occurs at the base of the Devonian system, and,
although usually concealed beneath glacial drift and surficial deposits,
comes to the surface, as is indicated on the map (Pl VII); in a belt
from about 2 to 9 miles wide, trending northeast and southwest-across
Wayne, Monroe, and Lenawee counties, in the southeastern corner of
the State. The same formation occurs also at the extreme northern
end of the southern peninsula and on Mackinac and neighboring
islands, as well as in the adjacent portion of the northern peninsula.
The purest layer of limestone in the Dundee thus far discovered is
extensively quarried at Sibley and Bellevue, near Trenton, in Wayne
County, and is used in the manufacture of sodiuin bicarbonate, soda
ash, and caustic soda near Detroit. The finely powdered calcium car-

_bonate, resulting as a by-product from the manufacture of caustic

soda, is used by the Michigan Alkali Company for making Portland
cement at Wyandotte. This same limestone, on account of its unusual
purity, is‘also extensively used in the manufacture of heet sugar.

The Dundee formation contains several beds of limestone, most
of which, however, carry too high a percentage of magnesia to per-
mit* their use in making Portland cement under the standard now
required in the composition of the finished product. Thus far only

. one layer, the celebrated 9-foot hed, best exposed at the Sibley quar-

ries, described below, has been found suﬁlcwntly pure to be utilized
in the industries mentioned above. The composition of the rock

quarried at Bellevue and used by the Michigan Alkali- Company at
Wyandotte, is as follows:

Analysis of a timestone of the Dundee formation at Bellevue.

[Analyst, O. Button.]

Silica (S10,) v e et e e 0. 60
Iron oxide(Fe.,Oa)} : 304
Alumina (ALQg)f "7 T TT T )
Calcium carbonate (CaCO03) - .. ... oo 95. 24
Magnesium carbonate (MgCO,) ... ... ... ... .. ...l 1.00
T 99. 88
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Russell describes this limestone as follows:

The limestone of the Dundee formation is also quarried 2 miles northeast of
Dundee, Monroe County, where four layers of limestone are exposed, the composi-
tion of which is shown below:

Analy yses of Dundee limestone from the ** Christiancy quarry,”’ near Dundee.«

[An Wlyses 1 3,5, and 6 by G. A, Klrs(,hmuu and analyses 2 and 4 by K. J. Sumlsu om. ]

Number of analysis and designation of bed.
1(A). 3(A). 3(B). | HB). 5(C). | 6.

Silica (810,) ~onneneeneenoon 0.48| 0.70 | 110 1.8 | 2.78| o.81
Lime carbonate (CaCOy). ... ... 90.80 | 98.10 86.80 | 86.96 77.60 | 95.00
Magnesium carbonate (MgCQ,).] 6.87 .63 11.60 | 10.08 17. 41 3.86
Iron oxide (Fe,0,) ............ 16 |aaeeen 12 } 62 { .56 .41
Alumina (ALO,)........... SO ORI IOV IS [ | GO I
Sulphur (8) ..o L0585 [..o.o... 1.23 feeaaaas
Organic matter.._........._... 1.69 |........l.. [ P 1.63 |.......
Difference .. .....: e eeian .00 L5157 .38 . 357 .02 .08

Total ... ... 100. 00 {100.00 | 100.00 {100.00 | 100.00 | 100.00

Bed A is uppermost; a gray, limestone 1 to 2 feet thick, fossiliferons.

Bed B is a compact brownish limestone, bituminous, 4 to 4} feet thick, fossiliferous.
Bed C is n soft, dark-gray limestone, without seams, 7 to 8 fect thick.

Bed D is similar to bed C, 8 feet thnck bhottom of quarry.

The rocks exposed in the quarry near Dundee are considered by Sherzer as the
identical layers that are extensively quarried near Trenton. When sufficiently low
in magnesia the beds are evidently favorable for use in making Portland cement,
the only questionable features seeming to he the expense of quarrying and crushing.
Certain of the layers at Dundee contain petroleum, the influence of which on the
mixing of slurry is not known. .

The following notes concerning the Sibley quarry at Trenton, Wayne County, have
been kindly furnished by Mr. Frank Leverett.

The quarry occupies an area of 35 acres. The rocks dip westward at the rate of
about 5 feet in 100. There is a low anticlinal arch trending approximately east and
west, which passes through the midst of the excavation, from the crest of which the
beds dip away at the rate of about 1 foot in 100. The strata are cut by two systems
of joints, bearing about N. 20° E. and N. 60° 3. The quarry is situated in an irreg-
ular hill which rises about 30 feet above the level of the adjacent portion of Detroit
River. On the higher portions of the hill there is no covering of drift, but on the
sides the solid rock is concealed beneath several feet of till. Where the glacial
deposits have been removed, the surface of the rock beneath is intensely glaciated.
There are two sets of glacial grooves, of which the earlier bears about 8. 28° W. and
the later approximately N. 30° W. .

.

@W.H. Sherzer, Geological report on Monroe County, Michigan: Geol. Survey Michigan, Vol. V11,
pt. 1, 1900, pp. 756-76, 177-178.
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" The strata exposed in the quarry are as follows, be;ginning at the surface:

Section at Sibley quarry, Wayne County, Mich.

Feet
1. Thin-bedded gray limestone, suitable for useasaflux. ... .. ........... 3.5
2. ““Upper 6-foot bed,”” a gray limestone, containing 96 per cerit CaCQ,; used in
alkali works; a portion of the lower part of the bed, about 8 inches in
thickness, is now rejected on account of its containing too much bitumi-
nous mabter ...l 6
3. Fossiliferoug blue-gray limestone, containing 90 per cent CaCOy,; suitable
foruse in alkali works ... ... ... ... L Liiiiiiii.i... 3
© 4. ‘““Second 6-foot bed,” a blue-gray limestone, containing from 94 to 95 per .
cent CaCO,; used ag a building stone and in alkali works....._........ 6
5. ““Five-foot bed,” very similar to *“Upper 6-foot bed ... ......_........ 5
6. ‘“Cherty bed,”” a cherty limestone, not at present utilized..._.._..... ... 2
7. “Third 6-foot bed,”” a blue-gray. limestone, with a little chert in its lower
portion; used in alkali works and as a building stone ... ... ...... 6
8. ‘‘Nine-foot bed,” a fossiliferous gray limestone; used in the manufacture
of beet sugar and suitable for making Portland cement... ... e 9
9. ‘“The 6-foot Magnesian limestone,”’ dove colored.. ... . .. .._......_... 6

10. ““The 8-foot bed,” a thick-bedded gray limestone; used as building stone. 8
11. “The 10-foot bed,” a gray limestone, of which the upper 3 feet containg
about 85 per cent, the next 3 feet 95 per cent, and the lower 4 feet about
80 per cent CaCOs; the lower portion contains from 3 to 4 per cent SiO,;
the middle portion of the bed is very fossiliferous......._.._._..._.... 10
12. Brownish limestone, containing 15 per cent 8i0,, .5 per cent MgO, and about
85 per cent CaCOy; this rock is marked with white spots, thought to be
aluminum silicate; used as building stone; opened to a depth of about.. 4

Chemical analyses of certain of the beds described above are given below:
Analyses of limestone from Sibley quarries.

" [Analyst, K. J. Sundstrom.]

5 5. 8. 8. 8 1.
Constituent. f?{?r‘;;tgf 1?:1??& 6. | Upper |Centrall Lower | 9. 0. |Central
. quarry. lquasey. part. | part. | part. part.
Calcium carbonate
(CaCOg) cevvvnnn... 95.50] 99. 26| 93. 28| 97. 33| 99.00] 95. 62| 80. 04] 89. 05 95.00
Magnesium carbon- _
ate (MgCO;) -...... 2.36] .21] 4.11] 1.84 .22 3.15! 15.96/ 8.08 4.00
Alumina (Al;05) ... .30|Trace.| .40 Trace.|Trace.|Trace.| 2.70 Trace.|Trace.
Silica (Si0,) ......:.. 1.04) .50] 1.90] .64 .54 .96 1.02 2.200 .56
Total .......... 99.20| 99.97| 99. 69| 99. 81| 99. 760 99. 73| 99.72 99. 33| 99. 55

TRAVERSE GROUP.
Russell describes this formation as follows:

The rocks designated by this name consist principally of shale and limestone,
occur in succession next above the Dundee formation, and belong to the Devonian
system. They form a belt, about 2 miles wide, which crosses Wayne and Monroe

ISP VEVES
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counties, * * * but are there concealed beneath surficial deposits, and also
form a broad area which crosses the northern end of the Southern Peninsula from
Alpena, on the border of Lake Huron, to Frankfort, on the shore of Lake Michigan.
The limestone of the Traverse group comes to the surface at Alpena and is utilized
by the Alpena Portland Cement Company. In the quarry where it is well exposed
it is a light-colored compact rock, carrying corals and other fossils. Its composition
is as follows: :

Analyses of limestone from the quarries of the Alpena, Fortland Cement Company, Alpena.

[Analyst, F. H. Haldeman.]

Constituent. 1 2 3 4 - 5 6 7. 8 9
Silica (Si0y) -.-.-.-. 0.36 | 1.7710.33 | 0.38) 1.38 ) 1.64 | 1. 46 0.42 0.68
Calcium carbonate _ )

(CaCOq)-eeenne.. 95.91 189. 10 [98. 37 [98.03 |96.35 |96.50 [96.92 198.04 | 98.03
Magnesium  carho-
nate (MgCO,) -...| 3.63|8.67| .92 1:36| .94|1.26|1.46| .08 1.05

Iron oxide (Fe,0y) ..
Alumina (ALQ,) ....

Total .._...... 100. 03 199. 89 199. 80 99. 96 |99. 88 199. 67 199. 90 99. 72 | 100. 02

}.13 350 18| .19 |2t | .or| 54| 18] .2

. Quarry C: Shell to be removed on stripping; 1 to 2 feet thick.
Quarry C: Top stratum, 2 feet thick.

Quarry C: Second stratum, 2 feet thick.

Quarry C: Third stratum, 4 feet thick.

Quarry C: Fourth stratum, 2 feet thick.

. Quarry F: First steatum, 2 feet thick.

. Quarry F: Second stratum, 1 foot thick.

. Quarry F: Third stratum, 2 feet thick..

. Quarry F: Fourth stratum, floor of quarry.

All samples show traces of sulphates and phosphates.

The favorable results in the manufacture of Portland cement obtained from the
use of the limestones just considered will no doubt stimulate further search for
favorably situated outcrops of the same formations, in which the accompanying map,
showing where they may be expected to occur, will be of assistance. i

©OND TN

“MICHIGAN SERIES.

Russell describes the Michigan series as follows:

Another formation containing limestone, present in southern Michigan, is desig-
nated as the ‘‘Michigan series”” on the map [Pl VII], and belongs to the * * *
Mississippian ¥ * *_ The limestones occur principally in the upper portion of
the system and outcrop on the borders of the coal-bearing rocks which form the
surface. They are in great part concealed by glacial drift and other surficial rocks
over an extensive area in the central part of the southern peninsula.

The limestone of the Michigan series outcrops at Bayport and Sebewaing, in
Huron County, on the east side of Saginaw Bay; on the Charity Islands; at Belle-
vue, in the southwestern part of Eaton County; and near the Portage River, about
5 or 6 milés north of Jackson: Other localities where it is accessible no doubt occur.
It has been quarried at Bayport, Bellevue, and. near Jackson, and calcined to make
lime. Its composition, as indicated by the following analyses (stated as published),
is such as to make it suitable for use in the manufacture of Portland cement, but up

. to the present time it has not been utilized for this purpose.

Bull. 243—05——13
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Analysis of limestone from Bayport.

[Analyst, J. W. Langley.]

S S O e 3.330
Oxide of iron and alumina . ... .. ... . .. . ........ll.. s 1.334
Carbonate of magnesia._........o.o.o.ooLoi..C et .944
Carbonate of lime . ... i iiiieiieea.. 91. 538
Phosphorus and sulphur. .. .o.oooeo oo R Trace.
Organic matter and loss. ... oo.ooooiiiii 2. 854

100. 000

(Quicklime, 51.29.) A
Analysis of limestone from Bellevue.
[Analyst, Carl Rominger.] )
Carbonate of lime ........ et e 96. 00

Carbonate of magnesia..... .. .. ... il 1.00

~ Hydrate of iron oxide ... ... . .. iiiiieaiaa .50
Insoluble residue. ... .cooooi oo e ~1.50

‘ 99.00

Analysis of limestone from Portage River.

[Analyst, Carl Rominger.]

.Carbonate of lime ... ... ......... e 96. 90
Carbonate of magnesia. . ... .. Lt 1.00
“Alumina andiron .. .................. e e e aeeaa—aan .. .70
Insoluble residue. - oo an .o e eeeeeeee————an 1.40
99.00

The limestone of the ‘‘Michigan series’’ contains layers that are high in magnesia
_or are otherwise unfavorable for cement making, but in spite of this the formation
is evidently worthy of careful attention from persons interested in the industry
under review wherever it occurs near deposits of clay or shale and is smtably
situated in reference to transportation facilities, etc.

All of the. limestones referred to above are of marine origin and usnally contain
fossils, among which coral is frequently conspicuous. The rocks are usually com-
pact and hard, and if employed in the manufacture of Portland cement must be
crushed and ground to a fine powder. Except for the expense thus involved they
are in certain instances as favorable for the use indicated as the marls described

below. . -
- MARL DEPOSITS.

Russell describes the marl deposits as follows:

Some idea of the abundance and wide distribution of marl deposits in the southern
peninsula may be obtained from the map [PL VIII], on which those it has been
convenient to locate are indicated. This is by no means a complete irdex of the
total number of marl deposits that occur in the area represented, as it has not been
found practicable to make a detailed survey for the purpose of mapping them. Itis
safe to say that those shown on the map are probably less than one-fourth of the
total number that exists in the southern peninsula. Those indicated on the map,
with possibly a few exceptions, have an area in excess of 50 acres, and an average
depth of 10 feet or more.¢. The marl beds of Michigan only are considered in this

aIn the compilation of the data shown on the map, I have been assisted by Dr. A. C. Lane, State
geologist, Prof. C. A. Davis, of Alma College, and others. [Note by Russell.]
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report, but deposits of the same character are known to occur in neighhoring States,
as well'as in the adjacent portions of Canada, but their entire distribution and their
precise relation to climatic and geological conditions, etc., have not been determined.
In extent the marl beds vary from a few acres up to several hundréd acres. Some
of the Portland-cement companies, it is stated, have marl beds from 500 to 1,000
acres in area, with an average.depth of 20 feet or more. Im most instances these
figures probably refer to two or more separate but perhaps closely adjacent beds. It
is safe to say, however, that single beds from 100 to 300 acres in area and with an
average depth of 20 feet or more are not rare.

In depth the marl beds vary from a few inches up to over 35 feet, as has been
demonstated by the writer by actual borings. Other observers report depths up to
50 and even in excess of 70 feet, which are no doubt reliable measures.

The marl beds occur principally in the hasing of existing lakes, but frequently
extend beyond the present water margins and underlie the bordering swamp. They
are present also in many instances beneath beds of peat or muck, from a few inches
to several feet thick, on which tamarack and other trees grow. The presence of
marl beds about the borders of existing lakes and at an elevation in some cases of
10 or 15 feet above their surfaces shows that the lakes have been lowered, usnally by
the cutting down of their outlets, since the marl began to form. In some examples
peat occurs heneath extensive marl-beds, and in a few cases two or three alternations
of layers of peat and marl have been discovered. Usually, however, there is but
one bed. of marl present, which rests on a sandy or clayey hottom. It is evident in
all instances that the marl was deposited in a lake, and that the swamps, or in some
instances the now well-drained tracts where it is found, were formerly. flooded.
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SHALES AND CLAYS.

Surface clays as well as shales from the Traverse and Coldwater
formations have been used in Portland-cement plants in Michigan. In
addition, shales from the Antrim and Saginaw formations may furnish:
‘supplies in the future.

The following descriptions of shales and - clays are taken from Rus-
sell’s report:

The shale of the Traverse group is utilized by the Alpena Portland Cement Com-
pany in connection with limestone from the same formation, and is obtained from
quarries about 7 miles north of Alpena and near the shore of Lake Huron. The
strata are nearly horizontal and consist of alternating layers of fine-grained and uni-
form" bluish-black shale alternating with thin-bedded impure limestone. At the
locality where the quarries are located the shale occurs at the surface, being covered
only by 2 or 3 feet of peat. The same bed is understood to occur in the low bluff
bordering the neighboring portion of Lake Huron. The surface portion of the shale
where now exposed is disintegrated to a depth of a few inches, so as to form a stiff
blue clay, and both the surface material and the unweathered shale beneath are
suitable for cement making. The general composition of the shale is indicated by
the following analyses: ’

Analyses of shale of the Traverse group from near Alpena.®
[Analysts, A. N. Clark (A) and H. Ries (B).]

Constituent. A. B.

STHCA (S05) « -« e e e el 55.95 |  58.60
Aluming (ALOg) - - oo ool 17.43 | 17.66
Ferric oxide (Fe,0,; all iron computed as Fe,Qy) ooeiiot 7.67 7.44
Calcium carbonate (CaCO0g) «oenome oo 2.14 2.14
Magnesinm carbonate (MgCO0s) - . - oo e omee e 1.55 2.14
Alkalies, 88 K00 o oo e SR 2.86 |oeeunn-.
Water, organic matter and difference .................... FR 12,40 | 1197

b o) ¥ ) P 100.00 | 100.00
Ferrous iron (FeO) .. .. ... ._..... s ;1 P,

Another analysis of shale from the same locality as the-above, supplied by the
Alpena Portland Cement Company, is as follows:
- Analysis of shale of the Traverse group from near Alpena.

' [Analyst, 8. H. Ludlow.] o
Silica (810,) - ceceeeeoennnns e e et ieaieiiaiaaaae..lo. DT.96

Alumina (ALOg) ool e e e e e eeaeaemeaaiienaaan 20. 44
Ferric oxide (Fe,Qy) o oo ooie it PO 3.03
Calcium carbonate (CaC03) - eem it o iaticeer e caacceeeaaaaas 9.12
Calcium oxide (Ca0) - ..., .28
Magnesium carbonate (MgCOy) .. ... .._......... Y it 5.02
Sulphuric anhydride (80g) ......... . et eeaaaaaas . .72
Alkalies (Na,0 and K,0) .......... s 3.40

4171 N 99. 97

aGeol. Survey Michigan, vol. 8, pt. 1, p. 16.
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The region in the northern portion of the southern peninsula in which shales of -

the Traverse group may outcrop on the borders of lakes or along streams, or may
be discovered by making small excavations, is indicated on the map.

COLDWATER SHALES.

The Coldwater shales are now being quarried at a locality about 13 miles east of

Union City and utilized by the Peerless Portland Cement Company. At the quarry
referred to the shales are well exposed to a depth of from 20 to 35 feet, are thin
bedded, horizontal, and contain irregular concretions of ferrous carbonate, some of
which are charged with fossil marine shells. The rocks near the surface are much,
weathered and so completely disintegrated that the evenly bedded bluish shales below
pass upward into yellowish mottled clays near the surface. In the manufacture of
Portland cement an approvimately equal mixture of the weathered and unweathered
material is now used. The range in percentage of the several constituents compos-
ing the shale is as follows:

Analyses of Coldwater shale from near Union City.
[Analyst, A, Lundteigen.]

Silica (S10,) oo i it it et 67. 89 to 59. 20.
Iron and aluminum oxides (Fe,0, and ALQ,) ... .................. 29.89 to 23. 33
Caleium (Ca0) - ..o it e 1.42t0 .00
Magnesiom (MgO) -« o oonn i 2.16t0 .26
Sulphuric anhydride (80,) - ..o .o .. o.. e Trace to .00
Alkalies, by difference. ... ...t i it 8.55 to 6.00
Moisture, including water of composition ...... ... ... 20.50 to 10.00

The Coldwater shales are also used at the works of the Michigan Portland Cement

Company, near Coldwater, and there present about the same characteristics as at -

Union City. Their range in composition is as follows:

Analyses of Coldwater shale from near Coldwaler.”
[Analyst, H. E. Brown.]

Silica (SlO,) ..................................................... 57.26 to 61.25
Alumina (AlyOg) oo oo il 18.12 to 21.59
Ferric oxide (Fe,05) - ecaennmiiiae i ia e iaiaineaaaaans 6.53to 8.30
Calcium (Ca0) ... it it 1.25to 1.50
" Magnesium (MgO) . .ooonmn oL ... 1.49to 2.381
Sulphuric anhydride (SOg) - ..ot i e .B5t0 1.34
Carbon dioxide (CO,) «ocenmmii e e cieaceacaaaannn .95t0 1.18
Titaniom oxide (Ti0,) - ccoio oo cicciaiaae .82t0 1.12
Alkalies (Na,0 and K,0) - oo oo i i aiaaaaae 2.25to 3.45
Loss on dgnition.. ... oo il e 6.19 to 8.32

The shales of this formation were formerly used by the Bronson Portland Cement
Company, but have been superseded by surface clays obtained in northern Ohio.
The shale formerly used at Bronson is reported to have the following composition:

Analysis of Coldwater shale from near Bronson.¢
[Analyst, C. J. Wheeler.]

Silica (8i0,) -cooco ... e e e e et 62.00
Alunnm.(AlOd).-.............-....., ........... eeeeeceeite et aaaan 20. 00
Ferric oxide (Fey0y) - o ummnn ot i ie e ce e .8.00
Calcium (Ca0) ..ot aeaaaas .50
Manesium (MgO) - . oo eeieeeeeieeaa 1.00
Sulphuric anhydride (SO,,) ............................................... .50
Organic Matter . cven e e e ittt c it ieee e B, 8.00

B ) 100. 00

aThe plant of the Bronson Porc]and Cement Company, Bronson, Mich., by H. Lewis: Eng. Rec.,
vol, 37, 1898, pp. 470-472; reprinted in The Cement Iudustr) New York, 1900 pp. 33-44.

——
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Other analyses of the shaleg of this formation occurring near Bronsbn, Coldwater,
and at White Rock, compiled from Ries’s report, are as follows:

Analyses of Coldwater shale.
[Analyst, H. Ries.]

Constituent. ~ ‘ Bronson. [ Coldwater. | White Rock.
STHCA (S105) = - e e 62.10 | 53.44 |  58.70
Alumina (ALOg) - oeoeoi i .
ul?nna .(AIZO,,) 20.09 } 94,80 18,31
Ferric oxide (Fe,03) -« o cceieionin i 7.81 ‘
Calcium (CaO) ... oo ceeeaaan .65 (i ) PO,
Calcium carbonate (CaCO;s) ... . .. i feacaaaaoeaaaaaa 1.80
Magnesium (MgO) - oo it .96 W25 aiiill.
Magnesium carbonate (MgCOy) - .. ..ooooooii e .98
Sulphuric anhydride (SOq) «cecoeeieeieaia ... L I P U P
Alkalies (Na,0 and K,0) . .o.oo oo, 3.67
Water and organic matter ..__.__._ .. .. ... 7.90 20..75 9.35
Total ... . o . il.s e 100.00 | 100.00 100. 00

The Coldwater shales occur beneath the surficial deposits throughout an extensive
area in the southern peninsula, * * * but are seldom well exposed at, the surface.
Asnoted by Ries,@ however, extensive outcrops occur along the shore of Lake Huron
between White Rock and Forsyth, and are favorably situated for shipping by water.

At many localities where suitable surface clays can not be had in connection with
extensive marl deposits it may be found practicable to mine the underlying Coldwater
shales, as was formerly done near Bronson, foruse in cement making.,

ANTRIM SHALES.

In addition to the deposits briefly described above, there are two formations in
the southern peninsula which contain shales that, in certain instances, at least, are
worth investigating in connection with the industry here considered. These are the
Antrim shales, which occur at the summit of the Devonian system, and the Saginaw
formation, which forms the upper portion of the Carboniferous system as developed
in Michigan. s

The Antrim shales usually contain a high percentage of organic matter and yield
petroleum, gas, etc., on distillation. No attempts have yet been made to utilize
them for making cement, although their physical properties (except, perhaps, their
toughness, which renders them somewhat difficult to quarry or to reduce to a pow-
der) and their chemical composition make them worthy of experiment in that con-
nection. An analysis of probably unweathered Antrim shale, made for the purpose
of testing its fuel value, published by Ries, ? is as follows:

Analysis of Antrim shale.

[Analyst, W. H. Johnson.} .
Volatile matter. ..ot ceiaaicaaaan 17.96

Fixed carbon..co.ooooio oo L 6.49
Ash .......... o e e et aiaieiaeaaaan 75. 55
40 7 ) U 100. 00

aGeol. Survey Michigan, vol. 8, Pt. T, 1900, p. 44. * bIbid p. 47.
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Analysis of the ash. )
STICE (S105) e mn e e e e e e e e e e 70. 54

Aluming (Al 0g) <ot i ittt eeaeaaaeas 15. 33
Ferric oxide (Fe,0g) o nmnmir i a e it a e ceeeaae e 5.31
Caleium (Ca0) - - e e e ae et meiae e 2.38
Magnesium (Mg0) - ..ocoeo i ans .78
Alkalies, etc., by difference . ......ocooeeoiii i 5.56

s 7 PRI 100. 00

As remarked by Ries, the ratio of silica to alumina in this analysis is unusually
high, but so far as can be judged this material is worth careful investigation on the-
part of cement makers.

The Antrim shales are exposed on the shore of Thunder Bay, and also at several
localities in Charlevoix County, where they are associated with marl deposits. The
availability of these shales in manufacturing Portland cement and the utilization of
the organic matter they contain as a by-product seems to be a possibility worthy of
consideration.

SAGINAW FORMATION.

The shales of the coal-bearing rocks which underlie an extensive area in the central
portion of the southern peninsula, and are well developed in the productive coal
field of the Saginaw Valley, although frequently containing sand, have in some
instances approximately the physical and chemical composition desired in cement
making. The fact that these shales are frequently removed in the process of coal
mining and that facilities for transportation are available claim for them careful
attention as a source of material for use in manufacturing Portland cement.

As stated by Ries,@ three types of shale in the Saginaw formation may be recog-
nized, between which there are intermediate gradations. These are—

Flrst A light-gray, sandy, shaly clay, often quite hard, called ¢ fire clay,”” and
not infrequently containing fossil plants. Shale of this character is present beneath
a coal seam at the mines of the Standard Mining Company, near Saginaw, and has
the following composition:

Analysis of shale from Saginaw.

[Analyst, H. Ries.]

Silica (810,) cvceeeceaeaaa.ns e et teieiaiceaiaeaaas 55.30
Alamina (Al0g) <o m i i e 14. 20
Ferric oxide (FeyO4) - oionimm oo e e 3.62 .
Calcium carbonate (CaC0g) . -« cemmne e e e e eeaans .30
Magnesium carbonate (\{[gCOS) ................. e eeeeeieieaaan, 2.61
Alkalies (K,0, Nag0) - oottt it i e i e 2.15
Water and organic matter. .. .. ... 21.82
Total . i 100. 00
XS ..o e 8.68

This shale is evidently too low in alumina and iron in proportion to the silica
present to be used to advantage in the manufacture of Portland cement as now
practiced.

Second. A black, fine-grained, brittle shale, with dull luster, sometimes termed
“‘cannel coal.” It contains much bituminous matter and would not serve well for
the manufacture of clay products (Ries).

«Geol. Survey Michigan, vol. 8, pt. 1, 1900, pp. 25-38.
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Third. A dark, grayish-black, fine-grained, hard, yet brittle, shale, which is appre-
ciably plastic when ground and mixed with water. Shale of this type is found in

_several of the mines near Saginaw and Bay.City, and is quarried at Flushing for the

manufacture of paving brick. Similar shales are associated with coal seams near
Jackson and may be expected to occur throughout the area indicated as being
occupied by the Saginaw formation.

The chemical composition of the shales just referred to is indicated by the follow-

ing analyses:

Analyses of shales of the Suginaw formation.

Constituent. -1 2 3 4 5 6
Silica (Si0,) -coeoeeao .z ...| 54.50 | 52. 4_5 57.10 | 61.13 | 54.93 41. 38
Alumina (ALOy) .. ...... P 39. 75| 23.27| 20.02 } 26.90 | 31.43 97 02
Ferric oxide (FeZOd) ..... eeu-.  8.50 7.93 8.18
Calcmm(CaO SRR N s 28 DO PR 1.12 .22 .52
Calcium carbonate (CaCOyq) .. f...._... 1.82 B N U PR RO
Magnesium (MgO) ........... 169 ||l 96 1.58 90
Magnesium carbonate (MgCOg)|........ 1.06 O A O TSN A
N. . ?

Sodium oxide (Na,0) -....... 80 0 497 2.76 { ) 7 (?)
Potassium oxide (K,0)....... 2.20 J . 7 (?) (7
‘Water and organic matter ....[ 5.51 9.10 9.76 | - 6.47 7.44 23.11°

Total .. ............... iOO. 00 | 100.00 | 100.00 { 96.58 | 95.60 92. 93
FeOooroiniiiaaaannn. S LA7 | 147 oo,

1. Fine-grained, black shale from Flushing. Analyst, H. Ries. Geological Survey of Michigan,
vol. 3({)t 1, 1900, p. 30.
2and 3. Sh&]es associated with coal at Bay City. Analyst, A. N. Clark. Ibid., 13{) 35-36.
n

4,5, and 6. Coal mines at Bay City. Analyses furnished by the Hecla Portla Cement and Coal

Company Analysts, Lathbury and Spackman.

As shown by these analyses, the shales of the Saginaw formation as a rule are
lower in silica than i3’ deemed desirable for use in making Portland cement, but
certain beds have been recommended by experts in that industry. Evidently any
layer of shale in the Saginaw formation which can be economically mined, and
which is free from sand and other objectionable substances visible to the eye, should
be carefully tested and experlmented with in connection with the industry under
review.

CLAYS.

Surface clays deposited during the Pleistocene period of geological history—that
is, at a late date, and after the land had about its present relief—are abundant
throughout Michigan. These clays were in part left on the surface of the country
directly by the glaciers during the last ice invasion of the Glacial epoch, or in some
instances by streams flowing from the glaciers; in part were laid down in small lakes
and in the waters of the Great Lakes when more widely expanded in certain direc-
tions than at present, and in part were spread out in ‘the flood plains of streams.
These three varieties may be termed, to adopt the classification used by Ries,# drift
clays, lake clays, and river silts.

The drift clays are invariably calcareous and usually contain sand, stones, and
bowlders, and show much variation in composition. They are the most abundant of

aGeol. Survey Michigan, vol. 8, pt. 1, 1900, pp. 48-62.
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the surface clays and frequently form the hills and upland. In numerous instances
they are used in the manufacture of bricks, titles, etc., although in general not well
adapted for this purpose. On account of their usual sandy and stony character and
irregularities in composition, they are seldom worth investigating in reference to the
making of Portland cement. In some exceptional instances, however, the glacial
clays are essentially free from gravel and sand, but contain. at intervals irregular
nodules of calcium carbonate, which, if the material were used in making cement,
would necessitate great care in mixing and grinding to form a slurry.

The chemical composition of typical examples of drift clay, when free from gravel
and sand, is here presented: '

Analyses of drift clays.

Constituent. : 1 2 . 4 5 6

Silica ( SiO;) ................. 54.94 | 45.27 | 46.22 | 40.15| 41.86 52.26
Alumina (A1,0,)....... e 12.14 ) 15.33 | 15.02} 11.25 | 10.70 22.95
Ferric oxide (Fe,0,) .... .. .. 4.88| 6.6 5.49| 4.88| 5.02 8.15
Lime (CaO) ... o.oo.o... 9.13 | 11.32 | 10.85 |........ 14. 33 4.48
Calcium carbonate (CaCOy) «ofeeeeoeefoemeemaiennnnnnn 2143 [oeiieeaeaaas
Magnesia (Mg0)............. 3.65| 4.08| 452(......| 281 1.32
Magnesium carbonate (MgCOq) | . ... .. |oeeeeiiifoeaaan 8.93 |...... P PO
Sulphuric anhydride (8SO,) -..| None. | Trace. | Trace. j..ocecoufoeoaeii]inaiaans
Carbon dioxide (CO,) -....... N cemaeeed] 1456 .o.oo..
Sodium oxide (Na,0) ........ (G2 T N ISP } 206! 280 { --------
Potassium oxide (K,0)....... (3 T PR PRI * R N | PO
Water and organic mattere._.| 12,44 { 13,75 | 15.31] 11.30 8.00 10. 56
Sand . .o 3.44 5 PO SOOI

Total. ... ... S 97.161 98.84 | 98.61 |........| 100.08 99. 72

aT,0ss on ignition..

1. Brickyard near Pinckney, Livingston County. Furnished by Standard Portland Cement Com-
pany. Analysis by E. D. Campbell.

2. From 3 miles north of Jackson. Furnished by Standard Portland Cement Company. Analysis
by E. D. Campbell. : . - .

3. From near Stockbridge, Ingham County. Analysis by E. D. Campbell.

4, Frr?m Tonia, Ionin County. Analysis by A. N. Clark. Geol. Survey Michigan, vol. 8, pt. 1, 1900,
pp. 51-53.

5. From negr Jackson, Jackson County. Analysis by H. Ries, Geol. Survey Michigan, vol. 8, pt, 1,
1900, pp. 56-b2.

6. From Springport Township, Jackson County. Analysis by Mariner and Hoskins. Geol. Survey
Michigsm, vol. 8, pt. 1, 1900, p. 60.

The lake clays are well represented, especially about the border of the southern
peninsula, as between Detroit and Ypsilanti, about Port Huron, South Haven,
widely over the Saginaw Valley, and in numerous local basing throughout the State.
In the Upper Pensinsula extensive deposits of exceedingly fine-grained, laminated
pinkish clay, deposited from the water of Lake Superior when more widely expanded
than now, occar in abundance at Sault Ste. Marie, and have a wide distribution west-
ward, as at Marquette, Escanaba, etc. The chemical composition of thig extensive
deposit ig indicated by analysis 6 in the following table, which shows that it is suit-
able for cement making.

The lake clays here referred to are characteristically fine grained, many times
almost entirely free from grit, highly plastic, and uniform in composition. Asshown
by numerous chemical analyses, however, they are what are termed ‘‘lean clays;”
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that is, not high in alumina and ferric oxide in proportion to the silica present, and
not, as a rule, considered favorable for cement making. These properties and.the
usual presence of lime, together with the frequent occurrence of sulphuric anhydride,
are shown by the following analyses:

Analyses of lacustral clays.

Constituent. 1 2 3 4 5] 6

Sand ... e 151 ... (?) feemeene-
Silica (Si0p) cvveenaaan | 49.75 | 49.34 | 66.49 | 47.75 | 46.40 61. 62
Alumina (ALOg) ... ... .| 13.06 | 14.50 9.87 | 17.60 } 16.4 { 17.20
Ferric oxide (Fe,0g) ... ...._.. 5.31 5,37 4, 87 9.13 5.99
Lime (Ca0) .oooeiiaooiiit 10. 86 9.75 472 |eocae e 5.62
Calcium carbonate (CaCOg) .- -|-eocoooofoeoooioaaios 2.60 | 25.36 |......-.
Magnesia (MgO) ._........... 4.28 4.77 1.22 || 2. 82
Magnesium carbonate (MgCOg)|ecccamee|aeceaa ] eeaaaaas .70 4.30 |cenoenan
Sulphuric anhydride (SOg)....|........ 13 .62 ... I .46
Sodium oxide (Na,0)......... ) ) (?) } 0 91 { ................ ‘
Potassium oxide (K,0)....... (?) () (€0 1 N I O
Water (H,0) - ooeeeenno.. a15.07 {«15.55 | @9.86 | 22.01 | 7.00| @5.34

Total..ceeeeoaaaiaan. 99.13 | 99.25 | 98.66 | 100.00 | 99.46 99. 00

a Loss on ignition.

1. From near Chelsea, Washtenaw County. Analysis by E. D. Campbell.
2. From near Fenton, Genesee County. Analysis by E. D. Campbell.
3. From near Farmington, Oakland County. Ana]ysis by E. D. Campbell.
4. From near Saginaw. Analysis by H. Reis. Geol. Survey Michigan, vol. 8, pt. 1, 1900, p. 55.
B5. From Wyandotte; used in cement making by the Michigan Alkali Company. Analysis by O.
utton.
6. Sault Ste. Marie. Analysis by E. D. Campbell.

The river silts occur on the border of many streams, sometimes in terraces a few
feet above their surfaces. Although in many instances available for brick and tile
making, they are usually too sandy to be employed in manufacturing Portland
cemen} without being ground, so as to have the requisite degree of fineness—that is,
s0 as to pass through a sieve with 150 to 200 meshes to the linear inch. No analyses
of typical examples of the river silts are available, but as the deposits are derived
mainly from the drift clays, they no doubt have the same composition, lacking,
perhaps, some of the calcium carbonate and alkaline salts.

In general it may be said that the surface clays of the Southern Peninsula are not
favorable for use in making Portland cement, although some of the stony clays, if
crushed sufficiently fine, may be employed for that purpose. Reference is not here
made to the decomposed outcrop of the shales described in the preceding section,
which might perhaps be taken for surface clays, some of which have been used with
favorable results. In reference to the surface clays of the Northern Peninsula little
accurate information iy available, excepting the analysis of a representative sample of
the extensive deposit of pink clay near Sault Ste. Marie, given above.

In a summary of the results of Ries’s investigations of the shales and clays of
Michigan, already referred to several times, A. N. Clark remarks as follows: ¢

“TFor use in the manufacture of Portland cement the shales of the Coldwater series
are best adapted. The shales of the Michigan series are algo good if not too high in

aGeol. Survey Michigan, vol. 8, pt. 1, 1904, p. 64.

—— A A
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goluble galts. Some of the Coal Measure shales, which are often too gritty, and some
of the clays derived from the weathering of these shales or the Devonian black shales,
may be suitable. Surface deposits of clay of any size are, almost without exception,
either too calcareous and irregular in composition or too gritty to be desirable.”

The difficulty of obtaining a suitable clay to use in connection with the marl
deposits of the southern portion of the Southern Peninsula has led several of the
Portland cement companies now in operation in that region to employ clay brought
from Ohio. The most of this material comes frow Milbury and Bryan and is a
lacustral clay, deposited from the waters of the Erie basin (Glacial Lake Warren):
when more widely expanded to the southwestward than now. Its composmon is as
follows:

Analyses of Ohio clays.

Constituent. . . 1 2

STHCR (S104) - e e e ee e 662.55 | 61.03
Aluming (ALOs) «eoomiee e 17.46 | 18.10
Ferric oxide (Fe,03)......... e emeeeeameeaa s 5.08 6. 65

S Lime (Ca0 ) e ieeeeeceeeeaanans 2.30 1.29
Magnesia (MO) oot ittt cieaaacaaaamaaeaan 1.67 .53
Sulphuric anhydride (SO3) . ... . ot it Trace. 1.05
Loss on ignition ... i 5.55 9.21
Total .. ooonoeeenen ... [N 98.37 | 89.86

aWith the silica iy included 8.76 per cent of fine sand.

1. Milbury. Analysis by E. D. Campbell.
2, Bryan. Analysis by John G. Dean and N. 8. Potter, jr.
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PORTLAND CEMENT RESOURCES OF MINNESOTA.

Of the limestones occurring in Minnesota, only one is usually suf-
ficiently low in magnesium carbonate to be worth considering .as a
Portland cement material. This is the limestone described as ‘‘ Tren-
ton” in the section on Iowa, pages 147-165 of this bulletin. Mr. Ulrich
states that this nonmagnesian formation is well developed in southern
Minnesota, particularly in the vicinity of Wyckoff and Spring Valley.
The pure limestone beds in these localities are both underlain and over-
. lain by shale, which might prove available for use in the mixture.

PORTLAND-CEMENT RESOURCES OF MISSISSIPPI,

No cement of any type has ever been manufactured in Mississippi,
but several large limestone areas occur in the State, and at least one of
these is so well located with 1espect to fuel supplies and transporta-

tion routes as to give promise of being of future 1mporta,nce asa

source of Portland-cement material.

The available limestones of the State may be grouped and described
under three heads, the third being the most -promising as the possible
basis of a cement industry.

The three groups noted are:

(1) Mississippian (Lower Carboniferous) limestones.

(2) Cretaceous limestones (Selma chalk or ‘‘ Rotten limestone”).

(8) Tertiary limestones (Vicksburg limestone).

The distribution of these formations is shown on the geologic map
(PL. II), which is based on recent work by the United States Geological
Survey.in Mississippi.

MISSISSIPPIAN (‘‘LOWER CARBONIFEROUS”) LIMESTONES.

In the extreme northeastern corner of Mississippi, in the counties
of Itawamba and Tishomingo, there is a small area of Devonian and
Carboniferous rocks. These include shales, thin sandstones, and
limestones. The limestones, which are mainly of Mississippian (Lower
Carboniferous) age, are frequently low in magnesia, and are otherwise
suitable for use as Portland cement materials. At present, however,
the most promising localities of these limestones have no adequate

transportation facilities. This fact, together with the nearness of the

soft and easily crushed Selma chalk, will probably serve to prevent
the utilization of the Carboniferous limestones in the near future.
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The following analysis of a limestoﬁe from Cypress Pond, Tisho-
mingo County, is by Dr. E. W. Hilgard:

Analysis of Mississippian limestone.

Silica (BI04 ) - ccme e e me it it et eeeeeaaans 1.68
Alumina (Aly0g) - oot it et teeaieaeaaaaaaan ,} 58
Iron oxide (Fe,Og) -cnveun-... e et et meeacemeeeaeaann

Lime (0a0) o ouoeta i et el e 53.49
Magnesia (MgO) - .o omnn i iiciiieaianns .82
Carbon dioxide (COy) - - enmii i it iicia s 42.03
Water........o..o.... e et eeeeeeeeeeeeeaeeeieeaaaaas .- L34

CRETACEOUS LIMESTONE (SELMA CHALK OR ‘‘ROTTEN LIMESTONE”).

The Selma formation of the Cretaceous is a thick series of chalks,
chalky limestones, and more or less limy clays, which are well exposed
in northwestern Mississippi. The area occupied by these limestones
is shown on Pl II, and a very detailed description of the Alabama
areas of Selma chalk is given in Doctor Smith’s discussion of the
cement resources of Alabama in this bulletin (pp. 72-77).

" Thickness.—The Selma chalk attains its maximum thickness in cen-
tral Alabama, reaching a total of about 1,200 feet. Westward it
decreases slightly in thickness, the well at Livingston, Sumter County,
Ala., giving a total of 930 feet, while the well at Starkville, Oktibbeha
County, Miss., taken in connection with surrounding outcrops, indi-
cates a thickness of at least 700 feet. As the belt turns northward
toward Tennessee the Selma formation decreases rapidly in thickness,
while at the same time the limestone beds contained in the formation
become fewer and thinner, until in Tennessee the Selma is a thin
series of somewhat calcareous clays, with only occasional beds of chalk.

. Stratigraphy.—Owing to the rapidity with which it disintegrates
when exposed to atmospheric action, surface outcrops give compara-
tively little information in regard to the stratigraphy of the Selma
formation. Fortunately a very precise section of the Selma chalk,
taken at & point where it is almost of maximum thickness, is in exist-
ence. This is embodied in the record of a well drilled at Livingston,
Sumter County, Ala., and quoted by Dr. E. A. Smith in his Report
on the Geology. of the Coastal Plain of Alabama, pages 277-278. The
well was located just south of the boundary hetween the Selma and
Ripley formations, and reached a depth of 1,062 feet, so that it passed
through the entire thickness of the Selma cbalk and into the under-
lying Eutaw formation.

The section of this well is given below. The upper 20 feet are,
according to Smith, probably in part Lafayette and in part Ripley.
From a depth of 20 to 950 feet the well was in-the Selma tmmatlon
while from 950 to 1,062 feet it was in the Eutaw.
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Section of well at Livingston, Sumter County, Ala.

Thick- Depth.
Lafayette and Ripley: ' . Feet. Feet.
Sandy loam .._.._.... e eeaeeens eeeeeeeeeaaaeaas 1
Coarse, dry sand ..... ... . ... ... e eeeeeeaeaanan 12 1- 13
White quicksand - ... .. . i 7 13- 20
Selma chalk: ’ i .
Soft blue limestone, many shells and pyrite nodules ... 180 20 - 200
White limestone, harder, few shells or pyrite nodules. . 50 200 - 250
Hard blue limestone, no shells or nodules. ............ 7| 250 - 257
Bluish-white limestone, less hard, no shells or nodules 68 257 ~ 325
White limestone, very hard ..._............_. e 55 325 - 380
Light-blue limestone, softer ... . ..........c..oo oL 47 380 - 427
Bluish-brown rock, small shells, some sand ......._... 58 427 — 485
Hard, white limestone . .. ..ovoueoeeeeeeeooaaaae o 105 | 485 — 590
Soft, reddish-brown r0ek. . ... .ooeeeoieeo © 2| 590- 592
Soft, deep-blte T0Ck - - -« oo oo 20| 592 - 612
Brownish-blue rock, moderately soft. ..._.._.._... . .. 78 612 — 690
Hard, gritty, blue rock... ... ... ... ... . ... 3 690 - 6903
Dark-bluish rock, soft.. ... ..o ..o i ol 93| 690%- 700
Soft, whitish imestone. . . -« «veeueeeraeaeaaaea... 250 700 - 950 .
. Eutaw sands:
Hard sandstone - ... ........oooiciiioiiionn Feeceaann 6 950 - 956
AN . ieiieeceeaaae 10 956 — 966
Sand rock..... el et s -1 966 — 967
Coarse greensand . .. ... .. ... .ol 38 | 967 -1,005
SANASIONe. - - o 211,005 -1,007
Greensand - ...l iiiiiiaaaan . 25 | 1,007 -1, 032
SANASIONE - - oo e e e e 2| 1,082 -1, 034
Coarse greensand .. ... ... ... ... 18 | 1,034 -1,052
Flint rock. ..o oo 111,052 -1,053
Very fine greensand . ... ....ocooooioiiioei . 9| 1,053 -1,062

Descriptions of localities.—During 1904 the Selma chalk was care-
fully mapped throughout the Tombigbee River basin by Mr. A. F.
Crider. The result of this mapping is shown on Pl. II.

In the following pages descriptions will be given of the various
localities visited during this work. .Samples were taken from all of
these localities, and many of these samples have been analyzed, the
results being given below.

The descriptions are given in order, gomg up the Tombigbee River
from the Alabama-Mississippi line.
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The following four analyses, by Prof. W. F. Hand, State chemist,
are of samples of limestone from various points in Oktibbeha County,

Miss.:
Analyses of Selma limestone from Oktibbeha County, Miss.

1 2 3 4 Average.

Silica (8i0g) - cooii i 2.89 2.33 3.03 2. 55 2.70
Alumina (ALOg) cecaoon ...

Tron oxide (Fei00) oo } 153 L72| 192 196| 178

Lime carbonate (CaCOy) .coueoeo..o.... 94.10 | 94.35 | 93.60 | 94.07 94.03
Magnesium carbonate (MgCO;)........ 1.84 1.82 1.64 2,12 1.85
Water «ooeeeeraaaannn eeteaeaaeaas .36 44 .42 .52 " 44

At the big elbow-bend in Oaknoxubee River, a quarter mile below
the wagon bridge at Macon, the river has formed a bluff 75 feet
high on the south side of the stream. The entire cliff is made up of
the Selma chalk. It is a solid mass of white chalk, nonfossiliferous,
and apparently without bedding planes, but viewed at a distance the
stratification of the material is shown by the unequal hardness of the

~strata, causing some to weather more rapidly than others. Therve is a

marked dip to the south. All the smaller streams flowing into Oak-
noxubee have channeled their beds into the pure white limestone. A
sample was collected from the bluff on the Oaknoxubee River.

The following analysis of this sample was made by H. C. McNeil in
the laboratory of the United States Geological Survey:

Analysis of Selma limestone from near Macon, Miss.

Sl (810, ) - ottt 9.09
Alumina (Al Oy ) <o e et } 7.47
Tron oxide (Fey0g) oot e e

Lime carbonate (CaC0y) .- oottt i ie i e ca e etcaaas 80.99
Magnesium carbonate (MgC0,) oo oo oo oo imi it iie i, .00
37 1.08

The town of Scooba is in the Flatwoods area, which is underlain by
clays of the Midway group. The road from Scooba to Dekalb is
through the Midway until Sucarnooche Creek is reached, 2 miles east
of Dekalb. The hills of the Laramie formation begin just west of
the creek and rise 250 feet above the creek, barometric reading.

The material here forming the Midway is a gray, plastic, nonfos-
siliferous clay (*‘ popping clay”). It makes a cold soil, very sticky -
and plastic when wet, and when it dries out it cracks open so that one
can thrust bis hand 6 or 8 inches into the opening.

But little of the Flatwoods area is cleared and put in cultivation,
and this only where there is a little remnant of Lafayette sand left.
The Latayette formation is practically wanting over the entire area of
the Flatwoods. S '

Bull. 243—05——14
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The timber is short-leaf pine, post oak, scrub hickory, black-jack,
_and black gum, with an occasional white oak and holly.

The town of Dekalb is near the east edge of the Lagrange forma-
tion. One and a half miles northeast of the town, on Sucarnooche
Creek, is a bed of lignite 3 feet thick, which outcrops a few feet above
‘the bed of the creek. This bed has been opened up with a view of
developing the vein. A level was run 20 feet into the hill and consid-
‘erable lignite taken out. It was found to be of excellent quality, and
was burned in the office of the chancery clerk, Mr. S. O. Bell, at De-
kalb. The following analyses were made, No. 1 by J. C. Long and
No. 2 by R. T. Pittman.

Analyses-of lignite from Dekalb, Miss.

1 2
Fixedcarbon. ... coiiiei e e 41.83 40. 80
Volatile matter. . . ... oo.e e e 46.82 | 41.48
ASh e eiiaaaan eeeeeat 7.94 17. 64
" Moisture........... i) 2,18 n. d.
SUIPRUT. « -« ce oo et e aeeen] 128 LT
. Specific gravity . ... ... ool PR S < < 8 1.33

The lignite is overlain by a bed of gray clay and this by stratified
red, yellow, and white sand, with occasional bands of ferruginous
sandstone in the sand. On these hills there is a deposit of Lafayette
that reaches in places a thlckness of 20 feet, and in this theIe is con-
siderable sandstone.

The Lagrange around Dekalb—the eastern edge of the formation
and therefore made up of its basal beds—is a mass of unconsolidated
sand and sandy clay, which is easily eroded. The country is rough,
being cut up into deep ravines and narrow valleys.

The hillsides, when properly taken care of, are fertile, and the un-
cleared.land has a fine growth of pine, poplar, white oak, and hickory.

Two and one-half miles east of Scooba, on the west bank of the creek
shown on the map (Pl. II), is the first outcrop of Selma, chalk on the
Scooba and Gainesville road.

A sample of limestone was taken from this outcrop by A. F. Crider
and was analyzed- by W. S. McNeil, in the laboratory of the United
States Geological Survey, with the fo]lowmg result:

! Analyszs of Selma limestone from near Scooba, Miss.
Silica (B10;) evenon i 16.48

Alumina (ALOg) ool et s } 6.97
Iron oxide (Fe,04) -..-... e e e ie e )

Lime carbonate (CaCog) - -« i i imacceacia e 74. 34
Magnesium carbonate (MgCo,) . ................ e .67
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There is a change in the character of timber as soon as the Selma
area is reached. Short-leaf pine, which occurs so abundantly in the
Flatwoods, is wanting except in the old ‘‘turned-out land.” Black
oak is the principal timber in the Selma chalk. Some post oak and
hickory occur. The pine is wanting at a distance of 2 miles east of
Scooba, which would perhaps bring the contact between the Selma
and Midway one-half mile west of the Selma outcrop.

Two miles east of Scooba and one-half mile south is another outcrop
of limestone, more sandy than that 24 miles east of Scooba. This is
perbaps of Rlplcy age.

Between Pbrtersvi].le and Oakgrove, in southern Kemper County,
on the west side of Pittiefaw Creek, the Lagrange hills begin and
extend westward. On land belonging to Mr. M. L. Nailer a bed of
lignite, reported to be 4 feet thick, has been opened.

Sucarnooche Creek marks the west edge of the Midway group from
23 miles due east of Dekalb to about 3 miles north of Oakgrove.
Here the Porters Creek area widens and its west edge swings in to
-within 24 or 3 miles east of Oakgrove, then follows a southeasterly
direction and crosses the Kemper and Lauderdale County line ahout

- 3% miles west of the State line. .

On the west side of Quilby Creek, where it runs south along the
State line, 7 miles east of Sucarnooche, the Selma chalk forms a small
bluff. The prairie soil extends back for 2 miles farther west. On the
east side of the creek, about 100 yards in Alabama, the Selma chalk
forms a bluff a little higher than on the opposite bank in Mississippi.
Here what is taken to be the top of the Selma chalk is found. The
top of the bluft is capped by a coarse-grained sandstone, cemented by
lime carbonate. ~ In it are lime concretions the size of a closed hand.

The upper beds of the Selma chalk also appear in the bluft on the
east side of Quilby Creek, 7 miles east of Sucarnooche.

An outcrop of Selma chalk shows on Scooba and Fox Prairie road
where it crosses Bodea Creek, about 2 miles west of the State line.

A sample collected from this outcrop by Mr. Crider was analyzed
in the laboratory of the Uniteéd States (xeologlcal Survey by W. S.
MecNeil.

Analyses of Selma limestone from Bodea Oreek, Mississippi.

Silica (S105) wuemeemmao i . L 10. 60
Alumina (Aly0,) < u oot et ][ 5.90
Tron oxide (F,04) -cooaoi oo e ’

Lime carbonate (CaCO,) - cicenoc e i iiecaccaaaas eeeeenano.. 82,47
Magnesium carbonate (MgCO,) -..... e e et Tr.
173 PN .82

Three miles north of Scooba the west border of the Selma chalk
outcrops in a series of hills forming the south bank of Wahalak Creek.
The bottom of the Wahalak is here 1% miles wide, the south bank
retreating more rapidly than the north side. The creek has cut its
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channel into the Selma chalk, which outcrops almost continuously
throughout its course. The limestone occurs up the creek about 6% to
7 miles northwest of the town of Wahalak, but the Porters Creek
clay occupies the country on either side of the creek. The hill just
east of Wahalak is of Porters Creek clay, which is not over 15 feet
thick. -

A sample of limestone was collected by A. F. Crider from the bed
of Wahalak Creek, about 1% miles south of Wahalak. This sample
was analyzed by W.S. McNeil in the laboratory of the United States
Geological Survey, with the following results:

Analysis of Selma limestone from near Wahalak, Miss.

T 6 T IS 20. 00
Alumina (AlOg) - oo e

Tron 0xide (Fey04) - « - e wenemem e e e e e } 8.92
Lime carbonate . ... ... .. l... e 68.91
Magnesium carbonate. ... ..o it iaieaaeaaas Tr.
Water ..ol R 1.03

A sample of the Selma limestone was taken from the bed of Wahalak
Creek, 14 miles south of the town, and on the range of low hills on
the south side of Wahalak Creek, 13 miles southeast of the point where -
the Mobile and -Ohio Railroad crosses the creek, another sample was
taken. '

At the top of the Selma chalk there is about 10 feet of a sand rock
cemented with lime carbonate, which contains numerous little bivalve
shells, This is the same kind of stone as that found 7 miles east of
Sucarnooche. There is no evidence of any Midway limestone any-

~where from Wahalak to the Alabama line, and this is the only place
where the sandstone was seen in Mississippi. ‘

The Midway or Flatwoods clay is well shown near. Scooba, Miss.
A sample collected by A. F. Crider was analyzed by W. S. McNeil in
the laboratory of the United States (teological Survey. The result is
of interest because clays of this type occur everywhere near the west-
ern edge of the Selma limestone area, and such clays will be needed to
reduce the percentage of lime carbonate found in some of the purer
samples of Selma chalk.

Analysis of Midway clay from Scooba, Miss.

Silica (10} - mm e ee e e e S 61.92
Alumina (AlOs) - oo e i e 19.47
Iron oxide (Fe,0,)-ccooee... . e 2.81
Lime (Ca0) o o i ~.00
Magnesia (MgO) .. nce ittt e e 1.98
S0da (N2,0) - - eeee et e e e .50
Potash (K0 ) oo e i .00

Loss on 3gnition. ... oo e 12.29
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A sample of Selma chalk was taken from an old rock quarry situated
on the southwest side of Bogue Chitto Creek, one-half mile east of
Prairie Rock. This limestone differs from that along Oaknoxubee
River, in the vicinity of Macon, in that it is much harder. In the
unweathered state of the Macon rock, it is very soft and noncrystal-
line. One can easily stick a pick into it. But the limestone at Prairie
Rock is a hard so-called ““flint rock,” crystalline in character, and is
used for building purposes. The rock at Macon, when exposed to the
weather, becomes white as chalk, that at Prairie Rock weathers to a
dirty gray and contains some traces of iron stain on the weathered
surfaces. This is due to the oxidation of the iron sulphide (pyrite),
which is found in small concretions in the fresh rock. '

An analysis of this Prairie Rock limestone, made by W. S. McNeil,
in the laboratory of the United States Geological Sulvey follows. It

will be seen that the stone is a very pure hmestone in spite of the man-
ner-in which it discolors on weathering.

Analysis of Selma limestone from Prairie Rock, Mississippi.

Silica (810, - et mn i e e e aeieeaeecaaaaa 1.13
Alumina (ALOy) ........ e e

Tron 0Xi48 (FEy03) -+ - - e e el } -68
Lime carbonate (CaCO,) ... .evenieeeean... B U 98.36
Magnesium carbonate (MgCO;z) . ... ..o iaoL s tr.

B =Y N .40

The rock breaks down easily when exposed to the weather, and
hence is-not now used for extensive building purposes. Itis, however,
the only road material found in this section of the country. It has
been used on the 1oad across Bogue Chitto swamp, but is unsatisfac-
tory.

Men familiar with the country say that this hard limestone is very
thin—only about 4 feet thick—and occurs near the surface. Below
this hard stratum comes the soft, whiter ‘‘rotten limestone,” which is,
on an average, 20 feet thick. Below this comes the.* blue rock,”
which holds water. In dlggmo cisterns, the farmers always le down
to the “ blue rock,” which requires no curbing.

There are two kmds of soils in the prairie section, the ‘‘post-oak?”
land and the ‘‘prairie” proper. The former is the highest land
between the stream divides, which has suffered but little erosion. It
is very level sloping gently to the streams. This post-oak land is
covered with a thin coating of Lafayette, clayey sand, never over 10
feet thick, which has never been all carried away by erosion. The
uncleared land produces post-oak and some black-oak timber.

The ““praivie” land is that from which the Lafayette has been
removed, and the black, rich loam, formed from the decomposition ~
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of the Selma chalk, comes to the surface. The limestone never comes
to the surface except along the streams.

When the country was first settled this black prairie soil was too
strong for cotton. It produced a large stalk, but very little cotton.
Until recent years all the cotton was planted on the poorer *‘ post-oak”

-lands, and the prairie lands were put in corn. But after years of con-
tinuous crops of corn the prairie land became the best cotton land,
and now the finest cotton grows on the prairie lands.

Later investigation around Columbus and Aberdeen has Vellﬁed
the fact that the land known by all as the ““post-oak land,” as distin-
guished from the black ¢prairie soils,” is the land hom which the
entire Laytayette has not been removed. The soil is not so rich as
the prairie soils, and has been largely abandoned for cultivation.

The following well sections are of interest in this connection:

Well at Ravine, on land of J. Q. Poindexter.

a o Feet.

Selma chalk ... i ieceeciieecacaaecna———- 250

Sand, water bearing, and principal source of water._._.._...__ eemteaeecnannas 475,

Red Clay . oo e et ieeaann e 50

01 O ena 725

‘Water rises within 26 feet of surface. Water soft. :

Well 2 miles due east of Rcwme, on Sebe Gavin's land.

Feet.

Depth of well ._...._....... e e et e eeeiecaeicacccencaaann 431

Water flows 16 feet above surface.
‘Weil on Doctor Patty’s land, near Bigbee Valley post-office.

. - Feet.

Depth of well. .o i e eiiaiaacaaana- 431
Water flows 20 feet above surface. Water found in sand, and soft.

Well at Bigbee Valley post-office, sec. 16, T. 16, R. 19 E. ’ .

. eet

Depth of well. .. ..o S . 460

Thickness of Selma chalk .._._._.. S R 200
‘Water flows 20 feet above surface. . e

Well in sec. 21, 1. 16, R. 19 E.

. Feet.
Depth of well. oo e eeeeeeeeeatacanaaaana 444
Thickness of sand . .. ... iieciaciaciaaa 200
Flows. '

Well at Cliftonwville.

) . Feet.
Limestone - o e 300
Dark sand, dry.. ... ... coeeeeiiaenian. R (
White sand, water-bearing. ... .. L L i.i..l e 20
Dark sand, dry ..o 10
White sand, water-bearing................ e e et eeaaeaaas .40
Ferruginous sandstone. .. ... .. iiiiiiiiiiaiaias 1

Depth of well, 450 feet; 300 feet in limestone, 150 feet in sand.:
Source of water, green sand. .
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Well on A. G. Cunningham’s land, 1% miles west of mouth of James Creek.

) Feet.
Depth of Well. .o e et teececaaceeaaeaeaeaaanas 500
Thickness of limestone. .. ... oo - 100
Well is 75 feet above Tombigbee River. Water overflows.

Well at Pickinsville, Ala., on land of Will Rodgers. .
. . . eet
Thickness of limestone.............. S et ee—as 100
. Depthof well.__.__.. . ... ... e 400

Flows.

All wells mentioned above except the-first one were drilled by J. B,
Cunningham, Cliftonville, Miss., and the records were obtained from
‘him. The well drillers fail to make any distinction between the lower
~ Selma and the upper Eutaw, so-that their records can not be depended

‘upon for determining the thickness of the Selma.

A sample of sandy limestone was obtained from the mouth of James
Creek, on Tombigbee River. Along the Tombighee at the mouth
of James Creek there is an exposure of a green-sand clay containing a
large amount of lime. Fifty feet above the river, 14 miles west of
the mouth of James Creek, another sample of limestone was collected.
The limestone here is similar in color and general aspect to that on
Tombigbee, except that it has less green sand. .

Farther west the limestone rarely shows at the surface. Itisclayey
in character and easily dissolved by the weathering agents, so that it
breaks down into soil faster than it is carried away by erosion.

At Cliftonville, which is 75 feet above Tombighee River (barometric
reading), there is a hard cap rock, 2 to 4 feet thick, found on top of
the hills in the vicinity of .the town. This a hard ‘‘lime” rock, sim-
ilar to that found at Prairie Point. o

Below this hard cap rock comes what is called the *“blue rock.” A
sample of it seen at a well dug years ago shows that it is similar to the
rock at Cunningham Hill, except that it contains no sand. Where
the blue rock comes to the surface it forms a belt of the richest soil in

the prairie region. The soil is very deep, black, and loose. More
.cotton and corn are raised to the acre here than in any other section
of the State. _

West of this region the land becomes higher, and the Lafayette
occupies the surface on the ridges.

Six miles north of Macon, on the Macon and Columbus road, the
limestone begins to show at the surface in small gullies. The rock is
harder than the blue rock along the Tombigbee, and therefore occurs
more frequently.

A sample collected from this locality by A. F. Crider was analyzed
by W. S. McNeil in the laboratory of the United States Geological
Survey.

°
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Analysis of Selma limestone from locality north of Macon, Miss.

SIEa (S104) - c e iee e e e et eiee deeeceeeteceenan—an- 8.52
Alumina (AL Oy Lo ieeeeieeeiaaas S 1 6. 60
Iron oxide (Fe,04) - cooooimi e e

Lime carbonate (CaCOsg) -t eia e caaan s 83.88
Magnesium carbonate (MgCOS) ...... SN ceeeens .00
Water ..ol A 1.00

Farther south, along the Macon and Columbus road, the limestone
begins to show in every gully and on every hillside. At some places
on level ground the soil is not over 12 inches deep.  In this vicinity are
the bald prairies, where large areas of this white limestone are exposed
without a particle of soil or a blade of grass. A sample of the rock
was taken 3 miles north of Macon. '

A sample of Selma limestone was taken at a point north of Lime
Rock, 5 miles east of Shuqualak, on Oaknoxubee River, where a bluff
50 feet high is composed of typical Selma chalk. The following anal-
ysis of this sample was made by W. S. McNeil, in-the laboratory of
the Umted States Geological Survey:

Analysis of Selma limestone from near Shuq'ualak Miss.
Silica (Si0g) cvcoivenaaanaaanaasns e icececiacacaaaaan 8.06

Alumina (ALOg) - n ot e i } 5.94
Iron oxide (Fe,Oy) - oo e o

Lime carbonate (CaCO;) ... ..o it it iaie e ciaaeanaan, 84. 61
Magnesium carbonate (MgCO;)......_............. e e .06
Water ...._...... SRR i i. 132

The Tombighee River at Columbus has cut its channel into the Eutaw
sands, forming a bluff on the east side 90 feet high. The material
composing the bluff here is a sand that is greenish when wet and gray
when dry. It contains a small amount of lime carbonate. At the

upper part of the bluff the sands are of lighter color, and at the top
are of a light golden yellow. This was the color of sand when depos-
ited, and is not due to oxidation. Numerous little branching concre-
tions, which are perhaps some kind of badly preserved fossils, occur
in the lower portion near the water. The upper.part of the sands
contain two species of large oysters, which also occur jn the Selma.
The river at the town is now hugging the east bluft, and the bottom,
which is 3 miles wide, is all on the west side. A short distance above
the town, however, the reverse is true, the bluff being on the west
side and the bottom on the east.

At the west edge of the bottom the heavy, bla,ck prairie soils of the
Selma chalk appear as soon as the little hills are reached. The bottom
extends northward to the little creek that flows northeastward into the
river 3 miles above the town.

At a distance of 4 miles above town the bluft on the west side of the
river reaches about the same height above the stream as the bluff at
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Columbus. It extends for 1 mile along the river as a perpendicular
clitt that affords a fine section of the upper Eutaw and the base of the
Selma. At the top of the bluff, the low hills on the west come down
to the river. The same heavy, black prairie soils which come within
3 miles of the river due west of Columbué, here come down to the
edge of the bluff.

Thc iollowmg is a section of the bluff obtained where the road comes
down to the river:

Section of bluff of Tombngee River 3 7mles west of Columbus, Miss.

Lafayette at top.
Selma: Feet. In.
“Blue rock” of the Selma; a white to gray ]omt clay containing less
sand at top than at bottom. In its unweathered condition the clay is

pale blue, with green and black sand ... .. ... ... .ol 10 8
Eutaw: '

Green sand, highly calcareous, and containing numerous large oysters.. 9 5

- Indurated ledge of greensand, calcareous, and containing same fossils
asNo. 9. .. ....... % e e eemcectaececaecaranas 8 12

Lighter colored sand, containing very few small fossils but no large
L0 U 7 14
Green, sand, nonfossiliferous......... ... . .. ..l 6 6
Slightly fossiliferous, gray micaceous sand................ooiiil "5 b
Indurate ledge, slightly fossiliferous sand ... .. . . .. ... ... .. 4 10
Green sand, containing same large oystersasNo. 9....... ... ... ... .3 4
Indurate ledge . . oo eec e 2 8
Fossiliferous greensand to the water'sedge...............o....o..L 1 4

The prairie soil of the Selma extends to the river north of Columbus,
but is not found east of the river. From Columbus south to the south
side of M. C. Gower’s creek on the west side of the river the Tombighee
bottom ranges in width from 2 to 4 miles. South of this creek the
bottom changes again to the east side, and the Selma extends to the
river. :

At the mouth of James Creek the same joint clay that is seen above
Columbus occurs en the east bank of the creek, about 10 feet above
the water’s edge.

Eight nnles east of Columbus, on the Columbus and Tuscaloosa
road, the hills of the Tuscaloosa formation first appear. On the hill
near the 8-mile post the highly stratified clay, interbedded with various
colored sands, outcrops on the side of the road.

At Stiens Statlon the creek is cutting into the Eutaw sands.

Where the road crosses Yellow Creek the foundation of the bridge
is built on the comp%t sand, which here is of a deep-gray color and
very homogeneous in chalactel

One mile south of Strongs, on the Illinois Central Railroad, on the
Monroe and Clay line, the railroad has cut into the Selma clay to a
depth of 15 feet. *
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Eutaw sands extend west of the town of Aberdeen for 2 miles.
Here the post-oak lands begin, and the regular prairie soils one-half
mile farther west. There are no outcrops of Selma from Aberdeen .
to Prairie Station. The-first outcrop found northwest of Aberdeen is
at Strongs. Outcrops of’ Selma here, as farther south, are very few
on the east edge of Selma.

The following analysis of a sample of the Selma chalk from near
Okolona, Chickasaw County, Miss., is an old one, made by Doctor
Hilgard.« Of the material reported as ‘“insoluble,” probably about
two-thirds was silica, the remainder being alumina and iron oxide.

Analysis of limestone from Okolona, Miss:

Insoluble (mostly silica, S10,) . e oen i e ieeeeaanan 10. 90
Alumina (AL Oy - o e eieeaaaeleaan 1.96
Iron oxide (Fey03) - - cmn et e et 1.42
Lime (Ca0) . ... i b45.79
Magnesia (MgO) .. ....o.o.....o.... e et c.88
Alkalies (K0, NagO) - - - oo oo e .57
Carbon dioxide (CO,) cerimmuee e e s 35.73
Water and organic.. ... ... ..ol - 2.84

TERTIARY LIMESTONES (VICKSBURG LIMESTONE).

A narrow belt of limestone of Tertiary age crosses the State in a
direction a little north of west, from near'Waynesboro to Vicksburg.
This is the Vicksburg limestone, which is equivalent to the upper
part'of the St. Stephens limestone of Alabama. The relations which
exist may be indicated as follows:

Mississippi. Alabama.
Vicksburg limestone ... ..
Jackson marls and clays. .

A very detailed description of the characters and composition of the
- St. Stephens limestone, as shown in its Alabama outcrop, is given by
Doctor Smith on pages 77 to 81 of this bulletin, while on PL. II the
outcrop across Alabama and Mississippi of the St Stephens and the
Vicksburg-Jackson is indicated.

In MlSSlSSlppl the Vicksburg limestone usual]y outcrops in a low
ridge that trends generally a little north of west. The southern slope
of this ridge is gentle, but its northern face is a sharp declivity, which
makes it easy both to locate the outcrop and to quarry the limestone.

The Vicksburg limestone carries usually from 80 to 95 per cent of
lime carhonate, with very little magnesium carbonate. Occasionally,
however, more clayey phases are encountered, but in general this
formation may be everywhere regarded as a pos31ble source of Port-
land cement material. :

}:St. Stephens limestone.

.« Report on the Geology of Mississippi, p. 101. 1860.
b Equals lime carbonate (CaCOy), 81.77.
¢ Equals magnesium carbonate (MgCO;), 1.84. -
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The analyéis below, by Mr. G. T. Hetherington, was recently made
on a sample taken several miles south of Jackson, Hinds County:

Analysis of Vicksburg limestone from near Jackson, Miss.

SICA (810, - o e e e e e et e 9.63
Alumina (ALO;) oo o il et 2.73
Iron oxide (Fe,0q) «ocveevesine e, e aeaeaans e 2.76
Lime (Ca0) o oot e eepe--- 45.95
Magnesia (MgO) ..o oo oiiiiiat. e ieeaeaiaaeaanen P .99
Alkalies (K,0,Na,0) ..ol e et e .95
Sulphur trioxide (SOg) -veooviio o et .35
Carbon dioxide (CO,) .ot im i it et e a-

Water .. ... - (. -- _2 ......... . e ieeeceeieaceeaaaa. }37' 00

. This corresponds to a content of about 81 per cent lime carbonate;
and as the rock is otherwise satisfactory, the addition of a little clay
will make a suitable Portland cement mixture. ’

The analyses below were published in the early reports of the
Mississippi Geological Survey. The last two, and perhaps the other
three also, were made by Dr. E. W. Hilgard. :

L
- Analyses of Vicksburg limestones from Mississippi.

1 2 3 4

=0

Silica (Si0,) -cooteiiii i 6.30 | 15.05 9. 20 2.03 12.31
Alumina (ALOg) - evoieii e

. }7.20 5.35| 6.65| 212 .2.70
Iron oxide (Fey0y) cueceanioaaaaaone. . -

Lime (Ca0) -.voneenn... S 48.44 | 44.58 | 47.12| 52.47 | 43.93
Magnesia (MgO)‘ ..................... n.d. n.d. ,[ n.d .67 1.69
Alkalies (K,0, Na,0)ovveceaninanns n.d. n.d. n.d. n.d. .79
Sulpbur trioxide (803) . i .. ... nd. | nd n.d. n.d. 1.27
Carbon dioxide (CO,) .couaen... ee...| 38.06| 35.02| 87.03| 41.53 34.72 .
Water . clpmeeme e n.d. n.d. n.d. 1.10 2.40

. N

1-3. Red Hills, Wayne County.  Harper, Report on Geology of Mississippi, 1857, p. 166.
4. Brandon, Rankin County. Hilgard, Report on Geology of Mississippi, 1860.
5. Byram, Hinds County. Hilgard, Report on Geology of Mississippi, 1860.

PORTLAND-CEMENT RESOURCES OF MISSOURIL

PORTLAND-CEMENT MATERIALS. .

Two large Portland-cement plants are now in operation in Missouri,
and it seems probable that this State will soon become an important
“factor in the cement production of the United States.. This proba-
bility of high rank as a cement producer is due to the fact that the
thickest and purest limestones of the State outcrop along the banks
" of the Mississippi and Missouri rivers. Plants located on these lime-
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‘stones are therefore assured of cheap fuel and water and rail trans-

portation to a number of important cement markets.
The Missouri limestones which are best adapted for use as Portland-
cement materials are of Mississippian and of Trenton (Ordovician or

- Lower Silurian) age. The Cambrian limestones, which cover nearly all

of southeastern Missouri, are almost always too high in magnesia to
be worth considering in this connection. The nonmagnesian Silurian
limestones occurring along the Mississippi between Chester, Ill., and
Cape Girardeau, Mo., however, are worth investigation.

The geologic relations of these limestones, and of the shales and
clays which will. be required for mixture with them, are indicated in

“the following table. This table shows the portion of the geologic

column of Missouri that is of interest in this connection, the oldest
rocks being those placed at the bottom.

Portion of geologic column of Missouri.

QUALETNATY -« it ittt aeaicmaeaaaaan Loess and surface clays.
) Upper Coal Measures .. ........ Shales, sandstones, etc.
Carboniferous. . . . . Lower Coal Measures . ......... Coal beds, shales, etc.
' Mississippian. .. .............. Limegtones, sandstones, and
' shales. .
Devonian ... ... .. eiiaean Dark-colored shales.
Silurian. .. ... .. ...l et Magnesian limestones in part.
Girardeau limestone:........... Shale and sandstone.
Upper Ordovician. ] Thebes formation, or late Ordo- :
vician shale ... ... . ....... Shale and sandstone.
Trenton............... PO Limestone.
Lower Ordovician and Cambrian ... ................ Magnesian limestones, sand-

¢ stone, etc.

The formations listed above will now be described .in order, from
the Trenton upward, attention being paid mainly to the Trenton and
Mississippian, which contain most of the nonmagnesian limestones
occurring in the State. A detailed map showing the geology of north-
eastern Missouri is given as Pl. IX: In the following descriptions
attention will be paid chiefly to their distribution and composition
of the formations in the area covered by this detailed map, for it is
in -this portion of Mijssouri, along or near. Mississippi River, that
the best prospects for a Portland-cement industry exist. Southeastern
Missouri, as already noted, has practically no limestones fit for use
as Portland-cement materials, except along the Mississippi River to
Cape Girardeau. The western half of Missouri contains extensive
areas of Mississippian limestones, but a cement plant located in that
portion of the State would be brought into direct competition with the
existing Kansas plants, which have the advantage of a cheap fuel—
patural gas.
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TRENTON LIMESTONE.

DISTRIBUTION.

i

The Trenton limestone occurs in two separate areas in eastern Mis-
souri, both of which are well located with regard to railroad and
water transportation. ‘

The smaller of these areas lies in Ralls, Pike, and Lincoln counties,
the limestone outcropping as a belt 1 to 3 miles wide, commencing
near Spalding, Ralls County, and running southeastward to Missis-
sippi River, which it reaches at a point near Busch, about 10 miles
south of Hannibal. From this point southward the Trenton lime-
stone belt follows the river to near Cap au Gris, Lincoln County, -
where it turns sharply back in a northwesterly direction to within a
few miles west of Edgewood, Pike County.

The second and much larger belt commencds in southern Callaway
County, and runs eastward parallel to and a few miles north of Mis-
souri River, through Montgomery, Warren, and St. Charles counties.
This belt reaches the Missouri River at Hamburg, St. Charles County,
and turns southeastward through St. Louis and Jefferson counties,
reaching the Mississippi River at Kimmswick. From this point south
to Cape Girardeau the limestone follows the river closely, appearing
either in the bluffs or only a few miles west of them.

COMPOSITION.

The Trenton limestones are usually bluish to gray colored in the
lower part, and light colored—sometimes almost white—in the upper
part, with occasional thin beds of shale or earthy limestone between®
these two parts. As .shown by the analyses in the following table,
they are usually low in magnesia, and though occasional beds may
show 5 to 10 per cent of magnesium carbonate the mass of the forma-
tion may be regarded as being suitable for use as a Portland-cement

material.
Analyses of Trenton limestone from Missouri. @

1 2 3 4 b 6 7 8 9 10

S{lica (8i0,) <cceeainn --.] 0.35/12.15] 2.25| 0.45| 6.00| 1.00| 0.46] 0.70] 0. 35} 0.55
Alumina (Al,Og) -.oo..... }

.35 .45 .30] .65 1.05, .55 .40 .25 .30 .6
Iron oxide (Fe,04) -...... ° 0

Lime carbonate (CaCO;)..[97. 7586. 00[89. 40/97. 20/82. 55|96. 40/98. 60(97. 40/97. 75(96. 75

Magnesium carbonate
(MgCOg) wnmeemmnnnnen .45 .46] 6.96| .46 9.27| .42| .34 .42| .27| .27

1. Dorenheim quarry, St. Paul, St. Louis County. -

2. Thorn & Hunkin quarry, Minck station, St. Louis County.

3. Glencoe Company, south quarry, Glencoe, St. Louis County.

4. Glencoe Company, middle quarry, Glencoe, St. Lounis County.
5-10. Glencoe Company, north quarry, Glencoe, St. Louis County.

aThese analyses are from Bulletin No. 3, Missouri Geol. Survey, pp. 77-79, 1890. The ilunrries are
named according to their owners at that date. The analyses were all made by A. E. Woodward.
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LATE ORDOVICIAN SHALE.

This-formation is composed largely of bluish to greenish shales,
often containing a large precentage of lime. North of Lincoln County
thin bands of pure limestone, varying from a few inches to a few feet
in thickness, are usually interbedded with the shales.. These limestone
bands become more numerous and thicker as the base of the formation
is approached. The formation varies from 0 to over 100 feet in thick-
ness, and immediately overlies the Trenton limestones. In its expo-
sures near Mississippi River, in Ralls, Pike, and Lincoln counties, it
is usually overlain either by Devonian shales or by the great series of
Mississippian limestones described on a later page. The following
analysis is of a specimen of this shale from near the base of the river
bluff-at Louisiana, Pike County: :

Analysis of Hudson shales from Louisiana, Pike County ) Mo.a

Silica (S104) - o mmme e et et neeaaaan 57.01

Alumina (Al,0g) - e i o i e 24.43
Tron oxide (Fe,05) - n oo e aaaaa 5.77
Lime (Ca0) cuonnmiiei i e et 1.40
Magnesia (MEO0) - oo em et e e et .49
Alkalies (K0, Na,0) . it 3.81
Combined water .. ... ... iieiiiiiaieiiian 7.20
Moisture. .. ... ool R .43

DEVONIAN FORM. ATIONS.

In the northeastern portion of Missouri (see Pl. 1X) a series of
dark-colored shales of Devonian age dppears in places above the
Hudson shales and helow the Mississippian limestones. These Devo-
nian shales vary from 10 feet or less to 50 feet in thickness. At
Louisiana, Pike County, 8 feet of Devonian shales appear in the river
bluffs, overlying the Hudson shale, whose analysis is given in the

~ preceding table. In Jefferson County, as at Sulphur Springs, similar

shales occur resting on the Trenton limestone, but theu distribution
is very irregular.

!

MISSISSIPPIAN (“LOWER CARBONIFEROUS”) LIMESTONES AND SHALES.

DISTRIBUTION.

.

The Mississippian limestones are the surface formations over almost
one-fourth of the entire area of Missouri. Their three most promi-
nent areas of outcrop are along the Mississippi and Missouri rivers
and in southwestern Missouri. These three areas are connected by
narrow bands of outcrop so as to really form portions of one large
area, but, for convenience, they will be discussed separately.  The

a Missouri Geol. Survey, vol. 11, p. 404.
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Mississippi River area, which is the most promising of the three as a
source of cement material, will be discussed last and in greater detail
than the others. .

In southwestern Missouri the Mississippian limestones form the
surface of the greater part of McDonald, Newton, Jasper, Barry,
Lawrence, Stone, Christian, Greene, Dade, and Cedar counties, and
also the southwestern half of Polk and smaller portions of Barton,
St. Clair, Hickory, and Benton counties. This extensive limestone
area is traversed by numerous railroads, but the competition of Kansas
plants using natural gas for fuel would probably make a cement plant
tocated in southwestern Missouri unsuccessful.

Another area of Mississippian limestones is on and near the Missouri
River. In this area the limestones cover most of Pettis, Saline, and
Cooper counties, on the south side of the river, while they outcrop
continuously along the north bank of the river from Miami station,
Carroll County, through southern Howard County, to below Roche-
port, Boone County. The limestone belt then leaves Missouri River
and turns northeastward, through Boone, Callaway, and Montgomery
counties, to join the Mississippi River limestone belt discussed below.

A very extensive and important area of Mississippian limestones
occurs in northeastern and eastern Missouri, along Mississippi River.
* This belt covers the eastern half of Clarke, all, or alinost all, of Lewis, -
Knox, Shelby, Marion, Monroe, Ralls, Pike, Lincoln, and St. Charles
counties, and portions of Montgomery, Warren, St. Louis, Jeftferson,
Ste. Genevieve, and Perry counties. The distribution of the lime-
stones in these counties is shown in detail in the geologic map of
northeastern Missouri (Pl. 1X).

The limestonés appear continuously in the river bluffs or in stream
cuts along the west bank of the Mississippi, from the lowa State line
to a point about 10 miles south of Hannibal. Here the Mississippian
limestones leave the river for some distance, Silurian rocks appearing
in the bluffs from below Saverton to Cap au Gris. At Cap au Gris
the limestones again appear, and form the river bluffs as far south as
Kimmswick, in Jefferson County. Ordovician rocks then appear on
the river bank for a space of about 12 miles, but about 5 miles below
Crystal City the Mississippian limestones reappear in the bluffs and
show almost continuously to a point less than a mile south of Witten-
berg, Perry County, where they finally disappear.

COMPOSITION.

The Mississippian rocks of Missouri include several thick limestone
formations, with at least one thick series of shales. The limestones,
as shown in a table of analyses below, are almost invariably good
Portland-cement materials.
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The following section is exposed in the river bluffs at Loulsmna
Pike County:

Section of river bluff at Louisiana, Pike County, Mo.

Feet,
Surface clay, yellow . ..o i e ieeeeeaaaas 10
Mississippian: .
Burlington imestone .. .. ..o eae it i i e 70
Shale, SANAY . ..o i ireeeieacaaccacaacae e 10
Hannibal shale, olive. . ... .. .o i eeeeaanann 70
Louisiana limestone ............ s e et eecmeaaaa———- 50
Devonian shale, dark, slaty ... . o il 8
Silarian:
LAMESEONE . . oo e ettt am e eaaaeeeeanan .. 15
"Hudson shale, blue. « .o euo oot e 60

An_ analysis of the Hannibal shale from this locality will be found
in the table on page 225.

Analyses of Missiséippian limestones, Missouri.

- . - ime car- | Magnesium

Number S | e | Taie | s | oot
T | L0 0.40 94. 00 3.18
9l e 2000 .40 95.15 . 64
B e 43 1.75 77.95 14. 84
G 1.24 .37 97.71 .68
B e 4.05 - 74 - 93.21 .79
B e e e 2.86 .35 . 89.26 4.73
T e 3.20 | .40 93.20 1.44
8 e 5.77 .43 89.95 2.23
e 4T .22 94.15 1. 48
10n e 2.47 .31 92.30 |  1.88
| SR .72 .60 98. 06 .61
12 e 3 O 99. 64 .21
13 e e .08 .40 - 98.80 .05

1. Valley Park railroad cut, St. Louis County. Missouri Geol. Survey, Bull. 3, p. 77.

2. Vigus station quarry, St. Louis County. Ibid.

3. St. Louis, St. Louis County. Ibid.

4. Goetz quarry, Bartold Va}ley St. Louis County. Ibid.

5-6. Workhouse quarry, St. Louis County. Ibid. .

7-8. Lorentz quarry, near Cahokia street, St. Louis, St. Louis County. Ibid., p. 76.

9-10. Quarry, foot of Barton street, St. Louis, St. Loms County, 1bid.

11. Carthage Marble Co. W. B. Potter analyst.

12. Staﬁr Lxme (,0 s quarry, near Hanmbal Marion County. Twentieth Ann. Rept. U. 8. Geol. Sur-
vey, pt

13, Hanmbal lee Co.’s quarry, near Hannibal, Marion County. Ibid.
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Analyses of Mississippian shales, Missouri.

1 2 3 4 b 6
Silica (S10,) -oooi i 75.70 | 56.82 | 46.26 | 49.69 | 59.97 | 55.84
Aluming (A1,Og)..0................. 9.61 | 24.48 | 10.26 | 17.40 | 21.15 | 22.78
Tron oxide (Fe,05) .. ............... 1.79 | 3.82| 2.65| 4.01| 520 | 524
Lime (CaO) . .ooooi . 2.54 | .83 |11.08 | 8.07| 1.55 .73
Magnesia (MgO).................. .. ©211 | 1.81] 7.84| 416 1.10| 1.26
Alkalies (K,0, Na,0)................ 2.65 | 3.80) 3.17| 2.73| 3.88| 4.10
Combined water ................... 6.16 | 8.16-@18.02 | 13.37 | 5.71| 9.84
Moisture ......... ... ... nd | nnd.’| n.d.| 116 1.25| n..d.

aProbably includes CO,.—E. C. E.

. Hannibal, Marion County. " Missouri Geol Survey, vol. 2, p. 400.
. Humansville, Polk County, Ibid., p. 406

. Aldrich, Polk County. Ibid., p. 407.

. Barrett, St. Louis County. Ibld p- 422.

. Ste. Genevieve, Ste. Genevieve (Jonnty Ibid.. p. 417.

. Joplin, Jasper Couur.y Ibid., p. 392.

D O N

PENNSYLVANIAN (“COAL MEASURES’) LIMESTONES AND SHALES.

Almost all of northern and western Missouri is covered by the
Pennsylvanian series (‘‘Coal Measures”), which overlie the Mississip-
pian rocks last described. The Pennsylvanian series consists of thick
series of shales and sandstones, with occasional thin beds of limestone
and numerous coal seams. ‘In the present connection this geologic
series is of interest chiefly as a source of fuel and shales, though it is
pos51ble that some of its limestones may he also of value as cement
materials.

The followmg analysis is of a limestone wlnch overlies the Meadows
coal seam in Lincoln County. This limestone bed varies in thick-
ness from 4 to 6 feet. As shownAby the analysis, it is highly sili-
ceous, though very low in magnesia. Judging from experience else-
whele, the Pennsylvanian limestones will probably be found in most
cases sufficiently low in magnesia to he available for use as Portland-
cement materials. They occur almost invariably in thin beds, how-
ever, and it is usually necessary to excavate them by mining. Their
common advantage is, of course, that they are found in closc plo‘amlty
to coal beds and to shales.

Analysis of Pennsylvanian limestone, Missouri.@

S T 21.35
Iron oxide (Fe,Of) - ..o ool 1.79
Lime (Ca0) -ounoin e e 42.16
Magnesia (Mg0O) -................ . e .66
Carbon dioxide (CO,) ...t e 34,14

aLincoln County. Chauvenet, analyst. Rept. Missouri Geol, Survey, 1872, p. 287,

Bull, 243—05—15
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Analyses of Pennsylvanian shales, Missouri.

\ [BULL. 243,

]
s : Iron - oain | Alkalies |- i
Silic Al M Lime |[M C Combined :
C Number. | g0y, | (ALOg. | ($590 | (G0). | (Mg0). [ {20 [“Water, | Moisture
) 60.70 | 18.20 7.58 2. 68 | Trace. 3.67 6.77 n. d.
2 59.96 | 15.76 7.72 .60 0.93 3.66 7.70 4.00
b J 54.57 | 23.61 7.88 .52 1.48 | ~ 3.55 6. 67 1.03
L S 56.86 | - 17.97 9.35 1.67 1.12 2.61 6.96 2.45
S D, 63.11 | 23.11 1.79 .42 .70 3.71 7.05 |........
6. 60.12| 21.35] 7.06 .82 1.08 3.43 6.32 |........
. 54. 69 25. 96 4,97 .18 .15 3.58 8.90 |........
8. .. 53.24 23. 62 9.02 1.17 1.41 4.38 6.94 |........
RS 58. 50 30. 50 2.34 1.20 .61 -.30 6. 74 .40
10 ..., 54.03 | 22.50 7.90 .85 2.70 4.12 (2% 3 P
1., 55. 96 20. 63 8.12 1.91 1.96 3.34 7.2 |ooeooo..

1. Prospect Hill,; St. Louis County. R. Chauvenet, analyst. Missouri Geol. Survey, vol. 11, p. 419.

2,3. Laclede fire-clay mine, Cheltenham, St. Louis County. Ibid., p. 421.

4. Huntsville, Randolph County. Ibid., p. 411.

5. Billings, Christian County. Ibid., p. 375.

6. Deepwater, Henry County. Ibid., p. 387.

7. Clinton, Henry County. Ibid., p. 382.

8."Boonville, Cooper County. Ibid., p. 377.

9. Lakenan, Shelby County. Ibid., p.424. -
}g Lexington, Lafayette County. Ibid., p. 395.

. Foster, Bates County. Ibid., p. 369.

LOESS AND SURFACE CLAYS.

Along the banks of Mississippi and Missouri rivers thick deposits

of loess clays occur in the river bluffs.

These are fine-grained clays,

carrying a considerable percentage of very fine sand, and will be

valuable for use at cement plants located near these rivers.
local depesits of surface clays also occur all over the State.

helow contains analyses of representative clays of both types:

Analyses of loess and surface clays, Missouri.

Smaller
The table

1 2 3 4 b 6 7 8

Silica (8i0,) - ...... e 73.92 [73.80 {72.00 |71.11 [74.39 |61.19 [62.80 | 54.90
Alumina (ALQg) ............ 11.65 (13.19 {11.97 [11.62 [12.03 {15.48 [17.22 | 18.03
Iron oxide (Fe,05) -......... 4.74|3.43 13,51 |3.90|4.06|549|5.21| 6.03
Lime (CaO) ........ ... .... 1.43 8 | 1.80]2.37 | 1.50 | 1.95 | .98 | 2.88
Magnesia (MgO) ............ 60| .68 |1.35 | 1.47{1.53|1.56| .78 | 1.10
Alkalies (K,0, Na,0)......_. 3.13{2.94 3.25 | 3.14 | 3.01 | 2.82 [ 3.63 | 3.40
Combined water ............ 3.08/5.26({6.42]6.71|3.179.02|7.821 6.90
Moisture .. ..o e e e 3.11 | 2.06 | 6.72

1. Loess clay, St. Louis, St. Louis County. Missouri Geol. Survey, vol. 2, p. 486.

2. Loess clay, Hannibal, Marion County. Ibid.

3. Loess clay, Kansag City, Jackson County. Ibid.

4. Loess clay, Boonville, Coopet County. Ibid.

5. Loess clay, Jefferson City, Cole County. Ibid.

6. Gumbo clay, Elm Point, St. Charles County. Ibid., p. 548.

7. Gumbo clay, Clifton, Randolph County. Ibid., p. 547.

8. Gumbo clay, Norborne, Carroll County. Ibid., p. 546.

e
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PORTLAND-CEMENT INDUSTRY IN MISSOURL

Prior to the year 1902 no Portland-cement plants existed in Mis-
souri. In that vear, however, the St. Louis Portland Cement Com-
pany commenced operations, while in 1903 the Atlas Portland Ceient
Company began shipping. Several other plants have been planned,
. but at present the two above named are the only ones.in operation.

The plant of the St. Louis Portland Cement Company is located at
Prospect Hill station, near the northern limits of the city of St. Louis.
The limestone used is of Mississippian age, and is quarried at Fort
Bellefontaine. . -

Shales of Coal Measures age are quarried near the plant and,
together with the loess clays which overlie them at this locality, ave
used for mixing with the limestone. ‘

The plant of the Atlas Portland Cement Company is located at
Ilasco, Pike County, a few miles south of Hannibal. The materials
used are a Mississippian limestone, from a quarry adjoining the mill,
and a shale quarried near Severton. This shale is probably of Ordo-
vician age, the Hannibal (Mississippian) shales near the plant being
apparently unfit for use. Selected specimens of the limestone used
analyze as follows:

Analyses of Mississippian limestone, Ilasco, Mo.

1 2
STEA (S10,) - en e .| 04| o0.54
Alumina (ALOy) - oot e

ummlt ( A 3) } a a2
Tron oxide (Fey05) « oot e
Lime carbonate (CaC0g) <« oo ororoimii it 97.99 97.74
Magnesium carbonate (MgCO,) ... ... .. ... .. ...... e .42 .40

CEMENT RESOURCES OF MONTANA.
By W. H. Weeb.

Limestone is confined practically to the western, mountainous part
of the State, where it is found in great abundance along the flanks of
the mountain ranges. In the Plains region, which comprises the east-
ern two-thirds of the State, only Cretaceous rocks are found, except in
the local dome-shaped uplifts of the Little Rock, Judith, and Snowy
mountains. The Cretaceous formations hold lenses and concretions of
limestone, which are locally available for burning to quicklime where
better material is too far distant for economic use. -

All the Paleozoic formations contain limestone beds, but the great
limestone series is that of the Carboniferous (Mississippian), whose
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magsive beds flank the great ranges of the State and form its most
picturesque scenery. The-overlying Jurassic limestone is argillaceous
and of uncertain development. The Devono-Silurian limestones are
impure, while the Cambrian limestones are thin bedded and usually not
uniform in composition. :

The limestones are found along the northern slope of the mountain
front from Red Lodge, in Carbon County, westward to Livingston, -

" northward about the flank of the Bridger and Little Belt and Belt
" ranges to the Main range west of Great Falls. Practically all the
southern ranges of the western part of the State are uplifts with cores
of gneiss or granite mantled by limestones of various ages. Such
rocks occur westward almost to the Bitterroot Valley.

North of the line of the Northern Pacific Railroad the Carboniferous
limestones soon disappear, though the Cambrian rocks form the moun-
tain summits almost to the Canadian line. The northwestern part of
the State, however, is composed mostly of Algonkian rocks, mostly
argillaceous. A series of oolitic limestones, the Newland limestone,
forms a constant feature of this Belt terrane, but nothing is known of
the composition of these rocks save that. they are usually quite
argillaceous.

The following analyses of Montana limestones are on record:

Analyses of limestones, Montuna.

1 2
Slica (S104) - nen el ] 145 0.0
Alumina (AlOg) oo o .16 4.45
Iron oxide (Fe,04) - oo .76 .20
Lime (C80) e nnnee e e 49.42 | 52.15
Magnesia (MgO) ... ............... i 2074 1.02
Carbon dioxide (CO,) ..ot 41.73 42.07

1. Persell Limestone Company, near Helena, E, Starz, analyst.
2. Montana Marble and Mining Company, near Helena. C. M. Fagsett, analyst.

Both of the above analyses, but particularly the first, represent
limestones whose composition would be very mtlsmctox y from the
Portland cement manufacturers’ point of view. :
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PORTLAND-CEMENT RESOURCES OF NEBRASKA.

The possible sources of cement materials in Nebraska are confined
to the formations of Carboniferous and Cretaceous age. Named in
order, from above downward, these include the following: ¢ '

Laramie formation .._.... Yellowish and greenish sandstone and
shale. )

Pierre clay -............. Dark-gray clay or soft shale.

Cretaceous..... Niobrara formation....... Chalky limestone.
’ Bentonshale........._... Dark-gray or black shale or clay.

(Greenhorn limestone) . .. (Limestones‘ in Benton shale. )-

Dakota sandstone ........ Brown sandstone.

Permian limestone ....... Buff limestones and shales.
Carboniferous. . Cottonwood limestone. ... Massive light-colored limestone.

- | Wabaunsee formation .... Limestones, shales, sandstones, and thin

coal beds.

CARBONIFEROUS FORMATIONS.

The Carboniferous limestones, shales, and sandstones underlie all of
Nebraska, rising to the north and northwest about the Black Hills and
and on the slopes of the Rocky Mountains. The outcrops in eastern
Nebraska are in Douglas, Sarpy, Cass, Lancaster, Otoe, Gage, John-
son, Pawnee, Nemaha, and Richardson counties. The rocks are hard
and would give rise to more prominent features in this region it it
were not for the heavy covering of glacial drift and loess. As it is,
the exposures constitute clifts along Platte River from Ashland to
Plattsmouth, and thence at intervals along Missouri River to the
southeast corner of the State, and occur in scattered outcrops along
the valleys of Big Blue, Nemaha, and Little Nemaha rivers and Weep-
ing Water, Turkey, and Southeast Salt creeks and their branches.

The Upper Carboniferous rocks in this region comprise formations
of Permian and Upper Coal Measure or Pennsylvania age. The Per-
mian outcrops are probably restricted to the valley of Big Blue River
from Beatrice southward. The rocks are mainly magnesian limestones
of light color, with interbedded shales. They are extensively exposed
south of Beatrice, at Rockford, Bluespiings, Wymore, and Holmes-
ville. The other Carboniferous members appear to comprise the Cot-
tonwood and Wabaunsee formations of the Kansas geologists. They
consist of limestones, shales, and sandstones, which contain thin coal
beds in some localities. Professor Prosser has made a preliminary
examination of the Carboniferous formations of Nebraska, and identi-
fies as Wabaunsee the exposures about Peru, Aspinwall, Nebraska City,

aDarton, N. H., Preliminary report on the geology and water resourcesof Nebraska west of the One
hundred and third. meridian: Prof. Paper U. 8. Geol. Survey No. 17, pp. 14-20. A colored geologic
map of Nebraska, showing the surfnce distribution of all the formations, forms Pl IX of the report
cited. Thedata concerning Nebraska cement material have been obtained from Mr. Darton’s report,
which ig in part cited verbatim.
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Auburn, Tecumseh, Dunbar, Nehawka, Weeping Water, and along
Platte River near Louisville. The Cottonwood limestone, a massive
bed full of ZFusulina, was recognized west of Auburn about Glen-
rock and Johnson, and the same beds extend over the higher lands of
western Richardson and Pawnee counties. In the deep borings which
have been made at various points in the southeastern corner of the
State it has been found that the Carboniferous formations have a total
thickness of about 1,200 feet, of which about 200 feet are Permian.

NIOBRARA AND BENTON FORMATIONS.

Underlying the Pierre clayisa series of shalesand chalky limestones.
The shales are known as the Benton formations and the limestone, as
the Niobrara formation. They have a thickness of about 450 feet to
the east, but thicken to the west. At the base there are about 200
feet of dark shales, overlain by slabby limestones of the Greenhorn
formation containing fnoceramus, which are followed by a series of
shales with few thin sandy layers, and at the top the Niobrara for-
mation with its chalky deposits, characterized by thin, hard beds filled
with Ostrea congesta. The formations cross the eastern part of the
State, and underlie all of the area west of the vicinity of the ninety-
seventh meridian, but are so deeply buried under drift and loess
that outcrops are rarely visible. The most extensive exposures are
along the Missouri River, extending from near the ninety-seventh to
the ninety-ninth meridian, and along the Republican Valley from Alma
to near Superior. The formations are exposed at intervals across the
eastern portion of the State in each of the larger valleys and some of
the branches. The more notable of these small outcrops are at (Genoa,
north of Germantown, near Crete, at Pleasanthill, and in Beaver
* Creek north of Dorchester. There is an exposure of dark shales
under some ledges of Greenhorn limestone in Big Blue River at Milford,
which are Benton. Benton and Niobrara beds also occur in a promi-
nent anticline along White River in the vicinity of Beaver and Alkali
creeks, in the northwestern portion of the State.

PIERRE CLAY.

All of Nebraska west of the ninety-eighth meridian is underlain by
the Pierre clay. Its surface outcrops are in the Iower portion of the
Niobrara Valley, the Republican.Valley, and the extreme northwest
corner of the State, but it is probable that careful search will reveal
outcrops in the valley of the Platte River in the vicinity of the ninety-
sixth meridian. The formation is a thick mass of dark-gray or bluish
clay or soft shale. Its thickness is pr oba,bly at least 2 000, feet in the
west-central portion of the State.

aJour, Geol., vol. 5, 1897, pp. 1-10.
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NEVADA.

Nevada contains numerous areas of low-magnesia limestone, mostly
of Carboniferous age, thongh pure limestones of later date also occur
within the State. The principal outcrops of the Carboniferous lime-
stones are in the eastern third of the State. Much of this material
would be suitable for use in a Portland cement plant, if commercial
conditions should justify the erection of such a plant. At present,

with a scanty population, expensive fuel, and practically no local

demand for cement, it is evident that such an industry could hardiy
he even moderately successtul.

The tfollowing analyses of limestones from different localities in
Nevada will serve to indicate the character of the limestones above
veferred to. It will be noted that many of them, while low in m(,g

nesia, are very siliceous.

Analyses of Nevada limestones.

1 2 3 4 b) 6 7 8 9 10

Silica (Si0,) «nvtoeenn... 31.51(20. 99 1.35( 0.04{ 4.53| 1.61| 7.38[31. 12[12. 07(22. 00
Alumina (A1,04) ....... . .05 . 80 1.28| 5.14
Mumina (AL0y) ... b2.79) 1.09 .36{ b .19 .26{ }43{
Iron oxide (Fe,05) ...:... n.d. . 68))° .57) 2.04
Lime (CaO)............ _.|34. 3339, 77054. 51/55. 16[51. 69(52. 16/48. 52/35. 82145. 29(37. 22
Magnesia (MgO) ......... 1.12] 2.80| .27 .76| 1.04| 2.47) 2.46| .86| 1.86] 1.89
Alkalis (K,0, Na,0)...... nd. | tr. | tr. | .6ln.d.|nd|nd|nd] .90n.d.
Carbon dioxide (CO,) ....|27.77|32. 80[43. 13(43. 54(41. 75/43. 70,40. 84/29. 16|36. 23/28. 53
Water ...... PR 1.95/ 1.06] .11/n.d.|n.d.{n.d.|n.d.| 210 2.65) 3.32

1. Limestone from Lower Coal Measures, Grand Peak, Nev.

2. Limestone from Upper Conl Measures, Tenabo Peak.

3. Carboniferous, Fremonts Pass.

4. Triassie, between Pyramid Lake und Winnemucca Lake.

5. 'Priassie, Star Canyon.

6. mesxc, Cottonwood Canyon.

7. Miocene, Fossil Hill.

8. Miocene, Valley Wells.

9. Pliocene, Pine Valley.

10. Recent, shore of Pyramid Lake.
Analyst of Nos. 1-9, B. E. Brewster, Fortieth Parallel Survey, vol. 2,
Analyst of No, 10, T, M. Chatard, Bull. 168, U. 8. G. S., p. 776.

PORTLAND-CEMENT RESOURCES OF NEW JERSEY.

PORTLAND-CEMENT MATERIALS.¢

New Jersey at present ranks second in the production of Portland
cement in the United States. This high rank is due to the amount
manufactured by relatively few, but very large, cement plants. All
of these plants, which arve located in Warren County, employ the same

a A very detailed description of the limestones of New Jersey available for uge in Portland-cement
manufacture, with maps showing their distribution and outcrops, is given in the Annual Report of
the State Geologist of New Jersey for 1900, pp. 1-101.  This valuable report has been freely used in the
preparation of the present sketch, and many of the details regarding the formations are stated in
Doctor Kiimmel’s words.
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materials that are used in the Lehigh district of Pennsylvania, i. e.,
an argillaceous limestone mixed with a relatively small amount of pure
limestone.
Limestones suitable for Portland-cement manufacture occur in sev-
“eral different geologic formations. The deposits of argillaceous lime-
stone of Trenton age are, however, the principal source of cement
material; and in view of the great extent of these deposits, it seems
probable that the bulk of the New Jersey production will always be
derived from these Trenton rocks. For this reason the distribution
and character of the Trenton argillaceous limestones (Lehigh cement
rock) of Warren and Sussex counties will be discussed in considerable
detail, while the other limestones of the State occurring in the upper
Delaware Valley will be described somewhat briefly on a later page
(p. 240). The shell-marl deposits are also described (p. 242).

LIMESTONES OF WARREN AND SUSSEX COUNTIES.

In order that the descriptions of the character, thickness, etc., of
the Trenton limestone may be readily comprehended, it will be necessary
to pay some attention to the rock formations above and below it.
That part of the geologic column in the New Jersey cement district
which is now under discussion contains four formations. These are,
reckoning from the top downward: '

1. Hudson shales.

2. Trenton limestone.

3. Kittatinny limestone,

" 4. Hardyston quartzite.

In order to understand the respective bearing of these three forma-
tions on the cement industry, it is well to recollect that the Trenton
limestone formation furnishes all the ‘‘ cement rock,” while the pure
limestone used for mixing with the cement rock is obtained partly
from the Kittatinny limestone, though the Kittatinny heds are in
general highly magnesian. The Hudson shales, though not at pres-
ent used in the cement industry, could well be utilized for mixing
with a “‘cement rock” that is too high in lime. As these three for-
mations, therefore, are worthy of consideration in connection with the
cement industry, they will be described separately in some detail.
The Hardyston quartzite, while not directly connected with the cement

“industry, is an easily recognized formation whose outcrops usually
limit the Kittatinny limestone belt on the south.

HARDYSTON QUARTZITE.

At the base of the great limestone formation of the Kittatinny
Valley a thin bed of sandstone or quartzite is found at many points.

aThese descriptions of the formations are quoted almost verbatim from Doctor Kiimmel’s report,
previously referred to.
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1t rests upon the crystalline rocks (gneisses, schists, etc.) which form
the highlands, and is the earliest of the Paleozoic formations in this
region. It varies considerably in composition and in thickness. In
many places it is apparently only a coarse and more or less friable
sandstone, the grains of which are cemented together by lime carbon-
ate. When fresh its color is steel-blue, but the weathered por-
tions are always a rusty brown from the staining of ivon oxide. It
usually, but not always, contains considerable feldspar. In other
localities it is a true quartzite, made up of sand grains with siliceous
cement. Elsewhere it is a conglomerate, usually of pebbles less than
an inch in diameter, but sometimes containing well-rounded fragments
2 to 4 inches in size. The pebbles are chiefly of quartz, tcldsp'u
granite, gneiss, and slate; 'and bits of mica also occur. Locally the
conglomerate, where it qpploaches the gneiss, can be distinguished
only with great difficulty from it by the naked eye. 1t is simply a
decomposed gneiss or granite, slightly reassorted ‘and ccmented to
form a conglomerate.

The thickness of the quartzite varies from a few feet or less to 200
feet or more. Where the rock is thick it is a conglomerate or u coarse
pebbly quartzite. Wheve thinner it is usually a calcareous sandstone,
grading upward into a limestone, and, perhaps, having near its base
one or more thin layers of siliceous sandstone or even quartzite. The
crystalline foundation on which the quartzite rests was somewhat
irregular, so that the formation varied greatly in thickness and litho-
logical character, and at the time of its deposition the land lay not far
to the southeast of the present outcrop of this rock.

KITTATINNY MA 0 NESIAN LIMESTONE.

The quartzite grades upwmld into a hlcrhly magnesian limestone for-
mation of great thickness. This is commonly called the *blue” lime-
stone to distinguish it from the white, coarsely crystalline limestone
found near Franklin Furnace and other localties in Sussex and north-
ern Warren. Its color, however, is not always blue. It is frequently
gray, sometimes alimost white, also drab, or even black. It is fine and
even grained. Many of the beds are mmutely crystalline, so that the
fxeshly broken surface has a close resemblance to fine-grained lump
sugar. But it is never coarsely crystalline or marble-like.

This formation occurs in beds which vary greatly in thickness and
regularity. In part it is made up of thin leaf-like layers of limestone
alternating with thin sheets of greenish shale. In other heds the lay-
ers of limestone are an inch or more in thickness, and are separated
by thinner partings of shale or sandstone. Locally the limestone
layers ave apparently discontinuous, and the shale or sandy layers not
only separate but inclose the more limy messes. In great part, how-
ever, this formation is composed of regular beds, one, two, three, or
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even more feet in thickness. Locally they are so massive and the for-
mation is so regularly jointed that it is extremely difficult ‘to deter-
miné the true position of the beds. Some layers, also, are oolitic,
i. e., made up of minute round particles somewhat closely resembling
fish roe. The oolitic layers are apparently confined to the lower por-
tion of the formation.

A marked feature of this formation is the chert, or black flint,
which occurs either as seams, sometimes 8 or 10 inches thick, or as
separate masses. The chert layers are usually, but not always, paral-
lel to the bedding planes. Owing to the large percentage of magnesia
nearly everywhere present in this limestone it is of no value in the
manufacture of Portland cement. In some localities, however, it has
been extensively burned for lime.

Its thickness is apparently between 2,500 and 3,000 feet, but accu-
rate measurements can not be obtained. More than 99 per cent of
the limestone of Sussex, Warren, and Hunterdon counties belongs to
this formation.

Analyses of magnesian Kittatinny limestones, New Jersey.¢

’ .| Alumina ana| Silica and
e oo it | s, AR
Lo e 27.6 17.9 41.9 17 9.9
U 30,4 19.1 4.9 .8 3.6
B e 30.0 19.4 44.9 2.7 2.3
Ao 29.3 19.5 4.6 2.2 4.0
B s 29.1 19.3 43.6 1.2 6.4
B e e 27.9 17.7 41.4 .9 1.2
T e " 30.3 16.2 41.6 .6 9.8
8 e 23.6 16.2 36. 04 6.0 15.7
9 2.5 | 18.4 40.4 5.43 7.0
100 s e 29.4 20.3 45.7 .6 1:8
Tl e, 28.6 18.1 34.5 .9 9.3
12l 29.0 20.2 44.9 .9 4.8
18 e e 28.5 17.3 41.5 1.7 9.9
T4 29.6 20.0 45.4 1.4 2.3
15 e 29.6 19.2 | 46.2 1.4 2.5
16 2.2 .| 183 43.6 2.4 3.6
17...... . 30.1 | . 20.1 4.4 .8 3.5
18 e e 30.8 19.2 45.4 1.1 3.6
19 .. e 29. 8 19.9 45.4 1.0 3.4
20 28.2 17.7 41.7 9 1 . 108

aAnalyses 1-7, 10-21, 27-33 are from the Geology of New Jersey, 1868. Analyses 8 and 9 are from
the Annual Report of the State Geologist for 1873; Nos. 22-25 from the report for 1878; No. 26 from the
report for 1876, and Nos. 34-39 were made by Mr. Myers, of Rutgers College, for the Annual Report
for 1900, New Jersey State Geologiss. The entire table is-taken from page 33 of the Just-named report.

—
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Analyses of magnesian Kittatinny limestones, New Jersey—Continued.
; luming and | Silica and
wime co0)| G | HITGHS. | SR |
Qv . 29.4 17.8 42.8 0.8 8.8
22 e, 29.9 Undet. | Undet. "Undet. 2.0
23..... e 29.6 Undet. Undet. Undet. '2.8
S 25.7 Undet. | Undet. Undet. 1.9
P2 26. 6 Undet. Undet. Undet. 4.1
26 L 28.2 20. 2 44.3 1.3 5.5
2T . U C oo 17.4 43.0 1.9 7.2
98 . 26. 4 15.1 45.0 3.7 9.8
00 . 27.3 14. 6 44.8 6.5 4.9
30 32.4 15,5 42,5 8.4 2.0
Bl . 26. 3 17.4 411 5.3 8.0
8 e 30.3 18.3 44.1 1.6 4.1
88 31.6 18.3 45.2 3.0 1.6
3. e 28.22 19.07 |.ooo.... 1.90 8.13
BB e 28, 61 20. 52 44. 88 1.10 5.90
36 L 29. 62 20.63 |.......... 1.06 4.92
Y S 30.13 2171 | ... 1.40 1.95
38 L 28. 27 15. 30 38. 88 .98 16.9
89 .| 29.8 | 19.93 ... .84 7.23

, 1. Chandlers Island, Vernon Township, Sussex County.
2. Near William Richey's, Vernon Townshig, Sussex Cour
31

3. Near David Perry’s, Wantage Townshi!),
4. Near Samuel Vanderhoof’s, Wantage 'l

hty.

ssex County.
ownship, Sussex County.

5, Wear William Dewitt’s, Wantage Township, Sussex County.
,7. On i)ropcrty of Edward Lewis, Wantage Township, Sussex County.

6,

§,
and
10,
13
14
15
16
17
18
.19
20,
21

2

26
27
28
29
30
31
© 32
33
34

, 9. Rai
Western Railroad.

,11,12. Moore & Cutler’s quarry, Newton, Sussex County.

. Near Sparta, Sussex County.

. East of Van Kirk’s tavern, Columbia, Warren County.

. Quarry in the town of Belvidere.

. Robert Shimer’s quarry, Springtown, Warren County.
. Henry R. Kennedy's quarry, Springtown, Warren County.
. Charles Twinning’s quarry, south of Phillipshurg.

. James Riddle’s quarry, New Hampton, Warren County.
. Railrond cut east bank of creek, Changewater, Warren County.

. Mahlon Fox’s quarry, 1 mile southwest of Ashury, Warren County.

. Quarry at Oxford furnace.

25. Quarries at Pennwell (Penville), Musconetcong Valiey.

. 8. H. Leigh’s quarry, near Hoffman’s mill, south of Lebanon, Hunterdon County.

. Near Clinton, Hunterdon County.

. T. Mulligan & Brothery' quarry, Clinton.

. Pattersville, Somerset County.

. Henry Hilliard’s quarry, north of Peapack.

. Moses Craig’s quarry, Peapack.
. Peapack, :

. O’Donnell & McManniman’s quarry, Newton.

limestone 3 feet from the top. . 3
. The same. Middle of a massive blue layer 8 feet thick, 7 feet below specimen 34.
. The same. TLayer 3 inches thick, 4 feet below specimen 35, Rock a pale blue, with faint streaks

35
36
of p

ale yellow.

road cut one-fourth mile northwest of Hambury station, on the New York, Susguehanna

Middle of a thick, dense, even-textured, hlue

37. The same. Granular layer 8 feet below No. 36 Rock dark colored and semicrystalline.

. Gano's quarry, Annandale.

39, Mulligan Brothers’ quarry, Clinton.
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TRENTON LIMESTONE.

Ahove the magnesian Kittatinny limestone and resting on it is a
dark-blue or black fossiliferous limestone. Inthe early reports of the
New Jersey geological survey it is called the ‘‘fossiliferous” lime-
stone, in distinction from the Magnesian or Kittatinny limestone, in
which fossils had not been found at that time. ~ In age it is to be corre-
lated with the basal portion of the Trenton series of New York.

A continuous section of this formation is nowhere exposed, but in
general the succession of beds is about as follows:

Section of black fossiliferous limestone of New Jersey.

(@) Black calcareous shales or earthy limestone, gradually becoming less cal- Feet
careous and more siliceous or clayey and grading into the overlying
slate. Thickness is apparently variable_......._ .. .. ... ... .. .. 40
(b) A rough, irregularly bedded, dark-blue hmestone, breaking info knotty
slabs L iiliiiiiio.. e 43
(¢} Probably calcareous shale, usually not exposed. ... .. ... ... .......... 32
(d) Blue-black, earthy limestone, rather evenly bedded, weathering to a light
bluegray ... .. ........... e e e et 32

In Sussex County the total thickness is uniformly about 135 to 150
feet, except where faults have probably repeated some layers. The
formation, however, thickens to the southwest, being probably at least
300 feet at the Delaware, and possibly even more than this in the
Lehigh Valley region, Pennsylvania. The increase in thickness is
apparently in the upper calcareous shaly beds.

The Trenton rests upon the eroded surface of the Kittatinny lime-
stone, so that there is here a break ih the geologic record. At many
places the lowest Trenton beds form a conglomerate composed solely
of pebhles and bowlders of the underlying magnesian limestone and
chert.  Elsewhere pebbles of magnesian limestone and chert are
included in a matrix of pure limestone, which is sometimes fossiliferous.

Many analyses have been made of specimens both of the limestone
and of the calcareous shales of the Trenton formation. The more
massive beds contain from 85 to 95 per cent of carbonate of lime and
only small amounts of magnesia.. Some of the more shaly layers con-
tain 65 to 75 per cent of carbonate of lime, with sufficient alumina and
silica to make a good cement rock. It is this rock which is used with
such success in manuf‘tctuung Portland - cement near Phillipsburg,
Warren County, N. J., and in Berks, Lehigh, and Northampton
counties, Pa. The purer limestone beds can be used to mix with the
“cement rock” in order to raise the percentage of lime to the neces-
sary figure. ’



a From Ann, Rep. for 1900, N. J. State Geologist,
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Analyses of Trenton. limestone, New Jersey.a
Alumina . i
Siien(510| ({200, | Lime(cao).| Mugmesh | Suon i
(Fey0y).
SO 17.71 7.91 41.79 0. 38 33.25
D 14.59 6.86 40.30 .67 32.50
B 10.71 5.98 40.00 | .65 32.15
G 10. 26 7.19 44.72 1.40 36. 68
B e e 20.58 . 5.44 39.84 .63 32.00
B e e 8.42 2.30 44. 64 .36 34.47
S S 18.60 5.80 38.76 .66 31.20
B e e, 2.97 .46 54.98 84
0 11. 86 1.09 48.36 56 . :
0 43,38 4,37 24. 89 L3 7 I
T e 10.49 751 49.10 LI13 |ceeennn
12 il 1.8 .2 547 |oeeene... 43.00
13 e 15.8 1.6 43.2 2.2 31.4
e e 97 .86 55. 70 A5
11 SO 8.10 2.38 48.04 2.84 |0 ...
16 4.30 1.23]  52.58 65 o
17 2.62 | .38 54.00 100 |ooeeen.
18 . 14.97 1.48 46.66 U N
19 13.00 1.03 47.80 1.85 oo,
20 e 2. 54 114 53. 64 .81 42,72
) O 10. 67 1.49 49.03 70
92 e " 96.51 1.63|  43.09 I8
D TR 9.53 1.81 49.11 65 [
Y U 13.41 146 ]  49.13 78
P SR 13.52 .61 39.12 8.2l |..... ...
L 17.93 244 41.12 3.78 L.
Y SO 8.48 1. 04 37.95 1168 [..........
28 24.91 2.37 30. 46 9.82|.....
29 5.8 4.7 49. 00 I I,
300 4.33 1.1 52.76 84|
Bl 3.19 1.27 52.85 6
32 2.87 1.82 54. 04 8L e
38 13.05 1.42 47.95 BT
B 11.96 1.60 46.88 A0
S 5.50 1.94 50.16 167 |,
36 e 14.85 1.41 47.55 65 [
37 1.70 .81 54. 26 1.09 b ...
38 6.6 .80 49. 04 1.00 40.1
R i 7.83 1.19 50. 65 .55 40.41
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Analyses of Trenton limestone, New Jersey—Continued.

. | Alumina
5 siliea (Si00).| 1o aaie |Time (o). MEFRGH® | PSS,
(Fe03). .
40 29.78 8.929 30.10 218 ...
Al 2.64 - .82|  53.88 2
42, . 27.08 8.76 31.00 1.83 |..oooo..
43, 1172 1.00 47.37 2.06 |ooeennnn-.
4. ‘ 5. 46 1.83 49.38 2.26 ...
45 22.72 | 8.15 35.78 1.86 | oo ..

1-5. Murphy farm, near Carpentersville.
6-7. One mile southwest of Pattenburg.
8. Near Branchville.

9. Near Myrtle Grove.

10. Near Swartswood station.

11. Swartswood village.

12-18. Northwest of Stillwater.

14. Near Jacksonburg.

15. Hainesburg.

16. Columbia.

17-20. Near Beaver Run.

21-22. Near Monroe Corners.

23-25. Near Lafayette.

26-30. Near Newton.

81-33. Near Drakes Pond.

34. Three mileg southwest of Newton.
35-86. Near Huntsburg (Hunt's mills).
87-40. Springdale.

41, Swayze's mills.

42. Near Hope.

43-44. Sarepta.

45, Near Belvidere.

The Trenton limestone can be readily distinguished from the mag-
nesian Kittatinny limestone by the following points: (1) The Tren-
ton is usually fossiliferous. Some surfaces are covered entirely with
imprints of shells. Beds otherwise unfossiliferous usually contain
crinoid stems, which are best seen on weathered surfaces as small
disks, often with a hole in the center. The fossils of the Kittatinny
limestone are so few and so obscure that only an expert can detect
them, so for practical purposes the formation can be considered unfos-
siliferous. (2) The dark blue or black color of the Trenton weathers
to a light gray-blue, entirely unlike most of the Kittatinny beds. So,
too, the rough, knotty character of the bedding and of the weathered
slabs is characteristic of the Trenton limestone. (3) A drop of hydro-
chloric acid will cause the Trenton limestone to effervesce vigorously,
whereas the cold acid dropped on the Magnesian limestone acts weakly
or not at all. (4) The Trenton may usually be recognized by its posi-
tion. It lies on top of the Kittatinny limestone and beneath the slate,
which is the next higher formation, so that its outcrop forms a narrow
strip between the wider belts of these rocks. It is not found, how-
ever, in this position where faulting has brought the slate against the
Magnesian limestone, and it is sometimes faulted into the midst of the .
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Magnesian limestone areas, as will be explained below. (5) The Mag-
nesian limestone contains frequent masses of black flint or chert. This
is never found in the Trenton limestone in New Jersey, except as
water-worn pebbles in the basal conglomerate.

HUDSON SHALES.

The shaly limestones of the Trenton becomé more clayey and less limy,
and gradually pass into a series of shales, slates, and sandstones. This
formation has usually been known as the Hudson shales. The shales
are commonly black or dark gray, although green and red beds occa-
sionally occur. Much of this rock has a marked-tendency to split into
thin sheets. This cleavage is not along the bedding planes or layers
in which the slate was deposited, but cuts across them at various
angles. It is in virtue of this tendency to split smoothly and regularly
into thin layers that some zones of this formation yield excellent roof-
ing slates; and in some localities, as at Newton, N. J., and Slatington,

Pa., they are largely quarried for this purpose.

There is considerable difference in the chemical constitution of vari-
ous members of this foumtlon owing to the variations from shale
and Sl‘Lte to sandstone.

Analyses of FHudson shales and slates, New Jersey.

1 2 3 4 ) 6
Silica (8i0,) ................. 56.60 | 68.00 [«77.53 | «76.22 | «79.36 [ «81.17
Alumina (AL,Og)....... c...lo 21.00 | 14.40 } i
R . . 10.10 | 13.05 | 10.73 9. 80
Iron oxide (Fe,Oy).. ........ 5. 65 5.40
Lime (Ca0) ....... P 3.42 2. 68 3.56 2.67 2.07 1.13
Magnesia (MgO)............. 2.30 1.51 4.28 .93 2.57 2.48
Alkalies (KO, Na,0)......... .50 AL S DO RN I
Sulphur (8) ... .. .. ;¥ RN I DU RS I
Carbon dioxide (CO,) ........ 2.20 2,80 |
Water..... .. 3.00 2,70 (oo e
aInsoluble. -
1. Delaware Wnter Gap. Geology New Jersey, 1868, p. 136.
2. One mile northwest of Colevilie. Ibid.
3. Near Annandale. Ann. Rept. New Jersey State Geol. for 1900, p. 52.

. Near Lafayette, Ibid., p. 74.
. Newton slate quarry. T bid., p. 77.
. Near Drakes Pond. lbid., p. 78‘

[=2¥=1]

GEOLOGIC STRUCTURE.

The general relations of these formations—the Hardyston quartzite,

‘the Kittatinny limestone, the Trenton limestone, and the Hudson
" slate—are usually very simple and easily understood. They have
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been bent into great folds, which originally formed a succession of
arches and troughs. During the enormously long period which has
elapsed since the folding occurred, hundreds, perhaps thousands, of
feet of strata have been worn oft from the arches, so that beds which
were once deep below the surface are now exposed to view. The axes
of these folds extend in a northeast-southwest direction, so that. the
formations lie in long and comparatively narrow belts that extend in
the same direction. Along the central line of an upfold of the strata
or anticline the older rock is exposed. The beds slant or dip away
from the axis, and younger and higher beds are found toward the
flanks. The Kittatinny limestone, being older than the Trenton and
Hudson, occurs along the central line of the anticlines.

The reverse relations are true where the strata are downfolded, i. e.,
at the synclines. Here the younger beds are found along the medial
line, toward which the strata dip, and the older beds are found on the
flanks. . ‘ ‘ '

The simple structure of anticlinal and synclinal folds is often com-
plicated by faults or fractures, along which the strata have moved

past one another. The fault planes may be inclined at various angles, -

and the motion may have been in any direction along them. As a
result of faulting a given bed may not appear at the surface, or it may
be repeated and form a double line of outcrops. - Consequently the
Trenton limestone does not occur everywhere between the outcrops of
slate and Kittatinny limestone where it is expected, and it sometimes
does occur apparently in the midst of the older limestone formation
where it is not expected. Again for long intervals the rock may be
buried beneath thick accumulations of glacial drift, which conceal its
outerop, but in these cases it can always be found by digging.

LIMESTONES OF UPPER DELAWARE VALLREY,

Limestones and calcareous shales of various kinds are found along
Wallpack Ridge, from Tristates to Wallpack Bend, on Delaware River.

With the exception of that part of the ridge near Tristates all this

area 1s so far removed from any railroad that for lack of transporta-
tion facilities any deposits of cement rock and limestone within it
must remain undeveloped for many years. For this reason these lime-
stones were not studied with the same care as those of the Kittatinny
. Valley. :
Doctor Cook published in 1868 analyses of specimens from various
horizons, which indicate that many of the beds have a high percentage
of carbonate of lime, and are practically free from magnesia. Finely
ground and ‘mixed with clay in the right proportion they would make
good Portland cement, dr the rock could be used to raise the percent-
age of lime in a cement rock deficient in it. . These formations were
described by Mr. Weller in the annual report for 1899, pages 1-46.
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A 'specimen of the Bossardville limestone (Cook’s ribbon llmcstonc)
from Richard Stoll’s farm near \’Vallpqck Center had the following

composition:

Analysis of Bossardville limestone from near Wallpack Center.

Silica (S10,) <t oi it e 12. 80
Alumina and iron oxide (Al,O; and Fe,Og). ... ... .. e 2.10
Lime (Ca0) ..o i 44. 85
Magnesia (MgO) ......... P 2.18
Carbon dloude 00, - 37.68

Outcrops of the Bossardville limestone are numerous from Il (Lb-
brookville to Peters Valley, along the eastern foot of the ridge. At
the Nearpass quarry, near Tristates, it is exposed just above the base
of the section there shown, and has a thickness of 12 feet 4 inches.

Specimens from other lllllbthllC formations exposed in Sandford
Nearpass’s quarry, near Tristates, were analyzed by Cook, with- the
following results:

Analyses of limestones from Nearpass quarry, near Tristates, N. J.

1 2 3 4
ST (107 D 8.50 | 4.00| 22.80 4.10
Alqmina .(_Alzosz ----------------------------- } 16.90 | 1.10 { 8.94 } 60
Oxide of iron (Fe,Og) ..o oo . 2.57
©LiMe (CAOY - en e 39.87 | 52.52 | 20.44 | 52.92
Magnesia (MgO) .......ocooeiioniiieano.| 142 .83 12,08 [........
Carbon dioxide (CO,) ... ... 33.31 | 41.80 | 31.06 41.58

No. 1 is Cook’s ‘“firestone,” a part of the Decker Ferry formation.
No. 2 is Cook’s *“old-quarry stone,” the identification of which is
somewhat indefinite, but it is probably the top of the Rondout water-
lime formation. No. 3, the so-called *‘pethstone,” is No. 7 of the
Waterlime formation (p. 20, Annual Report for 1899). No. 4, the
“quarry stone,” is the Tentaculite limestone. Another specimen of
the Tentaculite limestone had 51.5 per cent of lime and 5. 5 per cent of
silica and quartz.

.The Nearpass quarry is not so far removed from ‘the railvoad at
Port Jervis but that some of these beds may be profitably utilized.
Analyses 2 and 4 above show that the ‘*old-quarry stone” and the
“quarry stone” are high-grade limestones. Analysis of the shaly
layers in the quarry may show a rock with the right proportions of
alumina and silica. In Mr. Weller’s paper, in the report for 1899,
some of the important exposures of these iOlnchthl]s al'e noted.

Bull. 243—05—16
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Doctor Cook also gives the following analyses of specimens, the
exact geologic horizon of which can not be determined from the record:

Analyses of Silurian limestones.

1 2 3

©SilCa (810y) <. 9.80( 8.70| 10.80
Alumina and iron oxide (Al,0; and Fe,Oy) - ... ... ... . 2,10 1.50 2.60
Lime (Ca0) «oo it 48.88 | 49.67 | 45.19
Magnesia (MgO) .-« omwe e s 69 .80
Carbon dioxide (CO,) .. vnmre ool 38.90 | 40.00 | 36.75

1. Limestone from John Schooley’s farm, near Peters Valley.
2. Limestone from farn of Joshua Cole, Montague.
3. Limestone from farm of Calvin Decker, Wallpeck Ridge.

WHITE MARL DEPOSITS.

In addition to the limestones described in the previous part of this
report, there are in Sussex and Warren counties shell-marl deposits,
often of considerable extent, some of which may be sufficiently pure
to be used for Portland cement in combination with clay. No recent
study of these deposits has been made, but the following data, from
the earlier reports of the New Jersey Geological Survey, particularly
from the annual report of 1877, may be of value in this connection.
These partial analyses were published in 1877:

Analyses of New Jersey marls.

Calcium | Magne- Sand Water,
cfzzlgeon- si l;lolg é&r éllg,d b}ccg'ﬁ:& Description. Location.
(CaCOy). |(MgCOy). Y- Irial, ete.
1...]98.33)...--.. 0.90 | 0.67 | White, pulverulent; | Andover, Sussex
no vegetable matter.| County.
2...{88.86|....... 9.96 | 2.16 | Precipitate from water.| Peters Valley, Sussex
County. -
3. 97.73 |....... .60 | 1.59 | White, dense, fine....| Shiloh, Warren
' County.
4...095.34 | 2.18 .98 | 1.50 | Surface’ marl, white, Do.
. . solid, fine. .
5...196.32 | 1.57 | 1.16 .96 | Drab white, fine and | Hunt’s mill, - Sussex
with shells. ) County.
6...1:92.25 | 2.98| 1.56 3.21 | White, pure,  some ! Marksboro, Warrcen
: grass roots. County.
7...089.87 | 2.29 .97 | 6.87 | Ash colored, many | Hope, Warren County.
\ shells, light. :
8§...096.54 | 1.47| 2.05| 0.00 | White, very fine, | Newton, Sussex
. medium density. County. :
9...] 84.52 | 1.76| 8.46 | 5.26 | Surface marl ... .. .. Do.
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Analyses of New Jersey muris—Continued.
Calcium| Magne- Su.l‘ld‘ Water,
c"‘;'t’g"’ S on e (f]'}':d b‘]’(?%(l}!ittle Description. Location.
(CaCOy). [(MgCOy). Yo Iria), ete.
10..] 90.18 | 0.00 | 9.75 |....... White, very dense, | Lincoln, Warren
‘ ‘thick shells. County.
11..1 99.04 | 0.00 .56 .41 | White, very light, pure. Do.
12..] 68.73 | 0.00 | 23.99 | 7.28 | Dark-coloredshellsand| Montague, Sussex
vegetable matter. County. .
13..1 94.75 | 0.00 .71 | 4.54 | White, very light, pure.| Monroe Corners, Sus-
, sex County.
14..| 64.20 | 0.00 | 16.21 | 16.59 | White shellsand clay..| Centerville, Sussex
! County.

PORTLAND-CEMENT INDUSTRY IN NEW JERSEY.

Three Portland cement plants are at present in operation in New
Jersey, all of them in Warren County, and® all using the Trenton
cement rock as their principal raw material. In raw materials and
general practice these plants agree with the others of the Lehigh
district, described on page 284, to which reference should be made
for a general discussion of the subject. The following data on the

' hlthly and production of the three New Jersey plants are taken

from a recent report of the New Jersey Geological Survey:

In 1891 Thomas D. Whitaker commenced the manufacture of Port-
land cement at Alpha, N. J., establishing what is now the Alpha
Portland Cement Company. . In 1895 the present operators purchased
the plant, which then had a capacity of from 500 to 700 barrels a day.
The rock at Alpha produced such an excellent cement that the plant
was gradually increased, until in 1900 there were 10 kilns, with a
capacity approximating 2,000 barrels a day. In 1901 a new mill of
the same capacity was erected, the former being known as mill No. 1
and the latter as mill No. 2. In the summer of 1903, 4 more kilns
were added to mill No. 2, making. 14 kilns for this plant. This com-
pany is now manufacturing at Alpha about 5,000 barrels daily. Since
the issue of the New Jersey Geological Survey’s report of the Port-
land cement industry in 1900, in which the distribution of the cement
rock was delineated, the company has increased its holdings from 40
acres to 200 acres. The quantity of cement manufactured by this
company since its inception is, in round numbers, 6,000,000 barrels.

Production of cement at plant of Alpha Cement Company, Alpha, N. J.

Barrels. Barrels.
1894 ..l ©.100,000 | 1899 ... ... 380, 000
1895 . ..l 120,000 | 1900.... .. ... ....... 500, 000
1896 .. ... .. ... ... 215,000 | 1901 . ... .. ... 830, 000
1897 ...l 325,000 | 1902 . ... oo 1, 180, 000
1898. .l 350,000 | 1903 .............. . ....... 1,400,000
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The method of quarrying at the Alpha quarry is to drill across the
strata with steam drills and break down the rock with dynamite and
load it on mine cars with a steam shovel. These cars are then hauled
up an inclined railroad by a cable. Four tracks are in use at Alpha,
two for each mill. In practice it is found necessary to bring.up the
lime content by the addition of limestone brought from Pennsylvania.

In 1894 the directorate of the Vulcanite Paving Company, of Phila-
delphia, in order to be assured of an adequate supply of first-quality
cement to use in certain paving work, commenced the erection of a
plant close to the Alpha works. The original mill had 5 rotary kilns.
Later No. 2 mill, with 6 kilns, was erected. Finally an additional
factory of 10 more kilns was installed, and the company has increased
its holdings of cement-rock land to 250 acres.

The output to date is given as follows:

Production of cement at plant of Vulcanile Paving Comparny ab Alpha, N. J.

. Barrels. ' Barrels.,
1895 (6 months)......_.... .. 14,000 {1900 ... a..... 690, 000
1896 . .. ... 60,000 | 1901 . ..o 725,000
1897 . .. 125,000 | 1902 .......... e 975, 000
1898 . ... 218,000 | 1903 ...... e e e 1,. 460, 000
1899 ... 513, 000

Two quarries, entirely independent of each other, are operated as
pits. The rock, broken down by dynamite, is hoisted and conveyed
by wire-cable tramways to the mills. Two independent cable ways
are operated at each pit.

The plant of the Edison Portland Cement Company was put in

operation in October, 1903. The quarriesare about 2 miles from the
works and are connected therewith hy a standard-gage railroad. The
cement rock and limestone occur in close proximity. The rock in a
general way resembles that of the quarries already mentioned, although
of course the excavations are not nearly so extensiveas yet. A rather
radical departure from quarrying methods is being inaugurated in the
form of a movable root over each quarry. This is made of corrugated
iron placed on light steel frames resting on wheels which in turn run
on a T-rail track. By thus covering the quarry it is intended to work
it in all weathers, the roof being moved as quarrying proceeds. "After
the rock is blown down it is loaded into cars with steam shovels.

BIBLIOGRAPHY OF NEW JERSEY CEMENT.

Eckern, E. C. Cement-rock deposits of the Lehigh district, Pennsylvania-New
Jersey. Bull. U. S. Geol. Survey No. 225, pp. 448-450. 1904.

Hawmirron, S. H. The cement industry [in New Jersey, 1903]. Anu. Rept. State
Geologist, N. J. for 1903, pp. 112-118. :
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Lrwrs, F. H. The Vulcanite Portland Cement Company’s works, Vulcanite, N. J.
Engineering Record, May 6, 1899, *‘ Cement Industry,” pp. 96-106. 1900.
Rugs, H., and orners. The clays and clay industry of New Jersey. Vol. VI, Final

Rept. N. J. State Geol., 548 pp. 1904,

[Anonymous.] Edison Portland. Cement Company. Iron Age, Dec. 24, 1903.
Vigit to plant of Bdison Portland Cement Company. Engineering News,
May 29, 1902.
The works of the Edison Portland Cement Company. Engineering Record,
vol. 48, pp. 796-802. Dec. 26, 1903.

The Edison Portland Cement Works at New Village, N. .T Tngineering
News, vol. 50, pp. 555-659. 1903. .

PO]IT‘LAND-CEDIENQ"RESOURCES O NEW YORK.

. PORTLAND-CEMENT MATERIALS.

The State of New York now ranks fourth in the production of
Portland cement in the United States. The extensive series ot lime-
stones which outcrop within its borders, and its excellent local markets
for cement and cement products, will probably enable it to improve
its rank as a Portland-cement producer very materially within the
next few years.

Of the many different limestone formations which outcrop in New

York State, five are of such thickness, areal extent, and chemical com-
position as to be worth considering as sources of Portland-cement
material. Many other limestones oceur in the State, but these others
may be disregarded here as being usually too thin, of improper chem-
ical composition, or too badly located with reg: ud to tr fmspmtatlon
routes, markets, or sources of fuel supply.

The five avulable limestones noted above, in their geologic 01de1
are as follows:

B, Marls .. Quaternary.

4. Tually limestone.. ... . ...ooeieiieaa .. Devonian.

3. Telderberg limestones ... ... ......._. PUP Silurian and Devoman

2. Trenton limestone . ... .. ... ... .. ... ... .. Lower Silurian (Ordovician).
1. Chazy limestone .................. e Lower Silurian (Ordovician).

All of these limestones except the first (Chazy) are at present
utilized in Portland-cement manufacture in New York State.

The character and distribution of -the five limestone groups above
noted will now be described separately in the order in which they are
listed above. Pl X shows the actual distribution in New York State
of the first four limestone groups. The Quaternary marls are widely
distributed throughout the State, but occur usnally in small deposits.
For this reason marl deposits are not shown on this map, except in
such cases as are known to be of workable size.
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CHAZY LIMESTONE.

DISTRIBUTION.

The Chazy limestone is confined practically to the Lake Champlain
Valley. It outcrops on the west shore of Lake Champlain, a few
miles south of Crown Point village, and is also well shown in Crown
Point itself. It appears again on the lake shore dbout 5 miles south
of Westport, near Essex village, and +on Willsboro Point. Its most
characteristic and extensive outcrops, however, are in the eastern
part of Clinton County. It is shown well on Valcour Island and on
Isle 1a Motte, where it has been extensively quarried. On the main-
land it occupies large areas north of Valcour and west of Plattsburg,

where it is quarried. The largest single area is in the northeastern’

part of Clinton County, where it has been worked extensively for lime
and ‘building stone. This area extends almost without a bréak from
the village of West Chazy to the lake shore and northward to the
Canadian line near Rouse Point..

Local details concerning the dlstubutlon thlckness etc., of the
Chazy formation will be found in a paper by H. P. Cushing, entitled
“ Report on the Geology of Clinton County,” in the Thirteenth Annual
Report of the New York State Geologist, pages 473-490. This paper
also contains geological maps of the county, showing the area covered
by the limestone. '

COMPOSITION.

The Chazy limestone is usually a very pure limestone, low in hoth
magnesia and clayey mdtter. It is commonly bluish to grayish in
color, and has a slightly crystalline appearance. Occasionally it car-
ries notable percentages of silica, alumina, etc., but these argillaceous
phases are rare. Of the analyses in the following table Nos. 1 and 2
represent the purest type of the Chazy limestone, while Nos. 3, 5, and
6 contain more or less clayey matter. Analysis No. 4 is included as
representing a highly argillaceous type, occurring in the same area as

Nos. 3, 5, and 6; but this particular analysis is old rLnd of doubtful .

value.
Analyses of Clmzy limestone, New York.
1 2 s | 5 6

Silica (Si0y) -voieiiaeaeaaan. 0.79 ] - 0.72 2.43 | 21.39 4.40 4.60
Alurninfm (ALOg) ceoi ot .14 } o 361 { 7.10 4.10
Iron oxide (Fe,Og) -c.ooooo... .12 3.50 1.90
-Lime (CaO) .................. 54.36 | 53.90 | 51.00 | 39.37 | 44.35 | 49.11
Magnesia (MgO) -..... S .67 1.44 1.00 .52 2.00 .47
Carbon dioxide (CO;) ......... 43.45 | 43.92| n.d | 31.51| 37.05| 39.10

1. Chazy, Clinton County. Rept. New Yerk State Geologist for 1897, p. 433.

2. Chazy Marble Lime Company, Clinton County. D.H. Newland, analyst. Bull. New York State
Museum, No. 44, p. 755.

3. Willshoro Point, Essex County, T.G. White, analyst. Tbid., p. 782.

4-6. Willsboro Point, Essex County. E. C. Boynton,_auml\st Thid. , Pp. 782, 783.
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The cost of fuel in the Champlain Valley and the distance from good
local markets will probably prevent any great development of the
cement industry in the Chazy district, though the limestone itself is
well adapted to cement manufacture and good clays are obtainable.

TRENTON LIMESTONE.,

DISTRIBUTION,

The Trenton limestone, including the Black River and Birdseye or
Lowville limestone, is widely distributed throughout New York State,
appearing in the valleys of Lake Champlain, upper Hudson River,
Mohawk River, and Black River, in all of which it is an important
quarry stone. It occurs also in the southern part of the State, but
the outcrops in that district are so small and scattered that they may

. be disregarded.

Along the shores of Lake Champlain the Trenton limestone is
exposed at various points, being quarried more or less extensively on
Isle la Motte, at Plattsburg, and on Larabees Point and Crown
Point. The most important series of outcrops, however, are along
Mohawk and Black rivers and in the vicinity of Glens Falls.

The belt which is quarried near (Glens Falls enters the State from
Vermont, in northern Washington County, and passes southward
through West Haven and Whitehall. close to the line of the Delaware
and Hudson Railroad. A short break in the area occurs at Fort Ann,
beyond which the limestone belt passes south to Sandy Hill, then west
to Glens Falls, where it again turns south to Saratoga. In all this
distance it lies close to railroads, and in places is also near the canal.
It is extensively quarried for Portland cement at Glenns Falls and
for lime and building stene at Sandy Hill, Glens‘ Falls, and other
points.

In the lower Mohawk Valley the areas covered by the Trenton
limestone are too irregular to be readily described.¢ It is suflicient .

" to say that the Trenton outerops extensively in the vicinity of Cranes-

ville, Amsterdam, Tribes Hill, Yosts, Sprakers, Palatine Bridge, St.
Johnsville, Dolgeville, and Little Falls. Tt is quarried at many of
these points for lime or building stone. It should be noted, however,
that another limestone—the Calciferous or Beekmantown limestone—
also occurs at many of the points named, underlying the Trenton
limestone. This Calciferous limestone, however, is usually a very
impure rock, high in magnesia, and should therefore be cavefully dis-
tinguished flOlﬂ the Trenton, which is normally very low in nmgncsm

The most extensive area of Trenton limestone in the State remains
to be described. This area lies mostly in Oneida, Lewis, and Jefferson

aThe distribution 6f the Trenton limestone thronghout much of its range in the Mohawk Valley and
adjoining regions is described in detnil in a paper by N, H. Darton on the ‘*Geology of the Mohawk
Valley,” published in the Thirteenth Annuzl Report of the New-York State Geologist, pp. 407-430.
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counties, along the valleys of West Canada Creek and Black River.
Commencing as a narrow belt near Middleville, Herkimer County, it

passes northwestward, increasing to about 8 to 10 miles in width, and *

going through Trenton Falls, Prospect, Remsen, Boonville, Port Leyden,

Lowville, and Copenhagen, at many of which points it is extensively
quarried. The limestone belt here widens out greatly, being about 20
miles wide at Watertown, and extending along the St. Lawrence-Lake
Ontario shore from near Clayton to near Port Ontario, a distance of
over 50 miles.
ton limestones are quarried at Cape Vincent, Chaumont, Clayton,
Watertown, Theresa, and many other points.

COMPOSITION.

The Trenton limestone is usually a pure nonmagnesian limestone.
It is dark gray to almost black in color, and is commonly highly fos-
siliferous. ’ ‘

The following analyses, which are representative of the various
phases of the Trenton limestone, are arranged in geographical order

along the outcrop of that limestone, beginning in Washington County, -

on the east, and ending in Lewis County, on the west.

Analyses of Trenton limestones, New York.

Within this broad area in Jefferson County the Tren-

o | B | WD ameccnon) MR CHRES
B S 0.97 0.08 0.02| 5415 0.39 42.95
I 1.38 0.58 55. 26 .72 n.d.
B .72 1.50 54. 28 .80 44. 00.
Al .70 1.00 | .70 53.09 1.04 42.05
D eaanas 2.13 1.26 53.19 | Trace 41.79
[ 3.30 1. 30 52.15 1.58 40. 98
T 1.10 .80 .50 | 53.17 .75 45.08
8. 6.13 .79 61|  49.55 1.17 40.22
D 1.25 3.00 52.78 |oeeeiin. 42,97
1 JO 3.82 1.08 52.46 | ooeeeo. 42.64
1) SO 5.68 2.76 5212 | ol 39.44
120 s, 6.70 3.03 .21 [ 49.92 | Trace. 39. 23
L SO 8.45 2.72 84|  47.38 1.63 39.01
T4 2.59 1.21 .61 52.00 1.04 42.00
i 3.96 1.70 51.11 1.80 42.14
16 3.09 1.15 | .49 52.70 .78 42.26
17 . 1. 44 .83 54.52 .49 43.39
18 6.50 |  1.67 76| 49.53 1.28 |  40.31

" 1. Keenan Lime Company, Smith’s Basin, Washington County. Twentieth Ann. Rept. U. S. Geol.

Survey, pt. 6, p. 427. -
p. 826

2. Keenan Lime Company, Smith’s Basin, Washington County. Bull. New York State Mus. No. 44,
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3. Keenan Lime Company, Smith’s Basin, Washington County. H. Ries, analyst. 1Ibid., p. 827.

4. Harris quarry, near Whitehall, Washington County. 1Ibid.

5. Glens Falls, \\’nrrcu County. J. H. Appleton, analyst. Seventeenth Ann. Rept. U. 8. Geol.
Survey, pt. 3, p . 801

6. Glens Imlls Warren County. Mineral Industry, vol. 6, p. 97.

7. Glens Fulh Warren County. . Bull. New York State Mus. No. 44, p. §25.

8. Hewitt quarry, Amsterdam, Montgomery County. Ibid., p. 749,

9! Hewitt quarry, Amsterdam, Montgomery County. J. M. Sherrerd, analyst. TI'wentieth Ann,
Rept. U. 8. Geol. Survey, pt. 6, p. 427, :

10. Hewitt quarry, Amsterdam, Montgomery County. J. M. Sherrerd, analyst. Ihid,, pt. 6, p. 427,

11. Hewitt quarry, Amsterdam, Montgomery County. J. M. Sherrerd, analyst. Thid., pt. I p. 427.

12. Butler quarry, Ingham \hllq Herkimer County. Bull. New York State Mus. No. 44 P. 788,

13. Butler quarry, Ingham Mills, Herkimer County. Ibid

14. Prospect, Oneida County. J. D. Irving, mmlvst Tbld p. 802. )

16. Waters quarry, Lowville, Lewis County. Ibid.,

16. Roberts quarry, Collmsvmc Lewis County. D, H Newlmm analyst. Ibid., p. 791.-

17. Christy quarry, Leyden, Lewis County. Thid.; p. 791

18. Snyder guarry, Port Lcyden Lewis County. D, H. Newland, analyst, 1bid., p. 791.

HELDERBERG LIMESTONES.
DISTRIBUTION.

Regarded as possible sources of Portland-cement materials, the most
1mp01bant series of limestone formations in New York State is that
included in the Upper and Lower Helderberg groups. These two
groups, each divisible into a number of well-marked formations, are
separated throughout the greater part of their range by a compara-
tively thin bed of sandstone—the Oriskany sandstone—but for the
‘purposes of this volume may be considered as one series of limestones.
The Helderberg limestones, considered together, extend eastward from
Buffalo, in Evie County, to Oriskany Falls, Oneida County. Here
the belt turns about S. 30° E., nearly to South Bethlehem, Albany
County. From this point the outcrops of the limestone trend almost
parallel to and a little west of Hudson River, nearly to Kingston. The
limestone belt then turns southeastward, passing through Ellenville
and Port Jervis into Pennsylvania and New Jersey. The line of out-
crop is shown in considerable detail in Pl. X.

The distribution of the Helderberg limestones is described at length
in the following papers, in which maps and sections showing local
details will he found:

Darton, N. H. Report on the Helderberg limestones: Thirteenth Ann. Rept.
New York State Geol., pp. 197-228.

Darron, N. H. Report on the Geology of Albany County: Thirteenth Ann.
Rept. New York State Geol., pp. 229-262.

Darron, N. H. Report on thé Geology of Ulster County: Thirteenth Ann.
Rept. New York State Geol., pp. 289-372.

COMPOSITION.

Analyses of Helderberg limestones, New York.

Siliea Alumina | Tron oxide Lime Magnesin | Carbon di-

(810s). (ALOy). (Fe,04). (Ca0). (Mg0O). |oxide _(COQ).
2 1.17 0.64 ' 54. 06 0.48 43.00
2.. TR 5.00 .60 51.78 .88 41. 66
G . 5.96 3.16 1.34 49.70 | 144 40.13

4o 14.85 7.18 1.57 40. 23 1.95 33.76
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Analyses of Helderberg l‘imestones; New York—Continued.

Silica Alumina | Iron oxide Lime Magnesia | Carbon di-
 (Si0y). (A10y). (Fex0y). .[ (CaO). (MgO). |oxide (COu)-
S . 1.6 0.7 54.32 0.53 43.26
[ 7.23 ©o1.64 . 48.68 1.84 40.29
T s 1.92 .36 52.53 | . .69 42,03
8 n.d. n.d. ‘n.d. 35.25 8.94 37.52
1S B n.d. n.d. n.d. 43. 22 6.08 40. 65
100 n.d. nd. | nd| 4882 1.48 39.99
L O . 5.53 1.50 50. 25 1.00 40.49
12.......... o 2,48 .95 53.52 .46 42,54
13 5.56 1.55 5047 .83 40.57
oo 2.57 1.55 52. 69 .84 42.33
15l 5.66 . 214 50.25 |  1.11 40.70
16, 5.46 1.35 - 50. 80 1.01 41.02
17, 5.82 1.38 50. 93 .85 40. 87
18...... e 4.45 .80 - 50,06 2,74 42.36
19 4.91 481 .53 51.82 1.16 41.90°
20, 4.31 | T .| 5105 1.65 41.90
Ol 1.48 n.d. n.d. 53. 62 nd. | nd
22 . ........ o C 4,12 n.d. n.d. 52. 46 n.d. |’ n.d.
23 .l 9.05 6.66 . .99 44.72 1.98 37.33
.. 512 1.45 | - .74 48.34 2.93 41. 922
2B s 11.16 3.35 1.15 44. 97 3.17 38.27
2. .. 1.27 .73 _ 54.51 .66 43.46
27 .. L84 .63 1.82 51.40 2.23 41.19
98 1.89 1.01 .55 51. 35 1.67 42.19
29 . 2.75 1.50 1. 60 53.10° nd |  nd
B0 7.10 2.50 1.65 45. 22 Trace. 39.10
3. . 3.87. 1.07 1.34 54.11 | Trace. 40. 60

1. l"oge]songcr quarry, Wlllmmswllc Erie County. H. Carlson, ana]yst Twentieth Ann. Rept.
U. S. Geol. Survey, pt. 6, p. 4

2. Howells quarry, Leroy, Geneseo County, Bull. New York State Mus., No. 44, p. 784.

3 Strobel quarry, Leroy, Genesee County. Ihid.

Babcock quarry, Waterloo, Seneca County. Ibid., p. 819,

5. Alvord quarry, Jamesvxlle Onondaga County. F. E. Engelhardt, analyst. Ibid., p. 806.

6-12. Clinton, Oneida Coumy A. H. Chester, analyst. 1bid., p. 802.

13-17. Orlskunv Falls, Oneida County. A. H. Chester, mmlyst 1bid.

18. Putnam quarry, Orlsknny Falls, Oneida County. Ibid., p. 803.

19. Manning quarry, Columbia, Herkimer County. Ihid., p 788.

20. Cobleskill Quarry Compuny, Cobleskill, Schobarie County C. F. McKenna, analyst. Twen- -

tieth Ann. Rept. U. S. Geol. Survey, pt. 6, p 7.

21,22, Howes Cave, Schoharie Countv C. A. SchaefTer, analyst.

9395, Callanan quarry, South Bethlehem, Allmny County Bull. New York State Mus., No. 44, p. 771.

26. Howes Cave, Schoharie County. C. A. Schaeffer, analyst. Twentieth Ann. cht U. S. Geol.
Survey, pt. 6, p. 427, i .

27, 28. udson Columbia County. TIbid., p. 427,

29. Holdredge quarry, Catskill, Greene County H. Ries,analyst. Bull. New York State Mus,, No.
44, p. 787.

30. Turner quarry, Wilbur, Ulster County Ibid., p. 822,

31. Rondout, Ulster Count) Ibid.
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TULLY LIMESTONE.

DISTRIBUTION.

The thinness of the Tully limestone would probably allow it to be
disregarded as a Portland-cement material if it were not for its advan-
tageous distribution. It occurs only in central New York, and occu-
pies a greater area than any other limestone in that part of the State.
Its line of outcrop, moreover, crosses all the Finger lakes, on the shores
of most of which the limestone is well exposed, and the belt is crossed
by numerous railroad lines leading” to the coal regions of Pennsyl-
vania. With these advantages of position, even a relatively thin
limestone bed is worth considering, and one Portland-cement plant
that uses the Tully limestone is already in operation.

The most western known exposure of the Tully limestone is near
Reed Corners, Ontario County. From this point it runs southeastward
through or near Gorham, Stanley, Hall Corners, and Dresden, disap-
pearing below the waters of Seneca Lake opposite the village of
Starkey. It reappears on the east shore of the lake about 5 miles
south of Willard, and is exposed almost continuously along the lake -
shore as far north as Willard. Here it turns eastward through Hayt
Corners, then southeastward near Sheldrake to the Cayuga Lake shore
east of Covert, and thence southward along the west shore through
Trumansburg to Glenwood. Its most available outcropsare, however,
on the east shore of Cayuga Lake, which it follows closely from
Portland Point north to opposite Kings Ferry. Turning northeast-
ward the limestone outcrop leaves the lake and passes through Poplar
Ridge, Sherwood, and Scipio. From this point to its most eastern
known outerop, which is near Smyrna, Chenango County, the outcrop
of the Tully limestone is too irregular for ready description, as can be
seen from the map, Pl. X, opposite page 246. 1t is sufficient here to
indicate its course by saying that the principal villages and stations
on or near the outcrop are, in order eastward, Cascade, Locke,
Moravia, Miles, Glenhaven, Scott, Spofford, Borodino, Otisco Valley,
Tully, Truxton, Cuyler, Deruyter, Georgetown, and Smyrna.

COMPOSITION.

The Tully limestone is low in magnesia, rarely carrying over 1% per
cent of magnesium carbonate. It commonly carries a rather large
percentage of silica, alumina, and iron oxide, at times approximating
in composition the Lehigh cement rock. The analyses given on page
952 ave fairly representative of its range in composition.

The limestone is immediately underlain by a series of shales which,
as shown by the experience of the Portland-cement plant near Ithaca,
are well adapted to mixing with the limestone.
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Analyses of Tully limestone, New York.

1 2 3 + 5 6
Silica (Si0y) «veen oo, 9.72| 6.30| 7.88| 5.7 40| 15.0
Alumnia (ALOg) ... ... ... 4.20
a (ALO,) } 3.35 | 401 21 | 2.0/ 230

Tron oxide (Fe,04) -........... .48
Lime (CaO) ... o ... 47.11 | 50.25 | 48.10 | 49.56 33.6 30.0
Magnesia (MgO)............... .66 22| .53 .67 2.6 1.3
Carbon dioxide (COy) .. ... ... n.d. n.d. n.d. | 39.67 n. d. n.d.

1. Top bed. Portland Point, Tompkins County. J. H. McGnire, analyst.

2. Middle bed, Portland Point, Tompkins County. I[. H. McGuire, analyst.

3. Bottom bed. Portland Point, Tompkins County. J. H. McGuire, analyst.

4. Near Lansing, Tompkins County. H. Ries, analyst. Bull. New York State Mus., No. 44, p. 820.

5. Willard, Seneca County. Trans, New York Agric. Soc. for 1850, p. 611.

6. Hayt Corners, Seneca County. Ibid.

- QUATERNARY MARLS.

DISTRIBUTION.

Small deposits of marl occur at many points in eastern and northern
New York, filling old lake basins and now forming swampy tracts,
overlain by much impure peat. So far as known, none of the deposits
in this part of the State are of workable size.

In western and central New York, however, large marl deposits
have been found at many points. They are, or have been, utilized
in the manufacture of Portland cement at Montezuma, Cayuga County;
Jordan and Warners, Onondaga County; Caledonia, Genesee County;
Wayland and Perkinsville, Steuben County, and Cassadaga Lake,
Chautanqua County. Other large deposits, as yet undeveloped, are
known ¢ to occur northwest of Canastota, Oneida County; at Cortland,
Cortland County; Clifton Springs, Ontario County; Clarendon,
Orleans County, and Bergen, Genesee County.

COMPOSITION.

The New York marls show, on analysis, the usual variations in com-
position. Most of those included in the table below are actnally used
at Portland-cement plants.

aBull. New York State Mus, No. 44, p. 767.
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Analyses of Quaternwry marls, New York.

vo | gl | A e e | oty | G| A
oo, 0.40 0.20 0.20 | 53.50 0.30 ' nad. | (9
2. 1.10 © 150 54. 54 Trace. nd. |.......o..
F S .49 .35 52.71 Trace. n.d. ]
4. .50 2.00 52.70 1.09 . 42.61 |..o..oo..
5..... . .42 1.08 52.36 101} 42. 26 ¢0. 86
6........ .54 .56 54. 40 2. 34 42.20
T 14 .36 53.16 1.50 - nd
8. ... .26 .10 52. 86 .18 41.73 4. 64
9. .26 .21 L0k}, 50.98 19 40. 26 7.98

10........ 6.22|  L70| - .s6| 47.86 04| 42| (@)
1§ PO 2.10 1.93 48.78 1.10 39.53 ...

80y, 1.7 p'er cent. 0 CaS0,, 3.48 per cent, - ¢ CILSO.,, 2.01 per cent. @ Alkalies, 2.20 per cent.

. lroqums Portland Cement Company, Caledonia, Livingston County.

3 miles east of Mumford, Livingston County. Buil. New York State Mus., No. 44, p. 793.

. 1 mile west of Bergen, Genesee County. J. A. Miller, analyst. Ibid., p. 785.

. Mumford, Monroe County. (Caleareous tufa.) 1'I)id. p. 797,

. Millen Portland Cement Company, Wayland, Steuben County.

. Genesee Wayland Portland Cement Company, Perkingville, St(,ubul County

. American Cement Company, Jordan, Onondaga County.

8,9. Empire Portland Cement Compmw Warners, Onondﬂgn County. e
10. Montezuma, Cayuga County. Mincral Industlv vol. 1, p. 52. ’

11. Canastota, Madison County. Bull. New York State Mus "No. 44, p. 794,

NS A oo =

PORTLAND-CEMENT INDUSTRY.
EARLY HISTORY.

Portland-cement manufacture in New York State started only a few
years after cement making had been begun in the Lehigh district of
Pennsylvania. The history of the New York industry was, however,
entirely distinct from that of the Lehigh district. Men, materials,
and methods were different, and in consequence the early history of
the New York industry contains much of interest. A brief sketch of
that early history is given in the following pages. For the data con-
tained in this sketch the writer is indebted to Messrs. J. Gardner San-
derson and Edward Duryee, who placed at his disposal much material
concerning the early plants with which they were connected.

The earliest experiments in the manufacture of Portland cement in
this State appear to have been those carrvied on in the Rosendale region
about 1875~76. They were made by a Mr. Dunderdale at East K]ng.s-
ton, Ulster County, Messrs. Cornell and Coykendall furnishing the
capital. The materials used were marl, brought by way of the Erie
Canal from the Montezuma marshes, and a clay obtained near the
plant. Cement of a very high grade was manufactured, but the
materials and processes used were of too expensive a character to
permit the experiment to become financially successful. The details of
the experiments are not at present obtainable, but some idea of the
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methods followed and of the general high quality of the product may
be gained from the following extract from the published report of
Gen. Q. A. Gillmore, on the cements exhibited at the Philadelphia
Exposition of 1876:

It is deemed proper asa subject of general interest to refer briefly to some cements

not represented in the exhibition.
The National Portland Cement Company, of Kingston, Ulster County (N. Y.), has

recently been organized for making Portland cement by the fourth method above

described.¢ The materials employed are fuller’s earth, kaolin, and lime. They are
thoroughly ground and mixed together in suitable proportions by the wet process,
although much less water is used than in the English works orin those at Boulogne.
The mixture when completed ig in a rather stiff semiliquid state. In this condition
it is run out upon a floor underlaid with warming flues, where it is dried to the state
of tempered brickclay. It is then passed through a brick machine, and subsequently
burnt in common continuous upright kilns with anthracite coal.

Specimens of this cement have been tested several times by the writer with excel-
lent results. On the last occasion the method adopted with the cements in the
exhibition was strictly followed. One and one-half inch cubes seven days old, com-
posed of equal parts of dry cement and sand, gave a crushing strength of 3,335 pounds
per cube as an average of 20 trials, being a little higher than the best Portland cement
exhibited, as shown by the table.

Succeeding this in point of date was a small plant at Low Point,
Dutchess County, erected by the engineer and contractor for the first
Poughkeepsie bridge. Some cement was made here and used in the
tower foundations, but the failure of the bridge project also ended the
cement experiments.

During the winter of 1877-78 Messrs. J. Gardner Sanderson and
T. T. Crane carried on a series of experiments at Croton-on-the-Hud-
son. A small upright kiln was in use, with a Bogardus mill and the
power which during the summer was used in brickmaking. These
experiments and the analysis of a large number of specimens of pos
sible materials convinced the experimenters that the Hudson River
limestones generally contained too high a percentage of magnesium.
carbonate, and the clays too much free sand, to be suitable ingredients
of a Portland cement. Certain strata of limestone, however, belonging
to the Helderberg groups?® (see Pl. XI), the outcrops of which extend
approximately north and south a short distance west of Hudson River,
crossing Rondout Creek near South Rondout, were found to be rémark-
ably pure and free from magnesia and well adapted to their purpose.
As above stated, most of the clay deposits near Hudson River carried
too much sand to be of use. After careful search suitable clays were
found away from the river, the best being found in an extensive
deposit near Pheenicia, on the Ulster and Delaware Railroad.

a This “fourth method” here noted was, as described on a preceding page of the report, the double-
kilning process, in which the ca]cm‘eous material was burned and slaked before being mxxeq with
the clay.

bLimestone from the same horizon is now being used in the manufacture of Portland cement by
two companies, the Catskill Cement Company and Alsen’s Amerlcun Portland Cement Company, both
plants being situated a short distance south of Catskill.

4
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In 1880 the Wallkill Portland Cement Company was organized. The
limestone and clay properties above referred to were purchased, and
an abandoned flour mill at Carthage Landing, on the Hudson, was
leased and equipped with suitable machinery, a drying channel, and
two upright kilns. The manufacture of Portland cement was com-
menced at these works early in 1881. The product, though small in
quantity, was of excellent quality and had a ready sale. ~Tests and
reports by Messrs. Clark and Maclay demonstrated the value of the
cement, and the experimenters were satisfied that the manufacture
could be made commercially successful on a larger scale. - At both the
Low Pointand Carthage Landing plants gas-house coke was used for fuel.

Average analyses of the clay and limestone used are given later in
this paper in discussing the operations at South Rondout. A typical
analysis of the cement made at Carthage Landing follows:

Analysis of cement made at Carthage Landing, N. Y.

701 59.43
Magnesia................ e e e e 1.72
Peroxide iron . .. iiiiiiiiiiiial-. 5.17
Alumina. o e 8.13
ST L2410
Water, alkalies, etc....................... e 1.45

100. 00

In the latter part of 1881 work was commenced on a plant located
on the limestone property near South Rondout, and works with a
capacity of 200 to 300 barrels a day were put in operation in 1883.
These works were equipped .with Blake crushers, cone grinders,
buhrstone mills, mixers, and formers. Sixteen upright dome kilns
were in use, with a drying channel connected and heated by the waste
gases from the kilns. The limestone and clay were crushed, ground,
and mixed dry, then steamed and formed into bricks, which were
loaded on iron-cars and run by gravity through the drying channels..

For some time after cement manufacture had been in progress at
these works the gas companies of New York and Albany had supplied
the coke necessary for burning the material, but the introduction of
the water-gas process cut off this source of fuel supply. This left the
plant dependent upon Pennsylvania coke, the cost of transportation
and handling of which increased the cost of cement manufacture very v
largely. - Mr. Sanderson therefore commenced experiments on the
use of crude Lima oil as fuel, but found that the clinkering of the
cement materials in-front of the burners prevented the heat from
entering the charge. Knowing that this same difficulty had been met
in metallurgic operations and overcome by the use of rotary furnaces,
he directed his attention toward such furnaces or kilns as presenting
a possible solution of the problem.

The kiln adopted was a form which had been patented in 1881 by
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Dr. George Duryee, of New Jersey. In October, 1888, one kiln was
put into operation at the South Rondout works. This kiln was 50
feet long and 50 inches in diameter. The upper end was at first made
50 inches higher than the lower end, but later this was reduced to 30
inches. On trial this was found to be a very satisfactory method of
burning, the one kiln handling all the material the mill could supply
and producing a uniform and high-grade product. Of still greater
importance was the fact that it was found possible to charge the mixed
and ground vaw material dirvectly to ‘the kiln without preliminary
wetting, making into bricks, and drying. This was the first American
plant at which this practice of dirvect charging was followed.
" In 1889 the plant was entirely destroyed by fire, and Portland cement
manufacture in the lower Hudson Valley ceased till 1900.
The following notes from the Rondout records establish some dates:
October 25, 1888.—Burned about 100 barrels to-day; oil fuel. Ground the lime-
stone and clay separately dry, and mixed before feeding to kiln. Mixture—clay, 21

pounds; limestone, 80 pounds.
Tebruary 25, 1889.—Mixture burned—clay, 21 pounds; limestone, 100 pounds.

Analysis of resulting cement.

17 T 2 65. 96
ST T 18. 53
Alumina and oxide of iron. . ... ... ..., 11.09
Potash o . e 12
10T T S 62
Carbonic aCld . .. ... e 97
Magnesia and undetermined ... ... Lo .i...il.. 2.71

100. 00

l’lhysicul tests of tensile strength.
7 days=253 pounds. .
14 days=466 pounds.
Second tests: |
7 days=306 pounds. -
10 days=>509 pounds. - )
Representative analyses of the limestone and clay used at the Car-
thage Landing and South Rondout plants are as follows:

Analyses of limestone and clay used for cement making.

Limestone. Clay.
LA oo e 52.2051  1.255
Magnesia ... ... .. ... e .5 2.37
Peroxide iron ... ... .438 9.144
ATUMINa. - oo L6877 | 20.771
I T S SN 4. 405 54.011
Carbonic acid - ... ... P 41.515 .4
Water and alkalis .. __. I . 17| 12.049
100. 00 100. 00
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In the fall of 1890 operations were commenced at Montezuma, N. Y.
The company owned 1,700 acres of land, underlain by a deposit of
marl and clay, which varied in thickness from 4 to 20 feet. The
deposit lay below the level of Cayuga River and near its shores. 1t
was overlain by several feet of muck, which was first dredged off and
used for filling and grading for a railroad. The marl and clay had a
rather uniform composition, and it was therefore found: practicable
to excavate both materials by machinery. The bucket of- the steam
dredger employed brought up.a ton every three minutes. Cars were
run on the track under the bucket of the dredge to receive the material,
and the loaded cars were then run on platform scales and weighed.

The marl, containing about 50 per cent water, was drawn by a steam
hoist up an incline into the second story of the works and above the
upper end of a mixing machine, into which the load was dumped
without drying or any other preliminary treatment. At the same
time a weighed and ground portion of clay was added to standard-
ize the mixture. The materials mixed as they gravitated toward the
lower end of the machine. The entire process was practically con-
tinuous, a fresh charge being added at the upper end of the mixer
every ten minutes, while an equal amount was heing gradually drawn
off from the lower end in the same space of time. The mixture then
passed to a stone mill that completed the mixing and ground any coarse
materials. From the mill the mixture was introduced directly by a
screw conveyer into the rotary kiln, oil bemg used as fuel. This was
unique not only in its length, 75 fect; but in having opposite its lower
end a gas retort or combustion dnmbel This chamber was heated
by a coal fire and vapoxucd the oil as it was sprayed into it. The air
blast also passed into this chamber, coming from a rotary fan hlower.

In the first volume of Mineral Industry Mr. W. A. Smith gives the
following interesting contemporary account of this kiln:

Duryee’s revolving furnace consists of a sheet-iron cylinder, 75 feet long, inclined

toward the firing end § inch to 1 foot. The lower hot end is 6 feet in diameter for a
length of 20 feet, and is lined 9 inches thick with a mixture of ground fire brick
and molasses. The remainder of the cylinder, 55 feet long, has a diameter of 5 feet,
and is lined with 6-inch fire brick. Only the lining at the hot end requires renewal,
and this can be replaced in ten hours, at a cost of $25. The cylinder revolves on
cast-iron rollers three times a minute. The power required is 5 horsepower.
- At the lower end a small coal fire is kept up on a grate, but the chief fuel is crude
petroleum, introduced in a jet which meets the hot-air blast. The consumption of
oil is 8 gallons per barrel of cement clinker produced. Fifteen barrels of oil are
required to heat the furnace ready for burning cement.

The clay and marl are mixed wet and run in as a slurry at the upper end. The
mixture in drying forms a sand, which moves slowly downward with the turning of
the cylinder, and is finally discharged at the lower end as cement clinker of the size
of small gravel. It takes two hours to run the particles through. The opération is

countinuous, and the product is 250 barrels per day. Itis clainied that all the mix-
ture is burned to Portland clinker.

Bull. 243—05——17
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From a series of analyses and tests, furnished by Mr. Duryee, the
followmg have beéen selected:

Analyses of materials used and resulling product at Monlezuma.

Sl Marle Clay. Cement.
Lime (Ca0)..cceovaiaai s et eeeeaieaa 47.68 |......... 62.22
SHCA (8105) « - eem e e 6.22| 59.22 22.51
Alumina (ALOg) cooee oo - L70 9.17
, . bz f
Tron oxide (Fe,03) «eooeeeemaee il .66 |f . 2.54
Magnesia (MgO) «.coomni i .52 3.09 1.08
Carbon dioxide (COp) ...uuonn i 42.11 ..., 1.86

aCalculated without moisture, *

A report by Mr. W. W. Maclay, dated April 28, 1892, gives the
average tensile strength obtained, as follows:

N

* Pounds.
Neat, 7 Aays - oo e it ciiaiiaaeaan ae.. 649
Mortar (1:2), 7days .« ocomm e 245
Mortar (1:2), 28 days ..... e e et e 418

The works at Montezuma were entirely destroyed by fire in June,
1893, and-have never been rebuilt. : The plant is of particular interest
becauqe of the advanced techno]oglc methods there employed. It was
the first American plant in which wet raw materials were fed, without
drying or briquetting, directly into rotary kilns. ~

Conclusion.—The history of the above plants, which bore a certain
relationship to each other either in locality or management, overlaps,
in point of date, the beginning of the present system of New York
cement plants. The destruction by fire of the South Rondout and
Montezuma plants terminated the connection of the early experi-
menters with New York’s cement industry, and the early history of
that industry may 'be said. to end in 1893. As early as 1886 another
Portland plant had been erected, but this plant was managed by an
Englishman, and the problem was attacked in an entirely different
manner. The earlier plants had been aggressively original and Ameri-
can; the plant-at Warners, with its dome kilns and wet mixing, was
ultra-English. Until within the last few years the typical New York
plant has been one using marl and clay,” mixing wet, briquetting and
drying, and burning in dome kilns. The Warners Portland Cement
Company erected a rotary-kiln plant near Warners, Onondaga County,
but it was in operation only a short time, and has been shut down
since 1894.

aThere was, in fact, but one exception to this rule. The Glens Falls Portiand Cemént Company, at
Glens Falls, Warren County, has operated Schofer kilns since 1894 on limestone and clay.
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PRESENT CONDITION.

Ten Portland cement plants are now in operation in New York State.
One employs Trenton limestone and clay, four use Helderberg lime-
stones with clay or shale, one uses Tully limestone and shale, and four
employ marl and clay. Another plant, using mall and clay, has been
idle for some years, but is described below..

Alsen’s American Portland Cement Works are located at West
Camp, or Alsen station, Greene County, near the plant of the Catskill
Cement Company. - The materials used are the Becraft limestone, of
the lower Helderberg, and clays of Quaternary age. As usual with
these clays along the Hudson River considerable trouble has heen
encountered in using them for cement material. Excellent shales,
however, occur in the immediate vicinity of the plant, and these can
be used with the limestone. The latter is of the usual composition of

the Becraft, high in lime carbonate (about 95 per cent) and low hoth
in clayey matter and magnesium carbonate.

The plant of the American Cement Company, located 2 miles east of
* Jordan, Onondaga County, was erected in 1892. The works were
operated without interruption until 1900, when they were shut down,
- owing to new construction by the company at Egypt, Pa.

The materials used were marl and clay, both obtained from a marsh
nedr the works, another bed of marl being owned by the company
nearer to Jordan station. The marl is white, and the bed varies in
thickness from 8 to 15 feet. It is overlain by a thin bed of muck and
underlain by a blue clay. The muck being stripped, the marl and
clay were dug and transported to the works by a wire ropeway. The
clay was dried and ground separately, after which it was mixed with
the marl in pug mills. The resulting slurry was spread out on a dry-
ing floor and.cut into bricks. These bricks were then loaded on plat-
form cars, dried in tunnels heated by coal fires, and fed to the kilns,
Twelve kilns, of the dome type, were in use, coke being used as fuel.

The clinker was reduced, first in Gates and Mosser crushers, and
finally in Griffin mills. The cement was marketed -as the Giant
(Jordan) brand. The following analyses of the raw matetials and fin-
ished product were furnished by the company:

Analyses of cement materials used by American Cement Company, Jordan, N. Y.

Marl. Clay. Cement.
Silica (810,) «oveeein i S 014 65. 68 21. 86
Alumina (AlOg) < e oman i it 7.17
.36 | .24.08 {
Iron oxide (Fey0y) «oovoo i } 240 3.73
Lime (Ca0) o ocumiit it i 53.16 2.01 61.14
Magnesia (MgO) -coenuitniiiiciciieaciaanaanns 1.50 1.75 2.34

Sulphur trioxide (80g) - «ccuoeaeiarnaioaa e cea e 1.94
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The Portland plant of the Catskill Cement Company, located at
Smiths Landing, Greene County, was erected in 1899 and shipments
were commenced in July, 1900. The materials used are clay from the
river terraces and limestone of Helderberg age. A bucket cableway
is used to transport the raw materials from the quarry and clay bank
to the works. The following average analyses of these materials were
furnished by the company:

Analyses of limestone and clay used by Catskill Cement Company.

Limestone. Clay.
Silica (8i0,) - ..o...... e e e iiaiiieiiian 1.54 61.92
Alumina (ALOg) .ol .. .39 16.58
Iron oxide (Fe,O3) - --.--. e e 1.04 7.84
Lime (Ca0) ..o i aiiiiiieaaa . 53.87 2.01
Magnesia (MgO) ................. e .52 1.58
ATRAIES - . oot e .00 3.64
Sulphur trioxide (SO5) .. ..o il .00 | Trace.

The limestone is dried and then reduced in a Smidth ball mill. The
clay is passed through a roll disintegrator and is dried. The materials
are at this stage mixed.dry, and the mixing and reduction are com-

pleted in Davidsen tube mills. Two rotary kilns are in operation,

having a total capacity of about 300 barrels a day. The clinker is
crushed in ball millsand receives its final reduction in tube mills. The
cement is marketed as the * Catskill” brand. The following analyses
of the finished product were furnished by the company, 1 and 2 having
been-made in their laboratory, while 3 was made by H. E. Keifer:

\ .
Analyses of cement made by Catskill Cement Company.:

1 2 3
Silica (8105) «ome e P 92.48 | 21.94 | 23.44
ATIMINa (A1Oy) -+« oo oo 6.52| 6.02] 6.35
Tron oxide (FeyOg) .o ooommn e 4.46 4.38 3.99
Lime (CR0) - et 62.93 | 64.62| 63.21
Magnesia (MgO)......oooeeeneno .. T 1.48] 12| 1.15
Sulphur trioxide (SOg) ..o 1.30 1.12 1.22

The plant of the Cayuga. Portland Cement Company is located at
Portland Point, Tompkins County, on the east shore of Cayuga Lake.
The materials used are the Tully limestone and shales of the underly-
ing Hamilton group.
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The following analysis, by J. H. McGuire, chemist of the Cayuga
plant, shows the composition of the limestone and shale used here.

Analyses of cement-making material used by Cayugae Portland Cement Company.

Limestone. Shale.
Silica (8i0,)..--. . 9.72 6.30 7.88 | 58.44 | 57.82 60. 02
lumi ALOg) e .4
Alumina (A1,0) 4.20 } 3.35| 4.01| 27.45| 21.76| 26.60
Tron oxide (Fe,0y) .......... .48
Lime (CaOQ)..ooa il 47.11 | 50.25 | 48.1v 1.16 8.32 2.31
Magnesia (MgO) ............ .66 .22 .53 2.23 1 1.81 1.62

In 1886 T. Millen & Sons commenced the manufacture of Portland
cement at Warners, Onondaga County. In 1890 the plant was pur-
chased by the Empire Portland Cement Company and the works were
almost entirely rebuilt, a much larger output being secured by the
improvements then introduced. Since that date the plant has been in
constant operation, with the exception of stops aggregating only some
five or six weeks in all, caused by fires.

The materials used are marl and clay, obtained from a swamp in the
vicinity of Warners, the present workings being located ahout three-
fourths of a mile flom the works. " The marl bed covers an area of
several hundred acres, of which about 100 acres have already been
excavated. A revolving derrick with clam-shell bucket-is employed
for excavating the marl, the clay being dug by hand. The materials
are taken to the works over a narrow-gage railway owned by the com-
pany, on cars carrying from 3 to 5 tons each, drawn by a small locomo-
tive. At the works the cars are hauled up an inclined track by means
of a cable and drum to the mixing floor.

The swamp from which the raw materials are obtained shows sec-
tions, from top to bottom, approximately as follows:

- Section in swamp at Warners, N. Y,

Feet
B ] < 1-2
Upper bed, white marl . e i 4-7
Lower bed, gray to brownmarl ... ... . .l 4-7
and ..o 0-1
Bluish clay - oo e 2-5

As might be expected from the relative color of the marls, the
material from the lower bed shows on analysis more organic matter
than that from the upper bed, for which reason more of it must be
used with the same amount of clay than of marl from the upper bed.
This distinction is accompanied by other slicht but rather constant
differences in chemical composition, which have also to be taken into
account in the preparation of the.cement.mixture.
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Analyses1 and 3, below, are quoted by Cummings (American Cements,
p- 253), while 2 and 4 were furnished by the Empire company.:

Analyses of cement-making material used at Warners, N. Y.

Marl. ‘Cmy.
1 2 3 4
Siliea (S10) - oo e 0.26 | 0.26| 40.48| 42.85
Alumina (Al L0 29 T } TR ; 13.51
: a0 B |heoes 1

Iron oxide (Fe,Oq) e ot e { .01 4.49
Lime carbonate (CaCOq) - oo, 94.39 | 91.03 | 25.80 | 22.66
Magnesium carbonate (MgCO;) .. ............. .38 .40 .99 6.92
Potash (K,0) ..t eeeeeeiannn. e, SN S FES 3.14| 3.08
Sulphur trioxide (SOg) .. oveen e e - 2.85
Organic ... .o 1.54 | 1.68 } 8.50

Water+1oss .......... e e 3.10| 6.30 R R

This clay runs -higher in lime than any other used in the State, the
clay showing the nearest approach to it being that used at Wayland,
which carries a little less than 20 per cent of lime carbonate.

Of the analyses of the Empire brand below, 1 is quoted by Cum-
mings (American Cements, pp. 36), 2 by Lewis (Mineral Industly,
VI, pp- 99), while 3 was furnished directly by the company.

Analyses of cement made by Empire Cement Company, Warners, N. Y.

1 2 3
Silica (Si0,) «oneeenranraneiieaiainee SUTR .| 20.80| 22,04 2198
Aluming (ALOg) . oeeeiii i e 39| 645 8.20
Iron oxide (Fe,08) - neemennm e 2.61| '3.41| 3.70
Lime (C20) .o nvneemee sl 64.00 | 60.92 | 61.83
"Magnesia (MgO) ..o oo e aifaaaan ~..| 3.53 1.43
Alkalies .. ... ... ... ...... e N AU S : .84
Sulphur trioxide (8Oy) ...... e P 2.73. 1.18

In 1893 the Glens Falls Portland Cement Company commenced the
erection of a plant at Glens-Falls, Warren County, and its cement was
put on the market in 1894, as the “‘Iron Clad” brand. Six shaft kilns
of the Schoefer type were installed, the Glens Falls plant being there-
fore the second in this country to make use of this type of kiln.

_Though highly economical in fuel, the kiln is rather expensive in both
the quantity and quality of manual labor required to operate it prop-
erly. A fire in August, 1899, destroyed the plant, which was rebuilt
to give a nominal capacity of 500 barrels a day, and the manufacture
of cement was recommenced in August, 1900.
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The materials used are limestone and clay. The former is of Tren-
ton age, and is obtained from the Glens Falls quarries. Considerable
care is required in selecting and mixing the stone from the various
layers, in order to obtain a suitable and uniform product. A very
clean and uniform clay, overlying the limestone in this area, is the
other ingredient. The composition of these materials is shown below.

Analyses of cement-making malerials used at Glen Falls, N. Y.

Limestbne. Clay.
Silica (810, « oo ee i et e cieaaeaea 3.30 55, 27
Alumina (ALOg) .o }
1.30 28.15
Iron oxide (Fe,Og) - oot i . 8
R TN (0710 ) N et 52.15 5.84
Magnesia (Mg0) - .- oo 1.58 2.25
Sulphur trioxide (805) ...... ...l et » .30 .12
Carbon dioxide (CO,) ... .. ...l .. L 40.98 |.... ....
Organic and WateT. .. ... oo iiiii et aaaans - 887 .ol o...

The limestone and clay are separately dried, and crushed in Blake
crushers and volls. After being weighed on automatic scales, the
materials are mixed dry and reduced to a fine powder in Griflin mills.
The powder is then fed into wet mixers, where sufficient water is
added to allow it to be made up into bricks. These are dried in tun-
nels heated by waste heat (from the boiler) driven through the tunnel
gystem by blowers. After drying, the bricks are burned in Schoefer
kilns, coal being used as fuel. The clinker is passed first through
Smidth ball mills and finally reduced.in Davidsen tube mills.

An average analysis of the Iron Clad cement is given below.

Analysis of cement made at Qlen Falls, N Y.

Silica (810, ) - oo i iitteitecaenaeeceaaan 21.50
Alumina (Al Oy) to o i

Iron oxide (Fey04) o e e eaaaan } 10.50
Lime (Ca0) .ottt i 63. 50
Magnesia (MgO) . ... i ee.. 1.80
Potash and soda (K,0 and Na,0) ... .. ...l .40
Sulphur trioxide (SOg) ... .c.o il 1.50 "

HELDERBERG CEMENT COMPANY.

The plant of the Helderberg Cement Company is located at Howe’s

Cave, Schoharie County. Quarries in the Salina or Waterlime group
at this point have been long used for the manufacture of natural
cement, while quarries higher up, both geologically and topographic-
ally, furnished a very pure limestone, which was burned into lime.

\
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In 1898 the Helderberg Cement Company began to utilize the stone
from these latter quarries in the manufacture of Portland cement.
Commenced on a small scale, the industry would seem to have prom-
ised favorable results, as a much larger plant, belonging to the same
company, was erected during 1900 and has recently started operations.
The new plant has a nominal capacity of 1,500 barrels a day. The
materials used are limestone and clay.

As noted below, the limestone used for Portland cement is obtained
from the old lime quarries and the clay from a Quaternary deposit in
the vicinity. Smidth ball mills and Davidsen tube mills are used for
crushing, reducing, and niixing the materials. The wet process is
employed, and twelve rotary kilns are in use. The resulting clinker

~ is ground in ball mills and tube mills, and the product is marketed as

the ¢‘ Helderberg” brand.
The limestone used in Portland-cement manufacture is obtained

- from the Becraft and Manlius beds, exposed in quarries just west of

the station, on the northern side of the railroad track. Partial analy-
ses of these limestones, quoted by Prosser as having been made by

C. A. Schaeffer, follow.

Analyses of limestones used at Howes Cave, N. Y.~

Si0. CaCOg
|
Manlius Hmestone . .. . ... ittt 1.48 95.75
Becraft limestone. ...... ... ... il (412 93. 68

* Another sample analyzed by Schaeffer gave the results stated below.

Analysis of limestone used for making cement at Howes Cave, N. Y.

STlCA (S103) -« m e e ans 1.27
Alumina (AL Og) oo o ieieiaaaa

Tron oxide (Fe,0y) - o i -73
Lime carbonate (CaC0g) - . aoeeeamn e it eece e ereees 97,24
Magnesium carbonate (MgC0s)eeaeeeneer ittt caeieaaaan 1.39
Sulphur trioxide (SOg) . «cceeaeeaancaien e o aee e a e e cieaceeaaceaaannn Trace.

The plant of the Hudson Portland Cement-Company is located in
the city of Hudson, Columbia County, and is therefore the only cement
plant in the United States situated east of the-Hudson River. The
limestone used here is obtained a few miles from the plant from.an
outlying area of the Becraft (lower Helderberg) limestone, known as
Becraft Mountain. Quaternary clays and shales of Hudson (Ordovi- -
cian) age are used to complete the mixture. The plant itself was
recently constructed, and at present ten kilns are operated. Analyses
by Herberg and Roney of the clays and shales used here follow.
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Analyses of cement-making materials used at Hudson, N. Y.

Shale. Clay.

Silica (810,) « oo e 54.70 | 64.30 | 58.90 | 52.00 | 52.10
Alumina (Al,Og) c.oot ool ‘
Iron oxide (Fe,Oy) - oo ..
Lime (C80) -« ene e 1:15| 1.46| 4.08| 7.10| 590
Magnesia (MgO) ... ... n:d. 1.30 .79 3.33 3.33

}31.68 33.60 | 27.50 | 81.00 | 35.56

The Iroquois Portland Cement Company has recently built a plant
near Caledonia, Livingston County. Marl from a deposit near the
plant is mixed with clay brought from Canawangus, Genesee County.
Both materials are dried before mixing. Analyses of the raw mate-
rials follow:

Analyses of cement-making materials used near Caledowia, N. Y.

)iarl. Clay.
~ Silica (8i0,) ..ceenaan... e em e eeaieaaaaas ceeeen 0.4 62.5
Alumina (ALO,) < oooocoi L .2 20.2
Tron oxide (FeyOy) « oo e e .2 7.5
Lime (CaO).cooo oo e 53.5 .8
Magnesia (MO0) -« uomom e e .3 1.8
Sulphur trioxide {(80,) ... .. .o.oc..i... . 1.7 .4

After: having disposed of their plant at Warners, Onondaga County,
-to the Empire Portland Cement Company, T. Millen & Co. erected
their present plant at Wayland, Steuben County, which commenced
producing in October, 1892. The works were destroyed by fire in
July, 1893, but were rebuilt and began shipping again in October, 1893.

The materials used are marl and clay. The marl is obtained from a
swamp near the mill, about 185 acres of marsh land being owned by
the company. The marl deposit is about 6 feet thick. Unlike the
Onondaga County deposits, however, the marl bed is not undérlain by
clay, and the latter material has to be brought from a bank near
Mount Morris, in L‘i\?ipgston County. The clay deposit there worked
is one of a series which occur in the terraces bordering Canaseraga
Creek and Genesee River, extending more or less continuously from
Dansville nearly to Rochester. The clay for cement is worked at a
.point about 4 miles south of Mount Morris, and is shipped over the
Delaware, Lackawanna and Western Railroad to the works, a distance
of about 20 miles. ' -

The clay is dried over steam coils, ground in a Potts disintegrator,
and mixed with the marl in a revolving mixer. The slurry is then
passed through pug mills and made into bricks. These bricks are
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dried in tunnels and burned in dome kilns, 16 of which are in opera-
tion. Blake crushers, Millen crackers, and Sturtevant rock emery
mills are used in the reduction of the clinker. The cement is mar-
keted as Millen’s Wayland.

Analyses of the raw materials and of the ﬁmshed product, furnished
by the company, follow. -

Analyses of clay, marl, and cement, Mount Morris, N. Y.

Ciay. Marl. Cement.
STHCR (810,) e ememeee e e e 45.21| 0.42| 21.08| 22.19
Alumina (ALOg) .. oo ool 19.08
Tron oxide (Fe,0,) . ...l 674 } 1.08 9.56 9.72
Lime carbonate (CaCOy) .. ... ....l......... 19.94 | 93.5 |....oo.oo.....
Lime (Ca0) oo e iee e 64. 68 63.08
Magnesium carbonate (MgCO;) -............... 3.27 b2 3 P [,
Magnesia (MgO) .. oooo i eeceea]eeeaesl 1.8B 2,04
" Lime sulphate.(CaSO,) ........................ - 1.55 b21) O D [,
Sulphur trioxide (803) ..-......... I ) F T R 1.93 1.75
Moisture and organic matter ..._.__ eeeaans 4.17 86 el
Alkalies and 1088 ..l it . 9 | 122

The analyses of the clinker were made for the company by Dr. F E
Engelhardt, of Syracuse, N. Y.

The plant of the Wayland Portland Cement Company is located at
Perkinsville, in. the town of Wayland, Steuben County. 1t was elected
in 1896 and has opelated continuously to date. ,

The materials used are a light-colored marl, found in a deposit 2 to
14 feet thick, overlain by 6 inches to 3 feet of muck, which occurs in
a marsh near the works, and light-gray (Pleistocene) clay from Mount
Morris, Livingston County. The marl here, as at Millen’s, is not
~ underlain by clay. The following analyses of the raw materials were
furnished by the company: -

Analyses of marl and clay from Mount Morris, N. Y.

Marl. Clay.
Silica (S10,) -+ e eeme el e r 0.54 | 53.5
Alumina and iron oxide (Al,O, and Fe,05) ... .. ... aen .56 24.2
Lime (CaO) ... o i R, 54. 4 5.15
Magnesia (MgO) ..o.einem e 2.34 2.15
Lo8s On Ignition. . . ..o i iiiiaaeaiaaa. 42.2 14.1

The eldy is dried over steam pipes, broken to about one-fourth to
one-half inch size in a Potts disintegrator, and sent through a
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Bullock buhrstone mill, which grinds to about 16 mesh. It is then
weighed and mixed with the wet marl as both are shoveled into the
chutes leading to the revolving mixer, The mixture then goes to the
pug mills and is made into" bricks, which are sent to the drying tun-
nels. The lower tier of these tunnels is heated by direct heat, on the
Cummer system; the upper tier by exhaust steam. Sixteen dome
kilns are in use.  From the kilns the clinker goes to an 18 by 30 inch
Blake crusher; then to dry pans, receiving its final reduction in
Sturtevant rock emery mllls The product is marketed as the Genesee
Wayland brand. '

Two firms in New York State manufacture, in addlt;lon to their nat-
ural cements, brands which are marketed as *‘ natural Portlands.” The
limestone is fed; without previous grinding or admixture, direct to
the kilns. As the limestone used carries, as shown by analyses of
their natural cements, an amount of magnesia (over 8 per cent in the
finished product), at present considered inadmissible in a Portland,
the value of the resulting cements is problematical. From laboratory
tests it would seem that they can usually pass all Portland require-
ments, though rather low in tensile strength on short-time tests.
Concerning the qualities which they develop when used in actual work,
no information has been obtained; but the cements can not be worse
than some of the poorer foreign Portlands which are unloaded upon
the American market. Cements of this type can, of course, be placed -
upon the market profitably at a price only slightly above that of
‘““natural” cements, the only additional cost being due to a little extra
expense in grinding the clinker. '

PORTLAND-CEMENT RESOURCES OF NORTH CAROLiNA.

No cement plants have ever been operated in North Carolina, and
the State will probably never be an important cement producer, because
of the conditions as to fuel and the lack of local markets. If com-
mercial conditions should justify the erection of a cement plant, how-
ever, good raw materials are available.

The limestones suitable for cement manufacture in North Carolina
fall into two classes, distinct geographically as well as geologically.
There are (1) the crystalline limestones of western North Carolina;
(2) the soft limestones of eastern North Carolina.

CRYSTALLINE LIMESTONES.

In the extensive area of metamorphic and igneous rocks, that covers
the western half of North Cavolina, outcrops and beds of crystalline
limestones or marbles are common. Many of these marbles are highly
magnesian in composition, but the specimens used for the analyses
given below were low in magnesia.
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Analyses of crystalline limestones, North Caroling.

1 2
Silica (S105) «ecemeeiain i et 1.20 | . 2.93
Alumina (AlLOs) - e .
Iron oxide (FeyOs) v imn e ciee i } -82 L17
Lime (Ca0) . ..o e 52.90 49. 83
Magnesia (MgO) . e 1.91 3.61

1. Culberson quarry, 11 miles southwest of Murphy, Cherokee County.
2. Kinsey quarry, 5 miles southwest of Murphy, Cherokee County.
Baskerville, analwt Bull. North Carolina Geol. Survey No. 1, p. 233.

So far as composition goes, these ave certainly satisfactory -enough
for use in cement manufacture, but commercial considerations would
prevent the erection of a Poﬂ;land cement plant in this part of the

State.
SOFT LIMESTONES.

In the eastern part of North Carolina heavy beds of soft limestone
occur in the Eocene and Miocene formations of the coastal plain.  These
soft limestones are the “marls” of early geological reports, but
should not be confused with the fresh-water marls now so largely used as
cement materials. The North Carolina limestones are usually low in
magnesia, but often contain considerable percentages of clayey mitter -
or of sand. A deposit free from sand would be an excellent material
for use in making Portland cement, and clays to complete the mixture
can readily be obtained in the same formations.

Analyses of soft limestones (*‘marls’’), North Carolina.

Alumina : .
o * : ' | Alkalies |Sulphur [Carbon di-
Silica (ALOy): Lime |Magnesial 1. ol ¢ Waterand
No. i i & (K20, Nao| trioxide | oxide i
(SiOw). lr?é‘leggslle (Cn0). | (MgoO). 0). (S04). (COy), (;]ggﬁ{l;;:

) R 4.88 1. 60 50. 80 0.67 1.79 0.33 40. 60 0.27

2l 7.27 5.23 | 48.55 1.39 1. 06 .20 | 39.35 .45

F S 3.54 .97 | 5174 .50 1.64 .49 | 40.61 .16

C: S 4. 56 1.62 | 50.04 1.72 .14 .45 | 40.55| .58

S S 6.97 .86 | 47.62 1.03 .52 .41 | 38.15 4.25

(> J 26. 35 5.47 | 33.03 .59 .93 .28 | 24.89 6.89

T 20. 39 3.83 1 39.96 1.42 .79 .24 | 32.46 .52

8 L 7.27 1.63 | 48.55 1.39 1. 06 .20 39.35 .45

[ 1.22 1.30 | 52.90 1.07 .30 .08 | 42.33 .46
100 .. ... 3.54 .97 | 61.74 .50 1.64 .49 | 40.61 .16
1D DU 4. 95 2,30 | 50.59 .58 .85 .18 | 40.29 .26

1. Near Kinston, Neuse River. —

2. Twenty-five miles north of Wilmington.

3. Wilmington.

4. Near Newherne.

5. Lumber River, Robeson County.

6. Cape Fear Rm,r 25 miles north of Wilmington.

7. Kenansville, Duphn County.

8, 9. Two miles above Rocky Point, New Hanover County.

10. One mile northeast of Wilmington, New Hanover County.

11. One mile west of Rocky Point, New Hanover County.

1to 6. Bogardus and Hanna, analysts; vol. 6, Tenth Census Reports, p. 554,
7 to 11. Quoted by Kerr, Rept. Geol. Survey North Carolina, vol. 1, pp. 191.
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PORTLAND-CEMENT RESOURCES OF NORTH DAKOTA

Only one limestone formation of any importance—the Niobrarachalk,
of Cretaceous age—is found in North Dakota, and even this is almost
entirely concealed by a thick covering of dutt The Niobrara chalk
is the formation which is now utilized for Portland-cement manufac-
ture at Yankton, S. Dak., while it gives promise of being a future
source of cement material in Nebraska and Iowa.

The physical characters and chemical composition of ‘the Niobrara
chalk throughout various portions of its range are fully described in
the text relating to deposits in the States above mentioned, and analy-
ses w111 be found on pages 148 and 301. It is of peculiar value as a
Portland-cement 1nate1ml both because of its softness, which permits
it to be easily crushed and pulverized, and because of 1ts usual freedom
from magnesia and other injurious ingredients. Outcrops of the Nio-
brara chalk, moreover, are commonly capped by clays of the Pierre
group, which furnish admirable materials for mixing with the chalk.

Portland cement manufacture has been attempted at only one point
in North Dakota, and here the Niobrara chalk was found to beé too low
in lime to be used for this purpose. = Analyses of the materials at this
pomt will be found in the section on natural cement, page 352. '

PORTLAND-CEMENT RESOURCES OF OHIO.
PORTLAND-CEMENT MATERIALS.

The geologic groups which contain low-magnesia limestones in Ohio
are the following:

(1) Trenton limestone.

(2) Cincinnati series of limestones and shales.

(3) Clinton limestone.

(4) Corniferous (Devonian) llmestone

(5) Maxville (Mississippian) limestone.

(8) Ferriferous and other Coal Measure (Pennsylvania) limestones.

(7) Quaternary marls.

The distribution throughout the State of the first six of these lime-
" stone groups is shown on the map, Pl. X1I. '
TRENTON SERIES.«
. This series consists of shale and pure limestone. It outcrops as'a
narrow strip along the.Ohio River from the mouth of the Little Miami
to a point a mile or two above New Richmond. This is the formation
that the Mentor plant on the south side of the Oth River has been
planncd to use. _

In view of the cheapness of fuel and transportation, the abundance
and its general excellence of material, and the ease with which it may
be procured, the strips bordering the Ohio River from Madison, Ind.,
to Maysville, Ky., seem to offer unusually promising locations for
Portland cement plants.

a Most of the notes on the Trenton and Cincinnati limestones were contributed by Mr. E. O. Ulrlch
of the U. 8. Geol. Survey. El
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CINCINNATI GROUP.

This series may be separated into three well-marked divisions or
groups. The lower division, about 250 feet thick, consists almost
entirely of shale; the middle division, 200-250 feet thick, contains
numerous layers of limestone from 3 feet to 20 feet thick, the lower.
half constituting the ** Hill Quarry beds” at Cincinnati. The upper
division (Richmond group) consists of numerous alternating beds of soft
shale and liméstone, with usually a heavy bed of shale at the base and top.

Analyses of Trenton and Cincinnati limestones, Ohio.

. Alumina L Carbon
No. Sitica (810,).| ; (A103)i | Lime (Ca0). 1\%& o d(‘g’(‘)’S?
(Fe;03). . water.
Lol 23.48 3.40 39.93 0.91 32.35
B S e 10. 80 1.40 48. 50 .54 38. 69
3. e e 7.04 @3, 78 49. 28 .98 38.72
S 12.00 7.00 44,41 .44 35. 36

a Alumina, 2.48; iron oxide, 1.30.

1]. Limestone in Trenton series, river quarries, Cincinnati. Wormley, analyst. Geol. Survey Ohio,
vol.1, p. 374, : .

2. Limestone in Trenton series, New Richmond. Wormley, analyst. Geol. Svrvey, Ohio, vol. 1,
p. 374.

3. Limestone bed in Cincinnati series, Cincinnati. W. Simonson, analyst.

437L1mestone in Trenton series, Point Pleasant. Wormley, analyst. Geol. Survey, Ohio, vol. 1,
p. 374,

CLINTON LIMESTONES.
The Clinton limestones, exposed and quarried at many points in the
southwestern quarter of Ohio, are commonly fairly low in magnesia.
They range from 80 to 95 per centin lime carbonate, rarely going above
the latter limit. Occasional beds are almost free from magnesium
carbonate, while others may carry 10 per cent of this constituent.

Analyses o} Clinton limestones, Ohio.

Alumina

‘No. | sition siop).| ; (109 | Lime cur- | Magnesiom
‘ o , o :)o}?)de (CaC0y). | (MgCOy).
L e . 1.30 0.55 90. 03 5.71
e 2.00 1.60 93.00 3.04
. 2 .07 .40 95. 60 3.93
& .80 .20 9130 6.51
5 [ . 2.20 2.00 84. 50 11.16
B e e e e .83 .29 96. 80 2.07.
T e e 45 .26 |  95.08 4.35
8 e el 1.64 .36 | 97.00 .82
9, s .70 .41 97.14 1.21

. Dayton, Montgomery County.
Adams County.
New Carlisle, Miami County.
Smiths (ﬂuarry, Ludlow Falls.
McDonald’s quarry, Xenia, Greene County
New Carlisle, Clarke County
Piqua, Greene County.
8, 9. Osborn, Greene County.
Anal\ses 1-5 by T.G. Wormley, Rept. Geo] SUrvey Ohio, 1870, pp. 449-450; analyses 6- 9byN W. Lord,
Rept. Geol. . Survey Ohio, vol. 6, pp. 728-729

Nooawo
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CORNIFEROUS LIMESTONES.

The Corniferous limestones, which correspond approximately to the
Onondaga or upper Helderberg limestones of New York, contain

heavy beds of magnesian limestones, with a smaller amount of lime-

stones low in magnesia.” The variation in this respect that may exist
in a single quarry is well shown by the following series of analyses
quoted from reports of the Ohio Geological Survey:

Variations in composition of limestone from various quarries.

. ] Alﬁgg‘;?‘ Lime car- | Magnesium

No. Silica (8i0,). iron ox”id'le bonate carbonate

4 : (FesOp). | (CaCOz). | (MgCOy).
L e 3.20| 4.00| 8830 | 258
2. e aereneeeeneeneanann. 4.60 1.25 - 80. 40 13.80
;S 2.92 4,33 84.70 8.64
G o, 1.35 6. 01 92.00 | .56
B e e e e e -~ 157 3.05 85. 55 10. 39
B S SRR 1.92 1.85 74. 00 -21. 46
T e 2.20 1.97 66. 15 27.97
B e - 1.65 2.65 | 72.85 |  22.38
9. .. s el .85 .27 97.28 2.00
10 e e el 1.49 .15 87.10 10. 96
1l e, 1.05 .20 89.16 9.48
12 e el 1.65 .14 77.22 20.19
13 e 1.00 .37 89. 20 9,64
14 it e 2.65 44| 7728 18.55
11 R | 1.55 .18 78. 60 19.79
16 e e 2,70 3.30 | 65.80 27.95

Analyses 1-8 are of different beds'in a quarry at Owen station, Marion County.
Analyses 9-12 are of different beds in the Kelley quarries, on Kelleys 1sland.
Analyses 13-16 are of beds in the Hartshorn quarries, on the Marblehead peninsula near Sandusky.
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The analyses below have been selected as representing the low-mag-
nesia beds which occur in this formation:

Analyses of Corniferous limestones, Ohio.

1 i . .

giien | G | B Mot

2 (FesOy). (CaCOy). | (MgCO;).

| I 3.20 0.80 94. 80 1.21

2 1.74 93.21 4.70

R 4.90 C 09 89. 60 4.41

b o 4.95 .46 90. 77 3.26

B L 5. 40 3.80 83.40 | - 1.96
B e e e e 16.06 2.80 | 72.82 5.99

LA S .. 25,00 1.20 | 65.80 8.02

8 e L 1.41 2.10 93.98 2.69

0 ] U 3.20 4.00 88. 30 2.58

100 .. SR 1.3 6.01 92. 00 .56
13 . .85 .27 97.28 2.00

1. Price quarry, Columbus, Franklin County. E. Orton, analyst. Twentieth Ann. Rept. U. S. Geol.
Survey, pt. 6 (contumed;, p. 432,

2. Casparis quarry, Columbus, Franklin County. Chemist of Cleveland Rolling Mills, analyst.
Twentieth Ann. Rept. U. S. Geol. Survey, pt. 6 (continued), p. 432 . .

3, 43 Lilley’s quarry, Columbus, Franklin County. N. W. Lord, analyst. Geol. Survey Ohio, vol. 6,
p. 76

5]6 7. State quarry, Columbus, Franklin County. C. C. Howard, analyst. CGeol. Survey Ohio,
vo 4, p. 617.

8. Stitt quarry, Columbus, Franklin County. C. L. Mees, analyst. Geol. Survey Ohio, vol. 4, p. 936.
9 10. Owen Station, Marion County. N. W. Lord, annlvst Geol. Survey Ohio, vol. 6, p. 769.
1. Kelley quarries, Kelleys Island. N. W. Lord, analvst Geol. Survey Ohio, vol. 6, p. 753.

MAXVILLE (LOWER CARBONIFEROUS) LINESTONES.
The coal fields of Ohio are encircled by a belt of Lower Carbonifer
ous (Mississippian) rocks. Included in this series is & prominent lime-

stone formation—the Maxville limestone. This limestone is usually
low in magnesia and fairly high in lime. It will usually range from
80 to 90 per cent in lime carbonate, as shown by the analyses below.

Analyses of Mazville (lower Carboniferous) limestone, Ohio.

No. - i (si0p) (K102 Hon| Lime carbo- Magestum
(Fes0). (CaCOj). (MgCO03).
T e el 3.02 1.60| .93.08 1.59
2 e . 5.91 2.99| 89.31° 1.52
> Z P 9.01 1.18 88.71 .54
L S 11.58 2.68 82. 88 2.23
B e e L 4.28 16. 09 79.18 ©1.96

1. Glenford, Perry County.

2. Winona Furnace, Hocking County.

3, 4,5. Webb Summit.

The analyses are taken from Rept. Geol, Survey Ohio, vol. 4, p. 934.

.
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COAL MEASURES LIMESTONES.

Limestone beds occur at intervals throughout the Coal Measures of
Ohio, as in the adjoining area of Pennsylvania. Most of these lime-
stones are of only local importance, and require no description here.
One limestone formation, however—the Ferriferous or Vanport lime-
stone—now furnishes cement material to four Portland cement plants
in Ohio and to one just across the border in Pennsylvania. It varies
in thickness from 8 to 16 feet or more, and is always low in magnesia.
It is usually also low in lime, ranging from 80 to 90 per cent in
lime carbonate. The following analyses are representative of its
composition:

Analyses of the * Ferriferous” (Coal Measures) limestone, Ohio.

’ Alumina . : '

v i | IO | e, et

(Fe,0,). aCOy). ) (MgCO3).

T S . 0.60 1.40| 97.32 0.45
. 1.67 1.36 | 95.40 1.38
S .86 «1.66 96.18 n.d.
D L 1.72 bg, 22 87.07 n.d.
5..... [ 3.4 2.96 |  93.24 2.19
S 2.90 2.71 92,02 1.85
e 1.00 1.00 94. 20 .76
B el 1. 00 6. 80 88. 80 1.20
9 il 540 2.00 |  88.00 1.51
10 o e . .56 ¢1.52 97.23 .75

ﬂAlummn 0.63; iron oxide, 1.03. b Alumina, 1.63; iron oxide, 6.59.

¢ Alumina, 1.23; iron oxide, 0.29.

. Eifert, Lawrence County. Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 6 (contmued), p. 4%2
2 Ironton Lawrence County. N.W. Lord, analyst, Geol. Survey Ohio, vol. 5, p. 110
3, 4. Tronton, Lawrence County. C.D. Quluk analyst.
5. LO\\'elIv‘lle, Mahoning County. N.W. Lord, analyst, Geol. Survey Oh]o, vol. 5, p. 1109.
6. Holmes County. N.W. Lord, analyst, Geol. Survey Ohio, vol 5, p. 1
7,8, 9. Star Furnace. T. G. Wormle» analyst, Rept. Geol. Survc,v Ohlo, ]810 p. 450.
10. Texas Hollow, W. S. Trueblood, mmlyst

QUATERNARY MARLS.

Marl deposits occur at various points in Ohio, but apparently are
not so extensive as those in Indiana and Michigan. At present four
" plants are using marl as a Portland cement material.

PORTLAND-CEMENT INDUSTRY.

As noted above, Ohio at present ranks seventh as a producer of
Portland cement. 1In 1904 eight Portland-cement plants were in oper-
ation in the State. Four of these, located in eastern and southeastern
Ohio, employed the Ferriferous limestone with shale as raw materials;

Bull. 243—05——18 ‘ '
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the other four, located in central and northwestern Ohio, used a mix-
ture of marland clay. The limestone plants are the Diamond Portland
Cement Company, of Middle Branch, Ohio; the Ironton Portland
Cement Company, of Ironton, Ohio; the Alma Portland Cement Com-
pany, of Wellston, Ohio, and the Wellston Portland Cement Company,
of Wellston, Ohio. All of these plants, with the possible exception
of the new Alma, mix Carboniferous shales with limestone.

Analyses of limestones and shales used in Ohio.

LIMESTONES.
1 2 3 4 5
Silica (Si0y) ceeceeeea. o 0.86 3.53 0. 56 4.20 1.30
Alumina (ALOy) -............ .63 } - { 1.23| Ll .73
Iron oxide (Fe,05) ........... 1.03 O .29 1.90 1.17
Lime (Ca0)«vmennennen ... 53.86 | 54.45 | . 54.45 50.6€ | 53.34
Magnesia (MgO) ............. n.d. .44 .36 .73 .75
Sulphur trioxide (SO,)........ n.d. n.d. tr. .23 tr.
~Carbon dioxide (CO,) ........ 43.20 38.74 43.17 40.60 | 42.72
SHALES.
6 7 8 9 10 1
Silica (8i0y) - cceeeiao . 60.00 | 55.00 | 60.15 | 62.67 | 63.30 69. 49
Alumina (Al,Og) - ccooo . .... i . . . .99.
umina (AL,O,) 23.26 | 21.79 | 19.78 | 19.99 } 26.00 | 1642
Iron oxide (Fe,O5)........... 4.32 9.26 9.10 5. 46
Lime (Ca0) ....... s .90 | n.d 52| 1.25| 1.25 2.29
Magnesia (MgO)..... e 1.12 | n.d .10 12 125 .78
Sulphur trioxide (80y) - ...... n.d. | n.d tr. | nd | nd n.d.
Carbon dioxide (CO,)........ n.d. n.d. n.d. n.d. | n.d 5.43

1, 6. Ironton Portland Cement Company. C. D. Quick, analyst.

2, lld)Aln;a Portland Cement Company. Twenty-first Ann. Rept. U. S. Geol. S\lrvey, pt. 6 (con-
Lmue P

3, 10. Wellston Portland Cement Company. W. 8. Trueblood, analyst.

4, 5,7, 8,9. Diamond Portland Cement Company. E. Davidson, analyst.

The plants using marl are the Sandusky Portland Cement Com-
pany, of Bay Bridge, Ohio; the Castalia Portland Cement Company,
of Castalia, Ohio; the Buckeye Portland Cement Company, of Rush- .
sylvania, Ohio, and the Alta Portland Cement Company, of Rushsyl-
vania, Ohio.

Of these plants the Buckeye and Alta use marl from wet swamp
deposits, while the Castalia uses marl from a deposit which is now,
plactlcally dry. The Sandusky, having almost exhausted its marl
deposit, is now using limestone as part of its charge and will probably
soon use it entirely. The clays used at all these marl plants are
obtained from Quaternaly deposits in the immediate vicinity of the
miar] beds.
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Analyses of marls and clays used in Olio.

Marls. Clays.
1 2 3 1 5
Silica (8i0,) «onoeneeannn... 1.98 0.26| 47.45| 59.10 | 51.56
Alumina (AlQ;) ............. } 97 20 1. 85 94. 01 { 14.50
Iron oxide (Fe,0,) .. ......... ) 3.84
Lime (Ca0) ..o 50.95 52. 86 17.80 2.2 9.8
Magnesia (MgO) ............. .55 n.d. .09 2.0 n.d.
Alkalies (K,0, Na,0)......... .12 n.d. 4.34 n.d. n.d.
Sulphur trioxide (SO;) ....... .10 n.d. 1.03 n.d. tr.
Carbon dioxide (CO,) ........ 40. 03 n.d. .57 n.d. 7.7

1, 3. Buckeye Portland Cement Company. Mineral Industry, vol. 1, p. 52.
2, 4, 5. Castalia Portland Cement Company.

PORTLAND-CEMENT RESOURCES OF OKLAHOMA.

Limestones occur in three distinct areas in Oklahoma, and are of
three different geologic ages—Cretaceous, Carboniferous, and Ordo-
vician (‘‘ Lower Silurian”). Little is on record concerning the exact
distribution or composition of any of these limestones. In general,
it may be said that those of Cretaceous age occur in the extreme west-
ern part of the Territory; that they are shell limestones and probably
low in magnesia. The following description of the Carboniferous
and Ordovician limestones is taken from a paper by Mr. C. N. Gould,
published in Stone, volume 23, pages 351-354¢. Though containing no
analyses, it indicates the general distribution and value of the lime-
stones in question. -

There are in Oklahoma two localities from which limestone for building purposes
may be obtained in large quantities. The first of these is in the northeastern part
of the Territory, in Kay, Noble, Payne, and Pawnee counties, and in the Osage,
Kaw, Ponca, and Otoe reservations. The second locality is in the newly-opened
Kiowa and Comanche Reservation, in the eastern part of Comanche County. Itis
the purpose of this article to discuss in some detail the rock of the two localities and
to indicate briefly the logical market of the stone of each locality.

The limestone in the northeastern part of the Territory is obtained from the south-
ern part of the Flint Hills. The Flint Hills extend practically north and south for
more than 300 miles, from the Platte to the Cimarron. They are hills of erosion
carved out by the action of water from the heavy limestone ledges which eccur in
the Upper Carboniferous and Lower Permian of the region. Much of the Kansas
building stone is obtained from this range of hills. Quarries at Manhattan, Junction
City, Cottonwood Falls, Florence, Winfield, and Arkansas City, Kans., as well as
those near the mouth of the Platte in eastern Nebraska, are from the same general
horizon. : . S ‘

The Arkansas River on its way from the mountains to the Mississippi strikes the
Flint Hills near the Kansas-Oklahoma line. From Pueblo to Arkansas City the
river flows over soft yielding rocks that have been hollowed out by water into a

o
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broad shallow valley. At Hutchinson or Wichita, Kans., for example, there are no
bluffs, and the valley is from 10 to. 20 miles wide. Near Geuda Springs, Kans., the
river begins to narrow rapidly. The first ledge of limestone is crossed at the dam
5 miles west of Arkansas City. Near the mouth of the Walnut, just north of the
Kansas-Oklahoma line, the heavy bluffs of limestone appear, and from this point to
the southeast corner of the Osage Nation the river flows in a series of ox-bow bends,
seeking its tortuous way in and out among the Flint Hills. As the crow flies this
distance does not exceed 80 miles, but the water of the river flows at least twice that
distance. ‘ In one place two bends of the river approach within a mile and a half of
each other, while to follow the channel a person would have to travel more than
9 miles. Throughout the greater part of this course the bluffs are high and precipi-

‘tous. The valley is perhaps 2 miles wide on an average, nearly half of this being

occupied by the sandy channel of the stream. In places, however, the dlstance
from bluff to bluff is not more than a mile.

The smaller streams tributary to the Arkansas in this region have usually carved
deep channels through the limestone ledges. These ledges follow the sinuous course
of the streams, outcropping along the bluffs and forming in many places conspicuous
outlines. It is from these ledges, which, as stated above, form the southern exten-
sion of the Flint Hills, that the limestone is obtained. Half a dozen or more ledges
outcrop between the bed of the river and the top of the hills to the west. In the
hills in the Osage and Kaw reservations east of the river there are perhaps as many
more, each from 5 to 25 feet thick.

The stone is, in general, a rather fine-grained, gray, or nearly white, massive lime-
stone. For building purposes it is easily the equal of the best stone from the Win-
field or Cottonwood Falls quarries. Indeed, it will be a matter of surprise if time
shall not demonstrate that the Oklahoma stone will outlast most.of that obtained
from Kansas. The supply is inexhaustible. Kay County alone can supply Okla-
homa with building material for hundreds of years and scarcely know where it came
from.

Business blocks in Newkirk, Ponca City, and Pawnee are built of stone obtained
from the local quarries. These buildings rival in appearance the finest blocks built
from Kansas stone. Throughout the region dressed-stone farmhouses are rapidly
gpringing up. The stone house built by Governor William M. Jenkins while he
was vet a Kay County farmer stands on his claim, 2 miles southeast of Newkirk.
This is one of the first two-story stone houses ever built in *“ the Strip.”

Dimension stone of all shapes and sizes, flagging, and rubble are obtained from
the various quarries. Not long ago a block of 12 feet square and 30 inches thick
was shipped. One of the most practical purposes to which the stone is being put,
however, is the manufacture of stone posts. The rock splits readily into almost any
required size. Advantage ig taken of this fact to secure a long, slender block suitable
for a fence post. Posts from 5 to 7 feet long are gplit down to 6 by 8 inches, and
posts 15 feet long are often secured.  These posts sell in the quarry for from 20 to 35
cents each, according to the size, and are rapidly replacing the wooden posts for-
merly used. They are very similar to the limestone posts from the Benton Cretaceous
in central Kansas, and seem destined to serve as important a part in the develop-
ment of the country as do the latter.

Standing upon almost any one of the high hills east of Kildare, or New.-irk, in
Kay County, a person may see not only the white stone houses nestled away 1n the
valleys or crowning the knolls, but also the lines of white posts stretching for miles
across the country. It seems but a question of a few years till the greater part of the
farmhouses of the county will be built of stone, and stone posts will replace the last
of the wooden posts throughout the region.

The limestone of the second locality, while more restricted in area than that of the
Flint Hills, is still more than sufficient to supply the southwestern part of Oklahoma
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with building stone for generations. Geologically this stone is much older than that
I have just discussed. In generail, it belongs to the Ordovician, or even the upper
Cambrian, and ig thus classed among the oldest of the stratified rocks. In this
region the limestone occurs as outlying hills, flanking the Wichita Mountains on the
northeast and southeast.

The Wichita Mountaing are nothing but the tops of buried mountain ranges stick-
ing up'out of a sea of plain. They are composed of igneous rocks, chiefly granite,
gabbro, and porphyry. These, of themselves, are of course excellent building stone.
" At the present time these mountains are full of prospectors and miners. Tor seventy

years reports of gold and silver have been coming from these mountains. *Whether
.or not anything more tfmgible than reports will ever be obta'lned remains to be
proven. )

The Ordovmlan outliers trend northwest and southeast, parallel to themain range.
From Fort Sill these hills extend for nearly 40 miles to the northwest, and in places
are 15 miles across. Southwest of the fort the hills extend for 12 miles or more. The
stone ig, in general, rather coarse grained, and in places is almost marbleized. It is
usually much faulted and folded, often standing on edge, showing that the reglou has
been subjected to great pressure.

The Government buildings—harracks, officers’ quarters, and stables—at Fort 'Sill
have been constructed of limestone taken from a quarry on the reservation a mile
southeast of the post. It makes a splendid building stone.” The prevailing colors
as seen in the building are light gray and brownish or yellowish gray. T.his fort,
perhaps as much on account of the material composing the buildings as upon its loca-
tion, seems destined to be occupied by Government troops long after all other posts
in Oklahoma and the Indian Territory have been abandoned. Forts Giibson, Washita,
Arbuckle, and Supply, where the buildings were principally of wood, have all heen
vacated by the Government, and it is unlikely that Fort Reno will long remain occu-
pied.  Fort Sill, on the contrary, will probably long remain a monument, in part—at
least—to the.character of the rock composing the buildings.

A word with regard to market and transportation facilities. The Flint Hills
region is cut by the Santa Fe Railroad, and, for the present at least, the products of
these quarries must be shipped over this road. It is the logical source of supply for
such cities as Guthrie and Oklahoma City, in which at the present time there is
much building heing done. Unfortunately for the Oklahoma stone industry, how-
ever, there are as yet no spurs to any of the quarries in this locality. It thus hap-
pens that the stone from many of the buildings in these'cities is obtained from south-
ern Kansag, at a considerably higher cost than natural conditions warrant. Newkirk
stone, however, is already on the market and the demand is steadily increasing.

In the Wichita region the Rock Island Railroad runs within less than a mile of
the limestone hills. The resources of the region are as yet practically undeveloped.
In time, however, this stone promises to become one of the important factors in the
development of this wonderfully rich and fertile region.

PORTLAND-CEMENT RESOURCES OF OREGON.¢

Little attention has been paid by prospectors to any of the nonmetal-
liferous mineral resources of Oregon except coal. In consequence,
the data presented below on the distribution and composition of Ore-
gon limestones are too scanty to be satisfactory for the purposes of

«For much of the data here given in regard to Oregon limestones the writer is indebted to a report
by Mr. Herbert Lang, published in The Resources of the State of Oregon, a handbook issued in 1892
by the State board of agriculture. Dr. J. 8. Diller has also aided him greatly by contributing data on
the character and distribution of the limestones of southwestern Oregou, based on his wonk in that
region. .
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the present bulletin. It is probable that workable limestone deposits,
other than those described below, exist in various parts of the State.
So far as known, however, the more important limestone deposits of
Oregon occur in two widely separated distiicts—in the southwestern
and the northeastern portions of the State.

MATERIALS AND CONDITIONS IN SOUTHWESTERN OREGON.

The limestones of southwestern Oregon are well developed at a

number of points in Jackson and Josephine counties, and have been -

used to a considerable extent for lime burning and flux. These lime-
stones are generally of uncertain age—some are Devonian, others most
likely Carboniferous, and a few certainly Cretaceous. They occur as
a series of lenses of greater or lesser size in the partially altered rocks
of the district. .

Several of these lenticular bodies of limestone outcrop in the neigh-
borhood of Rock Point, on Rogue River, in Jackson County, and have
been extensively exploited for various purposes. A small quantity
has been burned locally into lime, some has been shipped to the Port-
land lead smelters as flux, while a larger amount has been shipped
to Portland and burned there into lime. Stone for building purposes
has also been derived from this series of limestone beds.

An analysis of the Rock Point limestone, made by Mr. J. S. Phillips,

- follows:
Analysis of limestone from Rock Point, Oreg.

SIHCA (S10,) - e oe e e et e ae et eaaeaaaaaaas S 3.1
Iron oxide (Fe,05) coceormimniiii i iiiiaiaaaaaans e 2.2
Lime carbonate (CaC0;) ..ot i iiae i ieaaaan 89.4 °
Magnesium carbonate (MgCOg) ... .. o it 5.3

The belt of limestone lenses extends southwest from Rock Point,
with several prominent cutcrops on the tributaries of Applegate,
especially on Steamboat, and on Williams Creek, where the massive
limestone has celebrated caverns. Similar bodies occur on Sucker
Creek, southeast of Waldo, near the California line. Their distribution
is extremely irregular, owing to the predominance of igneous rocks.
Very large deposits are said to occur near the California line, on Wil-
liams Creek, in the extreme southeastern corner of Josephine County.

MATERIALS IN NORTHEASTERN OREGON.

Of the limestone deposits of northeastern Oregon the largest and
most accessible seems to be on Burnt River, about 3 miles above Hutch-
inson, Baker County. The limestone beds at this point are associated
with shales, and the entire series is upturned to give a steep dip. The
river has cut through the beds, exposing a thickness of about 100 feet
of limestone. This stone is remarkably pure, carrying usually less
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than 1 per cent of silica, alumina, and iron oxide. - Its quality, quan-
tity, and proximity to the railroad and to a series of shale beds make
it worth considering as a possible source of Portland-cement material.

The same series of beds outcrop in the hills to the southwest and
northeast and continue into Idaho, where they form important deposits.
Large limekilns are now in operation at several points on this line of
outcrop. '

Limestone deposits of considerable size occur in other parts of
Baker County, the most important at present being one which is
extensively worked for lime about 14 miles from Baker City. Other
deposits occur in Grant County, and very thick and extensive beds of
blue limestone are said to cover much of Union County. In Wallowa
County deposits of marbles occur, which may be of service for cement.

PORTLAND-CEMENT RESOURCES OF PENNSYLVANIA.
PORTLAND-CEMENT MATERIALS.

A number of limestones suitable for use as Portland-cement mate-
rials occur in Pennsylvania, though only one of them has as yet been
extensively used for this purpose. For description these limestones
may be conveniently grouped as follows:

(1) Trenton limestone (Ordovician).

(2) Helderberg or Lewistown limestone (Sllurlan)
(3) Carboniferous limestones.

TRENTON LIMESTONE.

DISTRTBUTION.

The Trenton limestone, which furnishes the well-known *¢ cement

rock” of the Lehigh district, occurs in varying development in the
counties of Northampton, Lehigh, Berks, Lebanon, Dauphin, Cum-
berland, Franklin, Lancaster, Center, and Blair, and to a much less
extent in several other counties of southeastern Pennsylvania.
Throughout its range it is underlain by a highly magnesian (Kitta-
tinny) limestone and overlain by a thick series of (Martinsburg and
Hudson) shales and slates. Further details concerning its geologic
occurrence in its most typical area will be found in the section on
cement manufacture in the Lehigh district, on page 284. The distri-
bution of the Trenton limestone in Pennsylvania is shown in a genelal
way on PL XIII ,

COMPOSITION.

The Trenton limestone, wherever it occurs, is almost invariably low
in magnesia, and is thevefore almost always an excellent Portland-
cement material. At times its value as a cement material is increased
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by the presence of a high percentage of clayey matter, as 1s well

shown in the ““ cement rock” of the Lehigh district.

The following table of analyses shows the composition of samples
of Trenton limestone from various localities in Pennsylvania. No
analyses from localities in the Lehigh district are given in this table,
as this district is discussed in considerable detail below (p. 284)..

Analyses of Trenton. limestones, Pennsylvanic. @

. ’ . ‘?k‘]gg:;?' Lime car- | Magnesium

Silica (Si0g). ir&l}e f(;{alge (léc;l&t)ts ' ('((K}lz,(‘);&t)e

L 0.91- 0.26 | 94.98 3.87
2 4,38 .64 91. 89 2.88
B Ce el 5. 88 1.68 90. 39 2.95
G - 3.62 .19 92.12" 4.23
ST S .54 .20 97. 89 1.29
B e e .39 .32 98. 82 1.17
Teoennn. e .82 .38 97.53 1.21
8 e .76 .43 97.65 | 1.13
TP 4,30 .36 86.13 8. 86
10 s 2.51 .60 90. 63 6.17
1§ S . 2.56 n.d. 92. 00 4.54
120 8.41 57| 86.36 5. 24
1 TR SR 8.84 .81 89.18 .96
T s .98 .26 97.32 1.29
15 et . 2.66 .26 95.07 1.04

aFrom Reports M1, M2, M3, Second Geol. Survey Penngylvania A. 8. McCreath, analyst.

1. Mount Etna Furnace, Blair County.

2. Rodman Furnace, Blair County.

3, 4. Tyrone, Blair County.

5, 6, 7. Shortlidge quarry, Bellefonte, Center County.

8. Campbell quarry, near Bellefonte, Center County.

9, 10. Rutherford quarry, near Harrisburg, Dauphin County,
11. Cumbler quarry, near Harrisburg, Dauphin County.
12. Craighead quarry, Mount Holly, Cumberland County.
13. Mont Alto, Franklin County.

14. Williamson, Franklin County.

15. Rauchs Gap, Clinton County.

HELDERBERG OR LEWISTOWN LIMESTONE.

DISTRIBUTION.

The Helderberg limestone outcrops in central and eastern Pennsyl-
vania in a series of narrow bands whose distribution is too complicated

to be readily described, but is shown on P1. XIII.
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COMPOSITION.

Analyses of Helderberg limestone, Pennsylvania.@ °
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silica Alﬁfgn? Lime car- | Magnesium | ¢ qop 00
SE5. | el | o | camonte | 8
1ooo... U 2.50 0.84 95. 66 1.55 0.10
2l 3.00 64| 95.09 1.58 .03
S 3.02 .57 95. 57 1.52 .03
4o ... T 1.80 .80 95.25 2.927 .05
B e e el 1.62 .65 96.16 1.59 .07
Bl ...l 108 | . .58 84.78 3.86 .05
T e 1.69 .44 96.14 1.60 .05
8 e 5.70 L77| 90.90| = 2.16 .08
D, . A3 .70 9. 03 197 .06
10. ool 5. 04 1.14 91.12 1.57 .03
oo 5230 178  89.29 2.56 .06
12, U 49.03 1.67 47.30 2.01 15
13 e 21.68 4.66 70.59 | 1.74 .03
T 15.72 2.55 71.73 7.62 n. d.
11 FO R 6.53 1.21 89. 64 1.82 n. d.
16l 2285 .70 94. 28 1.53 .06
17 et 7.86 2.11 87.93 1.94 | .23
18 e 11.93 | . 1.36 82.73 2.83 .70
19 oo 4.95 .84 93.27 1.38 A1
20 .l 892 .68 93. 87 1.31 15
3 D 7.65 .7 88. 82 2.34 .21
22 3.02 54 9428 2.12 .21
% SO el 4.26 1.10 92. 20 2.17 15
... e 20. 24 2.97 73.43 2.65 n. d.
s U .. 3.61 1.11 90.18 4.31 .25
26 e 5.94 1.26 89.39 3.25 .27

« From Reports M1, M2, M3, Second Geol. Survey Pennsylvania. A. S. McCreath, analyst.

, 2, 3. Baker quarry, Altoona, Blair County.

. Creswell quarry, Hollidaysburg, Blair County.

. Manning quarry, Hollidaysburg, Blair County.

6. Loop quarry, Hollidaysburg, Blair County.

7. Sarah furnace, Blair County.

8, 9, 10. Hudson quarry, Three Springs, Huntingdon County.
11, 12. McCarthy quarry, Saltillo, Huntingdon Connty.

13. Jersey Shore, Lycoming County.

1
4
5

14, 156. Still quarry, 2 miles northeast Montebello Narrows, Perry County.

16-17. Bossardville, Hamilton Township, Monroe County.
18-21. Van Auken quarry, Middle Smithfield Township, Monroe County.
22-23, Brown quarry, Smithtield Township, Monroe County.

24, Experiment Mills quarry, near Delaware Water Gap, Monroe County.

25-26. Poxono Island, Monroe County.

A deposit of limestone near Kings Rock, on Susquehanna River
in Lycoming County, belonging to this series, is described by M.
Uriah Cummings in the Seventeenth Annual Report of the United
States Geological Survey, part 3, pages 889-890. He states that
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a natural cement of the following composition had been made from

this rock:

Analysis of natural cement, Kings Rock, Pa.

Silica (S105) e e ceea o e e e eeaceaccaaaaa et teeeeeeeeraaaaes

Alumina (A1,04)

Tron oxide (FeO) . .o e iiieaiaaaaaa e
Lime (Ca0).eeeaeam e . C et P

Magnesia (MgO)

Alkalies (K,0, Na,0)....oooeoeiiiii i
Water and 1088 . ... L. et eeiaeeeeeeaieeereaaeaaaan

Such an analysis of a natural cement would imply that the rock from .
which it was made was- closely similar in composition to the cement
- rock of the Lehigh district, and that the addition of 10 per cent or so
of pure limestone would give a good Portland cement.

CARBONIFEROUS LIMESTONES.

DISTRIBUTION.

Names and stramgmphw position of O(Lrbomfe'rous limestones, Pennsylvania.

Geologic group. Name of limestone. rxlllégsk Stratigmphic position.
°| Feet.

Dunkard formation or | Upper Waghingtdon 30 | At top of Washington
Upper Barren meas- limestone. - formation, 250 to 425.
ures. feet above the Waynes-

. burg coal. :

Monongahela™ forma- | Waynesburg limestone .| 35 | 20 feet below the Waynes-
tion or Upper Pro- ‘ . burg coal.
ductive Measures. Benwood or Great lime- 73 | 120 feet above the Pitts-

stone. burg coal.
Sewickley or Fishpot 30 | 100 feet or more above the
limestone. | Pittsburg coal.
Redstone limestone. .. .. - 10 | 60" to 100 feet above the
Pittsburg coal.

Conemaugh formation | Pittsburg limestone. ... 12 | 20 feet below the Plttsburg

or Lower Barren| - coal.
Imeasures. Elk Lick limestone. .. .. 6 | Between Pittsburg and Up-
) per Freeport coal.
Ames or Crinoidal lime- 8 Do. . q
stone. :

Allegheny formation | Upper Freeport lime- 28 | Below Upper Freeport coal.
or LowerProductive stone.
ineasures. - Lower Freeport lime- 5 | Below the Lower Freeport.

stone. coal.
Johnstown limestone...| 10 | Below the Upper Kittan-
: . ning coal.
Vanport or Ferriferous 20 | Below the Lower Kittan-
limestone. ning coal. .
Pottsville formation .. .| UpperMercer limestone. 4
Lower Mercerlimestone_.|. 3

Mauch Chunk forma- | Greenbrier or Mountain 30
tion. limestone. _

Pocono formation .__.. Siliceous limestone .. ... 60

Benezette limestone . -. . 7
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Analyses of Ferriferous or Vanport limestone, Pennsylvania.@
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. Alumim.l Lime Magnesinm

o GiOS. | il | i | e

) e ] 2.03 1.29 95. 53 0.91
S .79 1.46 |  96.01 1.50
L T 2.30 1.38 94. 72 1.04
S 2.11 .93 95.57 1.42
B e e e et 2.10 2.09 94.18 1.48
S 3.42 1.67 93.25 1.74
T e e el 3.22 1.71 93.29 .97
S el 2.19 1.31 95.23 | .41
S D '1.96 1.05 95. 53 .93
10, o e '1.78 1.53 95.20 1.27
| 111 .87 96. 43 1.20
12 . TR B I | 1.31 94. 39 1.70
1K | 2.04 1.81 93. 64 1.82
1 T 1.30 .99 96.43 .91
15 e D128 .78 96. 58 .83
16 e e ©2.39 2.20 86. 91 6.66
1T e e, Y 2.61 86. 21 1.78
18 et e 3.37 1.71 91.78 1.81
19 el 1068 1. 64 94. 36 1.63
20 e s ' 2.20 1.63 94.11 1.37
D D IO e 2279 .80 94. 21 1.78
22....... e, . 1.97 .63 95.77 1.10
28 . e . S 8.07 1.56 93. 34 1.46
U, e, © 2,08 1.19] 94.78 1.37
2 e e ' 2,09 2.03 92. 86 1.59
26 e e .37 1.00 96. 78 1.28
7 S Lo 1.82 93. 48 1.54
) e e A 2.32 88. 46 1.44
2 C 4,78 1.29 91.61 1.57
B0, et et aiaieaaann o 4.80 1591 9109 1.59

aFrom Reports M, M2, M3, Second Geol. Survey Pennsylvania.
1,2. Stewardson Furnace, Madison Township, Armstrong County.

3. Colwell quarry, near Mahoning Furnace, Armstrong County.
4. Reynolds quarry, near Kittanning, Armstrong County.

5. George quarry, near South Bend, Armstrong County.

6. Rheda quarry, near Greendale, Armstrong County.

7. Graff quarry, near Buffalo mills, Armstrong County.

8. Long Run, Porter TownshiQ, Clarion County.

9. Hindman quarry, Clarion Township, Clarion County.

10. Sligo Furnace, Piney Township, Clarion County.

11. Barger quarry, Perry Township, Clarion County.

12. Bovaird quarry, near Brockwayville, Jéfferson County.

13. Hanna quarry, near Sprankle’s Mills, Jefferson County.

14. Enty quarry, near Worthville, Jefferson County.

15. Shields quarry, near Dowlingville, Jefferson County.

16. Winslow property, near Benezette, Elk County.

17. Toby Creek, Fox Township, Elk County.

18. Brandy Camp post-office, Horton Township, Elk County.
19,20, Kane quarry, near Wilcox, Jones Township, Elk County.
21, Shinn guarry. Wampum, Lawrence County,

22. McCord quarry, Mount Jackson, Lawrence Connty.

23, Johnson quarry, Newcastle, Lawrence County.

24. Moffit quarry, Croton, Lawrence County.

26. Simpson quarry, Richmond, Indiana County.

26. Pine Creek Furnace quarry, Kittanning, Armstrong County.
27. Severn quarry, near Vanport, Beaver County.

28,29. Powers quarry, near Vanport, Beaver County.

30. Tygart’s quarry, near Vanport, Beaver County.

|
h

A. 8. McCreath, analyst.
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PORTLANb-CEMENT INDUSTRY IN PENNSYLVANIA.

The State of Pennsylvania now produces about half of the total
United States output of Portland cement. This enormous production,
amounting to about 10,000,000 barrels annually, comes almost entirely
from plants located in the so-called Lehigh district, in Berks, Lehigh,
and Northampton counties. Seventeen plants are located in the Penn-
sylvania portion of this important district, while the two remaining
Portland-cement plants in Pennsylvania are located in the extreme
western part of the State.

The following list of Portland-cement plants operating in Pennsyl-
vania in 1904 has been corrected by Mr. R: W. Lesley, president of the
American Cement Company, to whom the writer’s acknowledgments
are due for this and other courtesies.

Name and location of Portland-cement plants in Pennsylvania, 1904.

American Cement Company of Pennsylvania ........._. Egypt.

Atlas Portland Cement Company ..... e ieaaaan _ Northampton and Coplay.
Bath Portland Cement Company . ... .._...:i........ Bath.

Bonneville Portland Cement Company . ................ Siegfried.

Central Cement Company® ... .. ... ........_...... Egypt.

Clinton Cement Company... .. ... ... ...... w---.... Pittsburg.

‘Coplay Cement Manufacturing Company........_...... Coplay.

Crescent Portland Cement Company ... ........ ... Wampum.

Dexter Portland Cement Company ... .. .. ... ... Nazareth.

Lawrence Cement Company of Pennsylvania.._........ Siegfried.

Lehigh Portland Cement Company ... ... ....._.... Ormrod, West Coplay.
Martins Creek Portland Cement Companyd _.._......__ Martins Creek.
Nazareth Cement Company ... ... . ... ...... SR Nazareth. -
Northampton Portland Cement Company ._......_...... Stockertown.
Penn-Allen Portland Cement Company................ Penn-Allen. -
Pennsylvania Cement Company ... .. ............... Bath.

Phoenix Cement Company............................ Nazareth.

Reading Cement Company .............. F .. Molltown.

Whitehall Portland Cement Company ............. -... Cementon.

In describing the Portland-cement industry of the'State, the Lehigh-
district will first be discussed in considerable detail, after which the
isolated plants in western Pennsylvania will be briefly described
(p. 294). '

LEHIGH DISTRICT.

The following description of the cement-rock deposits and cement
industry in the Lehigh district is based largely upon field work by the
writer during the early summer of 1903. Acknowledgments are due
to the managers and chemists of various cement plants in’the Lehigh
district, who have aided the writer greatly in this work. Use has also

aQwned by same interest ag American Cement Company of Pennsylvania. .
bOwned by same interest as Alpha Portland Cement Company. (See New Jersey, p. 243.)
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been made of the report by Professor Kummel on the Portland-cement
~ industry in New Jersey,* and of an unpablished report by Prof. T N.
* Dale, on the geology of the Slatmgton quddlangle

GEOLOGY.

The ** Lehigh district” of the engineer and cement manufacturer
has been so greatly extended in recent years that the name is now
hardly applicable. Originally it included merely one small area about
4 miles square, located along Lehigh River, partly in Lehigh County’
and partly in Northampton County, containing the villages of Egypt,
Coplay, Northampton, Whitehall, and Siegfried. The cement plants
which were located here at an early.date secured control of most
of the cement-rock deposits in the vicinity, and plants of later estab-
lishment have therefore been forced to locate tarther and farther away
from the original center of the district. At present the district includes
parts of Berks, Lehigh, and Northampton counties, Pa., and Warren
County, N. J., reaching from near Reading, Pa., at the southwest, to
a point a few miles north of Stewartsville, N. J., at the northeast. It
forms, therefore, an oblong area about 25 miles long from southwest
to northeast and about 4 miles wide. Within this avea twenty Port-
land-cement plants are now in operation, and the Portland cement
produced in this relatively small district amounts to almost two-thirds
of the entire United States output.

Within the ‘“Lehigh district,” as above defined, three geologic
formations occur, all of which must be considered in attempting to
account for the distribution of the cement materials used there. These
- formations, named in descending order, are (1) Hudson shales, slates,
and sandstones; (2) Trenton limestone (Lehigh cement rock); (3) Kit-
tatinny limestone (magnesian). As all these rocks dip, in general,
northwestward, the. Hudson shales occupy the northwestern portion
of the district, while the Trenton cement rock and magnesian Kit-
tatinny limestone outcrop in succession tarther southeast.

MAGNESIAN KITTATINNY LIMESTONE.

Underneath thé cement-rock series lies a very thick formation con-
sisting of light-gray to light-blue massive-bedded limestone, with
frequent beds of chert. These Kittatinny limestones are predomi-
nantly highly magnesian, though occasionally beds of pure nonmag-
nesian limestone will be found in the series. The magnesian beds are,
of course, valueless for Portland-cement manufacture, but the pure
limestone beds furnish part of the limestone used in the Lehigh
district for addition to the cement rock. An excellent example of
this is furnished by the quarry near the east bank of Lehigh River,

a Ann. Rept. New Jersey State-Geologist, 1900, pp. 9-101.



286 CEMENT MATERIALS AND INDUSTRY. . [BuLL. 243.

just above Catasauqua. In this quarry most of the beds are highly
magnesian, and are therefore useful only for road metal and flux; but
a few pure limestone beds occur, and the material from these low-
magnesia beds is shipped to a neighboring cement mill.

Numerous analyses of the highly magnesian limestones are available,
from which a few typical results have been selected for insertion here.
Analyses of the purer limestone, used to add to the cement rock, will
be found in table on page 289.

Analyses of magnesian Kittatinny limestone.

Silica (8i0,) -...| 9.9 9.9 8:8| 55| 9.8 49| 20| 80| 41(169
Alumina (A1,0,) }

Iron oxide|f 17| 1.7 .8| 13| 37| 65| 84| 53].1.6] 1.0

(Fe,O;) -.---. ‘
Lime (CaO) ....| 27.6 | 28.5 | 29.4 | 28.2 | 26.4 | 27.3 | 32.4 | 26.3 | 30.3 | 28.3
Magnesia(Mg0).| 17.9 | 17.3 [ 17.8 | 20.2 | 15]1 | 14.6 | 15.5 | 17.4 | 18.3 | 15.3

Carbon dioxide
CO,) ceeenn.s 41.9 1 41.5 | 42.8 | 44.3 | 45.0 | 44.8 | 42.5 | 41.1 | 44.1 | 38.9

1: Chandlers Island, Sussex County, N. J.
2. Sparta, Sussex County, N. J.
* 3. Asbury, Warren County, N. J.

4. Oxford Furnace, Sussex County, N, J.

5, 6. Clinton, Hunterdon County, N. J.

7. Pottersville, Somerset County, N, J.

8, 9. Peapack. N. J.

10. Annandale, N, J.
While all of the above analyses are from New Jersey localities the

magnesian limestone of the rest of the Lehigh district would give

closely similar results.

TRENTON LIMESTONE.

The Lehigh cement rocks, i;vvhich are approximately equivalent in
age to the lowest Trenton beds of New York, are made up of a series
of more or less argillaceous limestones. The formation appears to
vary in thickness from 150 feet in New Jersey to 250 feet or even
more at Nazareth and on Lehigh River. Its upper beds, near the
contact with the overlying Hudson shales, are very shaly or slaty
black limestones, carrying approximately 50 to 60 per cent of lime
carbonate and 40 to 50 per cent of silica, alumina, iron, etc. Lower
in the formation the percentage of lime steadily increases, whilc that
of clayey material decreases correspondingly, until near the base of
the formation the reck may carry from 85 to 95 per cent of lime car-
bonate with only 5 to 15 per cent of impurities. This change in chem-
ical composition is accompanied by a change in the appearance and
physical character of the rock, which gradually Joses its slaty fracture
and blackish color as the pércentage of lime increases, until near the
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base of the formation it is often a fairly massively bedded dark-gray
limestone. Even so, it can usually be readily dstinguished from the
magnesian Kittatinny limestone, described below, for the cement rock
is always darker than the magnesian limestonie and contains none of
the chert beds which are so common in the mdgnesnn rock.

The Lehigh cement rock is never nearly so high in magnesia as is
the underlying Kittatinny limestone. It does, however, carry consid-
erablé magnesia (as compared with other Portland-cement materials) -
throughout its entire thickness, and few analyses will show less than
4 to 6 per cent of magnesium carbonate. The following series of
" analyses is fairly lepresentatlvc of the lower, middle, and uppér beds
of the formation. The specimens from the upper beds, near the Hud-
son shales, show considerably less lime and more clayey. matter than
those from the lower parts of the formation.

Analyses of Trenton limestone ( Lehigh cement rock).%

1 2 3 4 b 6 7 K 9 10

Silica (8i0,) ....) 1.86 | 5.03 8.38 [11.90 [11.71 [11.11 [17.04 |22.71 |19.53 |24.45
Alamina (AL,O;) | .60 | 2.06 | 4.03 | 4.42 | 4.36 | 4.40 | 6.90 | 5.84 | 6.03 | 5.68

Iron oxide (Fe, :
(029 I .51 11.23 1 1.32[1.701.62]1.91 213|213 |1.70 | 1.57

" Lime (CaO) ....[53. 64 |49.73 |45.45 |44.18 143,47 |42.51 |37.53 |36.50 |35. 71 |35.00
Magnesia (MgO)| .81 [1.02 | 1.34 | 1.18 | 1.82|2.89 | 2.17 | 1.69 | 3.33 | 2.21

Carbon dioxide
(COY) ceennn.. 43.03 [40.19 |37.18 |36.01 |36.15 |36.57 |32.88 [30.52 [32.73 [29. 89

« Ann. Rept. New Jersey State Geologist, 1900, p. 95.

The specimens whose analyses are given above were mostly from
the vicinity of Belvidere, N. J., and, t;hough leplesentatwe in other
respects; seem to have been rathel ]owcr in magnesia than the usual
run of the Trenton limestone in the Lehigh district.

HUDSON SHALES.

This series includes very thick heds of dark-gray to” black shales,
with occasional thin beds of sandstone. In certain localities, as near
Slatington and Bangor, Pa., and :‘Newton, N. J., these shales have
been so altered by pressure as to become slates, the quarrying of
which now supports a large roofing-slate industry.

The geographic distribution of the Hudson shales-and slates in the
Lehigh district can be indicated only approximately without the pre-
sentation of a geologic map of the area. It may be said that they
cover practically all of Northampton, Lehigh, and Berks counties

"north of a line passing through Martins Creek, Nazareth, Bath,
Whitehall, Ironton, Guthsville, Monteley, Kutatown, Molltown and
,Leesport ;
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The composition of the typical shales and slates of the upper part
of the Hudson formation is well shown by the following analyses:

Analyses of Hudson shales and slates in Pennsylvania and New Jersey.

1 2 3 4
Silica (B10y) - - oo 68.62 | 68.00 | 56.60 | «76.22
CAlumina (AL,Oy) «ooooee 12.68 | 14.40 | 21.00 } 1305
Iron oxide (Fe,04) -envmenenn.. ST 420 5.40( 565 °
Lime (CRO) - oo oo 131 2.68| 3.42| 2.67
Magnesia (Mg0) - -eoeemeenenn. U L7997 151 2:30 .93
ATRAHES « o ool 3.73 11 50| n.d.
Carbon dioxide (COy) ... onvemeeee e, 3.00| 23| 22| nd
Water (H,0) ... .ooooeeeeo... P 447 270 3.00| =nd .

aInsoluble.
1. East Bangor, Pa. Twentieth Ann. Rept. U. S. Geol. Survey, pt. 6, p. 436.
- 2. 1 mile northwest Colemanville, N. J. Geology New Jersey, 1868, p. 136.
3. Delaware Water Gap, N. J. Geology New Jersey, 1868, p. 136.
4. Lafayette, N. J. Rept. New Jersey State Geol. for 1900, p. 74.

As above noted, the rocks of the Lehigh district have a.general dip
to the northwest, though there are numerous local exceptions to this
rule. The lowest beds of the Hudson series, therefore, are those
which outcrop along the southern boundary of the formation, as above
outlined. These lowest beds carry much more lime and less silica,
alumina, and iron than the higher beds whose analyses are given
above. The lowest beds of the Hudson shales become more cal-
caréous and form a natural transition'into the underlying cement
rock or Trenton limestone.

MANUFACTURING METHODS.
COMBINATION OF MATERIALS USED.

Throughout most of the Lehigh district the practice is to mix with
a relatively large amount of the ‘‘cement rock” or argillaceous lime-
stone a small amount of pure limestone, in order to bring the lime
carbonate content up to the percentage proper for a Portland-cement
mixture. As above noted, all of the * cement rock” is derived from
the middle part of the Trenton formation, where the beds will run
from 60 to. 70 per cent of lime carbonate. The pure limestone which
is required to. bring this material up to the necessary percentage of
lime carbonate (about 75 per cent) is obtained either from .the lower
portion of the Trenton itself or from certain low-magnesian beds
occurring in the Kittatinny formation.

In the plants located near Bath and Nazareth, however the practice
has been slightly different. In this paltlcular area the cement-rock
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quarries usually show rock carrying from 70 to 80 per cent of lime
carbonate. The mills in this vicinity, therefore, require practically
no pure limestone, as the quarry rock itself is sufficicntly high in lime
carbonate for the purpose. Indeed, it is at times necessary for these
plants to add clay or slate instead of limestone to their cement rock
“in order to reduce its content of lime carbonate to the required figure.
In general, however, it may be said that Lehigh practice is to mix a
low-carbonate cement rock with-a relatively small amount of pure
limestone, and analyses of both these materials, as used at various
* plants in the district, are given below.

Analyses of materials used in the Lehigh district.

Cement rock. Pure limestone.

Silica (8i0) coveovenn.. 15.06 | 19.06 | 19.08 | 22.22 |'13.80 | 9.52|19.62 | 14.20 | 2.14 | 3.02| 1.98
Alumina (ALOy) ...... 9.02 | 4.44 7.24 11 '

X - : 7.92 6.08 | 4.72| b.6! 6.14 | 1.4 .9 .70

Iron oxide (FeqQy) ....| 1.27 | 1.14 } { .92 } . 8 6| 190 !

Lime carbonate ‘

(CAC0g) <tereeennnnn 70.10 | 69.24 | 67.07 | 63.45 | 76.08 | 80.71 | 69.78 | 74.30 | 94.35 | 92.05 | 95.19

Magnesium carbonate
(MECOg) wnernennnen. 3.96 | 4.21| 4.06| 4.56 4.51| 4.92] 4.90( 3.24 | 2.18| 3.04| 2.03

CHARAC':['ER AND .COMPOSITION OF THE CEMENT ROCK.

The cement rock is a dark-gray to black slaty limestone, breaking
with an even fracture into flat pieces, which usually have smooth,
glistening surfaces. As the percentage of lime carbonate in the rock
‘increases—i. e., as the lower beds of the formation are reached—the
color becomes a somewhat lighter gray, and the surfaces of the frag-
ments lose their slaty appearance.

The range in composition of the cement rock as used at various
plants is well shown in the first eight columns of the ahove table.
The nearer the material from any given quarry or part of a quarry
approaches the proper Portland-cement composition (say 75 to 77 per

cent lime carbonate) the less addition of pure limestone will be neces-

sary. In by far the greater part of the district, as above noted, the
cement rock is apt to run about 65 to 70 per cent of lime carbonate,
therefore requiring the addition of a proportionate amount of lime-
stone. Most of the quarries near Bath and  Nazareth, however, have
been opened on beds of cement rock running considerably higher in
_.ime carbonate, and occasionally running so high (80 per cent, etc.) as
to require the addition of shale or clay rather than of pure limestone.

CHARACTER AND COMPOSITION OF THE PURE LIMESTONES.

The pure limestones added to the cement rock are commonly gray,
and break into vather cubical fragments. The fracture surfaces show

Bull. 243—05——19
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a finely granular structure, quite distinct in appearance from the slaty
cement rock.

In composition the limestones commonly used will carry from 90 to
96 per cent of lime carbonate, with rather less magnesium carbonate
than is found in the cement rock. All of the cement plants own and
operate their own cement-rock quarries, but most of them are com-
pelled to buy the pure limestone. When this is the case only very
pure grades of limestone are purchased, but when a cement plant
owns its limestone quarry material running as low as 85 per cent of
lime carbonate is often used.

QUARRY PRACTICE.

In most of the cement-rock quarries of the Lehigh district the rock
dips from from 15° to 25°, usually to the northwest. At a few quar-
ries, particularly in New Jersey, the dip is much steeper. The quar-
ries are opened, preferably, on a side hill, and the overlying stripping,
which consists of soil and weathered rock, is removed by scrapers or
shoveling. The quarry of the Lawrence Cement Company has been
extended in its lower levels so as to give a tunnel through which the
material is hoisted to the mill. Several other quarries have been car-

~ ried straight down, until now they are narrow and deep pits, from

which the material is hoisted vertically. The Bonneville: Portland
Cement Company quarry is an extreme example of this type.

In quarries opened on a side hill, so as to have a long and rather
low working face and a floor at the natural ground level, the rock is
commonly blasted down in benches, sledged to convenient size . for
handling and crushing, and carried by horse carts to a point in the
quarry, some distance from the face, where the material can be dumped
into cars, which are hauled by cable to the mill. - Occasionally the
material is loaded at the face into small cars running on temporary
tracks. The loaded cars are then drawn by horses or pushed by men
to a turntable, where they are connected to the cable and hauled to
the mill. While these methods seem clumsy at first sight, they are
capable of little improvement. The amount of rock used every day in
a large mill necessitates very heavy blasting, and this prevents per-
manent tracks and cableways from being laid near to the working face.

At several quarries the loading into the cars or carts is accomplished
by means of steam shovels. The cement rock seems to be well
adapted for handling by steam shovels, but even then much sledging
is necessary, and the blasting operations are interfered with.

MILL PRACTICE.

What may be considered as typical American practice in the manu- °
facture of Portland cement from dry materials owes its present suc-
cess largely to the works of the Lehigh district. Previous to the
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commencement of Por thmd ocmcnt manufactule in Pennsylvania, dry
processes had not been looked upon with favor. The European plants
then in existence used wet processes exclusively, differing only in the
amount of water that was used.

A dry process can not well be used in stationary kllns, whethel of
dome or chamber type, for even if the mixing be done dry it will he
necessary to add water in making the mixture into bricks. The nat-
ural result was that these early plants used water very liberally—
almost as freely as the Michigan marl plants of to-day, and with far
more ¢xcuse for doing so. .

With the introduction of the rotary kiln a d1y process became not
only possible but advisable, and the Lehigh practice of to-day is the
result. The usual Lehigh practice may be summed up as follows:

The cement rock is crushed and dried, the first of these operations
often taking place in the quarry. Large gyratory crushers are com-
monly used for. this work, while the drying is usually done in rotary
driers. The necessary amount of limestone, also previously crushed
and dried, is added, and the two materials are mixed and further
reduced together. Occasionally a smaller gyratory crusher, breaking
to say one-half inch, is the next step in the process of reduction.
Commonly, however, the mixture goes to ball mills, comminuters or
Williams mills, and then to tube mills. Some ot the plants use Griffin
mills in place of tbosc noted, while the Atlas plant uses the Hunt-
ingdon mill.

'.[hu raw mixture is ground to a ﬁpleness usually not exceeding 85
per cent through a 100-mesh sieve, and often falling much lower.
Compared with the practice at plants using limestone-clay mixtures,
this is coarse work. It is less harmtful than might be expected, how-
ever, owing to the fact that most of the mixture is made up of cement
rock which is already naturally well mixed.

The mixture is usually dampened (to prevent too much of it being
blown out of the kiln) and fed to rotary kilns. Except at the new
Edison plant at Stewartsville, these kilns are commonly 6 feet in
diameter and 60 to 110 feet in length.

CHARACTER AND COMPOSITION OF THE PRODUCT.

The analyses given in the following table will serve to show the
composition of the product of the Lehigh district. Of the 10 analyses
quoted, those numbered 1 to 8, inclusive, are fairly representative
cements. Analyses 9 and 10, on the other hand, are of a brand carry-
ing a very low content of alumina and iron oxide and a correspondingly
high percentage of silica.
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Analyses of Lehigh district cements.
1 |2 3 4 5 6 8 9 10

Silica (Si0,) -...[21.30 [21.96 | 21.1 [20.87 [19.06
Alumina (A1,Oy)| 7.65 | 8.29 | 8.0 | 7.60 | 7.47

Iron oxide (Fe,

O) eemennonn 2.85 | 2.67 | 2.5|2.66|2.29
Lime (Ca0) -...|60.95 |60.52 | 65.6 |63.04 |61.23
Magnesia (MgO) | 2.95 | 3.43 | 2.4 | 2.80 | 2.83

Alkalies (K,0,

Na,0) ..ene . 1.15 ((2) ) | (o) | 141

Sulphur trioxide
80g) ceenon-n 1.81 ] 1.49 | (¢) | 1.50 | 1.34

@) | (@

1.02 | 1.88 [ 1.25

(@)

21.65 |22.68 21.08 24. 23 124.48

8.09 1 6.71 | 7.86 | 4.80 | 4.51

2.93 | 2.35 | 2.48 | 1.86 | 2.68
63.10 (62.30 [63.68 63.01 |64.33

2.00 |.3.41 | 2.62 | 3.20 | 2.59

(@ | @

1.207] 1.41

aNot determined.

~The characteristics of the Lehigh district Portland cements are best
brought out by the following summary of the range and average of
the various constituents. Inmaking upthe average the silica, alumina,
and iron oxide contents of analyses Nos. 9 and 10 have not been used,
and the lime percentage of No. 3 has also been excluded. For com-
parison, 9 and 10 have been averaged for ‘the first three constituents,
and the results are placed in the fourth column.

Range and average of Leligh district Portland cement.

Mu.xin.lll‘m. Average. | Minimum, %V:;f&gfof’f
Silica (Sio.l).--....;.......‘..._.j ..... 22. 68 21.21 19.06 | . 24.355
Alumina (ALO,) ... ..ol 8.29 7.71 - 6.71 4. 565
Iron oxide (Fe,0g) ..o, 2.93|  2.59 2.29 2. 270
Lime (CaO) -.......... s 64.33 62. 46 60.52 | _........
Magnesia (MgO) ... . ... 3.43 2.82 2.00 |..........
Alkalies (Na,0, K,0). ..o ..o ... 1.41 1.28 ) 5 2
Sulphur trioxide (SO;) ................ 1.88 1. 43 1.02 ...,
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Portland cement production of the Lehigh district, 1890-1902.

Lehigh district. Entire United States. Percentage of
. total prod-
Year. uct manufac-
. Number | Number of Number | Number of Value. tured in Le-
of plants. barrels, of plants. barrels. high district.
1890 .......... 51 . 20%,000 16 335, 500 $439,050 ) 60.0
1891, ... ...... 5 248, 500 17 454, 813 1,067,429 | | 54.7
1892, oo 5 280, 840 16 | 547,440 | 1,152,600 51.3
1893. .. .. ... 5 265, 317 19 590,652 | 1,158,138 | 44.9 .
1894 . ... 7 485, 329 | 24 798,757 | 1,383,473 60.8
1895. ... ... 8 634, 276 | 22 990,324 | 1,586,830 64.0
1896.......... 8 1,048,154 | 26 1, 543, 023 2,424,011 68.1
1897 . ... ... 8| 2,002,059 29 | 2,677,775 | 4,315,891 74.8
1898....... .. 9| 2,674,304 31| 3,692,284 | 5,970,773 72.4
1899 ... .. 11 4,110,132 |, 36 5, 652, 266 8,074,371 72.7
1900.......... 151 6,153,629 50 | 8,482,020 | 9,280,525 72.6
1901.......... 16 | 8,595,340 56 | 12,711,225 | 12,532,360 | 67.7
1902..... ..., 17 1 10, 829, 922 " 65 | 17,230,644 .| 20, 864,078 62.8
1903¢ ... " 17| 11, 400, 000 68 | 19,000,000 | eeeeeenn... 60.0

cl: Estimated.

'

FUTURE 'EXTENSIONS.

As noted in the earlier portion of this paper, the cement deposits
have been developed only from near Reading, Pa., to a point a few
miles from Stewartsville, N. J. Most of the readily accessible cement
land between these points has been taken up by the cement companies
or is being held at impossible prices by the owners. Under these cir-
cumstances it seems probable that few additional plants can be profit-
ably established in‘the district how developed, and that the growth of
the industry here will be brought about by extending the district. . A
few notes on the distribution of the same cement beds in adjoining
areas may therefore be of interest to those desiring to engage in the
manufacture of Portland cement from materials of the Lehigh district
type. : :

Northeast of Stewartsville, N. J., the cement beds outcrop at fre-
quent intervals in thie Kittatinny Valley all the way across New Jersey,
and a few miles into Orange County, N. Y. The exact locations of these
deposits, with numerous analyses of the cement rocks, are given in
" the Annual Report of the State Geologist of New Jersey for. 1900,
pages 41-95. Many detailed maps in that report show the outcrops
very precisely. '

Southwest of Reading the Trenton beds outcrop in a belt that
crosses Lebanon, Cumberland, and Franklin counties, Pa., passing
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near the towns of Lebanon, Harrishurg, Carlisle, and Chambersbhurg.
In Maryland the Trenton rocks occur in Washington County, while in
West Virginia and Virginia they ave extensively developed.
Throughout this southern extension of the Lehigh rocks the Tren-
ton is not everywhere an argillaceous limestone, but it is frequently
so, and it is always very low in magnesium carbonate. It is therefore
probably safe to say that in southern Pennsylvania, Maryland, West
Virginia, and Virginia the Trenton rocks are everywhere good Port-
land-cement materials, though in some places they will require pure
limestone, and in other placesclay, to bring them to proper composition.

WESTERN PENNSYLVANIA.

Two small Portland cement plants are in operation in western
Pennsylvania, each of which presents certain features of interest.

The Portland cement plant of the Clinton Iron and Steel Company,
located at Pittshurg, was the first plant to utilize a mixture of blast-
furnace slag and limestone in the manufacture of a true Portland
cement, having commenced this industry several years before it was
taken up by the lllinois Steel Company at Chicago. ’

The Crescent Portland Cement Company, located at Wampum,
Lawrence County, is one of the oldest Portland cement plants in the
United States, having gone into operation when the Saylors were the
only operators in the Lehigh district. The material used here is the
Ferriferous (Vanport) limestone, of Carboniferous age, and a shale
overlying this limestone.

Analyses of Portland cement materials, Wampum, Pa.

Limestone. Shale.

Silica (810y) - ..o 5.52 65. 99
Alumi A0y el 21. 57

ummzjl (ALOy) \ o o7 { 7
Iron oxide (Fe,O4) ..o o o .... e / 6.07
Lime (Ca0) . enoom e e 49. 66 .47
Magnesia (MgO) - ... i i .78 .82
Carbon dioxide (CO,) .- .. ... n.d. n.d.

PORTLAND-CEMENT RESOURCES OF RHODE ISLAND.

The only limestone beds in this State large encugh to be of economic
importance occur on the Lime Rocks, two small islets lying between
Newport and Fort Adams. The limestones occurring at this locality
have been rather doubtfully referred to the Cambrian in the latest dis-
cussion “ of Rhode Island geology. Though commonly referred to as

a Foerste, A. F., Geology of the Narragansett Basin, Mon. U. 8. Geol, Survey, vol. 33, p. 318, 1899.
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dolomite the Lime Rock stone is not a 'very highly magnesian rock, as
is shown by the following analysis¢ by J. H. Appleton of a specimen
from the Harris quarry. f

B

Analysis of Rhode Islgnd limestone.

Silica (Si0,) <.coviiiiiiian s et [ 2.748
Alumina (ALOy) ... ... el s . - .309
Iron oxide (Fe,04) c.o.oo... e e e .01
Lime carbonate (CaCOy) - ..o ri i e 88.23
Magnesium car bomte, (MgCO, ) e el 8.80
B 03 1 PR e .04

This rock carries too.much magnesia to permit its use in Portland-
cement manufacture under the present standards, and its amount
and location with respect to fuel and market are not particularly
advantageous. ‘ ‘

Small beds of limestone occur at other localities in the State, but
none of these are of sufficient extent to be workable, whatever may be
their chemical composition.

PORTLAND CEMENT RESOURCES OF SOUTIH CAROLINA.

Limestones occur at many points in South Carolina, but no good
geological map of the State is in exXistence and no recent report has
been issued on these rocks. The analyses given below are, with one
~ exception, very old, but they will give some idea of the composition
and location of the hmestoneb.

The western portion of the State contains a number of beds of
metamorphosed limestone or marble that seem to be satisfactory in
composition, but fuel mpply local m(mrl\etb, and cheap transportation
are all lacking. '

Analyses of metamorphic limestones, western South Curolina.

1 | e 8 4 b 6 7
Silica (810,) weneneoeeeee 2.0 16.0 | 10.0 | 11.0 6. 40
Alumina (ALO,) .. ... .. ... 7.00 13.56 ...,
umina (A1,0,) , }5.0 0 bo.0 }4. 50 } 2.5 ([
Iron oxide (Fe,05) ... ... . 3.14
Lime carbonate (CaCO,) .. R 70.0 [192.00 | 75.0 | 85.00 | 86.0 | 86.0 | 90.56
Magnesium carbonate (MgCO;)...|..-... 1.00 | Tr .50 .5 .5 Tr.

1. Brasstown Creck, Pickens district.
2. Saluda River, Luourens district.
3. Highest limestone bed, York.
. Lower limestone bed, York.
En. Hardin’s limestone bed, York,
6.-Garlington’s quarry, Laurens district. :
7. Limestone Sprmgi Spartanburg.
Analyses by Tuomey, Rept. Geol. South Curo]mn, 1848, pp. 262~ ‘_61

¢ Twentieth Ann. Rept. U.'S. Geol, Survey, pt. 6, p. 442,
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- In the Coastal Plain soft limestones of Tertiary age, the so-called
“marls,” outcrop at many points. Much of these materials would be
very satisfactory for Portland cement manufacture.

Analyses of Tertiary limesiones, eastern South Carolina.

1 2 3 4 5
Silica (Si0g) «covnen e, 12.90 | 16.20 | 16.00 | 18.60 10. 20
Alumina (Aly04) - veoiiiiiiiii } 7 02 { Tr. 4.75 .40 1.00
Iron oxide (Fe,O4) cocoo.. .. PP . Tr Tr - Tr. .Tr
Lime carbonate (CaCOq)............. 78.52 | 76.88 | 63.50 | 68.00 66. 04
Magnesium carbonate (MgCO,) ...... .15 1.41 7.00 1.20 2.56

1. Strawberry station, Berkeley County.

2. Elwood plantation, Cooper River.

8. Dixon’s plantation, Cooper River.

4. Goose Creek, 15 miles from Charleston

5. Drayton Hall.

Analysis 1 by Crowell and Peck; analyses 2-5 by C. U. Shepard.

The analyses given above, while showing well the amount of free
sand carried by many of these soft Tertiary litnestones, bardly repre-
sent their percentages of lime carbonate. Much purer beds than these
are known to occur near Charleston, but no good analyses atre available.

PORTLAND-CEMENT RESOURCES OF SOUTH DAKOTA.

PORTLAND-CEMENT MATERIALS.

The limestone formations of South Dakota which give any promise
of supporting a Portland-cement industry occur in two ditferent por-
tions of the State. They are thus separated geographically as well as
geologically into the two following groups, which will be discussed in
the order named: (1) The limestones of the Black Hills district; (2)
the Niobrara (Cretaceous) chalk of eastern South Dakota.

LIMESTONES OF . THE BLACK HILLS DISTRICT.

Darton has described the stlatlglaphy and rocks of the Black Hills
district ¢ as follows:

The Black Hills uplift is an irregular dome-shaped anticline, embracing in its.more
obvious features an oval area 125 miles in length and 60 miles in breadth, with its
larger dimension lying nearly northwest and southeast. It is situated in a wide area
of almost horizontal beds underlying the great east-sloping plain that extends from
the Rocky Mountains to the Mississippi River. It has brought above the general
sarface level an area of pre-Cambrian crystalline rocks about which there is upturned
a nearly complete sequence of the Paleozoic and Mesozoic rocks from Cambrian to

aDarton, N. H., Twenty-first Ann. Rept. U. 8. Geol. Survey, pt. 4, pp. 502 et seq.
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Laramie, all dipping away from the central nucleus. There are also extensive over-
laps of the Tertiary deposits, which underlie much of the adjoining plains area.
The region is one of exceptionally fine exposures, which afford rare opportunity for
a study of stratigrapbic relations and variations. Many of the rocks are hard, and
the streams flowing out of. the central mountain area have cut canyons and gorges,
in the walls of which the formations are often extensively exhibited. The structure
presented locally is that of a monocline’dipping toward the plains. The oldest sedi-
mentary rocks constitute the escarpment facing the crystalline rock area, and each
higher stratum passes beneath a newer one in regular succession outward toward the
margin of the uplift. The sedimentary formations consist of a series of thick sheets
of sandstones, limestones, and shales, all essentially conformable in structnre. The
overlapping areas of the Tertiary deposits extend across the edges of the older forma-

. tions. The stratigraphy presents many features of similarity to the succession of
rocks in the Rocky Mountains of Colorado and Wyoming, but it possesses numerous
distinctive local features.

The following is a list of the formations which are exhibited in the uplift, w1th a
generalized statement as to the thickness, characteristics, and age:
*

Generalized section in the Black Hills region.

Formation. a Chrm.wter. tf}l‘g?(rgg; Age.
. . Feet.
Taramie ... ... ...... Massive sandstone and 2,500 | Cretaceous.
-shale. . ‘
Fox Hills............. Sandstone and shale.._.| 250-500 Do.
Pierre shale .......... Dark-gray shale......_. 1, 200 Do.
Niobrara ... ......... Chalk and calcareous . 225 - Do.
shale. : :
Benton group:
Carlile formation....| Gray shales with thin | 500-750 Do.
’ sandstones, lime-
stones, and concre-
tionary layers. )
Greenhorn limestone | Impureslabby limestone 50 Do.
" Graneros shale . ... .. Dark shale with lenses 900 Do.
of massive sandstone
in its lower part at
some places.
Dakota sandstone ... .. Massive buff sandstone..]  35-150 Do.
Fuson...._.. S .| Very fine-grained sand- 30-100 Do.
stone and massive
shales. Whltetopur-
ple color.
Minnewaste limestone.| Gray limestone ........ 0-30 Do.
Lakota ............... Massive buff sandstone, | 200-350 Do.
| with some interca- ‘
; lated shale.
/Beulah shale...._..._. Palegrayish-greenshale. 0-150 | Jurassic.
/ Unkpapa sandstone ...| Massive sandstone; 0-250 Do.
) white, purple, red,
buff. ]
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Generalized section in the Black Hills region—Continued. -

Formation. Character. tﬁl‘gf;rx?gs% Age.
Feet.
Sundance............. Dark-drab shales and 60-400 | Jurassic.
’ buff sandstones; mas-
" sive red sandstone at
base.
Spearfish ........._... Red sandy shales with | 350-500 | Triassic.
. ‘ gypsam bed. ‘
Minnekahta limestone.| Thin-bedded gray lime- 30-50 | Permian.
stone.
Opeche............... Red slabby sandstone 90-130 | Permian?
. and sandy shale. .
Minnelusa............ Sandstones, mainly buff | 400-450 | Carboniferous.
and red; in greater
partcalcareous. Some
thin limestone in-
cluded.
Pahasapalimestone. ...| Massive, gray limestone.] 250-500 Do.
Englewood limestone. .| Pink slabby limestone. . 25 Do.
Deadwood .. ... e Red-brown quartzite 4-150 | Cambrian.
and sandstone, locally
conglomeratic, partly
massive.

Of the various formations named in the above tables, the limestones
are described by the same writer.«

ENGLEWOOD LIMESTONE.

In the southern Black Hills the Deadwood formation isoverlain by a series of thin-
bedded, pale pinkish-buff limestones. On the suggestion of Mr. Jaggar, it is proposed
to designate this formation the Englewood limestone, from a locality in the northern
Black Hills where it is extensively exposed. 1t appears to exterid continuously
around the Black Hills, everywhere immediately underlying the Pahasapa limestone.
It averages 20 to 30 feet in thickness and presents frequent outcrops in the lower
slopes of the limestone escarpment and in numerous canyons. It merges rapidly
into the overlying limestone, occasionally with a few feet of impure buff limestone
intervening. It is usually sharply separated from the Deadwood formation, but only
by a sudden change in the nature of the materials. The Englewood limestone is

" usually fossiliferous, containing numerous corals and occasional shells. The follow-

ing forms have been reported: Ienestella, Orthothetes, Leptcena, Spirifer, Choneles
logani, Reticularia peculiaris, Syringothyris carteri, and crinoids. It is correlated with
the Chouteau or Kinderhook of the Mississippi Valley.

PAHASAPA ILIMESTONE.

This prominent member, heretofore known as the gray limestone, has an extensive
outcrop area in the Black Hills uplift. It constitutes much of the high, wide platean

@ TIhid., pp. 509, et seq.
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west of the central region of crystalline rocks, and is most characteristically exhibited
in the great lines of cliffs in the infacing escarpment surrounding that region. Mr.
Jaggar has suggested that there be applied to it the Dakota Indian name for the
Black Hills—Pahasapa. The formation consists of a thick deposit of massive gray
limestone, usually outcropping in precipitous cliffs with many picturesque irregulari-
ties of form, or with wide, flat surfaces. Caverns are of frequent occurrence, some
of them being of large size. One, having several miles of galleries, is known as Wind
Cave, from the strong current of air which usnally issues from its mouth. It is situ-
ated 8 miles north of the ot Springs and attracts thousands of visitors. Crystal
Cave, in the northern Black Hillg, is also a very interesting cavern, with many large
deposits of dog-tooth spar on its walls.

The most extensive exposuares of the Pahasapa limestone are in the great plateau
west of Custer. Here the formation begins in a line of high cliffs sarmounting
slopes of crystalline schists and the relatively thin sheets of Englewood limestone
and Deadwood sandstone. A view of one of these cliffs is shown in fig. 274. In
Pennington County the plateau has a width of 10 miles of continuous limestone out-
crop, constituting the most elevated area in the Black Hills excepting the small
sammit of Harney Peak. To the west the limestone passes beneath the sandstone
of the Minnelusa formation, but it is exposed again in the arch of the steep anticline
near the Wyoming-South Dakota line. Ilell Canyon cuts deeply into the Pahasapa
limestone, as does also the wider canyon known as Pleasant Valley. East of the
crystalline rock area the limestone stands out on many conspicuous knobs, or lies on
the eastern slopes of ridges due to the Deadwood quartzite, but it does not attain
the high altitude which it has farther west. With decreased thickness, the more
rapid dip to the east soon carries the formation below the surface in that direction,
but it constitutes the walls of many of the canyons of the streams from Beaver Creek
northward. French Creek has extensive cliffs of the limestone, and Spring Creek
has cut a long, deep canyon through it. .

The thickness of the Pahasapa limestone in the central and southern Black Hilly
varies from. about 500 feet at the northwest to 225 feet on the east and southeast.
All along the eastern side of the hills it appears to have the latter thickness, with
slight local variations. It does not present any noteworthy lithologic subdivisions,
but its upper part is often siliceons and flinty and stained red to a greater or less
extent from the overlying red beds of the Minnelusa formation. Af its top there is
usually a red shaly bed of slight thickness, containing oval concretions of hard silica
from 6 inches to 2 feet in diameter in greater part. Fossils occur sparingly through-
out the formation, including Spirifer rockymontanus, Seminula dawsoni (Athyris sub-
tilita), Productus, and Zaplrentis, a fauna which indicates lower Carboniferous age.

MINNEKAHTA LIMESTONE.

This formation, known in previous geological reports as the purple limestone, is a
prominent member of the Black Hillg series. - It is thin, averaging less than 50 feet
in'thickness, but it is hard and flexible and covers'moderately extensive areas of the

" outer slopes of the Minnelusa formation. Southwest of Hot Springs it constitutes a
prominent anticlinal ridge, which extends south to Cascade Spring. It is proposed
to designate this formation the Minnekahta limestone, because a distinctive geo-

raphic name is required, and the region near the hot springs, originally known as
the ‘“Minnekahta’’ by the Indians, is a typical locality. The springs rise through
crevices in the formation just west of the town of Hot Springs, and the exposures in
the vicinity show all the characteristic features which the formation presents. The
prominence of the Minnekahta limestone outcrops is due largely to the fact that the
overlying formation is soft, red shale, which has been deeply eroded, leaving the
underlying limestone bare on slopes up which the red shale originally extended.
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The underlying formation, the Opeche, also being soft, the limestoné nearly every-
where presents an escarpment, and the many canyons which are cut through it have
vertical walls of the limestone. )

The Minnekahta limestone presents more details of structure than any other for-
mation of the Black Hills. Normally it dips outward away from the central area at
_from 5° to 30°, but there are frequent variations in the amount and direction. These
variations are due to the fact that the formation is a relatively hard bed of homoge-
neous rock lying between masses of goft, red shales, so that it was free to flex wher-
ever pressure was exerted, the plasticity of the inclosing -beds favoring local flexing
and warping. Its beds are sometimes traversed by small faults and minute crum-

plings, but considering the large amount of deformation to which the formation has .

been subjected the flexures are but little broken. The formation is uniform in
character throughout, being a thin-bedded, light-colored limestone containing mag-
nesia and more or less clay as an impurity. Its thin bedding is a characteristic
feature, although' the thin layers are so cemented together that the formation pre-
sents a massive appearance. On weathering and through the action of frost it breaks
into slabs usually 2 to 3 inches in thickness. On the western side of the Black Hills,
notably in the region from east of Clifton northward, its coloring is slightly darker,
varying from dove color to lead gray, and some of the beds present a seminodular
structure. An increased admixture of clay is also observed in some layers. The
general appearance of the formation is always slightly pinkish, with a tinge of
- purple, from which the term ‘‘ purple limestone’’ originated. The thickness of the
formation was measured at many points; a few representative measurements are as
follows: ' '

Thickness of Minnekahta limestone. .

, Feet,
Spring Creek. ... ....... S s eeeemens 45
Battle Creek - ... ... i..liio... I 40
Hot Springs. o oo o e 50
‘Stockade Beaver Creek .. ... i ieccceaeaaaan 28-33

Cambria well ........ e memmeameann e et eaeaan 34

This relatively uniform thickness indicates very uniform conditions of deposition
during the accumulation of the red bed deposits, the Opeche formation below, and
the Spearfish formation above. ‘An analysis of a typical sample of the Minnekahta
limestone is as follows:

Analysis of Minnekahta limestone.

Constituent. Per cent.
Lime.. ...l teeeaan 31,51 -
Magnesia ......... e 19. 85 N
Alumina, iron, etc................. .36
Water ... ... ... il el 1.25
Carbonic acid ....... P 44. 66
Sulphuric acid (80g) -.occoooao.... .07
Silica....ooveiii i 1.12
Manganese, soda, and potash.._.... None.
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NIOBRARA CHALK.

In the eastern part of South Dakota, and more particularly in the
extreme southeastern part of the State, the Niobrara chalk furnishes
an excellent raw material for Portland cement manufacture. The
composition and stratigraphy of these rocks have been discussed in
detail under Iowa (p. 147), and need not be taken up again here. Todd
states that the chalk is well exposed in numerous bluffs along the
Missouri River from Yankton to Chamberlain, while it also outcrops
in smaller isolated elsewhere in the district.

PORTLAND CEMENT INDUSTRY IN SOUTH DAKOTA.

The Western Portland Cement Company, whose plant is located a
few miles from Yankton, has employed the Niobrara chalk and the
overlying Pierre clay as raw materials. The original plant was a wet
process mill, with stationary kilns of the Johnson type, but these have
been replaced by rotary kilns. Analyses of the raw materials follow:

Analysis of Portland cement materials, Yankton, S. Dak.

Chalk. Clay.
1 2 3 4

Silica (81Cy) - ceeeeoii 3.83 4,14 | 61.53 57.98
Alumina (ALO) oo oo e 2.31 1.81 | 20.74 18.26
Tron oxide (Fe,08) - ccveeeomieies it 2.72 4.01 4.57.
Lime (CaO) ................ e 52.16 | 51,00 5.28 |- 1.57
Magnesia (MgO) .. oco.o oo oL.. - .14 | Tr. 1.72 1.83
Sulphur trioxide (30y) .. .- .ovoiiiiii s .20 .50 1.26 1.28
Carbon dioxide (COy)eeeo i i 41.64 | 37.99 3.09 | n.d
Water .o il eceecfeeaneaae| nodo | nod. 12.08

1. C. B. Mc¢Vay, unalyist,
2, 3. Mineral industry, vol. 1,
4. Mineral industry, vol. 6, p.

p. b2,
97

PORTLAND CEMENT RESOURCES OF TENNESSEE.
By E. O. ULrIcH.

Limestones and shales that probably have the chemical composition
" and other-properties required in the manufacture of Portland cement
occur abundantly in eastern and middle Tennessee. In eastern Ten-
nessee the more promising materials and localities are confined to the
great Appalachian Valley, in which numerous large and easily quarried
outcrops of nonmagnesian upper Ordovician limestones and shales
alternate with generally much wider bands of dolomitic lower Ordo-
vician limestone and Cambrian shales, sandstones, and limestones.
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Very few analyses of Tennessee limestone have been published
except of the phospbatic limestones of middle Tennessee. This is to
be regretted, since the decision as to which limestones have, and
which have not, too great a percentage of magnesia to make them
available as Portland cement materials is necessarily left to the judg-
ment of the observer. However, with exact correlations and careful
comparisons with limestones of known composition it is possible to

attain results sufliciently reliable for the present purpose. -
~ The bands of limestone in the valley in which the magnesian con-
stituent is low enough to permit them to be classed as pos31ble factors
in ‘the manufacture of Portland cement lie mostly above the Knox
dolomite. They are divisible into two series, one occurring in the
eastern half, the other in the western half, of the valley. Though
probably contemporaneous, the deposits comprised_in each of these
two series are sufficiently different in lithologic characters and fossil
contents to induce the belief that they were laid down in distinct
basing or troughs. The beds composing the two series should there-
fore be considered separately and under distinct names.

CAMBRIAN AND LOWER ORDOVICIAN LIMESTONES OF EAST TENNESSEE.
\

Limestones form but a small part of the lower Cambrian rocks in
this State. - Furthermore, it does not seem probable that any of these
beds will have the chemical composition now deemed necessary in a
Portland cement material. Certain layers of the Maryville limestone,
described and mapped in folios Nos. 12, 16, 25, 27, 33, and 59, pub-
lished by the U. S. Geological Survey, probably are more promising
for the purpose than any other Cambrian limestone in the State.
Other limestone beds, ranging in thickness from a few feet to nearly-
400 feet, have been described under the names of Beaver and Rutledge
limestones. Others again are included-as calcareous members in the
Nolichucky and Conasauga shale formations.

The great bed of limestone known as the Knox do]omlte overlies
these lower Cambrian formations. According to classifications now
in vogue, the lower half of the Knox is referred to the Cambrian sys-
tem while the upper half is placed in the Ordovician. So far as known, |
the percentage of magnesia in no part of the 3,500—4,000 feet of lime-
stone comprised in the formation is low enough to permit the rock to
be classed as a possible source of Portland cement material.

UPPER ORDOVICIAN LIMESTONES OF THE EASTERN PART OF THE
GREAT VALLEY OF EAST TENNESSEE.

Lenoir Wmestone.—At the base of the series of Ordovician lime-
stones, shales, and sandstones that overlies the lower Ordovician Knox
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dolomite is a rather persistent bed of more or less argillaceous lime-
stone to which Safford long ago applied the name Lenoir limestone.
This Led varies greatly in thickness and reaches in some' places a
thickness of several hundred feet. It corresponds in position, and in
a considerable degree also in its lithologic features, to the so-called
“Trenton” limestone that is employed in the manufacture of cements
in more northern parts of the Appalachian Valley.

The Lenoir outcrops in bands trending approximately parallel with
the margins of the valley. In most of these it is overlain by a thick
bed of shale that has been mapped in folios issued by the national
Survey as the Sevier shale. In the bands found near the eastern edge
of the valley, in which the limestone is thin and locally wanting, the
lower part ot the overlying beds is a dark shale, to which the name
Athens shale has been applied. In these bands thc's}mfe is overlain
by the Tellico sandstone. Where the Athens shale is abscnt as in
the bhands outuoppmg between Knoxville and Bays Mountain, lying
about 8 miles east of that tity, the Lenoir limestone is much hOdV]Ol
and extends upward to the hase of the Tellico sandstone.

In the folios and other publications of the United States Geological
Survey relating to East Tennessee the Lenoir limestone is erroneously
regarded as a thin representative, or rather as an extension, of the
hasal part of the Chickamauga limestone of the western side of the
valley. Nearly all the aveas of Lenoir limestone in East Tennessee
have been mapped as Chickamauga limestone in the folios describing
the geology of the Chattanooga, Cleveland, Kingston, Loudon, Knox-
ville, Maynardville, Briceville, and Morristown quadrangles. In these
folios the Lenoir Chickamauga limestone bands may be distinguished
from the true Chickamauga areas by the association of one, two, or all
of three formations—viz, the Athens shale, Tellico sandstone, and
Sevier shale—with the limestone in the former areas and their absence
in the latter. The distribution of the Silurian (iron-bearing) Rock-
wood formation may also be used in discriminating these areas, the
easternmost bands of- the Rockwood corresponding approximately to
the western border of the area to which the Lenoir limestone, Athens
shale, Sevier shale, and other formations pertaining to the eastern
province are confined.

Locally, especially in the bands that correspond, with respect to
the width of the valley, to those occurring in the vicinity of Knox-
ville, the upper part of the Lenoir contains or consists of heavy beds
of red and gray marbles. As shown by the accompanying analyses,
these marbles are very pure limestones, being especially low in.mag-
nesia. As the outcrops are often.close to beds of shale, some of those
that for one reason or another have proved unfit to work for marble
might still, if found suitable, be utilized in the manufacture of cement.
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Analyses of Tennessee marbles from the upper part of the Lenoir limestone.

1 2
Silica (810,) vvneneieen S 0.17 | 0.13
Alumina (ALOy) oo i - .04 Tr.
Iron oxide (Fe,0y) --oauue-. i PO .23 .26
Lime (Ca0) oot 55.47 | 55.32
Magnesia (MgO) ...... i .30 .21
Sulphur (8) .. o e . 005
Carbon dioxide (C0,) -« wenmeeneeeee .. el 43.63 | 43.51
L 21 .12

1. Knoxville, Knox County, L. G. Eakins', analyst. Bull. U. 8. Geol. Survey No. 168, p. 258.
2. Hawkins County, A. L. Colby, analyst. Eighteenth Ann. Rept. U. 8. Geol. Survey, pt. 5, p. 983.

Ordovician limestones above the Lenoir.—Similar and occasionally
extensive beds of crystalline and other limestones occur locally in the
Sevier shale. Such limestone beds are especially well developed in
the bands striking southwest from Knoxville to Athens. Thinner and
more earthy beds of limestone occur, though less commonly, also in
the Athens shale. In the region between Holston and Clinch rivers
the Lenoir limestone is generally overlain by the Moccasin limestone,
a reddish argillaceous limestone several hundred feet thick.

UPPER ORDOVICIAN LIMESTONES OF THE WESTERN PART OF THE GREAT
VALLEY OF EAST TENNESSEE.

The upper Ordovician limestones of the western half of the valley
are all included in a single comprehensive formation, described in pub-
lications of this Survey as the Chickamauga limestone. This great
mass of rocks, aggregating from 1,200 to 2,000 feet in thickness, con-
sists almost entirely of limestone. Locally and in certain parts of the
section, especially toward the top, the limestone becomes shaly, or it
may include many thin beds of shale. Though the greater part of the
formation may be classed as a pure limestone, it is nevertheless true
that many layers contain considerable clayey matter, while a few are
siliceous and on decomposition give rige to chert. The percentage of
magnesia, however, is almost certainly always low, although analyses
establishing the fact are wanting. Highly argillaceous limestones,
usually mottled with red, occur in the lower half of the formation,
especially in the Chattanooga belt. Many localities in the western
half of the valley doubtless would afford materials for a proper mixture
in the same quarry. .

The Chickamauga limestone contains representatives of practically
each and all of the formations into which the Ordovician rocks of
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middle Tennessee have been divided. The succession of the various
beds, and of the faunas characterizing each, is exactly the same in
the two areas, so that there can be little or no doubt respecting the
continuity of the beds beneath the later rocks making the,interven-
ing Cumberland Plateau.

ORDOVICIAN LIMESTONES OF MIDDLE TENNESSEE.

Limestones of t/oe Stongs River group.—The nearly horizontal lime-
stones of this group form the floor of the basin, the lowest formation
outcropping at Murfreesboro. They are all essentially nonmagnesian,
and hence deserve mention as possible or promising materials. The
Murfreeshoro limestone, with an exposed thickness of 70 feet, is light
blue, usumlly heavy bedded, occasionally rather earthy, and often very
cherty. Murfreesboro is situated near the center of the area in which
this limestone comes to the surface. The diameter of the area, which
includes, also, small outliers of later fommtlons, ranges from 12 to 14
miles.

The Pierce limestone, ha,vmcr a maximum thickness of scarcely 30
feet, rests on the \{Iulfrcesbom limestone and forms a narrow belt
around the outcrops of that formation. It consists chiefly ot thin
layers of highly fossiliferous pure or somewhat argillaceous limestone
interbedded with thin seams of calcareous shale. ‘

The next formation, the Ridley limestone, having a thickness of from
.80 to 100 feet, consists of thick-bedded, light-blue, sparsely cherty

limestone. The Ridley, like the Pierce, outcrops in an irregular cir-
cular band around the Murfreesboro area. Limited exposures of its
upper beds occur also in Bedford and Marshall counties.

The Lebanon limestone has lithologic characters similar to those of
the Pierce limestone. It is the fourth formation from the base of the
Stones River group, has a thickness of 100 feet or'more, and occupies

"a larger area than the preceding limestones. The towns of Lebanon,
Lewisburg, Shelbyville, La Vergne, and Fosterville are located on
this limestone. It is shown also in the blufts of Duck River at Colum-
bia. A considerable proportion of the bed consists of argillaceous
limestone. :

 The Carter limestone, the uppermost division of the Stones River ..
group, is a very light blue, compact, heavy-bedded limestone, 40 to 80

-feet thick. It occurs in all of the counties in the central b%in and is
more ofteit burned for lime than any other of the Ordovician hmestoncs
of the basin.

Trenton group.~—The Trenton limestones, including the: Hermitage,
Bighy, and Catheys limestones, as defined in the Columbia folio,* form
a wide but irregular belt, completely encir chng the central Stones
River limestone areas of the basin. :

Bull. 243—05——20
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These Trenton formations, though consisting almost entirely of lime-
stone, still vary greatly from place to place in their lithologic charac-
ters. The Bighy limestone, for instance, is granular and phosphatic
on the west side of the basin. Both of these peculiarities are lost on
tracing the formation around the northern and southern sides to the
eastern border. Here a large part of the formation, which has, more-
over, increased in thickness, consists of compact earthy limestones.

The Trenton limestones in the counties bordering the Cumberland .
River, if the pr esent local scarcity of fuel is not prohibitive, are par-
ticularly promising materials. Coal was formerly boated down from -
eastern Kentucky mines, and these shipments mlghb be resumed if
there was sufticient reason. At present only points in the vicinity of
Nashville and Carthage have access to coal brought in by railroads.
At both of these places, however, there is such a variety of limestone
and shales that it is scarcely to be doubted that abundant materials
affording the proper mixture are available at either.

Le&peo s formation.—This formation consists, as a rule, of inter beddcd
shalesand apparently nonmagnesian, thin, knotty limestones. It varies
considerably in composition from place to place, and even in the same
outcrop, and on this account is not deemed so promising as most of
the underlying Trenton and Stones River formations. The Leipers-
outcrops chiefly in the slopes of the highland rim. Stratigraphically
it is equivalent to the formation in the hills about Cincinnati, Ohio. -

SILURIAN LIMESTONES. -

The Silurian rocks of Tennessee embrace three limestone formations
containing beds sufficiently low in magnesia to be considered available
as Portland cement materials, viz, the Clifton limestone (Niagara),
the Linden limestone (Helderberg) of middle and western Tennessee,
" and the Sneedville or Hancock limestone (Helderberg) of northeastern
Tennessee. The Clifton and Linden limestones outcrop chiefly along
the Tennessee River, and both, the Linden especially, contain inter-
stratified beds of shale Locally, the Clifton contains beds that are
more or less highly argillaceous. These argillaceous limestones occur
principally in the lower part of the formation. Locally, as in the
blutts opposite Centerville, in Hickman County, they may afford
material suitable for so-called natural Portland cements.

MISSISSIPPIAN LIMESTONES.

Nonmagnesian limestones occur in three Mississippian forniations in
Tennessee. The lowest of these is the Tullahoma formation, in which
the limestones are prevailingly very siliceous and cherty, and for this

aGeologic Atlas U. S., folio 95, U. S. Geol. Survey, 1903, pp. 1-2.
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reason probably not-of importance in this connection. The plin(,ip'al
outuops of the Tullahoma form the barrens of the highland rim and
. occur in the counties nnmedmte]y surrounding the central basin.
_ The next division is the St. Louis limestone.. This formation covers
the higher points of the highland rim and forms.the surface rock over
& wide belt of country r1lonw the western base of the Cumberland
table-land. Livingston, Spfuta Cookeville, and McMinnville are
among the towns located on this belt. Another large outcrop covers
the greater parts of Robertson, Montgomery, and Stewart counties,
“which adjoin counties in southwestern Kentucky in which the same
formation. prevails. The St. Louis limestone is from 200 to 300 feet
thick and consists mainly of gray and hlue, thick-bedded, cherty lime-
stone. Near its base, however, especially in Montgomery County,
the formation often includes many beds of high-grade limestone.
Where such beds occur they are sometimes underlain hy oolitic and
semioolitic limestone regarded as of the same age as the Spergen
limestone of Indiana.

In Tennessee the Chester group consists largely of llmestone, whmh,
as it rests directly upon the St. Louis limestone, has been described
together with that formation by Hayes and others as a single formation
under the name Bangor limestone. In his reports Stafford usually
refers to the Chester as the ¢ Mountain limestone.”

The Chester is limited to the eastern half of the State. It forms
the base or part of the slopes of the Cumberland table-land on all its
sides. Interbedded with the limestone are numerous beds of often
highly-colored shales and several comparatively unimportant sand-
stones. The shales grow relatively more abundant toward the top
of the formation.

~

P()RTIJAND-CEMENT RESOURCES OF TEXAS.
By J. A. Tarr.
POliTLAND-CEMENT MATERIALS.

A number of limestone formations occur in the Carboniferous and
older Paleozoic rocks in north-central Texas and in the Trans-Pecos
region, and a limestone has also been located near the base of the
Tertiary in Limestone County. - These limestones may prove to have
compositions adapted to the production of. certain classes of cement,
but the constituents have not been determined.

Of the many limestone formations in the geological column of Texas
those of widest extent and greatest purity and therefore those -best
adapted for use in making Portland cement are of Cretaceous age.

The Cretaceous of Texas occurs in a wide belt of country, extending
across the central part of the State in a north-south direction from
Red River to the Rio Grande. It makes the most fertile lands in the

N
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most, densely populated portion of the State. The cities of Sherman, .
Dallas, Fort Worth, Waco, Austin, and San Antonio are located upon it.
Facilities of transportation are ample, for railroads extend from the
principal cities to other centers of population in the State and beyond.

Two formations in the Cretaceous system contain limestone deposits
of remarkable purity that arve well adapted to the manufacture of
Portland cement. These formations are the Austin chalk and Good-:
land or Comanche limestone.

AUSTIN CHALK.

The Austin chalk is situated in the lower part of the Gulf series
- (Upper Cretaceous). Its exposed area is shown in the sketch map
(PI. XIV). From a point on Red River near the northeast corner of
the State its outcrop bears westward, passing near Clarksville, Honey-
grove, and Paris, to Sherman. From Sherman its course bears south-
westward beneath Dallas, Waco, Austin, and San Antonio. Besides
these, numerous other but smaller cities are situated uponit, from
San Antonio its course westward paralleling the Southern Paclﬁc
Railway to the Rio Grande near Del Rio.

The rock is a.massive white friable limestone or chalk. Through
several hundred feet from near the base to the top the rock varies
from 70 per cent to 90 per cent carbonate of lime, as shown in the
table of analysis of Texas chalk. Massive beds of many feet in thick-
ness are remarkably uniform in texture and composition.

Analyses of Texas chalk and marl.

Yo | it RTEL 1in oo, | Magmesn | CoftoRL Chm
. insoluble. 12\1 ;‘03. . CaCO;. MgCO;.

| OSSR 5771 214 50. 45 0.28 90.15 0.58
2 e 5.94 1.72 48.73 |oeeeaaan. 86.57 |.......... :
IO el 10032 6.56 |  45.30 |.......... 975 e
4 ... 11. 31 7.50 42.61 | ......... 76.47 |.. ... ....
B 15.98 8.47|. 38.86 |...... e 7060 |
[ R, 48. 02 20. 95 14.26 |oveena.... 24.62 ... .......
ST 60. 82 21. 30 3.66 |oooeenn... 6.51 |ooeeeen.
8 SO 23.55 1.50 39. 32 .28 | 70.21 .58

1. Fresh rock from quarry, average material used-in the manufacture of cement, Alamo Cement
Works, 3 miles north of San Antonio, Tex. .
2. Brushy Creek, Williams County, Tex., 100 feet above base of chalk.
. Brushy Creek Williams County, Tex., middle part of chalk. X *
. Brushy Creek, Williams County, Tex., upper part of chalk.
. San Gabriel R]ver Williams County, J(.x chalk marl at top of white ('hnlk
. Williams County, T 'ex., lower part of blue marl above the white chalk .
. Williams County, Tex., greensand marl, central part above blue marl.
Average fresh rock from quarry, Texas Portland Cement Works, 3 miles west of Dallas, Tex.,
lower 20 feet of white chalk,

NS W

Near Red River, east of _Shermaﬁ , the chalk probably does not exceed
400 feet in thickness and it is interbedded with chalk marls. Here,
however, there are thick beds of nearly pure chalk. Between Sher-
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MAP OF PARTS OF TEXAS, OKLAHOMA, AND INDIAN TERRITORY

SHOWING DISTRIBUTION OF LIMESTONE SUITABLE FOR PORTLAND CEMENT
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man and Austin the formation is approximately 600 feet thick, and is
generally uniform m texture and composition. From Austin south-

' Jwestward the-chalk probably increases in thickness, but it is broken

‘and in part concealed by aultmg

The chalk has clay marls in contact both above and below. It
grades upward into chalk marl, which in turn is followed by limy
clay, bringing into close relations all of the elements essential to the
production of Portland cement.

The Austin chalk is structurally well situated for quarrying. East

" of Sherman it is inclined southward and south of Sherman southeast-

ward at approximately 40 feet per mile.
GOODLAND LIMESTONE.

The Goodland limestone is near the middle of the Comanche (Lower
Cretaceous) series in Texas and southern Indian Territory. It is situ-
ated west of and generally parallel with the outcrop of the Austin
chalk. It crops out in southern Indian Territory east of Ardmore.
Near Ardmore the outcrop turns southward, crossing into Texas in
Cooke County. It occurs in large areasin Wise, Paiker, Hood, Erath,
Bosque, Hamilton, Coryell, Lampasas, Burnet, Blanco, hendall Comal,
and Bexar counties. Still larger areas are exposed in the Edwmds
Plateau west of San Antonio.

In Indian Territory and in Texas north of the Bra7os River Valley
the formation is a massive, semicrystalline white limestone 30 to 50 feet
thick. From Brazos River Valley southward it gradually increases
in thickness, reaching 300 feet on Colorado River. In this central
Texas region the formation divides into.two parts. The lower part
consists of a massive white chalky limestone nearly 100 feet thick.
This member has been described in Texas and United States Geologi-
al Survey reports as the Comanche Peak limestone. The upper
member, which has been described as the Edwards limestone, consists
of thick beds of nearly pure chalky and siliceous limestone beds alter-
nately stratified. They contain quantities of nodular and almost pure
flints. The flints occur in both classes of rock, but are rather more
abundant in the pure limestones. Near Austin and eisewhere in the
central part of the State these purer limestones are manutactured into
a high grade of*white lime,

Thc (Joodland limestone and its southern’ equlvalents are found cap- -
ping escarpments overlooking the timbered lands of the Trinity sands
in northern Texas and Indian Territory. In central Texas these lime-
stones occur in a region of strongly incised drainage channels, and

. cap local table lands in the western part of -their area of outcrop and

oceur in escarpments, bluffs, and low lands in the eastern part.

Like the Austin chalk, the Goodland limestone lies almost flat, being
inclined at low angles toward the south in Indian Texrritory rmd
toward the cfmqt fmd southeast in Texas.
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PORTLAND-CEMENT INDUSTRY IN TEXAS.

Three cement mills have been started in Texas, located at Austin,
Dallas, and San Antonio, respectively. All of these mills have set
limestone from the Cretaceous beds. The Austin plant has been shut
down for some time; the Dallas plant has recently been purchased by
the Iola Portland Cement Company of Kansas.

PORTLAND-CEMENT RESOURCES OF UTAIL

Limestones, usually low in magnebmm carbonate, occur at many
points in the Wahsatch Mountain area in Utah. Most of these lime-
stones are of Carboniferous age. Frequently they contain so much
clayey matter as to fall below 75 per cent in lime carbonate, in which
case they are to be regarded as approaching the Lehigh cement rock
(see Pennsylvania) in composition. "A rock of this type would require
the addition of a purer limestone in order to bring it up to the proper
percentage of lime for a Portland-cement mixture.

In the Plateau district softer limestones, of Eocene and later age,
ocecur. to

Analyses of limestones from Utah.

1 2 3 4+ 5 6 7 8 l 9
Silica (Si0y)«cvnennn-. 0.57 [17.19 | 4.33 | 2.37 [27.94 {13.61 | 5.89 | 4.03 | 19. 24
Alumina (ALOy) ... .. n.d|nd{nd| (b 3.26
Iron oxide (Fe,0,)....| .90 | .48 | .63 } -25 .35 |3.72 1 1.09 -20{ 1.09
Lime (CaO)..........{55.22 |43.78 |52.34 {53.09 (39. 54 43.23 [42.49 |51.33 ! 38.94
Magnesia (Mg0)...... 417 .91 .60(1.20| .29/2.18 (850 .72 | 2.75
Alkalies (K,0, Na,0) .|n.d. |n.d. in.dind|nd nd|nd| .63 Tr.
Sulphurtrioxide(30,). n. d. [ n. d. {1 d (nodofnodoinodo oo, .89 | .53
Carbon dioxide (CO,).|43. 84 [35.40 |41.78 [42.88 |31.69 [36.20 | n. d. |41.07 | 29.57
Water ..... e nd |ndnd| .22| .25!1.17 [n.d.| .83 1.67
Organic matter . ... ). ... | .| e .27 2.96

1. Carb20ni1‘e§gus limestone, Mammoth Peak, Tintic district, Nineteenth Ann, Rept. U. S. Geol. Sur-
vey, pt. 2, p. 625.

2. Carboniferous limestone, Sionx Peak, Tintic district, Nineteenth Ann. Rept. U. S. Geol. Survey,
pt. 2, p. 620.

3. (‘mb(ullf(.x'Olls limestone, Eureka Peak, Tintic district, Nineteenth Ann. Rept. U. S. Geol. . Survey,
pt. 2, p. 623.

4. Carboniferous limestone head of Ml]l Canyon: B. E. Brewster, analyst. Rept. Fortieth Parallel
Survey, vol. 2, p. 376. :

5. gggbom[erous limestone, Ute Peak: B E. Brewster, analyst. Rept. Fortieth Parallel Survey, vol.

b Silurian (?) limestone, base of Ute Peak: B. E. Brewster, mmlyst Rept. Fortieth Parallel Sur.
vey, vol. 2, p. 411.

7. Eocene limestone, Manti: Geo. Steiger, analyst.

8 Oolitic sand, shores of Salt Lake: T. M. Chatard, analyst. Bull, U. 8. Geol Survey No. 27, p. 69,

: 9. Caleareous adobe soil, Salt Lake City: L. G. Jml\mﬂ ‘analyst. Bull. U. S. Geol. Survey, No. 64,
p. 51,

One cement plant is at present in operation in Utah. This is the
mill of the Portland Cement Company of Utah, located in Salt Lake
City. The quarry from which the raw materials are obtained is in
Parleys Canyon, several miles southeast of the city. Two types of

.
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- limestone are obtained here, one a cement rock, high in.clayey matter,
the other a relatively pure limestone. These are mixed in proper
proportion for Portland cement. ‘ ’

Analyses of Portland cement materials used in Salt Lake City, Utah.

High-lime rock. Low-lime rock.
SileR (S104) e ettt e 470 6.8 | 18.90 21.2
Alumina (ALOg) - 1.73 } 3.0 { 7.05 } 8.0 '
Iron Oxide (FeyQy) v oovieeio it 1.42 2.85
Lime (Ca0) ... i 50.96 | 50.3 36.74 35.2
Magnesia (MgO) ..ooeoiirniiiiiiiaaaaenan.. .58 .36 | 2.70 1.8

PORTLAND CEMENT RESOURCES OF VERMONT.

Vermont, unlike the other New England States, contains extensive
and important deposits of nonmagnesian limestones and marbles.
These deposits are worked at prebent for building stone and lime
“burning.

The llmestones quarried in Vermont fall into two distinet groups.
The first group contains the crystalline limestones (marbles), worked
extensively in the vicinity of Rutland, West Rutland, Dorset, and
Brandon. The material obtained in this area is well known commenr-
cially as the *Vermont marble.” The second group of limestones
includes those quarried in northwestern Vermont, the principal work-
ings being near Swanton, Highgate Springs, Winooski, and Leicester
Junction. These limestones are mostly of Ordovician age (Chazy
and Trenton), are not markedly crystalline, and commonly range in
color from dark gray or blue to almost black.

Both types—the marbles and the black limestones—are usually very
low in magnesia, as may be seen from the analyses below.

Analyses of Vermont limestones.

1 2 3 4 B3 6 7 8 L]
Silica ($10y).ceoue.... 0.35|0.63 | 0.63.] 0.40 [ 0.28 | 0.40 | 0.70
Alumina (ALOg) ..... (eeen. .05 0.22 ] 0.62
Lamind L85 20 ff b0] 0| 20| 15
Iron oxide (Fe,0,) } .05 | .34
Lime (CaO\) .......... 55.00 [53.93 55.09 [55.83 55,27 [55.26 [55.50 [55.15 | 54.95
Magnesia (MgO) ..... .25 | 1.47 | .37 Tr.§ .28| .15 | Tr. | .57 .59
Carbon dioxide (CO,).{44.02 |43.96 |43.68 {43.65 |43.82 |43.66 |[43.65 |44.00 | 43.80

1, 2. Proctor, Rutland County.

3. Columbian Marble Company, Proctor.”

Survey, pt. 6, p. 447.

4. Felton Q\mrry nghgntc Springs.
456.

Survey, pt. 6, p.

Penfield, analyst.

¥
5, 6, 7. Vcrmont Marble Company, West Rutland.

p. 808,

8, 9. Vermont Marble Company, West Rutland. -

Geol. Survey, pt. 3, p. 808.

S. P. Sharples, analyst.

Seventeenth Ann. Rept. U. 8. Geol. Survey, pt. 3, p..809.
Twentieth Ann. Rept. U. 8. Geol.

Twentieth Ann, Rept. U, S. Geol.

Seventeenth Ann. Rept. U. 8, Geol. Survey, pt. 3,

J. N. Harris, analyst.

Seventeenth Ann.Rept. U. S
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~ So far as composition is concerned, both the marbles and the ordi-
nary limestones are well suited for nse as Portland cement materials.
Fuel, however, is expensive; there are no good local markets for
cement and cement products, and satisfactory clays are rather difficult
to obtain. Commercial conditions, therefore, seem to rule these other-
wise excellent Vermont limestones out 4f consideration. - If conditions
were different, a flourishing Portland-cement industry might be estab-
lished, as a cement plant could utilize the enormous amount of waste

-~ material from the marble quarries.

PORTLAND CEMENT RESOURCES OF VIRGINIA.
By R. S. BASSLER. '
PORTLAND CEMENT MATERIALS

Four promment sources of Portland cement material appear in Vir-
- ginia. Listed in geologic order, these are: : :

4. Tertiary soft limestones (;‘nlarls”).

3. Greenbrier (Lower Carboniferous) limestone.

2. Lewistown (Lower Helderberg) limestone.

1. Ordovician (Trenton, etc.) limestones.

The Tertiary limestones, often called *“marls,” but entirely different
from the fresh-water marls of northern States, occur in eastern or
tidewater Virginia. At present their distribution and composition are

" not sufficiently known to justify discussion. The remaining three
groups occur in western Virginia, in the Great Valley and its foothills.
Of these three the Lewistown limestone is now used in Portland
eoment. manufacture at Craigsville, while the Greenbrier limestone
will probab]y be an important source of cement material in south-
‘western Virginia. The general distribution of both these formations is
shown in the accompanying map (Pl XV), but little is known concern-

“oing the details of their composition and local distribution. With
lega,rd to the fourth and most important group—the Ordovician lime-
stone—the case is different, for a very careful examination has been
made of the Tlenton and other Oldovwlan limestones in the valley of
Virginia. :

For many years the argillaceous Trenton limestones of the Lehigh
district of Pennsylvania have furnished the raw material for the manu-
facture of the greater part of the Portland cement output of the
United States. Because of this enormous output the argillaceous
limestones of this relatively small district have assumed a great eco-

* nomic importance, and the occurrence of the same rock in other sec-
tions of the country is not without considerable interest.

In the early part-of the field season of 1904 the writer spent six
weeks in the Lehigh and Lebanon valleys of Pennsylvania in a general
study of the paleoutology and stlatlglaphy of the Ordovician strata,
but particularly in mappmo the distribution of the Trenton limestone
or cement rock. Later in the season about three weeks were devoted
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to similar work in the southern half of the Valley of Virginia. The
following preliminary report is based largely upon this later field
work, but in its preparation free use has been made of the Staunton
folio® by N. H: Darton, and -of an article by Charles Catlett, entitled
“(Cement Resources of the Valley of Virginia.”® Acknowledgments
are-also due to Prof. H. D. Cimpbell,.of Washington and Lee Uni-
versity, for ‘the use of manuscript geologic maps prepared by him,
covering the region about Lexington and Natural Bridge, Va. Mu.
Catlett has also kindly allowed the writer to make use of notes and

preliminary analyses made by him of the rocks in the vicinity of
Harrisonburg and Staunton, Va.

A somewhat more detailed report, with maps, by the present writer,
will be found in Bulletin U. S. Geol. Survey No. 260. During the .
season of 1905 further investigations will be made in the field, in
cooperation with. the Virginia Geological Survey, and a complete -
report on the cement 1esou1ces ot Vugmm will be pubhshed at the
clegp of this field work.

In the plebent report only that part of the valley lying between
Woodstock, in Shenandoah County, on the north, and Natural Budge,
in Rockbudge County, on the south, is consldeled

The raw materials occurring in the valley of Virginia that are suit-
able for the manufacture of cement are argillaceons limestones, pure
limestones, shales, and calcareous marls. Of these the more impor-
tant are the ar glllaceous and pure limestones.

The principal rock formations in the Valley of Virginia are a gr eat
series of limestones termed the Shenandoah limestone and a series of
siales named the Martinsburg shales. In general the entire valley is
underlain by the Shemndocuh limestone, while the shales usually out-
crop along the base of the mountains bounding it. Both of these
formations yield an abundance of the raw m’aterials required in the,
manufacture of Portland cement.

SHENANDOAH LIMESTONE

This is a very great, thick formation, composed of several members.
The chemical composition of its several d1v1s1ons varies greatly. Some

of the limestones are highly magnesian; others are almost pure cal-

cium carhonate; while one group contains a considerable amount of
clayey material. In the Shenandoah limestone four divisions may be
recognized, based on character of the rock and its fossils. These,
named in ascending order, ave as follows: (1) A series of dolomitic
limestones from 1,000 to 2,000 feet thick, of Cambrian age; (2) 300 or
more feet of cherty limestone bearing fossils of Beekmantown (Cal-
ciferous) age; (3) 60 to 100 feet of a coarsely crystalline light-colored
highly fossiliferous limestone, and (4) 200 to 350 feet of dark-colored

aGeologic Atlas, U. 8., folio 14, U. 8. Geol. Survey, 1804,
bBull. U, 8. Geol. Survey No. 225, 1904, pp. 457-461. .
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argillaceous limestone, the Trenton cement rock. Members 1 and 2
are apparently uniformly developed throughout the valley, but 3 and
4, although widely distributed, are sometimes absent,.

CAMBRIAN LIMESTONES.

On account of the lack of continuous exposures and the difficulties
in distinguishing the various beds the thickness of this division has
not been definitely ascertained, but it is certainly not less than 1,000
and may exceed 2,000 feet. Fossils are practically absent in these
rocks in this part of the valley, but farther north, notably at several
localities in Pennsylvania and New Jersey, a sufficient number of
determinative fossils have been-found to indicate that probably the
entire division is of Upper Cambrian age. These limestones are
underlain by a quartzite containing Lower Cambrian fossils, so that
although the two formations are apparently confmmable thele is a
great time break between them.

These Cambrian limestones are massive bedded, vary from dark
gray to light gray or light blue in color, and are nearly always highly
magnesian in composition. * Toward the base purple or silvery shales
are sometimes seen, but as a rule the entire formation.is one of heavily
bedded magnesian limestones.

On account of the high percentage of magnesia these hmestones are’

of no value for the manufacture of Portland cement, but their compo-
sition does not preclude their use in making natural cement. At the
plant at Glasgow, in Rockbridge County, natural cement has heen
burned for many years from the magnesian limestones of the lower
part of this division. Cement from this plant was used in bulldlng
the locks of the James River and Kanawha Canal.

Occasionally, however, strata of pure nonmagnesian limestone are
interbedded with the more typical magnesian rock, and it is these
strata that will prove valuable in Portland-cement manufacture. Such
strata have been-observed in various parts of the valley, but their
outcrops are more or less scattered. On account of this fact and of
the geologic structure of the entire formation and the small per cent
the pure limestones contained in it, these nonmagnesian strata can not
be definitely mapped and must be determined in the field. In New
Jersey and Pennsylvania there is the same arrangement of a few strata
of nonmagnesian limestone with a great series of dolomite, and the
former is the source of part of the limestone used in the Lehigh district
to bring to the cement rock the required percentage of calcium car-
bonate. Near Annville, Pa., these nonmagnesian limestones occur
in greater quantities than usual, and here much of this llmestonc is
quarried for shipment to cement plants.

BEEKMANTOWN LIMESTONE.

The Cambrian dolomitic limestones grade upward imperceptibly into
another series of strata that have essentially the same chemical composi-

e Tre——————

e e
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tion, but differ in that extensive layers of chert ave interbedded with the
usual dolomites. 'The areas occupied by this division may usually be
recognized by their topographic features, for the cherts give rise to
conspicuous hills or ridges. Chestnut Ridge, Sugar Loaf, and Bet-
sey Bell are examples of this topography in the vicinity of Staunton,
but similar ridges and knolls are encountered throughout the valley.
The Beekmantown age of this series has been-determined from gas-

~ teropod and cephalopod remains found at various points in the val-

ley, particularly in the vicinity of Lexington, Va. On account of this
gradual passage of the Cambrian into the Beekmantown, the determi-
nation of the thickness of the latter division is difficult. However,
the characteristic fossils have been found 300 to 400 feet below the
top of the cherty layers, so that theirthickness is not less than the
figures mentioned. The difticulty of separating these two divisions
without evidence furnished by fossils is in accordance with a fact
that has often been noted, namely, that wherever both are made up
of limestone sedimentation has apparently continued through Upper
Cambrian and Beekmantown times without interruption.

Usually no important pure limestone layers have been noticed in
this division, and for this reason, as well as for the reason that the
topography often accompanying its exposures is unfavorable to quar-
rying, the rocks of this age are of little value as a source of Portland-
cement rock. In a few instances, however, lenses of comparatively
pure limestone have been found in this formation as well asin the
underlying Cambrian. The following analysis of a sample of this rock
from the vicinity of Staunton is typical:

Analysis of pure limestone from vicinity of Staunton, Va.

- {Charles Catlett, analyst.] ’
SHHCA (S10,) - e e et e 1.79

Alamina (ALOy) - e } 74
Iron oxide (Fey0;y) oo e ’
LAime (Ca0) nn oo e e 50. 36
Magnesia (MgO) - o ocemnemie i 1.79
Carbon Aioxide (CO,) wann e mmn ettt e e e e L. 41.36°
N T G 3.97

TRENTON LIMESTONES.

. Under this general name two distinct sevies of limestones are here
recognized, the older being. a coarsely crystalline highly fossiliferous
rock and the younger the well-known black argillaceous limestones or
cement rock. The first series is well developed in the area south of
Staunton, where it varies from 60 to 100 feet in thickness, while north
of Staunton it is apparently missing altogether, for here only the
cement rocks occupy the interval between the Beekmantown lime-
stones and Martinsburg shales. At first sight these two would appear
to be but phases of one and the same formation, but this idea is dis-
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proved by the development of both series in the vicinity of Lexington,
Va.” Fossils are abundant throughout both series, the first often being
crowded with ramose bryozoa and masses of Solenopora, while brachio-
pods, - ostracods, and trilobites of Trenton age predoininate in the
second. Although samples of the coarsely crystalline limestones run
high in lime, the strata as a whole contain so much chert that they are
of little value for mixture with the cement rock.

Character of cement rock in valley.—The youngest member of the

‘Shenandoah limestone, the argilliceous Trenton, or ‘‘cement rock,”
usually resembies the corresponding strata in the Lehigh district more
in chemical composition than in physical aspect. In Pennsylvania the
cement rock is usually a dark-gray or black, slaty limestone, which, on
account of the shearing to which it has been subjected, breaks under
the hammer into flat pieces with smooth, glistening surfaces. As the
rock loses its argillaceous character—i. e., as the percentage of lime
carbonate in it increases, it loses the slaty appearance and becomes a
light-gray crystalline limestone. In the valley, however, the meta-
morphism seems not to have been so great and the aspect of the lime-
stones ‘varies according to their composition. For example, the rocks
of the formation outcropping near Woodstock are little more than
compact hardened strata of calcareous mud while, on the other hand,
the same horizon on the western side of the valley is occupied by
tough, crystalline dark blue or black limestones.

South of Staunton, especially in the vicinity of Lexington, the
Trenton strata have been closely folded and compressed and show
considerable metamorphism. The result is that the argillaceous lime-
stones in that locahty resemble those of the Lehlgh district more than
at any other point in the valley.

Analyses of these rocks are given under the dlscusmon of the
localities in detail. :

General distribution of argillaceous. Trenton limestone. ~On account
of the geologic structure of the valley, the argillaceous limestones
" “are found in three well-defined helts. Two of these belts are formed
by the outcropping edges of the syncline that forms Massanutten
Mountain, while the third .follows the western edge of the valley.
Exposures of the easternmost belt are found at numerous places along
a northeast-southwest line extending from'a point about 5 miles east
of Woodstock to Fishersville. The next belt to the west parallels this
and shows many outcrops along a similar line from Woodstock to
Staunton. At several places along these lines of outcrop the argiila-
ceous limestone is midsing. " The arrangement indicated is most pro-
nounced (1) in the region just south of Massanutten Mountain, having
McGaheysville on its eastern edge; and (2) in the area south of Staun-
ton, bounded by Staunton, Barteir Brook, and Fishersville. The third
belt occurs along the western edge of the valley and parallels the other

S —
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two. Here, however, these limestones are often cut out by the ‘great
overthrust fault of this portion of the valley.

In this section the best exposures of these rocks are found along
the eastern edge of Little North Mountain, especially in the vicinity
of Dry River north of Stokesville. The valley proper, as has been
remarked before, is usually occupied by the dolomitic limestones, but
occasionally synclines exposing the argillaceous limestones and shales
are found. The most important of these from an economic standpoint
occurs just west of Harrisonburg. In the region near Lexington and
Natural Bridge these limestones have been compressed into close folds
and cover much wider areas than they occupy in regions lying farther
north. Among these wider areas that in which Lexington is located
is most favorably situated for cement making; the rest, as a glance at
the map will show, being too far away from railroad facilities.

MARTINSBURG SHALE. '

The highesﬂ formation in the valley proper, geologically speaking, is

a great series of gray, light brown or black shales varying in thickness,

from 1,000 to 1,500 feet. When the Trenton limestones underlie the .

shales the passage from the one formation to the other is often so
gradual that no marked distinction can be observed. Even when the
shales rest upon older formations than the Trenton argillaceous lime-
stone, their lower beds are often calcareous and may include thin layers
of impure limestone. Although the calcareous portion of the shales
may burn to cement when mixed with other materials, it is probable

that the main value of this series will be-found in its noncalcareous

portions, which may be used for mixture with high lime argillaceous
rock. The following analyses show the composition of the lower cal-
careous part and also of the higher, more typical shales:

Analyses of Martinsburg shales in Virginia, New Jersey, and Pennsylvania. -

1 2 3 s 5 6 7
Silica (810,)ceor cenen......]| 68.62 | 68.00 | 56.60 | 76.22 | 23.08 | 19.92 | 19.28
Alumina (ALOy). .. ... ... 12.68 - 14.40 | 21.00
Iron oxide (Fe,04)cennnon.. 4,20 | 5.40 | 5.65 }13 05 | 11.08 1 10.76 | 9 86.
Lime (Ca0) o enmeaii e 2.68 | 3.42 | 2.67 | 35.89 | 37.05 | 36.42
Calcium corbonate (CaCOq) .|+ 2.834 | oo faoeo oo oot R I
Magnesia (MgO) ............|... ... LBL| 2.30 93| .94 L72| 1.08
Magnesium carbonate(MgCO;)] 8.76 |.ocooo|emeaae]ooenand oo iioeeaaa]enannn
Alkalis ... ... 3.73 11 R 0 J RPN ORI PR PR )
Carbon dioxide (CO,). . ... N 2.30 | 220 |....... SR 31.70
- Water (Hy0)eooomeennn... . 447|270 3.00 ... ..., S IO

1. East Bangor, Pa., Twentieth Ann, Rept. U. S. Geol. Survey, pt. 6, p. 436.
2. 1 m. northwest of Colemanville, N. J., Geology New" Jcrsey 1868, p 136.
3. Delaware Water Gap, N. J., Geologv New Jersey, 1868, p. 1

4. Lafa; Yettc N. J., Rept. New Jersey State Geol. for 1900 p.7

5-7. Calcareous Martinsburg shale, Staunton, Va. (Charles Cutlett unalyst)
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CALCAREOUS MARLS.

Small deposits of calcareous tufa have heen noticed in various parts
of the valley, and these, if favorahly located and sufficiently large,
would undoubtedly be of much value in cement manufacture. . Of
niore importance, however, are the deposits of calcareous fresh-water
mar] which have been found scattered throughout this region. In
certain portions of-Staunton, as has been noted by Mr. Catlett, the
foundations of houses are cut in marl.10 to 12 feet deep. The surface
indications of these marls are usually so meager that no estimate of
their quantity or extent can be determined from these alone.

DETAILS OF LOCALITIES.

An exploration starting at Woodstock, in the northernmost part of

the valley visited, and ending in the vicinity of Natural Bridge, dis-

closed the more favorable localities showing good exposures of the
argillaceous limestone, which ave briefly discussed below. Inindicating
advantageous sites for cement plants, the writer means to imply simply
that the cement rock and pure lime deposits occur at the places men-
tioned and that the transportation and.other necessary facilities are at
hand. Whether a good cement can be made from the raw materials
found at these places is a matter which can be determined only by
experimentation on a commercial scale. The argillaceous limestones
in most instances have a composition very similar to good cement
materials of other regions, but this does not necessarily indicate that
they also will make a first-class cement. . '

- Woodstock and. vicinity.—About 350 feet of argillaceous Trenton
limestones are exposed just east of Woodstock, the town itself being
situated upon cherty limestones of Beek_mantown age. These lime-
stones and the overlying shales dip southeastward at an angle of about
45°, and lie on the outcrops of the western edge of the great syncline
forming Massanutten Mountain. Practically the same thickness of
cement rock is exposed northeast and southwest of Woodstock. As
this line of outcrop is paralleled by the Southern Railroad, which is at
no place more than 3 miles distant, numerous sites favorable for
cement plants are available. The most prominent location, however,
is the immediate vicinity of Woodstock; since here the cement rocks
outcrop on the western side of the North Fork of the Shenandoah
River. Farther south the river flows between the railroad and the
line of cement rock outcrop and Would thus greatly increase bhe cost
of a spur line.

Pure limestone for mixture with the cement rock can be found in
the immediate vicinity, more probably in greatest quantity just west
of the town. Limestone strata, high in calcium carbonate and low in
magnesia, were found interbedded with the dolomites west of Wood-

e R e
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stock, and more extended search will no doubt reveal an ample supply
of such stone.

Good railroad ftl:(,lllthS, both for obtdmmcr the fuel supply and for
shipping the finished material, are found at this place. Coal could be
had from the north via the Baltimore and Ohio and Southern railroads,
and from the south over the Chesapeake and Ohio, the Valley Branch
of the Baltimore and Ohio and the Southern railroads. By the same

railroads the hnlshcd product could be shipped to the east and to tide-
water.

Some miles east of Woodstock this same succession of rock is
encountered along the eastern edge of Massanutten Mountain. The
cement rocks here occur along a northeast-southwest line paralleling
the belt along the western side of the mountain. Along this eastern
belt the argillaceous limestones have practically the same composition
as those exposed near Woodstock. :

The following analysis is typical for this eastern belt:

Analysis of typical limestone near Woodstock.

Calcium carbonate (CaCO,) .. oo emmit it 74.14
Magnesium carbonate (MgCO,)......... s e 1.00
Silica (810,) o em i i e 16: 34
Oxides (RyO03) - cecveeeniiiaot. e e e e e 7.49
Water (H,0) -... ..o oi.. e e il 2.00

Broadway and Timberville.—Cuts along the Southern Railroad in
the vicinity of these two towns show the presence of small synclines
of shales and argillaceous limestones very similar in texture and com-
position to the same rocks found farther south ahout Harrisonburg.

Harrisonburg and vicinity.—A syncline showing the Trenton argil-
laceous limestones and Martinsburg shales occurs just west of Har-
risonburg, and .extends northeast and southwest for a distance of
several miles. The cement rock is especially well shown along the
street just west of the Southern Railroad depot, but exposures of the
shales and of the underlying argillaceous rocks may be seen along the
country roads going northwest, west, and southwest from the town.
The thickness of the argillaceous limestones in this vicinity could not
be determined with certainty because of the lack of continuous expos-
ures, but it probably does not fall short of 200 feet. Fossils indicating
the Trenton age of the strata were not uncommon in thc rocks shown
along the western edge of the town. .

Pure limestone deposits are found east and southeast of Harrison-
burg in considerable quantity. Exposures of this rock may be seen
ina cut on the Chesapeake and Western Railroad just east of the
crossing with the Southern Railroad. Here a pure gray limestone is
found having & composition shown in analysis No. 1 of the table given

below.
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From 75 to 100 feet of argillaceous limestones and calcareous slates

are exposed in a cut on the Chesapeake and Western Railroad south-

west of Harrisonburg and just west of the Southern crossing. Sam-
ples from this cut were analyzed by Lhalles Catlett, with the result
shown in No. 2, below.

About 1% mlles north of Harrlsonburg the Southern Railroad passes
through a cut ahout 20 feet high and 400 to 600 feet in length, expos-
ing comparatively horizontal slaty limestones. Upon analysis this
was found to have the composition shown in No. 4.

Analyses of cement materials in the vicinity of Harrisonburg, Va:

' [Charles Catlett, analyst.]

1 2 3 4
Lime oxide (Ca0) o oceeen e 54.24 | 35.79 | 49.00 38.32
Magnesia (MgO) ... ... .60 1.42 2. 36 1.67
Oxides (RyOy) - oo i - .60 3.32 .70 1.58
Insoluble .................................... 2.08 1 27.06 7.00 25. 24

1. Pure gray limestone from cut ‘on Chesapeake and Western Rnllroad just east of crossing of

Southern Railroad.
2, Calcareous slates exposed in cut on Chesapeake and Western Railroad just west of crossing of

Southcrn Railroad.
Dark, friable limestones exposed at crossing of Chesapeake and Western and Southern rmlroads

)ust south of Harrisonburg.
. Calcareous slates from cut nlong Southern Railroad, 1} miles north of Harrlsonburg

Mmmt Jackson and Newmarket.—Numerous exposures of argil-
laceous limestones may be seen in the foothills of Short Mountain
several miles east of Mount J. ackson, and also in the immediate vicinity
of Newmarket. Practically the same thickness of rock is found here
as that shown at Woodstock and vicinity, while the analysis of the
rocks at both of these places indicates that in chemical composition at
least they are similar to the best of Lehigh rock.

Analysis of Trenton limestone from near Mount Jackson, V.

Calcium carbonate (CaCO;) - ..o oeme i t. 70.00

Magnesium carbonate (MgCO;) ................ SR 2.00
S 13 SRR 18.20
. OXIAeS (R0 e e ettt e e i e 8.00
Water (H,0).vuue-.. e etmeaeeaeaan S - 3.00

Western edge of valley north of Staunton.—Most of the outcrops of
the Trenton limestones along the western edge of this part of the
valley are remote from railroads, so that in spite of the excellent rock
shown at a number of places exploitation of these limestones is not
possible at present. Furthermore, throughout a considerable portion
of this region the argillaceous limestones are cut out by overthrust
faulting, the magnesian limestones resting upon the shales or still
higher formations. But a single area can be mentioned in which the
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cement rocks are exposed within a reasonable distance of a railroad.
Several miles north of Stokesville, the terminus of the Chesapeake
and Western Railroad, and a few miles south of Little North Mountain
good outcrops of the rock are encountered. These limestones occur
here in quantity and quality favorable to cement making, and as the -
railroads are near at hand the rock will undoubtedly prove to be of
economic importance. Shales are available for mixture with the
cement rock when its percentage of lime is too high, and pure lime-
stones to increase this percentage when necessary are found in the
valley just east of this point in sufficient quantity, so that, even with
the present facilities, this is one of the most promising cement locali-
ties in the valley. :

The composition of an average sample ot thl& rock is shown by the .
following analysis: ‘

Analysis of Trenton limestone from exposure several miles north of Stokesville, Va.

Calciur carbonate (CaCOy) -...... e e e e eeiaeaaaes 73.14
Magnesium carbonate (MgCO;) - -« oo oot 2.90
Silica (10, - e e i 14. 34
Oxides (R,05) ..ol e e e e e 6. 49
Water (H,0)........... e et . 4.00

Mount Sidney and vicinity.—From Staunton to Mount Sidney and
thence for several miles northeastward the Valley Branch of the Balti-
more and Ohio Railroad either closely parallels or cuts through the
belt of argillaceous limestones brought up on the western flank of

the Massanutten Mountain syncline. The same rocks reappear on the

eastern flank, 3 to 4 miles distant. The intervening country is occu-
pied by Martinshurg shales, all of the younger rocks found on Massa-
nutten Mountain having been removed by erosion. The favorable
composition of the rock and the proximity of these two belts to rail-
roads, the western to the Baltimore and Ohio, as mentioned above,
and the eastern to the Shenandoah Valley Railroad, make them worthy
of attention. The following analysis of specimens from the eastern
belt in the vicinity of Weyers Cave shows more magnesia than the
average.
dnalysis of Trenton limestone from near Weyers Cave, Va.-

Calcium carbonate (CaCoy) - .. oo oot 69.72

Magnesium cdrbonate 000 4.69
Silica (S105) oot e e et e eemeeeaa—aaaan 14. 62
Oxides (RyO3) -« o oe e eeiie e e et eeeaaaaaan 6.90
Water (H,0) oot e eeeeeaaal 304

‘Staunton.—East and nor theast of this place the Trenton limestones
are well developed and, together with the shales and pure limestones
near by, offer abundant raw materials for the manufacture of cement.:
The railroad facilities at Staunton are exceptionally good, for a plant

Bull, 243--05—21
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here could obtain coal and ship its products over several lines.
Ordinarily coal could be had on the most favorable terms over the
Chesapeake and Ohio, but in times of labor disturbances in the New

River field, coal could still be obtained from the Fairmont region. .

- The Trenton limestones in the vicinity of Staunton as a rule run
unusually high in lime, so.that it will be necessary to mix shales or

. clays with them. Unlimited quantities of shales occur with-the lime-
stones, but deposits of good clays are not so common. The shales in
the lower part of these beds are unusually calcareous, as the following
analyses show, but those in the higher part of the series contain only
a very small percentage of lime.

Analysis of shales in the vicinity of Staunton, Va.
[Charles Catlett, analyst.]

i 1 2 3
Lime (C80) - nenee e e 35.87.| 87.05| 36.42
Magnesia (MgO) -« oo oot 94| 172] 108
Silica (Si05) vonenennennn-n SR 23.08 | 19.92 | 19.98
- Oxides (A1,Oy, Fe,04) o oovn oot 10.08 | 10.76 9. 86
B o (06 U S AN AR 31.70

Lexington.—Lexington is favorably placed for cement manufacture,
for it is situated in the midst of a broad area of argillaceous lime-

stones. In this part of the valley the Trenton limestones have been

closely folded and overturned to the west, so that they show an extraor-
dinary thickness. Occasionally the core of an anticline or syncline
may be noted, and whenever it is possible to make accurate measure-
ments the thickness of the limestones is found not to exceed 350 feet.
This roek is theoretically of proper composition to make a high-grade
Portland cement, but, as noted by Catlett, it is a question whether the
relatively high ratio of silica to iron and alumina, tending to increase
the refractory character of the clinker, is offset by the finely divided con-
dition and intimate mixing of the natural material. The following
analyses show variations in the composition of this rock.

Analyses of Trenton limestone, Lexington, Va.
[Charles Catlett, analyst.]

1 2 3 4 5 6
ST (10 W 0.73| 9.31| 11.86| 12.92 | 17.42| 22.60
Alumina (ALOy). ..o } 79| 3.47| 176| 3.88| 470| 7.08
Iron oxide (Fe,0,) .......... ' _
Lime (C20) «eooeeeeneen .. 53.71 | 46.30 | 46.64 | 45.14 | 42.44 | 36.72
Magnesia (MgO)............. .83 .86 .74 1.37 1.681 1.69
B0V 1 A IO R L 38.82 | 37.20 | 35.62| 32.52
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PORTLAND CEMENT INDUSTRY IN VIRGINIA.

One plant is in operation in Virginia, that of the Virginia Portland
Cement Company, at Craigsville. The materials used are limestones
and shales of Lewistown (lower Helderberg) age. Analyses of these
materials follow, quoted from the Cement Industry.

Analyses of cement materials used at Craigsville, Va.

Lime- ) ghale.

Silica (S10),) <ot i n. d. 53.63
A]U'“im"- (A]z?s) ---------------------------------------------- N o d 9447
Tron Oxide (Fe,04) oo onmnm il I J

Lime (Ca0) ...... L LT TETTETREPREPE 54. 30 5.94
Magnesia (MgO) -.-......... el .66 1.79
Qal'b011 dioxide (COy) - o ovooei i N reeemeeaens } 45,63 10.03
{2 2 )

. PORTLAND-CEMENT RESOURCES OF WASHINGTON.

The geology of the State of Washington is not sufliciently well
known to permit a very detailed statement vegarding its cement
resources. 16 must therefore be borne in mind that deposits of lime-
stone available for Portland-cement manufacture, in addition to those
discussed below, may exist in parts of the State which lmvc not heen
carefully surveyed. .

Limestoneg are known to occur in large quantity in two widely

~ separated areas in Washington, and it is from these two areas that the -

State’s principal supplies of limestone (and marble) for building, lime
burning, and cement are now being obtained. The two areas are: (1)
The San Juan Islands in northwestern Washington and (2) Stevens
County in northeastern Washington.

SAN JUAN ISLANDS.

Large limestone deposits, probably. of Cretaceous age, occar on
various islands of the San Juan group, in the Strait of Juan de Fuca.
These limestone beds are surrounded by igncOus rocks, by which the
limestones have been metamorphosed, occurring in consequence in
the form of crystalline limestone or marble.

The limestone deposits on these islands vary greatly in size. The
largest bed known is that of the Roche Harbor Lime Works, on San
Juan Island. This extends all the way across the pemnsula from

aAnn Rept, Wtashingon Geol. Survey for 1901, pt. 3, p. 25.
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Roche Harbor to Westcott Bay, a distance of half a mile. The width
of the belt, as exposed at the outcrop, is 850 feet, and its average thick-
ness above water level is 250 feet. This deposit is now extensively
worked, the product being used both for lime burning and for smelter
flux. An analysis ¢ of the limestone gave the following result: -

Analysis of limestone, Roche Harbor Lime Works quarry.

CBIlCR (B10,) - e ncn e it e e e 0.25
Alumina (Aly0g) - oo e 0

" Iron oxide (Fe,Og) -cooiiiiaaano. e e e "
Lime carbonate (CaCOq) .- ... .. . iiliiiiiioo.. 98. 85

Other smaller deposits of limestone occur on various islands of the
San Juan group. One of these deposits, located on the west coast of
San Juan Island, about 74 miles from Friday Harbor, now supplies
material for a 2-kiln lime plant. On Orcas Island, near East Sound
and Deer Harbor, similar deposits exist, and several are being worked,
the product being burned into lime by two 1-kiln lime plants.

NORTHEASTERN \VASHING-TON.

The Okanogan Highlands of northeastern Washington are largely
made up of a series of crystalline rocks, most of which are of unknown
age and origin. At various points in this crystalline area, particularly
in portions of Stevens County, deposits of crystalline limestone or
marble occur. The age of these limestones is not certainly known,
but it is supposed that they are, in part at least, Carboniferous.

A number of these deposits have been worked as marble quarries,
and a considerable amount of beautiful material is annually obtained
from them. The deposits are of equal, or perhaps even of greater,
value as sources of Portland-cement material, for rocks that are too
much jointed and seamed to furnish decorative stone, or are of unsat-
isfactory color, will be available for cement plants.

Some of these rocks carry a high percentage of magnesium car-
bonate or else contain a large proportion of various silicate minerals.
These are, of course, worthless as cement materials. A large propor-
tion of them are, however, very low in magnesia, and can be consid-
ered available for Portland-cement material. A few of them, accord-
ing to reports, carry a large percentage of argillaceous matter, thus
approaching in composition the Lehigh ‘‘cement rock” of Pennsyl-
vania and New Jersey.

a Ann. Rept. Washington Geol. Survey for 1901, pt. 3, p. 25.

DN

"“/\v—_-\v_\

¢ o e — e~



e

e

e e —— —

AR WEST VIRGINTA. 325

Analyses of limestones (marbles) of Stevens County, Wash.e

T e | on 4 5 6 7 8
Silica (8104) «veneeaaiannn.. 0.87 | 3.49 [ 0.98 | 0.82 | 2.61 [3.12(0.13 | 1.00
Alumina (ALO,)...... e .00| .00| .00| .00| .00} .00| .00| .00
Iron oxide (Fe,O0y) . oo.o..o.. .00 .24 | Tr.| Tr.| .00| .93| .00 .00
Lime (Ca0) +neemeeneenenn.. 55.16 [51. 54 [53.96 |54.81 [53.68 |52.04 54.95 | 53.96
Magnesia (MgO) .. .......... 21| L11]1.25 {170 | .76 | .67 | .54 | 1.60
Carbon dioxide (CO,) ....... 43.77 [42.46 [43.76 [43.56 [42.89 43.22 l44.22 | 43.27

. White marble, Jefferson Marble Company quarries, 15 miles northwest of Colville..

. Pink marble, Jefferson Marble Compuny quarries, 156 miles northwest of Colville.

. White marble, Keystone Marble Company quarries, 16 miles north of Colville.

. Gray marble, Keystone Marble Company quarries, 16 miles north of Colville.

. White marble, Colville Marble Company quarries, 16 miles northeast of Colville.

. Dark-gray marble, Colville Marble Company quarries, 16 miles northeast of Colville, .
. Light-gray marble, 24 miles northwest of Bossbury,

. Florentine Marble Company, Ryan.

CO=ICI O A B0 =

PORTLAND-CEMENT RESOURCES OF WEST VIRGINIA.
PORTLAND-CEMENT MATERIALS.

Four limestone horizons are worth considering as possible sources
of cement material in West Virginia. These are, in geological order:

4. Coal Measures (Pennsylvania) limestones.

3. Greenbrier (Mississippian) limestone.
- 2. Lewiston (lower Helderberg) limestone.

1. Ordovician limestones (Trenton, etc.).

Of these the Greenbrier and the Ordovician limestones are hy far
the most important in this connection. All of these limestones are
shown on the map (P1. XV). :

ORDOVICIAN LIMESTONES.

Nonmagnesian limestones occur at several horizons in the Ordo-
vician, the most important from the present point of view being of
Trenton age. These correspond geologically to the cement rock of
the Lehigh district of Pennsylvania. In West Virginia they are
extensively developed in the Shenandoah Valley.

At and near Martinsburg, Berkeley County, this pure limestone
has been extensively quarried for flux. The developments at this
point have been recently reported ® on by Mr. G. W. Stose, as follows:

At Martinsburg, W. Va., this limestone is exceptionally pure and very thick. It

has been quarried there on a vast scale by the Standard Lime and Stone Company
for use as flux in the iron furnaces about Pittsburg.

aThese analyses were obtained from the report by Professor Shedd on “The building and orna-
mental stones of Washington,”” contained in the Annual Report of the Washington Geol. Survey for
1902, pp.3-163. This report contains detailed descriptions of the various quarry areas, and is there-
fore valuable for reference in the present connection.

b Bull. U. 8. Geol. Survey No. 225, pp. B16-517.
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The limestone outcrops in a belt extending southward from the town. On the
east side-is a low ridge of Hudson shale containing graptolites of . Utica age near
the base. Dipping atan angle of 20 degrees under these beds are 90 feet of dark, com-
pact, crystalline and shaly limestones bearing fossils of Trenton age. Below this are
three or four heavy beds of pure limestone averaging 15 to 20 feet in thickness, with
a total of about 80 feet. This is the deposit that is quarried. The upper bed is a
very massive, compact, light-gray limestone, weathering chalky white on the surface,
with smooth fracture and but slight indications of bedding. The lower beds are
darker, coarser grained, not so homogeneous, and have a rough fracture, and at the
bage are thinner bedded. The only fossils observed in these beds are a few Leper-

_ditia found in the upper layers, indicating Lowville (Birdseye) age.

The whole of this mass is quarried, and is stated to average 98 per cent carbonate
of lime. The two samples tested by the Geological Survey contained 96.2 and 97.7
per cent. The limestone is quarried in an open cut.200 to 250 feet wide and 80 to

100 feet deep, the workable depth depending upon the amount of stripping that is

profitable. The open cut extends for over 13 miles along the strike and is being
worked along its entire length. The-same beds apparently continue beyond, to the
south, and there is every reason to believe that they also occur along the strike north
of the town. The rock is taken out on tram cars, ig crushed to 5-inch size, and is
loaded directly into the railway cars on the track. The reason that the stone can
be profitably shipped such a distance is that the cars which transport the coal from
the Pennsylvania mines to the south return loaded with limestone, thus avoiding an
empty return run, and the freight rates are reduced to a minimum. It is reported
that from 20 to 50 carloads a day of the crushed rock are shipped. With a quarry
face of 80 feet and the dip of the rocks 20 degrees, the estimated output of the quarry
per mile is about 3,000,000 tons.

An analysis by Rogers¢ is given below. It is of a specimen from a
point 4 miles from Harpers Ferry, on the road to Martinsburg.
Analysis of limestone from near Harpers Ferry, W. Va.

SIEA (S103,) - - e e c e e 1.83

Alumina (ALOy) o oot e } 85
Tron oxide (Fey0g) - ccunnmmmenm it ceeneaane ’

Lime carbonate (CaCO;)--........... e e e e eieeeceaaaaa 95.86
Magnesian carbonate (MgCO; ) .- c e en o 1.46

LEWISTON (LOWER HELDERBERG) LIMESTONE.

The Lewiston limestone, although occurring in West Virginia, is not
so available a source of cement material as the Trenton and Greenbrier
limestones. The only obtainable analysis of rock from this location
is given helow, quoted from Rogers. The specimen analyzed was
from Pattersons Creek, near Hampshire Furnace.

aGeology of the Virginias, p. 170.
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Analysis of limestone from Pattersons Creek, West Virginia.

Silica (810g) - ovvvuenan.n. e e e e e e aaeaeaas 4.96
Alumina (Al0g) - v oo o et } 76
Tron oxide (FeyO4) o oo oo . :

Lime carbonate (CaCO;y) .- o . .. 92.44
Magnesian carbonate (MgCOd) ............................................ 1.40
R .52

GREENBRIER LIMESTONE.

As shown on the accompanying geological map the Greenbrier
(Mississippian or Lower Carboniferous) limestone is well developed
in West Virginia, reaching -its maximum thickness in its type area in
Greenbrier County. At Manheim, on Cheat River, east of Gratton,

‘this limestone is now used by the Buckhorn Portland Cement Company.

Throughout its entire range the Greenbrier limestone is mainly a
very pure nonmagnesian limestone, though oceasionally shaly or mag-
nesian beds occur. Because of its thickness, its favorable composi-
tion, and its location with respect to fuel supplies and transportation

‘routes, it is a very promising source of Portland cement material.

Analyses of Greenbrier limestone, West Virginia.

1 2 3 4 b [ 7 8 9 10 11

Silica (SiO;) ........ 0.97/19. 87 6.20| 1.88| 6.04] 0.40| 5.80(27.00| 7. 24 6.0026.96
Alumina (ALO;)....
Iron oxide (Fe,0s).. }
Lime carbonate

1.46| 4.09] 1.20| .56 .88] .48 1.16| .88| 2.52 1.52| 1.60

(CaCO0y) evceennnn. 96. 46/74. 56/89. 92195. 92/89. 44/98.-20|89. 76/67. 40/88. 3288. 52/64. 00
Magnesimn carbon-
ate (MgCOs)...... 111 1.95 Tr. | Tr. | 2.80|..... 2.320 2.32].....{ 3.24] 6.76

Water.............. n.d.|n.d.| .44] .40} .84] .24| .92 .56/ .72} .72 .68

1. Huddleston quarry, Snow Flako Greenbrier County. J. B. Brittom, analyst. Twentieth Ann.
Rept. U. 8. Geol. Survey, pt. 6, {)
2 Shaverq Mountain, Rando ph County E. Whltﬁeld analyst. Bull. U.S. Geol. Survey No. 27,

N ear Red Sulphur Springs, Monroe County Rogers, *Geology of the Vlrgmms ” p. 396.
. Near Union, Monroe County. Rogers, “Geology of the Virginias,” p. 397
5 Two miles south of Kingwood, Prestom County. Rogers, ‘¢ Geology of the Virginiag,” p. 398.
6. Muddy Creek Mountain, near Blue Sulphur Springs. Rogers, ‘‘Geology of the Virginias,” p. 396.
7398 Cheat River, bélow Gum Camp Run, Preston (“ounty Rogers, *“ Geology of the Virginias,”
P
9. East side Laurel Hill, Monongalia County. Rogers, ‘¢ Geologv of the Virginias,” p. 897.

10. Front ridge, oppos1te Petersburg, Tucker Counfy. Rogers, “Geology of the Virginias,” p. 398.
11. East side Briery Mountain, Preston County. Rogers, ‘ Geology of the Vlrgmms " p. 398,

COAL MEASURES (PENNSYLVANIAN) LIMESTONES.

As in Pennsylvama and Ohio, thin limestoné beds occur at many
horizons in the Coal Measures of West Virginia. These limestones
are usually low in magnesia, but are also quite low in lime carbonate,
commonly ranging from 80 to 90 per cent in that constituent. As
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Portland-cement materials their value depends entirely Aupon their

nearness to fuel supplies, for they are neither thick enough nor pure
enough to compare favorably under equal conditions Wlth the Green-
b11e1 or Trenton limestones.

Analyses of Coal Measures limestones, West Virginia.

1 2 3 4 b 6 7 8 9 10
Silica (8105) - emnnees 10. 24/10. 8813. 28132.04] 0.92] 10.33 | 1.53 | 1.60| 7.20| 1.76
Alumina (ALO,) .....
umina (ALO,) }3.52 1.92) 1.68 7.00{ .96 .90 | .96 |1.60| 2.00 .80
Iron oxide (Fe,0y) - - .

Lime carbonate

- (CaCOy) ceeeeennen 1. 4036. 8084. 40/56. 48/95. 52|[85. 75]1[95. 101/96. 20(89. 72(83. 92
Magnesium carbonate

(MgCOy) ceeeenan-. 3.32| Tr. | Tr. | 2.48| 1.88| [2.26]| [1.95]] Tr. | Tr. | 2.80 -
Water ....,.........0| 1.24| .60 .64 2.00 .76/ .05 .10| .60| 1.08 .72

1. Two and one-half mile southeast of ngwood Rogers's « Gco)ogy oi the Virginias,” page 400
2 35£en Mile Creek, 1 mile from mouth, Kanawha County. Rogers’s ‘‘Geology of the Virginias,”
page 524,
4. Hughes Creek, I\anawlm County. Rogers's ¢ Gcology of the Virginias,” page 400.
5. Clarkqbnrg Rogers s ““ Geology of the Virginias,” page 401.
6, 7. Moundsville Narrows, 12 miles below Wheeler. Bull. U. 8. Geol. Survey, No. 9, page 17.
8 9, 10. I'wo Mile Creek, Kanawha County. Rogers’s  Geology of the Virginias,” pag(, 525,

" PORTLAND CEMENT INDUSTRY OF WEST VIRGINIA.

West Virginia has at present only one Portland-cement plant. This
is the mill of the Buckhorn Portland Cement Company, located on the
Cheat River at Manheim. .

The materials used are the Greenbrier limestone, shales of the same
series, and Quaternar y clays from theriver-flats. = Analyses of these
mmterlals, by R. L. Humphrey, follow, and are quoted from Engl-

‘neering News, Volume 50, page 409.

Anal yses of cement matmals, Manhezm w. Va. .

Limestone, '
- Shale. Clay.
Lower. Middle. Upper.

Silica (8i0,) .......... 23.40-20.20 | 18.60-13.08 | 8.84- 2.92 | 62.74 68.16
Alumi ALO,) ......
Alumina (A1,0;) } 9.10- 8.80 | 7.60- 6.12 | 5.04- 1.82 | 19.40 | 16.18
Iron oxide (Fe,0,).... ]
Limecarbonate{CaCO,)| 60. 31-68.89 | 72. 27-80.09 | 85.00-94. 00 .38 .42
Magnesium carbonate

(MgCOg) - -emenn-.e Tr.| Tr- .61 .72-1.10| 1.41 1. 04

R
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PORTLAND CEMENT RESOURCES OF WISCONSIN.
ORDOVICIAN AND SILURIAN LIMESTONES.

The Ordovician and Silurian deposits in Wisconsin contain heavy
and widely distributed beds of limestone. It is necessary, however,
to warn the prospector that the chances for obtaining a well-located
limestone sufficiently low in magnesia to be serviceable for this use
seem to be very poor. Of the numerous analyses of Wisconsin lime-
stones that have been examined by the writer, only three show a
limestone carrying less than 30 per cent of magnesium carbonate.
Low-magnesia limestones exist in the State, but the chances seem to
be against securing a satisfactory deposit of such material. So far as
known, the only fairly thick and extensive bodies of low-magnesia
limestone in Wisconsin.occur in the lead region in the upper part of
the Platteville limestone,* heretofore referred to the Trenton series.

M. E. O..Ulrich states that in the southwestern part of the State a
generally thin and rather locally developed bed of relatively pure
limestone forms the top of the Platteville. The ““glass rock,” as this
bed is called, is' probably better developed at Mineral Point and
Platteville, Wis., than anywhere else in the lead district. At these
localities it is filled with a highly characteristic fauna of late Stones
River age. The rocks deposited upon it—the Galena limestone—are
Black River and Trenton in age. -

Farther east, as at Beloit, and thence northward to Escanaba, Mich.,
the ‘“glass rock” is not represented in the sections. The “upper
buff” and ““blue,” however, occur continuously east and north of
Janesville and Beloit, Wis., while they are wanting, at least locally,
in the lead region. Both the ‘“‘upper buff and blue” probably—the
latter cer t;amly—rcpl esent a horizon inter medmte between the lowest
Galena and the ‘“ glass rock.” :

Grant® has recently described this particular limestone as follows

The ‘“glass rock’’ belongs near the top of the Trenton limestone. This term has
been applied to a number of varieties of limestone in this general horizon. It may
be said that the'name is used for very fine grained, compact, and hard beds of lime-
stone which occur near-the top of the Trenton. This iy about as accurate a general
definition of the term ascan be given. Thereds, however, one particular phaseof this
rock which may be called the typical glags rock and which is apparently the rock to
which the name was first applied. Thisisa very fine grained, very compact limestone,
which breaks with a conchoidal fracture and which when fresh is of a light-hrown
or chocolate color. On exposare to the air, however, this color changes to a bluish
gray. This phase of the glass rock is found in many places throughout the western
two-thirds of the lead and zine district. It usually occurs in thin beds, and in some
places, especially at Platteville, is an important building material, the normal school
building at this place and one of the high.school buildings being constructed almost

aBain, H. F., Zinc and lead deposits of northwestern lllmms Bull. U. 8. Geol. Survey No. 246, 1905,
pp. 18-20.
bGrant, U. 8., Geol. Wisconsin, vol. 2, p. 681, 1847
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entirefy of this rock. The fact that it does not occur in thicker beds prevents its
- universal use as a building stone. Very frequently this glass rock is packed full of

fossils. It is a comparatively pure limestone, containing only a small amount of
magnesia, the chief impurities being silica and clay.

The composition of this rock is shown by the following analyses.

Anelyses of Platteville limestones, Wisconsin.

. 1 2 3
Silica (S10,) - ool e el 6.16 | 7.03
Aluming (ALOg) - oo oo s Lol 22| 292
Tron oxide (Fe,0y) - oo il 1.90 1.22
Lime carbonate (CaCO,) .. ooen i ie e caaa 97.92 | 85.54 84. 02
Magnesium carbonate (MgCO,) ... ..o.o...... 1.60 3.98 5.33
Water . ... U . n. d. .93 .61

1. Near Benton, on the Fever River, Geol. Wlsconsm vol. 2, pp. 560-561.
2. Mineral Pomt Geol. Wisconsin, vol. 2, pp. 560-56.
3. Bristol, Dane County, Geol. \Vmcmmn vol. 2, pp. 5()0—561

QUATERNARY Sﬁ ELL MARLS.

As in Michigan, Ohio, New York, and other States north of the
glacial limits, many lakes occur in- Wisconsin, and some of these con-
tain deposws of marl. Little attention has yet been paid to these
mar] deposits and practically nothing can be said as to their occurrence
and character. One noteworthy feature, however, should be borne
in mind. As already shown, almost all of the limestone deposits of
the State are highly magnesian. As the marls are ultimately derived
from local limestones,"it is to be expected that Wisconsin marls will
carry larger percentages of magnesia than marls occurring in areas of
pure limestones. Thisseems to be indicated by the following analysis:

) Analysis of shell maﬂ, Wisconsin.
Silica (Si0,) «oeoeae o R 1.48

Alamina (A1,Os) - oo oLl SR . e } 19
Tron oxide (Fy0;5) oo olom ittt et ’

Lime carbonate (CaCO0,) - - i 86.09
Magnesium carbonate (MgCO;) . ... o i it 7.18
Sulphur trioxide (SOy) . o« ovoeea i i .44
Water ... e e e e e e e e e e e e 1.67
Organic matter . .. ... ... lll.. - 952

Sections 17, 18, 19, and 20; town of Pierce, T. 24, R. 26. Kewaunee County. G. Bode, analyst.
Geology of Wisconsin, vol. 2, p. 239.
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PORTLAND-CEMENT RESOURCES OF WYOMING.
Limestones are extensively distributed throughout the State of
, Wyoming, but little attention has yet been paid to their economic
value. The following analyses may prove serviceable in loeating
deposits that may be of use for lime or cement making:

Analyses of limestones, Wyoming.

1 2 3 4 5 6 7 8 9
Silica (S10,) -........ 2,02 22.22) 31.28| 31.45( 23.49| 23.47| 6.49) 1.52 0.43
Alamina (ALO,) -.... } . .2]{ 1.830 1.58 6.17 6.27......|..... .10
Tron oxide (Fe,0,).- . U .22 .21 2.16) 2.20 .37 .31 .12
Lime (Ca0) .......... 54.06| 43. 24| 34.20] 34.18| 33.79| 33.83| 54.16| 54.18) 55. 34
Magnesia (MgO) ..... © L84 .15 .11f .08 .62 .74 150 .15 .21
Alkalies (K,0,Na,O) .| n.d. n.a. .51 .61 .38 .38 n.d. | n.d. | n.d
Carbon dioxide (CO,).] 42. 85| 33.94| 26.79] 26.82| 27.08| 27.03)) C 14373
P ‘ _ ; ‘ }45.68 43.69{
Water ... o..... .42 .14] 4.64] 4.64] 6.270 6.20 .05

1. Vermilion Creek Canyon, Upper Coal Measures.

2. NearRed Buttes. Jurnssic?

3,4. Turtle Bluffs, north side of Henrys Fork. Eocene.

5,6. Grreen River City. Rocéne.

7,8. Five miles south of Cheyenne. Pleicene.

9. Three miles east of Laramie. Carboniferous. ~

Annlyses 1-8 by B. E. Brewster, Rept. U. S. Geol. Expl. 40th par., vol. 2; analysis 9 from Report
Territorial Geologist for Wyoming for 1888-89, p. 73. .
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PART ITI.  NATURAL-CEMENT RESOURCES OF THE UNITED
STATES.

INTRODUCTION.

On the following pages an attempt will be made to discuss the natural
cements as a class, emphasis being laid upon the points of resemblance
of the various brands, their many points of difference being for a time
disregarded. The difficulties encountered insuch an attempt are greater
than the reader at first sight may imagine, for few engineers realize
what a heterogeneous collection of products is included under the well-
known name of “‘natural cement.” This lack of knowledge is-easily
explained. Under ordinary circumstances, natural cements are too
low in value to be shipped far from their points of production. The
natural cement made at any given locality has usually, therefore, a
well-defined market area, within which it is well known and subject to
little competition. The engineer practicing within such an area forms
his idea of natural cements in general from what he knows of the

Dbrands encountered in his work, and as all the brands from one cement-

producing locality ave apt to resemble one another closely he is likely
to conclude that natural cements form a homogeneous class, with many
points of resemblance and few of difference. On the contrary, there
may be as much difference in strength, rate of set, composition, etc.,
between natural cements from two different localities as between a,ny
given brand of natural cement and a Portland cement.

DEFINITION OF NATURAL CEMENTS.

The term ‘“natural cements” is here used to include all cements pro-
duced by burning a natural limestone rock without previous grinding
or mixing. As so used it includes the class of doubtful products com-
monly known as ‘‘ natural Portlands,” which are so largely made in
France and Belgium. The reasons for including these ‘‘ natural Port-

lands” with the natutal cements instead of with the true Portlands
are stated in considerable detail on pages 21-23. ' .

Natural cements are produced by burning a natural clayey limestone,
containing 15 to 40 per cent of silica, alumina, and iron oxide, without
preliminary mixing and grinding. This burning takes place at a tem-
perature that is usually little, if ‘any, above that of an ordinary lime-
kiln.  During the burning the carbon dioxide of the limestone is

' : 333
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almost entirely driven off, and the lime combines with the silica,
alumina, and iron oxide, forming a mass containing silicates, alumi-
nates, and ferrites of lime. In case the original limestone contained
any magnesium carbonate the burned rock will contain a corresponding
amount of magnesia and magnesian compounds.

The burned mass will not slake if water be poured on it. It is nec-
essary, therefore, to grind it rather fine; after it is ground, if the
resulting powder (natural cement) be mixed with water, it will harden
rapidly. This hardening or setting will take place either in air or
under water.

RELATIONS OF NATURAL CEMENTS TO OTHER CEMENTS.

Natural cements differ from ordinary limes in two very noticeable
ways: (1) The burned mass does not slake when water is poured on it.
(2) Natural cement powder has hydraulic properties; i. e., if properly
prepared it will set under water. ’

Natural cements are closely related to hydraulic limes on the one
hand and to Portland cement on the other, agreeing with both in the
possession of hydraulic properties. They differ from hydraulic limes,
however, in that the burned natural cement rock will not slake when
water is poured on it.

Natural cements differ from Portland cements in the following
important particulars: (1) Natural cements are made by burning
masses of natural rock, not by burning carefully prepared and finely
ground artificial mixtures. (2) Natural cements, after burning and
grinding, are usually yellow to brown and light in weight, their specifie
gravity being about 2.7 to 2.9; Portland cement is commonly blue to
gray in color and heavier, its specific gravity ranging from 3.0 to 3.2.
(3) Natural cements are always burned at a lower temperature than
Portland, and cominonly at a much lower temperature, the mass of
rock in the kiln never being heated high enough to even approach the
fusing or clinkering point. (4) Natural cements set more rapidly
than Portland cement, but do not attain so high ultimate strength.
(5) Various brands of natural cements will show very great differences
in composition, while Portland cement is a definite product whose per-
centages of lime, silica, alumina, and iron oxide vary only between
narrow limits.

RAW MATERIAL (NATURAL-CEMENT ROCK).

The material used in the manufacture of natural cement is invariably
a clayey limestone, carrying from 13 to 35 per cent of clayey material,
of which 10 fo 22 per cent or so is silica, while alumina and iron oxide
together may vary from 4 to 16 per cent. These clayey materials give

~ the resulting cement its hydraulic properties, Stress is often care-
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Jf lessly or ignorantly laid on the fact that many of the best-known nat-
\ ural cements carry large percentages of magnesia, but magnesia (in
’ natural cements at least) may be regarded as being almost exactly
) interchangeable with lime, so far as the hydraulic properties of the
product are concerned. The presence of magnesium carbonate in a

\ natural-cement rock is then merely incidental, while the silica, alumina,
and iren oxide are essential. The 30 per cent or so of magnesium car-

' bonate which occurs in the cement rock of the Rosendale district, New

\ York, could be replaced by an equal amount of lime carbonate and the

et e
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burnt stone would still give a hydraulic ‘product. If, however, the

i clayey portion (silica, alumina, and iron oxide) of the Rosendale rock
could he removed, leaving only the magnesium and lime carbonates,
the burnt rock would lose all of its hydraulic properties and would
yield simply a magnesian lime.

This point has been emphasized bouau\c many writers on the sub-
ject have either explicitly stated or implied that it is the magnesian
carbonate of the Rosendale, Akron, Louisville, Utica, and Milwaukee
rocks that causes them to yield a natural cement on burning.

Since within very wide limits of composition any clayey limestone
will give a natural cement on burning, it can readily be seen that sat-
isfactory natural-cement materials must be widely distributed and of
common occurrence. Hardly a State is entirely without limestones
sufliciently clayey to he available for natural-cement manufacture.
The sudden rise of the American Portland-cement industry, however,
has acted to prevent any great expansion of the natural-cement indus-
try. It would be difficult to place a new natural cement on the market
in the face of competition from both Portland cement and from the
older and well-established brands of natural cement. Such new nat-
ural-cement plants as have been started within recent years have

~mostly been located in old natural-cement districts, where the accu-
mulated reputation of the district would help to introduce the new
brand. The only exceptions to this rule, indeed, were the Pembina
plant in North Dakota, the Rossville plant in Gcm gia, and a plant in

“the State of Washmgton Of these, the Pembina plant was estab-,

lished with the intention of making Portland cement, but the raw ma-
terials soon proved to be unsuitable and the plant was converted. The
plant in Washington is located in an area where any kind of cement is
readily salable. The Rossville plant was built by an Akron, N. Y.,
cement manufacturer to utilize a peculiarly satisfactory natural-cement
rock.

METHODS OF MANUFACTURE!.

The manufacturing methods at a natural cement plant are of the

simplest kind, including merely the burning of the cement rock and .

the pulverizing of the product.
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The burning is carried on in vertical kilns, closely resembling lime
kilns in shape, size, etc. The limestone and fuel are usually fed into
the kiln in alternate layers, though at a few plants more advanced
types of kilns are in use. The burned product is crushed and then
reduced to powder, commonly in buhrstone mills. Recently advances
have been made in crushing practice, and several plants now reduce
their product in tube mills. The manufacturing processes have been
purposely stated briefly here, because further details concerning them
will be found in the descriptions of the various natural-cement produc-
ing districts, which follow. :

NATURAL-CEMENT RESOURCES OF GEORGIA.

Two natural cement plants located in northwest Georgia use cement
rocks from two different geological formations.

The plant of the Chickamauga Cement Company is located at Ross-
ville, Ga., a few miles south of Chattanooga. The slaty material used
is a thin-bedded raw limestone of the Chickamauga (Ordovician) age,
which is here exposed over a considerable area. In geologic age, as
well as in chemical composition, this rock is closely similar to the
cement rock of the Lehigh district of Pennsylvania. The rock is

quarr ied and carried up to four vertical sheet-iron kilus of a patented

(Cammings) design, fired with coal. The burned rock is sent through

a Cummings VOlthdl crusher, and then finally reduced under thl@OA

‘

runs of 42- 1nch Lsopu.s millstones.

The product is marketed under the brands of Dixie (natuml) and
New South (“ Portland”). It is, of course, all a natural cement, accord-
ing to present-day definitions of Portland cement, as it is not artifi-
cially mixed prior to burning, and the burning is conducted at too low
a temperature to give a true Portland. That a real Portland cement
could, however, be readily made from some of this material is proved
by the following analysis of the burned product. This analysis, by
Cummings, is quoted from the Twenty-first Annual Report of the
United States Geological Survey, part 6, page 410:

Analysis of cement rock from Rossville, Ga.

Silica (8i0) «-.-... e e e e e 22.17
Alumina (A1,Oy) oo oo il PO P 8.20
Iron oxide (Fe,Og) - ceoevneeoi i e e [P 2. 50
) Y (0T 65. 68
Magnesia (MgO) . ... o oo 1.45

The Conasauga formation of the Cambrian is described by Dr. C. W.

 Hayes as “normally composed, at the base, of thin limestones. inter-

bedded with shales, then of yellowish or greenish clay shales, and at

the top of calcareous shales, grading into blue seamy limestones.”
The Western and Atlantic Railroad, now operated under lease hy

the Nashville, Chattanooga and St. Louis system,' crogses the outcrop

T TS~
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of these rocks from above Adairsville to within a mile of Kingston.
At one point near the southern end of this belt limestone obtained
from beds lying near the top of the Conasauga formation has long
been utilized in the manufacture of natural cementat the plant of the
Howard Hydraulic Cement Company, at Cement, Bartow County,
Ga., about 2 miles north of Kingston. ‘

In the low ridge east of the railroad at Cement station, a section of
these Conasauga limestones has been measured hy Dr. J. W. Spencer.¢ -
The series shown, from the top down, was as follows:

- Section near Cement Station, Ga.

Feet
Blue HMeSEONe . -« - o oottt .8
Slaty limestone (cement rock) - ... ... L liiio. 4
Blue limestone............. ... el e 6
*Argillaceous limestone. ... .. . iiiiiiiiiiiiiiia 2
*Siliceous limestone (hydraulic) ...... ... 4
*Siliceous limestone (cement rock) ... ... ... 7
Fine black limestone . ... .o o i 12
Earthy limestone................ e il 3

When the plant was visited by the writer, in the fall of 1902, the
three beds marked with asterisks were being worked for natural cement,
and together constitute the *‘main cement bed” later mentioned in this
article. Doctor Spencer quotes the following analyses, made by Mr.

W J. Land, of the cement rock:

" Analyses of cement rocks from Georgia. K
1 2
Lime carbonate (CaCO,) ....... L 43.50 55.00
Magnesinm carbonate (MgCOg). ... ....ooooiiiiiiii L, 26. 00 26.10
Silica (810, <« e 22.10 10.00
Iron oxide (Fe,Oy) oovuveioaniiaas e 1.80 2.00
Alumina (AlOy) o oo i 5.45 6.10
Organicmatter . ... .. .. ... L. ... .15 .50
WAt e e 1.00 .30

The mill is located at the side of the railway, the farthest quarry

* being only a few hundred feet away. The main cement bed at the

quarry now worked is about 15 feet thick. In common with the other
beds it dips eastward at an angle of about 20°. It is overlain and
underlain by limestone beds of various composition, but none fit for
the manufacture of natural cement. A thinner cement bed lay about 8
feet above the bed now worked, but was worked out by stripping and
quarrying over a considerable area early in the history of the plant. -

aThe Paleozoic group of Georgia, p. 100.
Bull. 243—05——22
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All the cement rock used is now obtained by mining. Two inclines
have been run in on the dip of the beds. These inclines are, at and
near their entrances, entirely in the cement bed, several feet of cement
rock being left above and below them to serve as floor and roof.
Farther in, however, the height of the passages is increased, and
almost the entire thickness of the cement bed is taken out Pillars of
cement rock are left at intervals to support the roof.

The cement rock is blasted out, sledged when necessary to a size
convenient for the kilns, and loaded onto cars carrying about 1% tons
each. These cars run on narrow-gage tracks, which extend from near
the heads of the workings to the kilns. As the grade in the inclines
is heavy the cars are hauled out of the mine by wire cables, power
being supplied by the crusher engine. Outside of the mine, how-
ever, the grade to the kilns is sufficiently light to permit the cars to be
run by hand to the level from which the rock is fed to the kiln.

The kilns ave of the familiar dome type commonly used in lime and
natural-cement burning, and are six in number. ~ Four are jacketed
with steel and lined with fire brick, the space between the jacket and
the lining being filled with clay. The two remaining kilns differ from
these only in the fact that in place of the steel jacket their exterior
surfaces are laid up with rock. These rock-jacketed kilns are said to
be somewhat more satisfactory than those of the steel-jacketed type.

All the kilns are 25 feet in height, and have an output of 60 barrels
of cement each. The kilns are charged to the top with fuel and cement
rock, in the proportions of about 300 pounds fuel to 2,500 pounds
rock. = The fuel used is coal, the sizes being nut, pea, and slack, in
about equal amounts. Seven or eight days are required, on the aver-
age, to ‘“turn a kiln,” including charging, burning, and drawing.

When the kilns are drawn the clinker is picked over and then car-
ried by a Jeffreys elevator to pot crushers of special design. On
issuing from the crushers the material encounters revolving screens of
about }-inch mesh. All material that does not pass these screens is
sent hack to be recrushed. The finer material which passes through
this $-inch screen meets another revolving screen of about 50 mesh.
Everything that passes through this fine screen is sent direct by a
conveyor to the packing machines, while the material failing to pass
the 50-mesh screen is sent to buhrstone mills, where it is ground,

“screened, and sent to the packers.

The Howard cement is marketed as the ‘‘Red Keystone” brand,
and is favorably known to the southern cement trade, having been
extensively used in engineering work. It has certain properties
which serve to differentiate it from other natural cements. In color
it is lighter than any other natural cement known to the writer, the
set cement being very light gray or yellowish gray. Its specific gravity
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is low, so that cement barrels of the usual size will contain only about
240 pounds of Howard cement. Most of the product is, however,
marketed in bags containing 80 pounds each. It is said not to stain
masonry and to resist well the action of salt air and spray. Its final
hardening is slow relative to the Louisville cements, and for this rea-
son it does not show up well in short-time comparative tests for ten-
sile strength, though at periods longer than a month it gives excellent
results.

The Howard cement is -high in both lime and magnesia, compared
with the Louisville cements. T'wo analyses are given below, the first
quoted in Cummings’s American Cements and the second hy W. M.
Bowron. To these have been added the average of five analyses of -
typical Louisville cements.

Analyses of natural cements.

Howard cement,

Average
Louigville
1 2 cement.
Silica (S10,) oo l22.58' “19. 60 23.72
Alumina (AlyOg) oo it 7.23 } 11. 60 8.51
Iron oxide (Fe;03) - ovemnnn i 3.35 | T
Lime (Ca0) oo i 48.18 | 48.86 43. 57
Magnesia (MgO) - . .oiii i icaeaeeeee [ 15.00 | 18.14 9. 26

NATURAL-CEI\IENT RESOURCES OF ILLINOIS.

Three natural-cement plants, operated by two companies, are now
working in Illinois, near Utica, La Salle County. The rock used is a
limestone belonging to the so-called “Lower Magnesian” group of
early western geologists.. It is of Ordovician age and underlies the
St. Peters sandstone. :

The section exposed in the neighborhood of the Utica cement plants
is as follows, from the top downward: . . :

Section of cement rock beds exposed at Utica, IUl.

Y B Feet.
Cement Tock. .. e eeeaaeileeeaiaaaaaaan 7
Limestone ... ... ... ... ...... e e e e eeeemra—aaaan 16-22
Cement rocK. .. ... i P 6
Sandstone ........... e e e ema e et . 2-4
Cement rOCK . - . e iiiiieieeaan 5

Of the three cement rock heds shown in this section, the uppermost
. . e Sy Y o
bed gives a very quick-setting cement while the two lower beds fur-
nish products of much slower set.
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- Analyses of natural-cement rocks, Utica, IU.

1 2 3 4 5 .
Silica (8105) «neemme e 12.92 | 17.01 14.15
Aluming (ALOy) «onenmeeeeeeen . - 9.39| 3.3 } 21.00 | 21.12 { 6.37
Tron oxide (Fe,0p) «ooneomenneneene... 3.90 239 200] 1L12| 235
Lime (Ca0) ... ... . . ... 24.40 | 32.85 | 24.36 | 23.66 | 26.32
Magnesia (MgO) e 10. 43 8.45| 14.31{ 15.22] 12.10
Alkalies (K,0, Na,0)._.... et n.d. n.d. .18 n. d. @, 18
Sulphur trioxide (SOg) ... ... ... e - n.d. 1.81 n. d. n.d. 1.81
Carbon dioxide (CO,) - cvoveie i on... 34.90 | 35.35 | 34.70
WRLET .+« e e ‘} 38.481 34120 500! 1o7| 203

a Far too low; true value is probably over 4 per cent.

1. F. W, Clarke, analyst. Sample collected by E. C. Eckel.

2. C. Richardson, analyst. Brickbuilder, July, 1897.

3. Blaney & N \[nrmer, analysts. Quoted by Worthen, Geology of Illinois, vol. 1, p. 151,
4. Blaney, analyst. Trans. Am. Inst. Min. Eng., vol. 15 p. 180,

5. Average of preceding four analyses.

The kilns in use in the Utica district in Illino.is are elliptical in
cross section (plan) with vertical walls. The largest kilns of this type

are 30 feet in their longest inside diameter awrd 12 feet wide. Their -

total height, with foundation, is 50 feet, giving a clear height of 45
feet from bottom of draw hole to top of kiln. These kilns turn out
400 barrels (265 pounds each) of cement a day, taking 18 to 20 pounds
of coal per barrel of cement. This corresponds to a fuel coasumption
of only 6.8 to 7.5 per cent.

The second size of Utica kilns is 20 feet by 9 feet in its inside diame-
ters. The smallest size is, like the others, elliptical, with inside diam-
eters of 14 and 7 feet, respectively, and a height of 32 feet from top
of bridge wall to top of kiln. These kilns turn out 300 to 375 barrels
per day

All the diameters quoted above are internal measurements. The
kiln shell proper is of one-fourth-inch sheet iron. This is lined, suec-
cessively, with an 18-inch layer of ashes, 18 inches of stone or common
brick, and 9 inches of fire brick.

Analyses of natural cements, Utica, 1l

1 2 3 4 5

Silica (Si0,) «voeeo.... ... oo 19.89 | 27.60 | 34.66 | 35.43 | 29.39
Alumina (ALOy) .. ... ... i .. 1L.61 | 10.60 [ 5.10 o[ 904
Tron oxide (Fe,O4) - -nrmeemenenenn- .. owss| .s0| 1.00 } 99218 105
Lime (Ca0) woeeemeee e 29.51 | 33.04 | 30.24 | 33.67| 31.61
Magnesia (MgO)........... s 20.38 | 17.26 | 18.00 | 20.98 | 19.15
Alkalies (K,0, Na,0) o ovueennneeno. . 596 | 7.42| 6.16| nd. | 6.51
Carbon dioxide (CO,) ................. } nd. | 200| 48| nd | 342
Water..._........ e

1. Haas and McGraw, amal) sts. Engineering News, April 30, 1896.

2,3. Quoted by Cummmgs American Cements, p. 36.

4, J. V. Blaney, analyst.” Trans. Am. Inst. Min. Eng., vol. 13, p. 180.

5. Average of preccdmg four analyses.

e e e g e = e
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NATURAL-CEMENT RESOURCES OF INDIANA AND
’ KENTUCKY.

The plants of the ** Louisville district ” are mostly located in Indi-
ana, though one or two mills are in operation on the Kentucky side of
the Ohio River. The rock is a fine-grained, clayey limestone of the
Devonian -age. In color it varies from light drab to dark or bluish
drab, when fresh, weathering to a dull buff on long exposure. The
cement bed varies from 10 to 16 feet in. thickness in the different
quarries. ’ ’ '

" Analyses of natural-cement rock, Lowisville district, Fndicha—Kentucky.

1 2 3 4 13 6
CSiliea (80,) «o o 9.60 | 9.80 |13.65 | 15.21 | 18.33 | 13.36
Alamina (AL,Og) .. .ol 2.77| 2.03| 3.46| 4.07 | 4.98 3.46
Iron oxide (Fe,0y) . ... 1.95 | 1.40 | 1.45| 1.44 | 1.67 1.58
Lime (CaO) oovovmaniaaiL, 20.09 | 29.40 | 34.55 | 33.99 | 30.41 | 31.49
Magnesia (MgO) ............... we--|15.69 | 16,70 | 7.97 | 7.57 | 8.04| 11.19
Carbon dioxide (CO,) ............_. 40.14 | 41.49 | 85.92 | 35.03 | 32.76 | 37.07

Analyses 1 to 5, inclusive, are by W. A, Noyes. Quoted-by Siebenthal, Twenty-fifth Ann. Rept.
Indiana Dept. Geol. Nat. Res., pp. 380-886.
1. Hausdale mill, New Albany Cement Company; used for *Crown’’ brand.
2. Ohio Valley mill, Ohio Valley Cement Company; used for *‘ Fern Leaf” brand.
3. Falls City mill, Union Cement and Lime Company; used for ** Diamond’’ brand. ~
. Speed mill, Louisville Cement Company; used for “ Star” brand.
. Black Dinmond mill, Union Cement and Lime Company; used for ¢ Black Diamond’ brand.
. Average of the preceding five analyses.

S o

Two styles of kiln are in use in the Louisville district. The older
and smaller kilns are 36 feet in height; 8 feet in diameter at the top,
enlarging to 12 feet at a point 24 feet above the hase, and again con-
tracting to 4 feet at the base. These are drawn from a chute by use
of a swinging gate or apron. Coal and rock are charged in alternate
layers. About a week suffices for the passage through the kiln of any
particular mass of material. These small kilns produce about 100 to
125 barrels (265 pounds each) of cement a day.

The larger kilns are 54 feet from extreme base to top. Viewed from
the outside they appear to be cylinders 54 feet high and 16 feet in
diameter. Their interior space, however, is 10 feet'in diameter at the

* top, enlarging to 12 feet at a point 18 feet above the base. Below this
“level, though the interior walls still slope outward, the space is really

contracted by the occurrence of a conical mass of brickwork in the
center of the kiln. This cone throws the downcoming clinker toward
the draw gates at the sides. A 9-inch lining of fire brick is set around
the kiln space proper. This is followed by 9 inches of common-brick,
and the space between the common brick lining and the exterior kiln
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shell (which is one-fourth inch iron) is filled with clay. A kiln of this
size and type will produce 150 barrels of cement a day.

The coal used in these kilns is bitaminous nut and slack mixed, from
Pittsburg or Jellico. About 25.6 pounds of coal are required to burn
a barrel of cement (265 pounds), equivalent to a fuel consumption of
about 9.5 per cent of the weight of cement produced.

Analyses of natural cements, Louwisville district, Indiana and Kentucky.

1 2 3 4 ) B 6 7 8
Silica (8i0,) ..... S 18.92 (21.10 [22.54 |23.29 |24.40 [25.28 |26.40 | 23.13
Alumina (Al,Og) ... ....... 11.02 }7 50 {8. 24 | 5.96 }6 20 {7L 85 6.28 | 7.87
Iron oxide (Fe,Oy) -oenovnne. 1.9t | 2.14 | 2.16 [/ 1.431.00 | 1.73
Lime (Ca0) ................ 46. 90 (44. 40 [42. 31 [41.28 |41.80 (44.65 |45.22 | 43.79
Magnesia (MgO) -........... «. 97 | 7.00 | 5.39 15.39 [16.29 | 9.50 | 9.00 | 10.43
Alkalies (Na,0,K,0) .....__. nd. | .80|2.82]1.98|152!n d |400] 222
\ ioxide (CO,) -...... Ld. (111 .d. {n.d.

Carbon dioxide (CO,) ... n.d. 11.18 {n.d. |n.d }9. 8917.08!7.85!| 9.2
Water. ... ... ... n.d. | 1.16 {n. d. | n. d. '

a'Probably erroneous.

1. Quoted by Jameson, Portland Cement, p. 177.

. Quoted by Smith, Minernl Industry, vel. 1, p. 50. .
. Diamond brand. Haas and McGraw, analysts. Engincering News, April 30, 1896.

. Star brand. Haasand McGraw, analysts. Ibid.

. Lord, analyst. Rept. Ohio Geol. Survey, vol. 6, p. 674.

. Hulme Star brand. Quoted by Cummings, American Cements, p. 35.

. Fern Leal brand. .Quoted by Cummings. Ibid.

. Average of preceding seven analyses.

LIS DN

'NATURATL-CEMENT RESOURCES OF KANSAS.

The natural cement district of Kansas is located around Fort Scott,
where a 43-foot bed of natural cement rock outcrops. The rock is a
dark-colored, fine-grained, compact limestone of Carboniferous age.
It extends for a considerable distance throughout the State, but has
been worked for natural cement only in the immediate vicinity of
Fort Scott. '

Analyses of natural-cement rock, Fort Scott, Kans.

1 2 3 4
Slica (810,) - v w oo e 15.21 | 17.26 | 21.80 | 18.09
Alamina (AL,Og) ... il ... 4.56 2.05 3.70 3.44
Iron oxide (Fe,O3) «-oooeoeoi oot L n.d 5.45 3.10 4.27
Lime (CaO) ... il 36.52 | 34.45 | 35.00 35.32
Magnesia (Mg0) - ..onveeneeeo... . 507 5.28| 3.50| 4.62
Carbon dioxide (CO,) - ool 34.27 1 32.87 | 33.00 33.38

1. Smith, Mineral Industry, vol. 1, p. 49.
2. Brown, Cement Directory, 2d ed., p. 276.
3.’Richardson, Brickbuilder, July, 1897.
4. Average of preceding three analyses.

e
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Two types of kilns are in use in the Fort Scott district, Kansas.
The more common type is cylindrical, 10 to 12 feet in diameter and
30 to 40 feet in total height. The lower 10 feet or so is of stone, on
which is set the kiln proper. This is constructed of one-sixteenth inch

- sheet iron, lined with successive layers of coal ashes, clay, common

brick, and fire brick. These kilns are drawn daily, and yield 60 to 75
barrels of cement each a day. The fuel used is slack coal, either
Arkansas semibituminous from Poteau or Huntingdon or a very sul-
phurous. local coal which underlies the cement rock at Fort Scott.
The coal is fed with the rock, and is used at the rate of 30 to 35
pounds per barrel of cement, equal to a fuel consumption of 11.3 to
13.2 per cent of the weight of cement produced. At a three-flame
kiln the burning is managed by five men—two feeding and three draw-

ing the kilns.

- At one of the Fort Scott plants four-flame kilns are also in use.
These have separate fire places, so that the fuel and cement do not
come into contact. Lump coal must be used for these kilns, and they
are said to be more expensive, both in labor and fuel, than the type
above described.

Analysis of natural cements, Fort Scott, Kans.@

SUHCA (810) « < e e e e e e e e e e 23.32
Alamina (Al 0, oo et 6.99
Tron oxide (Fe,0q) - oo e 5.97
Lime (Ca0) o uo i i .- 53.96
Magnesia (MgO) ... .. ... .. e HOU .. T1.76
Carbon dioxide (CO,) - - oo e e eeceeeaaaaanan

Water ......... S._..).........4.._..._.._4..._....._......._....' ............ } 2.00

NATURAL-CEMENT RESOURCES OF MARYLAND AND WEST
VIRGINTA.

The natural-cement industry of Maryland has been carried on in
three separate areas. One of these areas includes the old plants at -
Antietam and Shepherdstown. The other two areas include respec-
tively the plants at Cumberland and Potomac, in Allegany County,

. and that at Round Top, or Hancock, in Washington County. In both

of these areas the limestones used are of the same geologic age and
approximately of the same composition, so that they will be described
together.

In geologic age the natural-cement rock of the Cumberland-Hancock
district corresponds closely to that used in the various New York dis-
tricts, being assigned by geologists to the Salina group of the Silurian.
It is a shaly limestone, varying in color from dark bluish gray to dull
black. In the Cumberland area it is exposed in four beds of sufficient
thickness to be worked, these cement 'beds being separated by shales
and limestones. The separate beds vary from 6 to 17 feet in thickness. -

- a Brockett’s Dowble Star brand. Quoted by Cummings, American Cements, p. 35.
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Analyses of natural-cement rocks, Cumberland and Hancock, Md.

1 2 3 4 5

Silica (810,) «-nvnenemennieeee oo ..o 19.81 | 24.74 } 97.10 { 28.72 | 22.07
Alumina (ALOy) ool 7.35| 16.74 12.28 | 12.12
Iron oxide (Fe,O) . cceeenooonii... 2.41 6.30 1.50 5.22 3.86
Lime (Ca0) oooooiiiiii i 35.76 | 23.41 | 36.40 | 25.54 | 30.28
Magnesia (MgO)... ... ... .. 2.18 4.09 2.52 1.10 2. 47
Alkalies (Na,0, K,0) ... oooooa i .0 n.d. | '6.18 .30 n.d. | (o)
Sulphur trioxide (80;) .. ............. n.d. 2.22| n.d 1.53 | (@)
Carbon dioxide (COZ)...-....--..--:.-} 31. 74 { 22.90 | 31.38 } 24.40 | 27.60
Water. ... n.d. n. d.

uData insufticient for averaging.

1. Hancock, Md. C. Richardson, analyst. Brickbuilder, July, 1897.

2. Cumberland, Md. E. C. Boynton, anaiyst. Quoted by Gillmore, Limes, Cements, and Mortars,
p. 125.

3. Hancock, Md. C. Huse, analyst. Quoted by Gillmore. 1bid.

4. Cumberland, Md. C. Richardson, analyst. “Brickbuilder, July, 1897.

5. Average of preceding four analyses. B

Analyses of natural cements, Cumberland and Hancock, Md.

1 2 3 4 b 6 7 8
Silica ($10,) ..o ..... 25.70 | 28.02 | 28.30 | 28.36 | 28.38 | 30.02 | 36.60 | 29. 34
. Alumina (ALO,)..... 12,28 110.20 | 10.12 | 9.85 | 11.71 | 18.55 | 14.58 | 11.76
Iron oxide (Fe,0,)...| 4.22 | 8.80| 4.42| 3.07| 2.29| 3.00| 5.12 | 4.42
Lime (Ca0) ..o..... 52.69 | 44.48 | 49.60 | 45.04 | 43.97 | 44.58 | 37.50 | 45. 41
Magnesia (MgO) ... 1.44| 1.00| 8.76| 2.82| 2.21| 2.76 | 2.73| 2.39

Cumberland, Md. A. W. Dow, analyst. Mineral Industry, vol. 6, p. 96.
. Hancock, Md. Quoted by Cummings, American Cements, p. 36.
Cumberland, Md. A. W. Dow, analyst. Mineral Industry, vol. 6, p. 96.
. Hancock, Md. A.W. Dow, analyst. Ibid.

. Cumberland, Md. Quoted by Cummings, Ameriean Cements, p. 36.

. Hancock, Md. A. W. Dow, analyst. Mineral Industry, vol. 6, p. 96.

. Cumberland, Md., A. W. Dow, analyst. Ibid.

. Average of preceding seven analyses.

OISO O N

NATURAL-CEMENT RESOURCES OF MINNESOTA.

Two natural-cement plants are in operation in Minnesota. * One_of
~ them is located at Mankato, Blue Earth County, and uses a limestone
of Lower Magnesian (Ordovician) age. The following analyses of the
raw material used at this plant have been published:

Analyses of natural-cement rock from Mankato, Minn.

1 2 3 4 5] 6
Silica (Si0y) «coveveiii . 16.00 | 12.14 | 10.10 | 16.80 | 8.90 | 11.80
Alumina (ALO,) «o oo .. 5.85| 4.62| 2.78| 8.76| 3.30| 3.46
TIron oxide (Fe,04) «oceeveaea L., 2,73 1.8 | 1.34 Tr. | 1.02 Tr.
Lime (Ca0) «oenene e, '92.40 | 22.66 | 25.96 | 22.20 | 24.85 | 24.64
Magnesia (MgO) .................... 14.99 | 16.84 | 14.91 | 11.99 | 18.49 | 16.61
Alkalies (K,0,Na,0)............ ... .76 3.52| 3.50| 4.75| 1.53 | 2.59 -
Sulphur trioxide (8Oy) -............. n.d. 13 .26 .22 .18 .22
Carbon dioxide (CO,) -.oo..ooo ... 34.11 | 39.07 | 41.29 | 35.90 | 41.80 | 40.85

1. C. F. Sidener, analyst. Eleventh Ann. Rept. Minn. Geol. Survey, p. 179.
2-6. Clifford Richardson, analyst. Cement Directory, p. 206.
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The following analysis of the rock used by a natural-cement plant

~at Austin has also been published.

Analysis of natural cement rock from Austin, Minn.

Silica (810,)

Alumina (AlOg) o ooeiiiiiiiiiat. ........................ .- }15' 59

Tron oxide (F,0,)

Lime (Ca0). .o .. el
Magnesia (MgO) - oo e
Salphur trioxide (SO,)
Carbon dioxide (CO,)

NATURAL-CEMENT RESOURCES OF NEW YORK.

In the State of New York natural cement is now manufactured in -

four distinct localities.

These are, in order of importance, (1) the

Rosendale district in Ulster County, (2) the Akron-Buffalo district in
Erie County, (3) the Fayetteville-Manlius district, mostly in Onon-
daga County, and (4) Howes Cave, in Schoharie County.

The clayey limestones used in these four districts occur in three
different but closely related geological formations, all in the Upper

Silurian group.

the top downward, is shown in the following table:

The sequence and relation of these formations, from .

ment rock).

-

bed of the
Rosendale
district.

Onondaga
County but
rarely used
for cement.

Formation. Ulster County. S%]&?ll‘ﬁ;]e 038‘11‘3&,5.“ Erie County.
Manling  limestone | ... ... ... .. . ioiiiilL Worked for | Absent.
(cement rock). R cement at
Manliusg,
) ete.
Rondout limestone | Upper cement | Worked for |..._.......... Absent,.
(cement rock). bed of the cement at
" Rosendale Howes
district. Cave.
Cobleskill limestone | ... 0 | i
(not usged for ce-
ment).
. Bertie limestone (ce- | Lower cement |..___......... Present in | Worked for

cement at
Akron and
Bulffalo.

For convenience, these districts will be described not in the order of
their relative importance, but in geographic order, from east to west.

ROSENDALE DISTRICT.

Rosendale district lies entirely in Ulster County, the principal
cement-rock quarries being located at East Kingston, Rondout, Rosen-
dale, Burnewater, Laurenceville, and High Falls. . Two distinct beds
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are worked at most of these points, differing in chemical composition
as well as in geological age. Darton states® that at Rosendale the
lower bed, or dark cement rock, averages about 21 feet in thickness,
and the upper, or light cement rock, about 11 feet, the two cement beds
being here separated by 14 or 15 feet of worthless limestone. The
lower bed lies directly on the Clinton quartzite, the even upper sur-
face of which affords an admirable floor for the galleries. For about
18 inches at the bottom the dark cement rock is too sandy for use.
With this exception, and a few small layers of chert, it is all available.
At Whiteport the upper bed is 12 feet thick and the lower 18 feet,
while they are separated by 17 to 20 feet of limestone.

Analyses of natural-cement rock, Rosendale district, New York.

\

1 2 3 4 5 6 7 8

Silica (810y) ceceeeiaoiaans 10.90; 15.37| 18.11) 18. 76| 21. 32| 21. 41} 23. 80 18.52
Alumina (ALOy) .......:....| 3.40] 9.13 4.64 8.34 ,7’39}10.09 4.17) 6.34
Iron oxide (Fe,Oq) - ocoon.n 2.28/ 2,25 3.000 1.83 1.71 4,71 2.63
Lime (Ca0) ................ 29.57| 25.50| 24. 30] 25.96| 23. 75| 25. 80, 22.27| 25.31
Magnesia (MgO) ............ 14. 04 12. 35| 14. 26/ 11.00] 11.07| 10.09| 12.09| 12.13
Alkalies (K,0,Na,0) ........ nd|*ndj nd| ndf nd|l nd| nd| nd
Sulphur trioxide (S0j) ...... .61] n.d.|Trace.| 1.35 1.90] .66/ .90 .90
Carbon dioxide (CO,) - ...... 37.90| 34. 20| 34.01f 32.00| 30. 74}30. 9 {31.00 }33' 5
Water............ PR n.d.| 1.20] n.d! n.d.| n.d n. d.

1. Lawrenceville. J. O. Hargrove, analyst. Letter to writer, October 4, 1900.
2. Rondout. L. C. Beck, analyst. Mineralogy of New York, p. 78.

3-5. Lawrenceville. J. O. Hargrove, analyst. Letter. -

6. Rosendale district. C. Richardson, analyst. Brickbuilder, July, 1897.

7. Lawrenceville. J..0. Hargrove, analyst. Letter. .

8. Average of preceding seven analyses.

In the Rosendale district cylindrical kilns are used. These vary
from 8 to 12 feet in diameter and from 20 to 36 feet in height. A
kiln fed with one-half ton of anthracite, pea size, will give 75 to 80
barrels of cement a day. This is equivalent to a fuel consumption
of about 7 per cent on the weight of cement produced. From one-
fifth to one-third of the total product of the kiln may be overburned
clinker or underburned rock. This item, however, depends largely
upon the skill of the burners, though it is also aftected by uncontrolla-
ble factors, such as temperature, weather conditions, force and direc-
tion of the wind.

aThirtecnth Ann, Rept. N. Y. State Geologist, vol. 1, 1894, p. 334.
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Analyses of ngtural cements, Rosendale district, New York.

Gy ; Tron . %1 Mag- | Alkalies|Sulphur| Carbon
Number. (Sg’i%“; ‘%li'lngn)" oxide (I("'!:](‘)(j ncs}iim g (Ko0, triolxidc dioxide | Water.
BIR) AR (1es0n). * | (Mg0). | Nas0). | (803). | (CO2).
) 25.91 'G. 20 3.81 | 34.62 | 20.92 | n. f.]. n: d. 5.09 2.80
2 27.98 1 7.28| 1.70 | 37.59 | 15.00 | 7.96 | n.d. 2.49
E T 24.30 | 7.22 | 5.06 [33.70 | 20.94 | n.d. | n.d. | n.d. n. d.
L S 27.75 ) 5.50 | 4.28 | 35.61 | 21.18 Tr. | 0.50 | 4.05 n. d.
[ SN 30.84 | 7.75| 2.11 | 34.49 | 17.77 | 4.00 | n. d. 3.04
Buoemenenns 29. 00 10. 40 32.35(19.92 | n.d. | n.d. | n.d ] n. d.
T, 30.50 | 6.84 ) 2.42 | 34.383 [18.00| 3.98 | n.d. | 3.78
S 24.42 | 8.16] 3.96 |36.30]16.93 | n.d. | n.d. | n. d n. d.
S B 22.77 10. 43 34.54 | 21.85 | 3.63 | 1.44} 2.84 1.59
) K} S 17.17 | 10. 80 48.28 1 19.13 Tr. | 120} 3.38 n. d.
Yhoooool.. 21.73 1 11.18 | 4.14 {33.77 { 21.20 | 2.99 | n.d. | n.d. n. d.
12000, 27.30 ) 7.14| 1.80 | 35.98(18.00 | 6.80 | n.d. 2.98
B, 20.98 1 6.88 | 2.50 |33.23{17.80| 7.10 | n.d. 3.13
14........ .. 22.75113.40 | 3.30 | 37.60|16.65 | n.d. { n.d. | 5.00 1.36
1 S 28.87°] 7.96 | 3.19 | 35.89 1 18.95 | .. ijecciai]eeiea i
© 1. “F. Q. Norton.” . Private communication.
2, “F. 0. Norton.” Cummings, American Cements, p. 85.
3. “F. 0. Norton.” Lewis, Mineral Industry, vol. 6, p. 96.
4, Beach’s. J. 0. Hargrove, analyst: Private communication.
6. Brooklyn Bridge. Cummings, American Cements, p. 85,
G. Lawrenceville, A, W. Dow, analyst. Mineral Industry, vol. 6, p. 96.
7. Newark Lime and Cement Company. Cummings. American Cements, p. 35.
8. “0ld Newark.” Booth, Garrett & Blair, analysts. Mineral Industry, vol. 6, p. 96.
9. “ Lawrence,” Rosendale Cement Company. Mineral Resources United States for 18834,
10. “ Hoffman,” Lawrence Cement Company.  Ibid, (very exceptional analysis).
RN Holh‘:n[m,” Lawrence Cement Company.  Haas & MeGraw, analysts, Engineering News, April
30, 1896.
12, “Hoffman,” Lawrence Cement Company. Cummings, American Cements, p. 35.
13, Rock Lock.” Cummings. 1bid. .
14, Rondont. L. C.Beck, analyst. Mineralogy of New York,” p. 78.

156, Average of preceding fourteen annlyses.
HOWES CAVE.

In the region north and northwest of the Rosendale-Rondout district
no natural cement plants are to be found until Schoharie County is
reached. Here, at Howes Cave, a single plant has long been engaged
in the manutacture of cement from a 7-foot bed of rock.

Analyses of natural cement rock, Schoharie County, N. V.

1 @ 3
D I G L T 12.89 9.92 } 1150
Alumina (ALOy) oo oo } 11,15 n.d.
Iron oxide (Fe,0,) ............. e ’ n.d. 1.50
Lime (Ca0)......... e et 20.90 | 38.26 | 31.75
Magnesia (MgO) .. oo e 9.38 9.00 14. 91
Carbon dioxide (CO,) - .oo i 34.60 | 39.96 40. 34

1. Bottom* of cement hed, Howes Cave. C. O. Schaeffer, analyst. Eighteenth Ann. Rept. N. Y.
State Geologist, p. 69. ) -

2. Top of cement bed, Howes Cave. C. O. Schaeffer, analyst. Eighteenth Ann. Rept. N. Y, State
Geologist, p. 69.

3. Howes Cave. I. C. Beck, analyst. * Mineralogy of New York,” p. 79.
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The following analy.éis is of the natural cement made at Howes
Cave by the Helderberg Portland Cement Company:

) Analysis of nadural cement, Schoharie dounly, N. Y.
SilEca (810, e en ittt e 26. 54

Alumina (ALO) ..o, e e

Tron 0Xide (Fe,0) - -+ -enneeeemeeeeesneeesieee e ee e } 5.89
Lime (Ca0) ..coveiiiiiiias e e 45. 30
Magnesia (MgO) .. .. oo 17.06

CENTRAL NEW YORK.

The cement industry in central New York is at present practically
confined to Onondaga County, though, as a matter of historical interest,
it may be noted that the first natural cement made in the United States
was manufactured in 1818 in Madison County.

The natural-cement rock of this central district occurs in two beds,
which are usually separated by 1 to 4 feet of blue limestone. The
upper cement bed is a little over 4 feet thick at the eastern border of
Onondaga County, becoming thinner to the west until it pinches out
entirely in the Split Rock quarries, but reappearing again at Marcellus
Falls, where it is almost 3 feet thick, and showing a thickness of
slightly over 4 feet at Skaneateles Falls. At this point it is separated
from the lower cement bed only by a shaly parting a few inches thick,
so that the two are worked together as practically one bed, 94 feet
thick. The lower bed is less variable in thickness, ranging from 4 to
a trifle over 5 feet. ,

‘The entire cement series is overlain by purer limestones, but the
cement rock quarries are usually located at points where these over-
lying limestones are thin and can be readily stripped.

Analyses of natural-cement rock, central New York.

1. 2 3 1 5 ¢
Silica (Si0,) . -...- e 10. 97 10. 95 . 8.95 11.76 10. 66
Alumina (ALO,) . cooooeee.o.. 4.46 | 5.32 }1‘)" 50 { 4.90 | 2.73 4.35
2V
Tron oxide (Fe,0y)-..oenn.... 154 1.30| 1.25| 175| 1,50 1.47
Lime (Ca0) - ooeme . 27.51 | 30.92 | 25.24| 27.85| 25.00| 27.20
Magnesia (MgO)............. 16.90 | 13.64 | 18.80 | 16.70 | 17.83| 16.77
Carbon dioxide (COy)........ 37.94 | 38.31| 39.80| 38.65| 39.33| 38.81
Water. ..o ... .- n.d. n.d. 1.41 1.70 1.50 | 1.53

‘\:Il Upper cement bed, E. B. Alvord quarry, Jamesville, Onondaga County. Bull. 44, N. Y. State
us., p. 806.
“2 Lowscr cement bed, E. B. Alvord quarry, Jamesville, Onondaga County. Bull. 44, N. Y. State

us., p.

3. One and one-half miles west of Manlius, Onondaga County. L. C. Beck, analyst. ¢ Mineralogy
of New York,” p. 81.

4. One and onc-half mlles southwest of Chittenango, Madison County. L. C. Beck, analyst: * Min-
eralogy of New York,” p. 80.

5. Chittenango, Madison County, Seybert, analyst. Trans. Am. Philos. Soc., vol. 2, n. s., p. 229.

6. Average of preceding five analyses.
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The kilns in the central New York district are described® as egg-
shaped, 10 feet in diameter at the top, 12 feet at the middle, and 3%
feet at the hottom, with a height of 28 to 42 feet. There are usually
several kilns built together in an embankment of very heavy masonry,
so constructed against a hillside that the raw material can he conven-
iently conveyed there from the quarry and the burned cement easily
removed from the bottom of the kiln. The kilns are built of lime-
stone and lined either with sandstone or fire brick.

When a kiln is ready to be filled a cord of dry, hard, 4-foot wood is put into the
bottom and covered 4 inches deep with coarse anthracite coal, then a layer 1 foot
thick of cement rock, succeeded by another layer of coal, partly coarse and partly
fine. This is repeated till the kiln is filled to the top, which required about 10 tons
of coal and 15 cords of stone, equal to 1,500 bushels of cement. Then the fire is
started at the bottom and gradually works its way upward until the whole mass is
glowing with heat. After two or three days the gate or door in the bottom is opened
and through it the burned cement rock is drawn to the amount of 250 to 300 bushels

per day, fresh coal and rock being constantly added to keep the kiln full to the top.
* One cord of cement rock makes 100 bushels of cement.

Analyses of natural cements, central New York.

. 1 2 3 4
STHER (S103) e menm e e 20.30 | 16.56 | 35.43| 24.10
Alumina (AlLOg) «ooeiii L }

’ i 13.67 ) 10.77 9.92 11. 4
Tron oxXide (Fe,04) - e enemememaeeee e e 5
Lime (Ca0) ......... @ e 47.48 | 39.50 | 33.67 40. 22
Magnesia (MgO) <ot | 18.55 ] 22.27 | 20.98 20. 60

1. Brown Cement Co., Manlius, Onondaga County. W. M. Smith, analyst. Twentieth Ann. Rept.
U. 8. Geol. Survey, pt. 6, p. 428,

2. Near Chittenango, Madison County. L. C. Beck, analyst. “Minernlogy of New York,” p. 80.

3. Sonth of Utica, Oneida County. Gillmore, * Limes, Cements, and Mortars,” p. 125,

4, Average of preceding three analyses.

AXKRON-BUFFALO DISTRICT.

In Erie County natural-cement plants have long heen established at
Akron and Buffalo. The bed of cement rock used varies in thickness
from 5 to 8 feet. Itis a firm, fine-grained, compact rock of a blue-
gray color, weathering to a yellowish white. The Buffalo plant works
its cement rock by quarrying methods, stripping off ‘the overlying
limestones, but the plants at Akron all obtain their raw material by
mining.

None of the analyses given below are entirely satisfactory. Accord-
ing to Mr. Uriah Cummings these analyses represent the composition
of a bed of limestone occurring in the same.quarries with the cement
rock, but not actually used for cement.

WA (N
aLuther,D. D. The cconomic geology of Onondaga County, N. Y. Fifteenth Ann. Rept. N. Y,
State Geologist, vol. 1, pp. 241-303. 1897.
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Analyses of natural-cement rocks, Akron-Buffalo district, New York.

1 2 3 4

Silica (810,) o nm oo e 9.03 | 10.68 [¢33.80 | 9.85
Alumina (AIZO:.,)Y .............................. 2.25 } L6l { 3.96 3.10
Tron oxide (FeyOg) - covnonien i, .85 .88 .87
Lime (Ca0) oo | 26.84| 25.65| 19.93 | 26.25
Magnesia (MgO) ... . i.o.. 18.37 | 17.93 9.17 | 18.15
Alkalies (K,0, Na,0). ... ... ... .8 | n.d. nod |.......
Sulphur trioxide (SOg) «-coooooeiiiiLL. n. d. n. d. 0 Y
Carbon dioxide (COZ)' ......................... 40.33 } a3 | 9590 |
Water o il .98 g

a Called *“ Silica, clay, and insoluble silicates.”

1. G. Steiger, analyst. Bulletin U. S. Geol. Survey, No. 168.
2. Lathbury and Spackman, analysts. Letter from manufacturers to wri ter, 1901.
3. E. Boynton, analyst. Gll]more, Limes, Cements; and Mortars, p. 125,

Mr. Heinrich Ries states that two types of kilns are in use at the -

Cummings plant at Akron, Erie County, N. Y. Of.17 kilns in use
there at the time of his visit 8 were of rectangular cross section, 9 by
22 feet in area, with a height of 34 feet. The remaining 9 were cir-
cular in cross section, With a diameter of 9 feet and a height of 34
feet.

The crushing practice at the Cummings plant at Akron, N. Y.,
stated ¢ to include the following processes:

At this works a general system of reduction is used, consisting of (1) Sturtevant
crushers, (2) Cummings pulverizers, (3) ten run of 42-inch underrunner millstones

faced with chilled-iron plates, and (4) ten run of 42-inch Esopus underrunner mill-
stones. The material, as it i3 conveyed from one to another of these sets of crushers,
is made to pass over screens, whereby such material as has been reduced to proper
fineness is separated from the mass and is spouted to a general conv eyor, which
finally receives the product from all the grinding machines and conveys 1t to the
packing house. .

Each set of crushers, while it furnishes a certain percentage of fin-

ished product, reduces the entire material to such fineness that what
is fed to the fourth series is about the size of wheat kernels and very
hard to reduce. These harder-burned portions make a cement which
has a much higher tensile strength than the normally burned produ(;t-.
The practice at the Buffalo plant in Erie County, N. Y is thus
deseribed by Ries:
Both the normally burned and the clinkered material are fed into the grinding

machinery. The first set of machines are Stedman disintegrators, and the product
from these is passed over a screen, all that passes through representing the normally

aRies, H. Lime and Cement Industries of New York, Bulletin 44, New York State Museum, pp.
836-837.

{
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burned cement rock. The clinkers which are not broken fine enough by the disin-
tegrators to pass the screen are conveyed to a Gufhn mill, where they are ground to

make ‘‘Portland’’ cement.

Analyses of natural cements, Akron-Buffalo district, New York.

.

1 2 3 4 b 6 7 8 9

Silica (810,) - eemnenes 17.14 [22.70 [22.62 26. 69 [24. 30 (26,69 |33.80 |29.64 | 22.29
Alumina (ALO,) ... 7.61° }7 so (744|721 261 7.21 | 466 | Gu2 | 732
Tron oxide (Fe,0,) ... 2.00 [f° {1.40 1.30 | 6.20 | 1.30 |......|...... 1.57
Lime (Ca0)..ov..... 36.83 [36.31 [40.68 [43.12 [39.45 |53.12 [52.28 [54.77 | 39.23
Magnesia (MgO) ... 25.00 |25.72 [22.00 [19.55 | 6.16 | 9,55 | 9.26 | 9.17 | 23.12
Alkalies (K,0, Na,0) { 3.64 [ n. d. | 223 | 113 | 5,30 | 113 | ...l 2.33
Carl lioxide (CO,).| n. d.

arbon dioxide (CO,)-| n. ¢ }4.00 3.63 | 1.00 (1523 |- ..ot 2.88
Water ... .......... n d.

. “Union Akron” brand. Faas and McGraw, analysts. Engineering News, April 30, 1896.
. Buffulo Portland” brand. Lord, analyst. Report Ohio Geological Survev vol. 6, p. 674.
. “Newman Akron” brand. Quot(,d by Cummings. American Cements, p. 35.
. “Obelisk”” brand. Quoted by Cummings. 1bid. -
5. “‘Buffalo Hydraulic’’ brand.  Quoted by Cummings. Thid.
0-8 Quoted by Urinh Cummings in letter to writer, January 30, 1901, as analyses of various cements
made at Akron. Compare No. 6 with No. 4.
9. Average of analyses Nos. 1, 2, 3, and 4..

G GO N

NATURAL-CEMENT RESOURCES OF NORTH DAKOTA.

The single natural-cement plant operating in this State is located
about 10 miles east of Milton, Cavalier County. The rock used is a
soft, chalky limestone of Cretaceous age, and outcrops in a bluft sev-
eral hundred feet hlgh At present, hOWOVOl, ouly a 10-foot bed is
being worked by mining.

Analyses of natural cement, North Dalota.

Silica (8i0g) .o.-.-. 24.62 | 23.60 | 23.90 | 24.72 | 24. 40| 24. 40 | 24. 06 | 24. 46 cedes
Alumina (AL,O,) ...
Iron oxide (Fe,0;) -- }
Lime (Ca0) ........ 52.3051.40 |51.40(51.30|52.07 [51.96{51.96|52.37|......

15.12 116.50 115.90|15.00{15.26,15.38 [15.00|15.30|...... ‘

1-8. Analyses of natural cement, Pembing Cement Compnm, Milton, N. Dak.
9. Average of preceding eight mml\ ses.

At the Pembria plant a kiln 40 feet high and 10 feet in external
diameter is used. The shell is of one-eighth-inch No. 14 boiler iron.
The kiln space is broadest at the top, narrows down to a throat about
6 feet in diameter, below which it again enlarges, reaching almost to
the kiln shell at 15 feet above the base. Below this it is again some-
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what contracted to the drawing level. The kiln space is lined with 8-
inch fire brick, and the space between these brick and the kiln shell is
filled with ashes. This kiln produces about 50 barrels of 265 pounds
each a day, with a fuel consumption of 1 ton of Youghiogheny slack.
Lignite slack, mixed half and half with Youghiogheny slack, has been
used at times, and apparently gives almost as good results as the bitu-
minous slack alone. About 10 per cent of the total product is under-
burned or clinkered. This record is about equivalent to a fuel con-
sumption of 40 pounds per barrel, or 15.1 per cent on the weight of
cement produced. This is rather high fuel consumption: for natural

cement; but, on the other hand, thc product is of peculmllv bigh
grade, passmg most Portland stand‘u ds.

Analysis of natural cement rock, Nor: th Dakota.

1 e | 8] 4066 7] 81910

Silica (Si0) «emeeennnn.. 14. 00[16. 60[13. 1016, 20{16. 5414. 9015. 24/19. 20{17. 36[16. 00
. b :

Alumina (ALO,) .........

Iron oxide (¥Fe,05) .......

~

6.70/ 7.10{ 7.60| 7.56( 8.20/ 8.28| 7.26 8.90 8.78| 7.50

Lime (Ca0) ............. 37. 60135. 50137 80{35. 10/35. 20/36. 90/36. 70[32. 60|34. 90/35. 60
Sulphur trioxide (80y) ....| .58 .60|n.d.|n.d.|n.d.|n.d.| .400.d.|n.d.| .67
Sulphur (8) .. ........... 1:45/ 1.38/n.d. {n.d. |n.d. |n.d.| 1.99n. d. [n. d.| 1.61

NATURAL-CEMENT RESOURCES OF OHIO.

Small natural-cement plants have, been established at various points
in Ohio, those at Defiance and New Lisbon being worthy of some
notice. The Defiance plant used a black calcareous shale of Devonian
age. If published analyses be correct (see Nos. 1 and 2 in the follow-
ing table), this rock is by far the most argillaceous material used any-
where for this purpose. '

Analyses of natural-cement rocks, Olio.

1 2 3 4 5
Silica (Si0g) cvceeme it 39.95 | 42.00 | 16.41 | 30.60 15.65
Alumina (ALOg) <o eeoneea . : 7.00 | 5.44 6. 80

A b20.22 if . }13.00{ {

Iron oxide (FeyOg) ccoveeeea .. 7.10 3.38 2.50
Lime (Ca0) .o 10. 06 9.91 | 26.05| 22.74 38. 64
Magnesia (MgO) ...._............... 2.92 5.81 | 12.55 7.23 1.62
Carbon dioxide (CO,) «...c........... g 14.18 | 34.32 | 25.81 32.14
Water and organic......_....._....... } 24.03 { 14.00 | n.d. n.d. | n.d

|}
. Defiance. J. E. Whitfield, analyst. Bull. U. 8. Geol. Survey No. 55, p. 80.
. Defiance. R. C. Kedzie, analyst. Cement Directory.
. Bellaire. N. W. Lord, analyst. Repts. Ohio Geol. Survey, vol. 6, p. 673.
. Warnock. Wormley, analyst. Rept. Ohio Geol. Survey, 1870, p. 451.
. New Lisbon. N. W. Lord, analyst. Rept. Ohio Geol. Survey, vol. 6, p. 673.

SR W
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NATURAT-CEMENT RESOURCES OF PENNSYLVANIA.

A fairly large production of natural cement has always been main-
tained in the Lehigh district of eastern Pennsylvania, though at pres- .

. ent natural-cement manufacture there is merely incidental to the great

Portland cement industry of the district.

~ The analyses following purport to be representative of the rock
used at various Lehigh district natural cement plants. It is hardly
necessary to .say that Nos. 1 and 3 are absolutely unfit for such use.
No. 2, on the other hand, is quite satisfactory. It is regrettable that
these very untrustworthy analyses are at present the only ones
available.

Analyses of natural-cement vock, Leligh district, Pennsylvanic.

I R R +
Sitica (8i0,) «vennnnn. R 11:62 | 18.34 | 27.77 | -19.24
Alumina (ALOy) - ool e P - )
Iron oxide (Fe,O4) ... S } 6.25 7.49 | 14.29 9. 34
Lime (Ca0) .. oeveeeeneaiit.. . | 44.20| 3760 29.94 37.25
Magnesia (MgO) ...t 1.27 1.38 1.565 1.40
Carl’{qn dioxide (CO,) ceooiin o 36.11 | 31.06 } 26.30 | 32.47
Water. ..ol n. d. 3.94 .

1. Siegfried, Pa. Mineral Industry, vol. 1, p. 49.

2. Coplay, Pa.  Ihid. X
3. Lehigh district. Quoted by C. Richardson. Brickbuilder, July, 1897.
4. Average of preceding three analysces.

The natural-cement kilns at one of the prominent Lehigh district
plants are about 30 feet in height, and of circular cross-section. Inter--
nally they are alinost exactly cylindrical, being 10 feet in diameter at
the top and 94 feet in dinueter at the base. The cement rock and fuel
are fed in alternate layers, the fuel being anthracite coal broken to
about one-half inch size. From 35 to 50 pounds of coal are required
to burn one barrel (300 pounds) of cement, corresponding to a full
consumption of 11.6 per cent to 16.7 per cent of the weight of cement

~ produced.
Analyses of natural cements, Leligh district, Pennsylvania.¢
1 2

Silica (8i0y) . .oooio. O P 18.18 18. 28.
Alamina (ALO,) - .. . } 9.78 7.43
Tron oxide (Fe,04) oot i ) o
Time (CaO) ..ol iiiiiiiiaiii... ... 69.18] - 51.53
Magnesia (MgO) ..o 1.98 2.07
Alkalies (K0, NayO) ..o e n. d. 1.50
Sulphur trioxide (SOy) ... i n. d. n. d.
Carbon dioxide (CO,) -t vt it .ol nod } 16.26
Water ... ... ... e n. d.

«Quoted by Smith. Mineral Industry, vol. 1, p. 50.
23 ’

Bull. 243—05
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NATURAL-CEMENT RESOURCES OF TEXAS.

The analysis below has been published ¢ as representing the average
of the material used in making natural cement by a Texas natural-
cement plant. It is obvious that, if this statement be correct, the
product obtained by burning a rock of such composition can not be a
natural cement in any proper use of the term. 1t would, in fact, be
merely a very weak hydraulic lime. :

Analysis of natural cement rock, Texas.

STHER (8104 - - o e e e et e e el 5.77
Alumina (ALOg) - ... ... ... e e e e e i 2.14
Tron oxide (Fep04) - - oo oo e .

Lime (CaO)...o.ocoooo... il 50. 45
Magnesia (MgO) - . oo i .28

NATURAL-CEMENT RESOURCES OF VIRGINTIA.

For many years natural cement has been burned near Balcony Falls,
Rockbridge County, Va. The rock used is a clayey magnesian lime-
stone of Cambrian age, closely related geologically to that used in
West Virginia, and described below. '

A}

Analyses of natural-cement rock, Virginia.

1 2 3
Silica (S8i0g) ceomea i e 17.38 | 17.21 17.30
Alumina (A,Oy) ..o oL e et Tr. . 6.18
Tron oxide (FeyOy) «ounnemmae e i } 7.80 { 1.62 1. 62
Lime (CaO) ..o e 34.23 1 24.85 29. 54
Magnesia (MgO) «uoeeai o i 9.51 | 16.58 13.05
Carbon'dioxide(COQ)..-................._..........._. 30.40 | 37.95| 84.17

1. Balcony Falls. E. C. Boynton, analyst. Gillmore, ‘‘ Limes, Cements, and Mortars,” p. 125.
2. Balcony Falls. C. L.: Allen, analyst. ‘‘The Virginias,”” vol. 3, p. 88.
3. Average of preceding two analyses.

NATURAL-CEMENT RESOURCES OF WEST VIRGINIA AND
MARYILAND.

A wide belt of magnesian limestones of Cambrian age crosses Mary-

land into the eastern part of West Virginia. Several small natural-

cement plants have been established at various times in this district,
particularly near Antietam, Md., and Shepherdstown, W. Va.

NATURAL-CEMENT RESOURCES OF WISCONSIN.

Two plants in Wisconsin are engaged in the manufacture of natural
cement from a clayey magnesian limestone of Devonian age. These

aTwenty-second Ann. Rept. U. 8. Geol. Survey, pt. 8, p. 737.
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plants are located north of Milwaukee, near the lake. The cement

rock deposit is very thick compared to most deposits of similar rock,

a quarry face 22 feet high being worked by the Milwaukee Cement
Company. '

Analyses of natural-cement rocks, Milwaukee district, Wisconsin.

1 2 3 4
Silica (8i0) < oev-n-. . 17.00 | 17.56 | 17.56 | 16.99
Alumina (AlOg) - o oot 4.25 1.4 1.40 5.00
Iron oxide (Fe,04) . ..ot 1.25 3.03 2.24 1.79
LAme (C80) «ccenne oo 24.64 | 25.50 | 27.14| 23.15
Magnesia (MgO) ..... et i, 11.90 | 15.45 | 13.89 | 16.60
Carbon dioxidé (C0,) - o cenemeeeaea .. 32.46 | 37.05 | 36.45 | 36.47

1. Mineral Industry, vol. 6, p. 95,
2-4. Trans. Am. Inst. Min. ng vol. 8, p. 507.

The Campbell kilns in use at the plant of the Milwaukee Cement
Company hold a charge equivalent to about 400 barrels (265 pounds
each) of cement. This is drawn at the rate of 125 to 130 barrels a day,
all the drawing for the day being done in ten hours. Nut and slack
coal, mixed, are used for fuel. The fuel consumption amounts to
about 30 pounds per barrel of cement, equivalent to 11.3 per cent of
the weight of the cement produced.

Analyses of natural cements, Milwaukee district, Wisconsin. @

SIHEA (8104 « e me et e et 23.16
Alumina (ALOy) - ool 6.33
Tron oxide (FeyOy) oot i 1.71
Lime (Ca0) . oooviaiii i e e i 36. 08
Magnesia (MgO) - ... o .. e 20. 38
Alkalies (K0, Na,O) oo o e 5.27
Sulphur trioxide (SO5) -« et it iiat et n. ¢.
Carbon dioxide (CO,) «ccvaena. . e } 7.07
2.7 7=
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PART 1V. MATERIALS AND MANUFACTURE OF PUZZOLAN
. CEMENTS.

PUZZOLANIC MATERIALS.

Puzzolanic materials include all those natural or artificial substances
that are capable of forming hydraulic cements on heing simply mixed
with lime, without the use of heat. Many materials possess this prop-
erty, but relatively few have ever attained:sufficient commercial.
importance to be discussed here. In composition the puzzolanic
materials are largely made up of silica and alumina, usually with more
orlessiron oxide; some, as the slags used in cement manufacture, carry
~‘also notable percentages of lime. As might beinferred from this com-
position, most of the puzzolanic materials -possess hydraulicity to a
greater or less degree, but the addition of lime usually greatly increases
their hydraulic power.

"'NATURAL PUZZOLANIC MATERIALS.

Natural puzzolanic materials are widely distributed, though they
have never attained much commercial importance save in Europe.
They may be divided into two classes, according to origin. In the first
class may be included all those which are the direct produots of vol-
canic action, the material being a fine volcanic ash or dust deposited
either on thc slopes of the volcano or carried by the wind to lakes or
streams in which the ash is deposited. This group includes the more
active puzzolanic materials, its chief 1epresentatives being pozzuolana
proper, santorin, tosca, tetin, and trass. It may be noted that in
origin materials of this class resemble closely the granulated slags used

- in slag-cement manufacture, both volcanic ashes and granulated slags”
being due to the two processes of (1) fusion of a silico-aluminous
material, and (2) rapid cooling of the resulting product by ejection
into air or immersion in water. The second class includes a number
of less important (because less active) hydraulic materials, such as
arénes, ps‘xmmlteb, etc., which are materials resulting from the decay
of certain igneous rocks.

Pozzuolana derives its names from the little town of Pozzuoli, located
a few miles west of Naples, at which point the material was first

, 357
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obtained by the Greek colonists, and at a later date by the Romans.
The material has also been exploited at other points near Rome and
Naples.

Most of the Italian pozzuolana is obtained from small open cuts or
pits, though some of these workings are now of great depth. Those
of Trentaremi, for example, are about 600 feet deep. The various
deposits differ greatly in the quality of the materials obtained from
them. Care should therefore he exercised in selecting a spot for
exploitation, and sorting of the material dug would be advisable ‘in
order to keep the product of uniformly high grade. After extraction
the material is screened and ground. In addition it is occasionally
slightly roasted to increase its hydraulic properties. Carelessness,
both in the mining and in the later preparation of the pozzuolana, has
brought the Italian article somewhat into disrepute among Kuropean
engineers. In consequence it is losing ground with respect both to
pozzuolana from the Azores and to trass from Rhenish Prussia.

Pozzuolana has been shipped from San Miguel, in the Azores, to
Portugal for over a hundred years, and has been used with very satis-
factory results in many important buildings, harbor works, etc. The
Azores pozzuolana varies in color from yellowish to brownish, and
sometimes to greyish. It is frequently so fine grained as not to-
require screening or grinding before use. A Treddish-colored variety
from the same islands is termed tetin. ‘

The following analyses of pozzuolana are fairly typical of its range
in composition: '

Analyses of pozzuolana, Ttaly.

1 2 3 4
Silica (S104) v emeeemee e S 52.66 | 60.91| 56.31| -44.5
ATamina (ALOg) - oo 14.33 | 21.28| 15.23 |- 15.0
Iron oxide (Fe,0q) o cveemeom i 10.33 4.76 7.11 12.0
Lime (Ca0) - oo oo oo 7.66 | 1.90( 1.74 8.8
“ Magnesia (MgO0) ..o oo i 3.86 .00 1.36 4.7
Alkalies (K,0, Na,0) oo, .| 413 10.60 | 11.38 5.4
Water, €0 ceee e e 7.03 n. d. 6.12 9.2

Trass, another puzzolanic material of commercial importance, is
found in the districts bordering the Rhine in Rhenish Prussia. The
towns of Brohl, Kruft, Plaidt, and Andernach, all about 10 to 15 miles
southwest of Coblenz, are the principal points near which the material
is worked. Trass is an ancient volcanic mud composed of a ground-
mass of volecanic dust, in which fragments of pumice, volcanic rocks, |
ete., are embedded. ’
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In composition trass varies between the following extremes: Silica,
45 to 65 per cent; alumina, 10 to 23 per cent; iron oxide, 3 to 12 per
cent; lime, 1 to 8 per cent; magnesia, 0 to 3 per cent; alkalies, 1 to 7
per cent; water, carbon dioxide, etc., 3 to 12 per cent.

Santorin, another puzzolanic material, is obtained from the island
of Santorin, or Thera, one of the most southeasterly of the islands of
the Grecian Archipelago. -

ARTIFICIAL PUZZOLANIC MATERIALS.

By far the most important of the puzzolanic materials is blast-
furnace slag, especially in the United States, where natural puzzolanic
materials of domestic origin have never come into use, though trass
and puzzolanic cements made from it are imported to a small extent.
Slag, on the other hand, is the basis of an important industry—the
manufacture of slag (puzzolan) cement. The materials and' processes

used in making this product will be described in some detail on the
* following pages.

THE MANUFACTURE OF SLAG CEMENT.

Slag (puzzolan) cement is made by intimately mixing granulated
blast-furnace slag of proper composition with slaked lime, and reduc-
ing this mixture to a fine powder. This product, though usually
called a Portland cement by the manufacturers, is different from a
true Portland in both its vational and ultimate compositions and in
its processes of manufacture. Further than this and more important
from the purchasers’ standpoint, a cement of this class has certain
qualities which prevent its being used as an exact substitute for Port-
land cement, though it is a good enough material for certain uses.

COMPOSITION OF THE SLAG.

The slag used in cement manufacture must be basic blast-furnace
slag. Tetmajer, the first investigator of slag cements, announced as
the results of his experiments («) that the hydraulic properties of the
slag increased with the proportion of lime contained in it, and that
CaO
Si0,
- ueless for cement manufacture; (b) that, so far as the alumina content
ot the slag was concerned, the best results were obtained when the ratio
ALO, '
SiO,
of alumina above the amount indicated by this value of the alumina-
silica ratio the tendency of the cement to crack (when used in air) was
increased.

slags in which the ratio was so low as to approach unity were val-

gave a value of 0.45 to 0.50; and (c) that wiph any large increase
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Prost, at a later date, investigated the subject, using for experiment
several commercial slags and also a series prepared from pure CaO,
Si0,, and ALO,. He decided that the hydraulic properties (both as
regards rapidity of set and ultimate strength) of the slag increased as
the proportions of lime and alumina increased, and failed to find any
indication that a high alumina content causes disintegration. His best
results were obtained from slags having the compositions respectively
of 25i0,, Al,0,, 3Ca0 and 28i0,, Al,O,, 4Ca0.

Mahon in 1893 made a sevies of experiments to determine the value
{for cement manufacture) of a large series of ;the slags produced by
the furnaces of the Maryland Steel Company, and found that the slags
giving the best results were two, having 1espcct1velv the fo]lowma
compositions:

(1) Si0,, 30 per cent; AlQ;, 17 per cent; CaO, 47.5 per cent; S,
2.38 per cent; and (2) SlOz, 25.8 per cent; AlLO,, 20.1 per cent; CaO
48 per cent; MgO 3.28 per cent; S, 2.63 per cent.

The ratios of &~ €20, 1q ALO, Cfﬂcu]a,tcd for these slags are—
Sio,  Sio, 0,’

) gf‘g_1 58; *’;lg ; and (2) (S’"g—l 9; élg——o 79.

At the close of tbe experiments Mahon recommended that slags be
used even slightly higher in alumina than those above quoted.

The specifications under which slag from the furnaces is accepted
by the cement department of the Illinois Steel Company are as follows:

(1) Slag must analyze within the following limits:

Si0,+ AlLO, not over 49 per cent; ALQO,, from 13 to 16 per cent;
MgO, under 4 per cent.

(2) Slag must be made in a hot furnace and must be of a light- ormy
color.

(3) Slag must be thoroughly dmntegrated by the action of & Jar ge
stream of cold water directed against it with considerable force. This
contact should be made as near the furndce as is possible.

A series of over 300 analyses of slags used by this company in their
slag (puzzolanic) cement, show the following range in composition:

Si0,, 29.60 to 35.60 per cent; Al,O, and Fe,O,, 12.80 to 16.80 per
cent; CaO, 47.99 to 50.48 per cent; MgO, 2.09 to 2.81 per cent.

The requirements of the Birmingham Cement Company as to the
chemical composition of the slags used for cement are as follows: The
lime content shall not be less than 47.9 per cent; the silica and lime
together shall approximately amount to 81 per cent; and the alumina
and iron oxide together shall equal from 12 to 15 per cent.

Analyses of a number of slags used in cement manufacture are
sliown in the table below. The analyses of foreign slags are quoted
from various reliable authorities and the five analyses of the Illinois
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Steel Company slags havc been selected from a large series to show
\“

the extreme ranges of the dlfferent elements. The ratios é?(()) and

2

ALO
Sio, O
From thesge data it can be seen that the ratio of alumina to silica is
carried very high at Choindez; and is rather low at Chicago, relatively
to most of the European plants. It must be remembered, however,
that one reason for carrying a high alumina-gilica ratio does not apply
at Chicago, as there rapidity of set is gained by the use of the Whiting
process. Taking these two plants as representative of the best Euvo-
pean and American practice, the average of the analyses given shows
the ratios actually used to be: Choindez, Switzerland, S 8 =1.1,

ALO, Ca0 ALO,
fS.O_J__—O 90’ a,nd (_;th‘LgO, Ill., 6 0 =1. 49 S O —0 ‘.l:‘,l:

25222 have been calculated for each slag and are shown in this table.

These results may be compared with the thcorctch,I ratios advised

'by Tetmajer, Prost, and Mahon.

Analyses of slags used in slag cements.

Tron Lime : . snt- o | Ratie
stion | A | it amo | Mg | S L time, | st | phne | et |
277 1(A1,05). Fe0s). (MgO). {Cas). (Ca80y).| (8). (é?)c) Si0. | Si0»
. 1) .

T 30.00 | 28.00 0.75 | 32.75 5,25 190 foeeoi oot 1.09 0.93
2 31.50 | 18.56 [........ 42.22 A8 | 0.45 2.21 1,34 .59
L S, 32,90 13.25 .46 | 47.30 1.37 A P O P, N 1.44 .41
L SN 3150 | 16.62 |- .62 | 46.10 [.eoonii]eeaniiieeia e e 1.46 b2
[ 26.88 | 24.12 .44 | 45,11 1.09 1.68 .89
[ 27.33 | 23.81 .63 | 45.88 92 1.67| - .87
Teeevand] 26,24 2474 .49 | 46.83 .88 1.78 .93
8. 32.20 | 15.50 |........ 48.14 P2/ B Y PR PR PR 1.49 .48
|| IO 33.10 | 12.60 |........ 49.98 2,45 | oo e 1.51 .38
10........ 31.80 | 14.80 [........ 49.74 D 1.56 .46
11 ,......\. 34.30 [ 14.76 |........ 48.11 2,66 [oeiiiiiieeiii e e 1.40 .43

1, 2. Middlesborough, England.

3. Bilbao, Spain.

4. Saulnes, France. :

5, 6, 7. Choindez, Switzerland.

8 9, 10, 11. Chicago, T11.

The erection of a slag-cement plant in connection with any given
furnace is not justified unless a sufficient amount of the slags usually
produced will fall within the slag-cement requirements, which have
been outlined ahove in the section on chemical composition of the
slag (?). Inalarge plant it will usually be easy to secure a constant
supply of slag of proper composition without interfering with the
proper running of the furnaces. In a small plant, however, or in one

running on a number of different ores, such a supply may be difficult
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to obtain. These points, of course, should be settled in advance of
the erection of the cement plant. :

In the case of any given furnace running on ores and fluxes which
are fairly steady in composition and proportions, the selection of the
slag used for cement making may often be largely based on its color,
checked by determinations of lime. The darker-colored slags are
generally richest in lime, except when the depth of color is due to the
presence of iron; the lighter-colored slags are usually higher in silica
and alumina. (Jandlot states further® in this connection that the slag
issuing at the commencement and toward the end of a discharge should
be rejected because of the chilling which attends its. slow movement.

GRANULATING THE SLAG.

Assuming that a slag of proper composition has been selected, the
first step in the actual manufacture of slag cement will be the “‘ gran-
ulation” of the molten slag. Granulation is produced by bringing
molten slag into contact with a sufficient amount of cold water. The
physical effect of this proceeding is to cause the slag to break up into
porous particles (slag ‘‘sand”). Granulation has also certain chemical
effects, highly important from an economic point of view, which will
be discussed later (p. 363).

Methods of granvlating the slag.—The success of the granulation
depends on bringing the slag into contact with the water as soon as
possible after it has left the furnace. The effects of the process will
be found to vary with («) the temperature of the slag at the point of
contact, (0) the temperature of the water, (¢) the amount of water
used, ¢md (d) its method of application.

Taking up the last point first, it may be noted that two general
mcthods of application of the water have been used. In one the stream
of slag as it issued from the furnaces is struck by a jet of steam under
pressure. This method, which was used at one time in the Middle-
boro district; England, blows the slag into fine threads, with attached
globules. It is, in fact, much the same as the process still used in the
manufacture of mineral wool, which is elsewhere discussed. From an
economic point of view it has the advantage of putting the slag in a
condition in which it is easily pulverized by the grinding machinery;
but it has certain inconveniences, and has been almost or entirely
superseded by the method now to be mentioned. ‘

The second way in which the water may be applied is to allow the
stream of slag as it issues from the furnace to fall into a trough con-
taining a rapidly flowing stream of cold water. - Care must be taken
that the fall into the trough is not too great, and that the stream of
water is deep enough and fast enough, for otherwise the slag will

aCiments et chaux hydrauliques.
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acquire sufficient momentum in its fall to solidify in a mass on the
bottom of the trough. This method is in use at all slag-cement plants
of the present day, being occasionally modified by the use, in addi-
tion to the flowing stream of water in the trough, of a jet of watex
playing on the slarr before it strikes the trough.

FEffects of granulating the slag.—The physical effect of causing ot
slag to come in contact with cold water is to break the slag up into
snnll porous particles. As this materially aids in pulverizing the
slag, it is probable that granulation would be practiced on this account
alone. But as a matter of fact granulation has, in addition to its
purely physical result, two important chemical effects. One is to
make the slag, if it be of suitable chemical composition, energetically
hydraulic; the other is to remove a portion of the sulphides (con-
tained in the slag) in the form of hydrogen disulphide.

Le Chatelier states that the hydraulic properties of granulated slag
are due to the presence of a silico-alumino ferrite of calcium corre-
sponding in composition to the formula 3CaO, ALQ,, 2S5i0,. This
compound appears also in Portland cements, but in them it is entirely
inert, owing to the slow cooling it has undergone. When, however,
as in the case of granulated slags, it is cooled with great suddenness,
it becomes an important hydraulic agent. When so cooled ‘‘it is
attackable by weak acids and also by alkalies. It combines particu-
larly with hydrated lime in setting, and gives rise to silicates and
aluminates of lime identical with those which are formed, by entirely
different reactions, during the setting of Portland cement. It is upon
this property that the manufacture of slag cements, which assumes
daily greater importance, is based.”

' DRYING THE SLAG.

The slag as it is brought to the cement mill from the granulating
tanks carries from 15 to over 40 per cent of water absorbed during
granulation. As will be noted later (p. 366) attempts have been made
to utilize this contained water in the slaking of the lime, but these
attempts have hitherto proved unsuccessful. As the manufacture is
at present conducted, therefore, the large peicentage of water carried
by the slag is of no service, and in order to get good results from the
grinding machinery the water must be removed as completely as pos-

~ sible before pulverization is attempted.

Before the various types of dryers in use are described, a few words
may be said on the general problem. The slag may carry, as above
noted, from 15 to over 40 per cent of water, the percentage varying
with the method of granulation, the fineness of grain,etc. As the slag
must be reduced to extreme fineness, it is necessary that this moisture
be reduced as much as possible. With a well-conducted rotary drier it
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is possible to economically reduce the percentage of moisture in the
dried product to about one-fourth of 1 per cent.

The temperature to which the product is carried in drying is not a
matter of serious moment so long as it does not pass the point at which
the slag begins to recvystallize. Theoretically, of course it is unneces-
sary to carry the temperature above 212° F., but in practice it is
economically impossible to keep it as low as this. It may be carried
as high as a dull-red heat without injury to the slag. Indeed, it is
probable that drying at relatively high temperatures improves rather
than impairs the hydraulic properties of the slag, as it is well known:
that the natural pozzuolanas are improved by roasting. It would not,
therefore, be a matter of surprise if drying the slag at a higher tem-
perature than is actually necessary should result in materially acceler-
ating the set of the resulting cement,and also in increasing the strength
of briquettes made from it. '

The Ruggles-Coles. dryer consists of two concentric hollow cylin-
_ders bolted together and revolving on an axis slightly inclined from
the horizontal. The outer cylinder is made of steel plates, the longi-
tudinal seams having butt joints with inside lapping straps. The
~inner cylinder, which is also made of steel, is connected with the
outer cylinder at the center by heavy cast-iron arms solidly riveted to
both cylinders, and at each end by two sets of adjustable or swinging
arms, which prevent expansion and contraction from affecting the
_ rivets or joints. At the head or upper end the inner cylinder projects
beyond the outer cylinder, passing into a stationary head or air
chamber to the hot-air flue of the furnace with which it is connected.
At the lower or discharge end is another stationary head, forming an
air chamber, through an opening in the bottom of which the dried
material is discharged. This head is provided with a damper to regu-
late the temperature.

The outer cylinder is set at an inclination of about 0.375 inch to
the foot. It is secured to two heavy rolled-steel bearing rings which
rest and revolve upon eight bearing wheels supported by oscillating
arms.or rockers. The lateral motion of the cylinder is taken up by -
four thrust wheels. The dryer is revolved by a cast gear secured to
the outer cylinder, and this is driven by a shaft and pinion extended
beyond the end of the machine and supported in two babbitted jour-
nal boxes fitted-to the frame. The entire machine is fitted and secured
to a heavy frame of S-inch I beams braced and framed together and
usually set on a concrete foundation. The exhaust fan is placed
where most convenient to drive and is connected with the outer cylin-
der by suitable flue. The furnace is built independent of the machine
and connected with the head end of the inner cylinder by an iron flue |
built with fire brick. A specially designed burner is substituted for
the furnace for the use of oil, gas, or powdered coal. ‘
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The heated air passes through the inner cylinder and - réturns
between the inner and outer cylinders to the fan. 'The slag is fed
into the space between the inner and outer cylinders through a spout
in the stationary head at the upper end of the machine. 1t is picked
up by buckets or carriers fastened to the inner surtace of the outer
cylinder. and carried partly around during the rotation of the dryer.
On dropping from these buckets it falls and is caught on the flights
fastened to the outer surface of the inner cylinder, which carry it
partly around and then drop it to the bottom of the outer cylinder,
when the cycle commences again. While these movements of the -
slag are occurring it is being dried both by the heated air in the space
“between the two cylinders and by contact with the warm outer sur-
face of the inner cylinder, and it is also being car 110d slowly towald
the lower (discharge) end of the machine.

The following table shows working results in the use of the Ruggles-
Coles dryer on granulated slag:

Results of use of Ruggles-Coles dryer.

' . N Water ‘Dry. X:t%ﬁr
er. et | it | conper | terin | cont e it
hour. |per hour. po(x}:)x:tcl'of

. Per cent. | Per cent. | Pounds. | Pounds. | Pounds. | Pounds.
Knickerbocker Cement Co... .| 41.82 0.20 | 4,401 | 6,399 | 560 7.87
Maryland Cement Co..-...... 20.32| .95| 4,114 | 16,173 | 542| 7.59
Birmingham Cement Co...... 45.007)....._.. 4,181 | 4,987 - 537 7.60
Southern Cement Co ......... 40.00 |.__..... 4,707 | 7,061 550 8. 56

COMPOSITION AND SELECTION OF THE LIME.

The lime used for admixture with the slag may be either a quick-
lime (common lime) or a hydraulic lime. In usual American practice,
and also at most European plants, a quicklime is used. At a few
American, French, and German plants, however, limes which have
more or less hydraulic properties are employed. Prost has carried
on experiments touching this point and decided that the use of a
hydraulic lime did not noticeably increase the tensile strength of the
resulting cement, but that it did increase the value of the product in
another way. This incidental advantage is that slag cements made by
using hydraulic lime are less liable to fissure and disintegrate when
used in air or in dry situations than cement in which common quick-
lime is used. This method of improving the product has been tried,
to the writer’s knowledge, at only one of the American slag cement
plants. At Konigshof, Germany, a somewhat hydraulic lime is used,
‘whose analysis will be fairly representative of materials of this type,
though most hydraulic limes would run higher in silica and alumina.
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Analysis of hydraulic lime, Konigshof, Germany.

Lime (Ca0) - it SR 81. 546
Magnesia (MgO) - ..o oomm i e 1.751
Soda (N2,0) cocmmn e S 211
Silica (Si04) cevveneeeoenna.- L 12. 421
Aluming (ALOg) oo e n o e 2. 620
Tron oxide (FeyOg) - oo oo i . 883
Manganese oxide (MnOQ,) ...... P B s Trace.
Carbon dioxide (C0;) - cn oot e a .194
Moisture (HzO0) cenn e . 425

DRYING AND SLAKING THE LIME.

The granulated slag, as it comes to the mill from the tanks to which
it is carried in granulating it, holds a very large percentage of water.
The amount of water carried will vary in practice at different plants
between 25 and 50 per cent as limits. Early in the history of slag-
cement manufacture attempts were made to utilize this surplus water.
To this end the wet slag was mixed with dry unslaked lime, the expec-
tation being that the water in the slag would serve to slake the lime.
In practice, however, it was soon found that this plan was not success-
" ful. The lime was only partially and very irregularly slaked, and
the mixture was not left in such a condition as to be economically
handled by the pulverizing machinery. In present-day practice, there-
fore, the lime is slaked before it is mixed with the slag.

The slaking is done with the minimum possible amount of water, so
as to leave the slaked lime in the form of a fine, dry powder. '

SIEVING AND GRINDING THE LIME.

If lime has been thoroughly burned and carefully slaked it will all
be in the form of a very fine powder, much finer than can be obtained
by any economically practicable grinding machinery. In practice,
however, it will be found that the lime after slaking has not all fallen
to powder but still contains a certain proportion of hard lumps.
The degree of carefulness with which the burning and slaking have
been conducted may be roughly judged by observing the relative
proportions of lumps and powder.

The material remaining as lumps is of three different kinds. First
and in greatest proportion, are fragments of'limestone which have
not been thoroughly burned in the kiln. Such unburned pieces would
be inert if used in the cement. Second, part of the lumps represent
fragments of limestone which have been overburned in the kiln,
and have therefore partly clinkered. This is particularly likely to
happen if the limestone contained any large proportion of silica or
alumina. These partly clinkered lumps, being really poor-grade
natural cements, can, if pulverized, do no particular harm to the slag
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cement, but, on the other hand, they can not do as much good as an
eqml amount of lime. The third kind of material that may be present

" .in lomp form consists of fragments of well-burned lime which,

through accident or carelessness, have not been well slaked. Thesc
lumps of quicklime would, if 1ncorpo1at,ed in the cement, be actively
injurious.

The preceding descnptlon and discussion of the three classes of
material which are likely to remain as lumps in the slaked lime has
been intentionally made detailed, in order to point out an error in
practice committed occasionally at slag-cement plants. It has been .
seen that the materials composing these lumps are of such a char-
acter as to be either useless or actively injurious if used in a slag
cement. It should be obvious, therefore, that the only rational
method of treatment is to sieve the slaked lime and to reject entirely
all the material failing to pass through the sieve. This is the best
practice and the method usually followed. Occasionally, however,
urged by a false idea of economy or by inaccurate reasoning, the
manufacturer saves the material failing to pass the sieve, crushes it,
and adds it to the cement at a later stage in the manufacture.

MIXING AND GRINDING THE SLAG AND LIME.

Prost, in consequence of his experiments with various proportions
- of lime, advocated the proportion, to secure the best results, of from
35 to 40 parts of lime to 100 parts of slag. He also stated that the
amounts of lime used in actual practice for each 100 pounds of slag
were: At Choindez, 40 to 45 pounds; at Donjeux, 40 pounds, at Bruns-
wick, 33 pounds, and at Cleveland, 33 pounds. Mahon, in reporting
his experiments for the Maryland Steel Company, states that the best
results were secured by the use of 25 parts of lime to 100 parts of slag,
by weight. In the manufacture of slag brick, which is in’ reality
merely a branch of the slag-cement industry, the amount of lime added
may fall as low as 10 pounds to 100 pounds of slag.

In actual American practice the proportions are usmlly about 20
pounds lime to 100 pounds slag. This difference in proportions
between the American and European plants couesponds to a difference
in the composmon of the slags used, for in this-country the slags
employed in slag-cement manufacture are usually somewhat higher in
lime than are the slags used at European plants.

The greatest differences in practice exist in the processes for grind-
ing and mixing the slag and lime. The statement has been made in
several publications that the differences in hardness between dry
granulated slag and slaked lime is so great that it is impracticable to
pulverize them together in a continuously operated mill. A number
of plants, therefore, have installed small discontinuous mills, each of
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which is charged, locked, operated for a sufficient time to pulverize
both constituents of the mixture, and discharged. The disadvantages
of this intermittent system are obvious and it seems especially unfitted
for American conditions. The statement that no continuously operated
mill was able to handle the mixture seemed improbable in view of the
great variety of material successfully handled by the modern ball
and tube mills when operated continuously in Portland-cement prac-
tice. Several years ago the writer referred the question to a lead-
ing firm of manufacturers, and was informed that nothing in their
experience justified the unfavorable conclusion; and that their contin-
uously operated tube mills had successfully pulverized mixtures of
slag and lime. It seems probable that the most economical practice,
followed at several of the American plants, would be to send the dried
slag through a Gritlin mill or ball mill, mix the crushed slag with
lime, and complete the mixture and reduction in continuously oper-
ated tube mills. Whatever system of reduction is employed it is
‘necessary that the slag be dried as completely as possible, and with
modern driers the amount of moisture in the dried sl(w can be eco-
nomically kept well below 1 per cent.

Slag cements normally set very slowly, relative to Portlands. As
this interferes with their use for certain purposes, many attempts have

“been made, by various treatments, to reduce their setting time. There
is, unfortunately, another reason why the manufacturer should desire
to hasten the set of his product. Most of the slag cements sold in this
country masquerade as Portland, and it is desirable to the manufac-
turer therefore to make such of their properties as are brought out in
ordinary tests or analyses approximate to those of true Portland
cement. The set of slag cements can be hastened. by the addition of
puzzolanic materials. Of these burned clay, certain active forms of
silica, and slags high in alumina are the cheapest and most generally
obtainable. The most important method of regulation is, in this coun-
try at least, the Whiting process, which is followed at two large
American plants.

United States Patent No. 544706 issued in 1895 to Jasper Whiting,
covers the use of ‘‘caustic soda, potash, sodium chloride or equlv-
alents, or any substance of which the latter are ingredients,” added
either as aqueous solutions or in a dry state at any stage of the process
of slag-cement manufacture. In the specifications accompanying the
apphcmtlon for this patent, the patentee states that in the case of dry
caustic soda the amount added will vary from 0.125 to 3 per cent,
‘“depending chiefly upon the use for which the cement is intended.”
The patent was subsequently conveyed to the Illinois Steel Company,
and the process covered by it is used by that company in the manutac-
ture of its ‘“Steel Portland” cement. A license has been issued to the
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Brier Hill Iron and Coal Company, of Youngstown, Ohio, under
which license this company manufactures its *Brier Hill Portland”
cement. ‘ ' ‘ '

The process, as practiced in the slag-cement plant of the Illinois
Steel Company, Chicago, Ill., is as follows: The quicklime used is
obtained from the calcination of Marblehead or Bedford limestone,
and carries less than 1 per cent MgO. On its arrival at the mill it is
unloaded into bins, beneath which are placed two screens of different
mesh, the:coarser at the top. A quantity of lime is drawn upon the
upper screen, where it is slaked by means of the addition of water con-
taining a small percentage of caustic soda. Asthe lime is slaked it falls -
through the coarse screen onto the finer screen, through which it falls
into a conveyor which carries it to-a rotary drier. After heating, the
resulting slaked and dried lime is carried by elevators to hoppers
above the tube mills, where it is mixed in proper proportions with
the granulated slag, which bas been dried and powdered. : :

COMPOSITION AND PROPERTIES OF SLAG CEMENT.

Slag cement when ready for sale is a mechanical mixture of lime
hydrate(Ca,(OH),) and a calcium-aluminum silicate (#810,,A1,0,,5Ca0).
In addition to the essential ingredients noted above, certain others of
less amount usually occur. The most important of these in the effect
it produces on the quality of the product is sulphur, which is
obtained from the slag in the form of sulphides of lime or iron. To
the presence of these sulphides is due, in large part at least, the disin-
tegration of slag cements when used in dry air. If the cement be
used for construction in water, their presence is of much less impor-
tance, and the total sulphides may run as high as 5 per cent’ without.
seriously impairing the quality. Several per cent of iron oxide obtained
from the slag are commenly present. Magnesia also occurs, derived
from the slag or the lime. Itis inert, if not positively detrimental,
and the amount therefore should be kept as low as possible.

In addition to the ingredients mentioned above, a percentage, usually
small, of other compounds may be found, which have been added by
the manufacturer during some stage of the process for the purpose of
increasing the rapidity of set of the cement. '

The table below contains the analysis of a number of American and
European slag cements, as given by various authorities. It will be
seen that, despite the apparently great variations in practice, the ulti-
mate composition of the finished cement falls within quite narrow
limits. The range in composition of a good slag cement may be con-
sidered to be about: SiO,, 22 to 30 per cent; Al,O,+Fe,O,, 11 to 16
per cent; CaO, 49 to 52 per cent; MgO, less than 4 per cent; S, less
than 1.5 per cent; ignition loss, 2.5 to 7.5 per cent,

Bull. 243—05—24
J
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Analyses of slag cements.

i 1 2 3 4 5 6 7 8 9 10
Silica (8i0,) «envnn--- 19. 530. 56{22. 45| 27. 20(28. 40| 28.95| 29. 80[27. 80! 27. 0|27. 78
i o) U .5(13. 31]13. 11. 4

Alumina (A1,0,) 17.513. 81118.95 }14 18]12. 80{ 0}12 30/11. 10| 12. 0[11. 70
Ironoxides(¥eO,Fe,0;)[n. d. | 0.25] 3.30 0.54 .

Lime (CaQ) .......... 54. 0/45. 01/51. 10| 50. 03[51. 50| 50. 29( 51. 14/50. 96| 55. 0}51. 71
Magnesia (Mg0) ...... n.d.| 2.96/ 1.35 3.22/n.d.| 2.96| -2.34] 2.23|n.d.| 1.39
Sulphur (8) .......... n.d.|e4.63. ... f...... 1.40, 1.37] 1.37} 1.18/n.d.| 1.31
Sulphur trioxide (805).|n. d. [P1. 41/ 0.35/ 0.15[.....\..c.oofoooooilioo | I
Loss on ignition..._.... n.d.|n.d.|7.50 4.25n.d.| 3.39 2.60 5.30|n.d.| n.d.

aEquals CaS. b Equals Ca.SO4,.

1. Choindez, Switzerland.
2. Bilbao, Spain.

3. Saulnes, France.

4,5, 6,7, 8, Chicago, 111

9. North Birmingham, Ala.
10. Ensley, Ala, -

IDENTIFICATION OF SLAG CEMENT.

Slag cements may usually be distinguished from Portland cements
by their lighter color, inferior specific gravity, and slower set. They
show on analysis lower lime and higher alumina percentages than Port-
lands, and usually contain an appreciable amount of calcium sulphide.
Owing to the presence of this last-named constituent, a briquette
of slag cement Jeft for some days in water will show upon fracture a
decided greenish tint. If it has been exposed to salt water, this tint
will be much more marked and the odor of hydrogen sulphide will be
observed. . Two things should be noted, however, in this connection:
Though sulphides are usually present in slag cements they are not
necessary constituents of them, and, on the other hand, sulphides are
occasionally present in Portland cements, being formed from the sul-
phates in case the flame of the kiln is not sufficiently oxidizing.

Color.—Slag cements are usually much lighter in color than the
Portlands, varying from a bluish white to a light yellow. The color
of the cement depends partly upon the color of the slag and the lime,
but more largely upon the relative proportions of the two ingredients.
Slag cements do not stain masonry, in which respect they have an
advantage over Portlands for certain uses.

Specific gravity.—Cements of this class are lighter than Portlands,
their specific gravity usually ranging from 2.7 to 2.8. This gives a
greater bulk for the weight, but, on the other hand, it reduces the
density of the set cement, which is not desirable for some purposes.

Rapidity of set.—Normally slag cements are slower setting than
Portlands. Whether this property is a disadvantage or mot will



ECKEL. ] PUZZOLAN CEMENTS. , 371

depend on the use to which the cement is to be applied. As before
mentioned, the rapidity of set increases naturally with the amount of
alumina in the slag. Set can be artificially hastened by the addition
of puzzolanic material to the cement. Burned clay, certain active
forms of silica, slags high in alumina, etc. , are additions which are
both effective and cheap. The treatment of the cement during manu-
facture with alkalies to accelerate the set has already been discussed.
. Strength.-—While slag ceménts fall below high-grade Portlands in
tensile strength, good American slag cements develop sufficient,
strength to pass the usual specifications for Portlands. Tested neat,
" they do not approximate so closely to the Portlands as they do if
‘tested in 2:1 or 3:1 mortars. Part of this property may be due to the
fact that they are, in general, ground. finer than Portlands, especially
than foreign Portlands. A few years ago Prof. W. K. Hatt made a
series of tests on American slag cements, and reported that there was
no noticeable deficiency in strength of briquettes kept in air as com-
parved with those kept in water. Other investigators have arrived at
opposite conclusions, and it is probable that these conflicting results
arise from differences in the chemical composition of the various
brands tested. . ‘

LResistance to mechanical wear.—Slag cements are notably deficient
in this property, and are therefore not available for use for the sur-
faces of ~pavement, floors, etc., where this quality must be highly
developed; they seem to be well fitted, however, for pavement foun-
dations, or indeed for any work which w1ll not be exposcd to dry air
and in which a high strength is not necessary.

PLANTS, PRICES, AND USES.

Of the seven slag-cement factories now in operation in the United
States, two each are located in Alabama and Ohio, and one each in
Illinois, New Jersey, and Pennsylvania. Most of the plants now in
operation are connected closely in ownership with the furnaces from
which the slag is obtained. = This condition is almost a necessity, since
common ownership or control furnishes the only possible guaranty
that a sufficient supply of slag, of proper qu,lhty will be always
available.

The selling: price of slag cements is hlghly var 1«Lble, as can be under-
stood from statements made on previous pages. Whenever possible,
they are sold as Portlands, and in that case approximate in price to
cements of that class. When necessary, however, they are marketed
at prices below those of natural cements. Taking the entire annual
product into consideration, its price per barrel will probably average
about 20 to 25 per cent higher than the best brands of natural cements
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(New York Rosendale). The industry affords very fair profits, and the
output in the United States is increasing steadily.

American slag cements are certainly superior in strength, uni-
formity, and rapidity of set to European slag cements. Slag cements
are not, however, Portland cements, and the sooner this fact is recog-
nized and publicly admitted by their manufacturers the better will be
the prospects of the industry. For, though slag cements are entirely
unfitted for many uses to which Portland cements may be applied,
there are certain uses for which they are well adapted, and if, for any
particular use, a slag cement is as good as a Portland, its lower price
will of necessity remove any danger of Portland.competition.

N
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analyses of o ______ 126 | Glenford, Ohio, limestone near, analy-
Tossil ITill, Nev.,, limestone near, . sis of L 272"
“analysis of o _____ 231 | Glens Falls, N. Y., limestone near,
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yses of . ______ 181 ' duction and—._______ 15-16
Freeport limestone, occurrence of___ . 282 | Goodland limestone, occurrence and
Fremonts I’ass, Nev., limestone near, character of______ - 309-310
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Le Grande, Iowa, limestone near,
s analyses of ._________ 156
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T.imestones, chalky. character and |
uses of ______________ ' 33-34
Limestones, magnesinan, character
and uses of =___ 27-28, 48-49
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yses of ___.__ P . 139 analyses of _______ 221-226

Milwaukee, Wis.,, cement rock near,

analysis of _.________

plants near - ________________
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Mining, methods and cost of _______ 41-42
Minnekahta limestone, occurrence
and character of _______ 297,
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limestones in___ . _________ 206-219
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Montezuma, Ga., limestone near, anal-
yses of __________.__ 130
Montezuma, N. Y., limestone near, )
analysis of __________ 253
plant at___________________ 257-258
Moore Lake, Ind., marl at, analyse
: Of 142
Morrison, Colo., limestone near, anal-
yses of o ____ 122-123
Mosherville, Mich., limestone near,
analyses of . ______ 197
Moundsville Narrows, W. Va., lime-
stone near, analysis of. 328
Mount Etna Furnace, Pa., limestone
near, analysis of _____ 280
Mount Folly, Pa., limestone near,
analysis of - —__..__ 280
Mount Jackson, Va., limestone near,
analysis of . _____ 320
Mount Morris, N..Y., marl and clay
from, analysis of -____ 266
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Mount Savage Furnace, Ky., lime-
stone near, analyses of 175

Mount Sidney, Va., limestone near __ 321
Mount Silverheels, Colo., limestone
near, analyses of ___ 122-123

Mountain limestone. See Chester
group ; Greenbrier lime-

stone.
Mud Lake, Ind., marl at; analysis
Of e 141-142
Mumford, N. Y., limestone near, anal-
yses of oo 253
Murphrees Valley, limestone in, anal-
ysis of e 68
Murphreesboro limestone, occurrence
and character of ______ 305
Murphy, N. C., limestone near, anal-
¥Ses Of Lo 268
Myrtle Grove, N. J., limestone near,
apalysis of o ____ 238
N.
Napa Junction, limestone at, analy-
8€8 Of - 121
plant at__ 121
Natural Portland Cement Co., plant
Of 254
Natural cements, analyses of _____ 282
bibliography of oo 355-356
character of - . 333

burning of____
definition of
differences between hydraulic

limes and Iortland ce-

.ments and-______ 21-23, 334
“fuel for______ o _______ 342
hydraulic properties of ________ 334
manufacture of, beginning of___ 348
methods of oo ____ 335-336
occurrence of ___ o————__ 333-356
raw materials of oo 334-335
Natural Portland cements, manufac-
ture of e _____ 267
occurrence of . _______ 21-23, 333
Nauvoo, Ill., limestone near, analyses
of e 134
Nazareth, Pa., plant at_ 284
Nazareth Cement Co., plant of _____ 284
Nebraska, chalk in_ oo _____ 34
clays and shales in —______._ 229-230
limestones in __ . _____ 229-230

Portland-cement resources of_ 229-230
Negro Mountain, Md., limestone near,
analysis of - _______ 188
Nevada, limestones in, occurrence

and analyses of ______ 231
New Albany Cement Co., plant of_ __ 341
New Carlisle, Ohio, limestone near,

analyses of —_________ 270
New Hampton, N. J., limestone near,

analysis of - ______ $234-235

New Jersey, cement rock of, map
" showing distribution of 284

clay and shale in, occurrence and
analyses of o _ 239

Page.
New Jersey, geology of__ 232, 236, 239-240
limestone in, occurrence and
analyses of . ________ 232,
234-235, 237-238, 241-242
marls in, occurrence and analy-

ses of ____________ 242-243
Portland cement in, bibliography
of 244-245

1)1odnct10n of __ 231-232, 244-245
Portland-cement industry-in_ 243-244
Portland-cement resources of- 231-245

section in ___________________ 236
slag cement in_______________ 371
New Lisbon, cement rock at, analy-
sis of _______________ 352
plant at_.__________ e ————— 352
New Richmond, Ohio, limestone near, .
analysis of . ______ 270
New Sharon, Me., limestone near,
analyses of __________ 178

New York, cement rock in, occur-
rence and analyses of. 346-

351

clays and shales in, occurrence )

and analyses of ______ 256,

258-263, 265-266

limestones in_____________ 245-253

analyses of ___________ 246, 248—

250, 252, 256, 260-261, 264

location of, map showing__ 246
marls in, occurrence and analy-

ses of . ____________ 245,

252-253, 258-259, 260—"66 .
natulal cement industry in____ -

346, 348—3)0

bibliography of .__._._._____ 356

natural cement of, mmlyses of_ - 347—

249, 351

natural-cement resources of__ 345-351

natural Portland cement in____ 267

manufacture of ________ 255-256

market for - ____________ 247

Portland-cement industry in-._ 243,

253-267

history of . __________ 253-258
Portland cement of, analyses

of . 255—-

256, 258-260, 262-264, 266
Portland-cement resources of - 245-267
Newbern, N. C., limestone at, analy-

sis of ______________ 268
Newberry, 8. B., on allowable per-
centage of magnesia —- 24
on grinding and- mixing_.______ 47
Newcastle, P’a., limestone near, anal-
ysis of . _______ 282
Newland limestone, occurrence and
character of —________ 228
Newmarket, Va., limestone near____ 32

‘Newton, N, J., limestone near, anal-

yses of____ 234-235, 238, 242

shale near, analyses of ________ 239
Niobrara formation, occurrence and

character of _____.___ 123,

148, 229-230, 269, 296, 301
Norborne, Mo., clay near, analysis of_ 226
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Norridgewock, Me., limestone near, Ordovician clays, occurrence and
analysis of . ________ 178 character of ________ 61, 65
North Adams, Mass., limestone near, See ¢l1so Rockmart slates; Cin-
analysis of __________ 189 cinnati group; Hudson
. North Birmingham, Ala., shale near, shale.
~analysis of _______ 66, 70-71 | Ordovician limestomes, occurrence
North Carolina, limestones in, oc- and character of_____ 189,
currence and analyses 275, 277, 325-326, 329, 344
Of oo 267-268 See also Viola formation; Cin-
marls in, occurrence and analy- cinnati group ; Trenton
ses of . _______ 268 limestone; Knox do-
Portland-cement resources of- 267-268 lomite; Lenoir lime-
North Dakota, cement rock in, oc- stone; Sevier shale;
currence and analyses Chickamauga lime-
of . 34, 269, 352 'stone; - Stones River
clay ino . ___ 269 group; Leipers forma-
natural cement in, analyses of - 351 tion; Chazy forma-
North Judson Marsh, Ind., marl at, tion ; Shenandoah lime-
analysis of . ________ 142 stone; Lower Magne-
North Park, Colo.,  limestone near, sian limestone ; Platte-
analyses of.___.___ 122-123 ville limestone.
Northampton, ’a., plant at________ 284 | Oregon, limestones in__________ T. 278-279
Northampton Portland Cement Co., Oriskany Ialls, N. Y., limestone
plant of __-.________ -~ 284 near, analyses of_____ 250
Norton, W. H., on }\’apsinliicon for- Ormrod, Pa., plant at - 284
mation._____________ 151 | Osage formation, occurrence. char-
Notre Dame Lake, Ind.,, marl at, acter, and analysis
analysis of w oo 142 of . 56-157, 163
section of ___________________ ik
0. Osborn, Ohio, limestone near, analy-
ses of ______________ 270
Oglesby, Ill., limestone and shale Oskaloosa, Iowa, limestone near,
near, analyses of 136 analyses of.__.______ 159
section at ———a- 136 | Ottawa, Kans., limestone near,
Ohio, cement : analyses of _________ 168
and nna]yses Of —————— 352 | Ottumwa, Iowa, limestone near,
clays and shales in, occurrence analyses of ____._____ 158
and analyses of. 205, 274-~275 shale near, analyses of_______ 160
fuel in_ 269 section at ..l ____________ 15%
limestones in, occurrence and Oven Bluff, Ala., advantages of____ 79
analyses of ________ 269-274 -clay at, analysis of o _____ 82
marls in, occurrence and analy- Owen station, Ohio, limestone near,
ses of 278, 275 analyses of________ 271-272
natural-cement industry in_._._ Oxanna, Ala., shale at, analysis of_ 65, 71
Portland cement in, market for_ "6.‘) Oxford, N. J., limestone near, analy-
Portland-cement industry in - 273-275 8IS Of oo _______ 235, 286
Portland-cement resources of_ 269-275
slag -cement in__________ - 37V P,
Ohio Valley Cement Co., plant of ___ 341 .
0l1, as fuel, use of-__ 56, 116, 121, 124, 255 | Pacific Portland Cement Co., plant
Okanogau Highlands, Wash., lime- of, location of_______ 120
stone in, analyses of . 324-325 | Pahasapa limestone, occurrence and
Oklahoma, cement in. mirket and character of_______ 297-299
transportation for ____ 277 | Paleozoic shales, analyses Of e 70-71
limestone in _______ 27 Parleys Canyon, Utah, limestone in,
map of part of . ________ analyses of________ 310~-311
Okolona, Miss.,, limestone near, Pattenburg, N. J., limestone near,
analyses of __________ 218 analyses of,._______ - 238
Okolona area, Ark., location and DPattersons Creek, limestone near,
character of _______ 107-109 analysis of o _____ 326
Old Town Creek, Ky., limestone TPea Ridge, Ky., limestone near,
near, analyses of _____ 174 analyses of. _________ 175
Olsen’s switch, Ark., clay at, analy- Peapack, N. J., limestone near, anal-
ses of 114 . yses of . ________ 235, 286
Opeche formation, occurrence and -Peerless  Portland Cement Co.,
character of . _____ 297 quarty of oo 199
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Pella, Iowa, limestone near, analy- Pierre shale, occurrence and char-
$88 Ofc— . oo 150 acter of___ 229-230, 269, 296
Tella Dbeds, character and occurrence Pinckney, Mich., shale near, analy-
Of 163-164" sis of . ______ 203
T'embina, N. Dak., plant at________ 335 | Pine Valley, Nev., limestone near,
T’enn—Allen Portland Cement Co., analysis of .________ 231
plant of .o _______ 284 | Piney Run, Md., limestone near,
Pennsylvania, cement rock in, loca- analvsis of 188
tion of, map showing. 284 | I’iqua, Ohlo, Ixmestone near, anqu
cement rock in, occurrence and sis of . 270
analyses of____ 287, 289, 352 | Pitkin limestone, occurrence and
clays and shales in, occurrence character of —________ 98-99
and analyses of____ 287-288 | Pittsburg, Pa., plant at_.______ 284, 204
kiln coals in, analyses of_...__ 5¢ | Pittsburg limestone, occurrence of__ 282
limestone in, occurrence and Plaster, burned, use of _.__________ 58-59
analyses of __._.___ 279-283, | Platteville limestone, occurrence and
285287, 289-290 apalysis of o ____ 329-330
map of - 314 | Pleasant Lake, Mich., limestone near,
natural-cement industry in ____ 352 analysis of oo . 197
Portland-cement industry in . 284-294 | D'leasant Valley, Md., limestone near,
Portland cement of, analyses of. 292 analysis of - ______ 181 -
production of__________ 284,293 Pleistocene clays, occurrence, char-
Portland-cement plants in _____ 284 acter, and analyses
Portland-cement resources of. 279-294 voof 202-203, 226
slag cement in - oo - oo 371 | Pliocene limestone, analysis of __.__ 231
Pennsylvania Cement Co., plant of_ 2g4 | Plummer Lake, Mich., limestone near,
Pennsylvanian limestones, analyses analysis of _________ 197
OF e * 135, | Focahontas coal, analysis of ______ 164
' 141-142, 175, 225, 328 - Tocono formation, occurrence and
occurrence and character of__ 61,134, character of _________ 282

140-141, 174-175, 225, 327-328
Sec-also Des Moines formation ;
Missourian formation;
Bethany limestone;
Cottonwood Falls.
limestone ; Ferriferous
limestone.

Pennsylvanian shales, analyses of-_ - 136,
160, 225
occurrence of____ 61, 66, 135-136, 225

Penville, N. J.,, limestone near,
analysis of __________ 235

Perkinsville, N. Y., limestone near,
analysis of —.________ 258

Permian limestones, occurrence, char-

acter, and analyses
of 169, 229
Perris, Cal., clay of, analysis of _.___ 121

Peters Valley, N. “J., limestone near,
analysis of - ________ 242

Tetersburg, W. Va., limestone near,
analysis of ._________ 327

I’hillips, Me., limestone near, analy-
ses of o ______ 178

Phillipshurg, N. J., limestone near,
analysis of ________ 234-235
plant at________________ e 238
Phoenicia, N. Y., clays neav________ 254
Phoenix Cement Co., plant of ._____ 284
Pickensville, Ala., section at._____ 215

Pierce, Wis., limestone near, analy-
Sis Of e 330

Pierce limestone, occurrence and
character of —_._____ 305

Point Pleasant, Ohio, limestone near,
analysis of - ___ 270
Polk Bayou, Ark., limestone at, anal-
ysis of - ______ 91, 93, 97
Tolk Bayou limestone, occurreuce,
character, and analyses
of
Pond Mountain, Ark., limestone at,

analyses of _.______..__ 07
Portage River, Mich., limestone near,
analyses of . ________ 104

Portland cement, analyses of_______

86, 235, 256, 259, 292

barrel of, weight of __________ 40

burning of 43, 53-58
comparison of natural cements

and- - ____ 21-23
composition and character of_. 23-24,
o . 39-40
composition of, relation of burn-
ing and _.___________ .36
definition of ______________ 20-23, 4
grinding of . ________________ 43, 58

ingredients of _______________ 25-26
literature of - ____ 17-18, 35, 53,

86, 116, 121, 124, 137, 144, 244
manufacture of, dry process of - 44-50

fuel requirements of ____.__ 54-56
growth'of ____. __________ 15
materials necessary for,
quantity of ~—________ 40
methods of —_____ 43-59, 288-291
wet process of ______-__ 44,50-53
materihls for, analysis of_ - 53

character of —ooo____ 16-17
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Fortland cement—Continued. Rauchs Gap, Pa., limestone near,
materials for, drying of____.__ 45-46 analyses of-_____ too- 280
excavating of, methods and ) Ravine, Miss.,'sections at and near__ 214
* cost of oo 41-43 | Raw materials, cost and methods of
grinding and mixing of_ 43, 46-53 excavation of ._______ 41-43
loeation of oo _____>_o___ Reading Cement Co., plant of ..____ 284
value of ____ Red Buttes, Wyo., limestone near,
water in o __________ : analysis of o ________ 331
production of, comparison of Red Clay, Ga., limestone near, analy- '
gold preduction and..__ 15-16 sis of . _________ o127
* diagram showing ________ 16 | Red TMills, Miss., limestone near,
value of . ___ 15-16 analyses of . _______ 219
Portland cement, natural. -Se¢e Nat- Red Sulphur Springs, W. Va., lime- .
ural Portland cement. stone near, analysis of 327

Portland Cement Co. of Colorado,

plant of ____________ 124
Portland Cement Co. of Utah, plant
s of o 310-311
Portland-cement plants; location of _ 60
location of, map showing ____..__ 15
Portland Point, N. Y., limestone near,
analyses of ——________ 252

plant at___________________ 260-261

Potomae, Md., plant at____________ 343
section neav _________________ 185

Pottersville, N. J., limestone near,
analysis of [ 235, 286

Pottsville formation, occurrence and
character of_________ 282

I’oxono lIsland, Pa., limestone near,
analysis of . _______ 281

Prairie Rock, Miss.,, chalk near,
analyses of_________ 213

P'roctor, Vt., marble near, analyses
Of . 311

Productive Coal Measures, occurrence

. and character of —___ 160~
: 161, 164, 282

Y., . limestone near,
analysis of _______ 248-249
Prospect Hill, Mo., plant at________ 227

shale near, analysis of ._______ 226
I'rosser, C. 8., en Nebraska forma-

Proquct, N.

tIONS cee e 229-230
Prost, M. A., on slag cements ______ 360
Irussia, trass from______________ 358
Puzzolan cements, definition of..__ 20, 357

manufacture of
materials for - ________
See also Slag cement.

Pozzuolana, occurrence, character,
and analyses of-___ 357-358
Pozzuoli, Italy, pozzuolana from____ 357
Pyramid Take, Nev., limestone near,
analysis of o ______ 231
Q.
Quarrying, methods and cost of ____ 41
Quincy, 11, limestone near, analyses
Of - 134
.
Rathbun, Icwa, limestone near, anal-
ysis of o _____:_ 161

389

Redding, Cal., limestone near, analy-
osis of o 119-120

Redstone limestone, occurrence of__ 282

Renfrew, Mass., limestone near, anal-
vais of o 189

Rhode Island, limestone In, occur-
rence and analysis of.  294-
205

Rhodes: Mill, Ark., limestone at,
: analyses of________.__ 94

Richmond, Pa., limestone near, anal-
vsis of o ____ 282

Ridgwood, Ark,, clay from, analyses
Of e 114

Ridley limestone, occurrence and
character of —________ 305

Ries, Heinrich,.on Michigan shales- 200-205

on New York cement industry_. 350
Ripley formation, character of_____ 72
Rising Fawn, Ga., limestone near,

analyses of «_________ 129
River Junction, Fla., limestone at,
analyses of _________ 126

Roberts Mill, Ala., shale at, analyses

. of 67, 70-71
Roche Harbor, Wash,, limestone near,
analysis of _________ 324
Rock Point, Oreg., limestone near,
analysis of o _____ 278

Rock Run, Ala., shale at, analyses of_ 65, 71

Rtock Springs, Ala., limestone at,
K analyses of .. _____ 63, 60
Rockland, Me., limestone and clay
near, analyses of _____ 177
Rockmart, Ga., lHimestone and shale
neai, analyses of___ 129,131
plant at_ . ____________ 127,131
Rockmart slates, occurrence and
analysis of __________ 131
Rockwood formation, occurrence of.. 303
Rocky Comfort area. Ark., chalk and
marl from, analyses
of . 111-112

location and character of-. 99-101, 115
Rocky Point, N. C., limestone nearv,

analyses of . _______. 268
Rodman Furnace, Pa., limestone

near, analysis of____._ 280
Itoes Bluft, Ala., limestone near, anal-

yses of _ __________. 75, 82
Rogers, Ark., limestone at, analyses

Of 97

\
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Romona, Ind., limestone near, analy- St. Stephens, clay at and near, anal-
ses Of oo ____ 189 . yses of __.________ 78~79, 84'
LRondout, N. Y., limestone near, anal- | St. Stephens Bluff, section of ———— 78
ysis of J_____ 250, 346, 347 | St. Stephens formation, occurrence .
Rondout limestone, occurrence of___ 345 and analyses of ______ 71,
Rosendale district, cement rock in, 77-81, 83-84, 126, 218-219
analyses of . ______ 346 | Salem, Ind., limestone near, analyses

natural cement industry in.__ 346-347

natural cement of, analyses of__ 347
Rosiclare, Ill., limestone near, analy-
ses of o _________ 134
Rossville, Ga., plant at____________ 335
Rotten limestone. See Selma chalk. .
Round Mountain, Ark., shale from,
analyses of__ - 113-114
Lound Top, Md., plant at-____ - 343
Ttuggles-Coles drier, account of____.. 46
use Of oo 364-365
Rumford IFalls, Me., limestone near,
~analysis of ..~ 178
Runyon Lake, Mich., limestone near,
analysis of o _ 197
Rushsylvania, Ohio, marl and clay,
near, analyses of___ 274-275
plants at- - 274

Russell, 1. C., on cement industry of
Michigan.- 189-194, 198-205

on kiln coalsoo o~ 56
on marls - _ 43

Ryan, Wash., limestone near, analy-
sis Of oo 325

Sabetha, Kans., limestone near, anal-
¥ses of oo 168

Saginaw, Mich., shale near, analyses
Of e 201

Saginaw formation, occurrence, char-
acter, and analysis of. 201-
202

St. Clair limestone, occurrence, char-
acter, and analyses of_ 91-93

St. Clair Springs, limestone at, anal-
yses of .. 93

Ste. Genevieve, Mo., shale near, nnal:
vsis of oo _____ 225

Ste. Genevieve limestone, occurrence
Of o~ 173

St. Joe, Ark., limestone at, analyses
of L~ 93, 94

St. Joe limestone, occurrence, char-
acter, and analyses of_. 92-94

St. Louis, Mo., clay near, analyses
of o 226
limestone near, analyses of _____ 224
St. Louis limestone, analyses of_.__ 158-
159, 174
occurrence and character of____ 157—

159, 163-164, 174, 307
section of - e 158
$t. Louis Tortland Cement Co.,
. plant of - _______ 2
St. Paul, Mo., limestone neavr, analy-

of 138
Salina group, occurrence and char-

acter of ____________ 343

Saline Landing area, Ark., location
and character of .____ 102~
104, 115-116

Salt ILake, Utah, limestone near,
analyses of _________ 310
plant at___________________ 310-311

Saltillo, Pa., limestone near, analysis
of - ___ 281

Saluda River, 8. C., limestone near,
analysis of _________ 295

San Antonio, Tex., limestone near,
analysis of ~______ 34, 308
plant ato_____________ . _____ -310

San Fernando, Cal., limestone near,
analysis of __________ 117

San Francisco, Cal., cement plants

San Gabriel River, limestone on,

analysis of ~_________ 308

San Juan Island, Wash., limestone
. on, analysis of _____ 323-324

Sand Mountain, Ga., limestone near,
analyses of _________ 129

Sanderson, J. Gardner, experiments
DY oo 254

on Portland cement history in
New York.__________ 253

Sandusky, Ohio, limestone near,
' analyses of.______.___ 271

Sandusky Portland Cement Co., ce-
ment of, analysis of__ 143
plant of .o ________________ 142,274

Santa Cruz, Cal., limestone near,
analyses of . ________
Santorin, occurrence of . _________
Santorin, Greece, santorin from_____
Saratoga formation, occurrence, char-
’ acter, and analyses of_
104-112

section of _____________ 104-105, 109
Sarepta, N. J., limestone near, analy-
ses Of oo e 238,
Sault Ste. Marie, shale near, analysis
0 204

Scoouba, Miss., chalk near, analyses of 210

clay near, analyses of ________ 212
Searls Guleh, Colo., limestone near,
analyses - of .o ___.._ 123

Selma, Ala., limestone at, analyses of_ 77, 83
Selma Chﬂlk; analyses of_ 209-214, 21(6-218
occurrence and character of_._ 71-77,
’ 84, 207-218

Set of cements, time and compari-
sons of -____ 19, 334, 370-371
Sevier shale, occurrence of - ____- 303-304
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Seville, Fla., limestone near, analyses Sligo Furnace, Pa., limestone near,

. Of e 126 analysis of oo~ 282
Sewickley limestone, occurrence of__ 282 | Smith, I5. A., on Portland cement re-
Shales and clays, analyses of. See sources of Alabama._. 60-84

particular localitics and on Selma chalk____________ 207-208
formations. ' Smith, W. A,, on Duryee's kiln___. 257
Shavers Mountain, W. Va., limestone Smith's basin, N. Y., limestone near,
near, analysis of —____ 327 " analyses of_—_——___ 248-249
Shedd, S.,-on Washington stones___ 325 | Smiths Landing, N. Y., limestone and
Shelby, Ala., limestone near, analyses clay near, analyses of_ 260
of . 63, 69 plant at_ . ______________ 260
Shell Bluff, Ga., limestone near, anal- Sneedville limestone. Se¢ Linden
- yses of_____________ 130 limestone.
Shenandoah limestone, occurrence, Snowﬁake, W. Va,, limestone near,
character, and analyses analysis of . ______ 327
- of - 313-317 | Soda waste, character of _________ 36

Shepherdstown, W. Va., plant at_ 343, 354

Sherzer, W. ., on Michigan geology_ 191

Shiloh, N, J.; marl near, analysis

242

Short Creek, Kans., limestone near,
analyses of __________

Shuqualak, Miss., chalk near, analy-

166

© 216
C. ‘1., on Pitkin lime- ’
. stone . _____.._._ 08
Siegfried, I’a., cement rock af, analy-
sis of . _____________
plant at.__________________._
Silica in Portland cement, occurrence
of ______ P
percentage' of _ . . _________ 24-25
Siliceous limestone, occurrence of . 282
Silurian clay,. occurrence of _______: -~ 61,65
Silurian limestones. Se¢ Hunton
: limestone; Helderberg
limestone ; Clifton lime-
stone; Niagara group;
Linden limestone; Han-
cock limestone ; Galena
limestone.
Ind.,, mar! at, analysis
141-142
Kans,, limestone near,
apnalyses of o=
Sioux IFeak, Utah, limestone near,
canalysis of L _______ 310
Slag, analyses of ________________ 38, 361
character of ____________ 37, 359-362
cost Of oo~ 50
Arying of . __________ 49, 363-365
granulation of __________ 49, 362-363
use of ________ 25-26, 47-50, 135, 359
Slag cement, analyses of __________ 370
character of o __________ 369-371
comparison of Portland cements
and_______ 359, 368, 370-372
identification of ___________ 370-371
manutacture of____________ 359-372
o plants for, location of ___.__ 371
" materials for _ 359
" prices and properties of - ____ 371-372
Slate, character, occurrence, and
analyses of._____ 38-39, 131
Use Of e 39

Siebenthal,
A58
284

28-29

Silver Lake,

Silverdale,
169

Soldiers Home, Kans., limestone near,

analyses of .o __ 168
South Bend, Pa., limestone near,
analysis of oo~ 282
Qouth Bethlehem, N. Y., limestone
near, analysis of_____ 250
South Carolina, limestone and mar- .
ble in, ocurrence and
analyses of ._______ 295-296
South Dakota, chalk in__________ 34, 301
clay in, occurrence and analy-
sis of o 301
‘limestone in, occurrence and’
analysis of ________ 296-300
Tortland-cement industry in _.__ 301

Portland-cement resources of_ 206-301
South Rondout, N. Y., cement at,

analysis of oo __ 256
plant at___________________ 255
-shale and limestone near, analy-

. ses of L o ___ 256
Southern Cement Co., methods of ___ 365
Southern States Portland Cement

Co., plant of ——_.__ 130-131
Southwestern Portland Cement Co.,
plant of . _________ 115
Spain, slag from, analysis of_.___ 361, 370
Spalding, . P’,, on hydraulic cement_ 18 .
Sparta, N. J., limestone near, analy-
sis of o _____ 234-235, 288
Spartanburg, S. C., limestone near,
analysis of . ___ 295
Spearfish formation, occurrence and
) character of __ _.____ 297
Specht Ferry, Iowa, section at-____ 150
limestone from, analyses of____ 150
Spencer, J. W., on Conas:iiuga forma-
tiom_ . ______ o ____ 337
on Georgia limestone 129-131
Spencer, Ind., limestone near, analy-
ses of o 139

Spergen Hill limestone,. occurrence
and analyses of..__ 173-174

Springdale, N. J., limestone near,

analyses of . _—.____ 238
Springtown, N. J., limestone near, ,

analysis of __._-~__ 234-235
Springvale beds, occurrence and

character of ~— .- 157-158
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. Standard Portland Cement Co., plant Teil, France, limestone of .. ______ 29
of, location of ._______ 121 | 'I'ellico sandstone, occurrence of 303
Stqr Canyon, Nev., limestone near, Temple, Me., liméstone near, analysis .
analysis of —_________ 231 | Of - 178
St:u Furnace,” Ohio, limestone near, Tenabo I'eak, Nev., limestone near,
analysis of _.________ 273 ' analysis of _.________ 231
Staunton, Va., limestone and shale Tenmile Creek, W.- Va., limestone
near, analyses of _____ 315, near, analysis of _____ 328
317, 320-322 | “Tenmile district, Colo., limestone .
State quarry Dbeds, occurrence and near, analyses of.____ 123
character of ________ 151 | Tennessee, geological map of__.___ 172

Stewardson Furnace, Pa., limestone
near, analysis of _____ 283
Stillwater, N. J., limestone near,

analyses of _________ 238
Stockbud“e, Mich., shale near, anal-

ysis of oo ____ 203
Stockertown, Pa., plant at —________ 284
Stokesville, Va., limestone near, anal-

ysis of - ________ 321
Stones River group, occurrence and
: character of _________ o305
Stony - Run, Md., limestone near,

analysis of _________ 188

Stose, G. W., on West Virginia lime-
325-326

Strawberry station, S. C., limestone

near, analysis of _____ 296
Stroh,‘lnd., clay and marl at, analy-
ses of ______________ 143
plant at . ____________ 142
Strong, Me., limestone near, analysis
of . 178
Stronrr City, Kans., limestone near, .
analyses of - ______.__ 168
Sugar Creek, liméstone near, :maly-
ses Of o 135
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