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PORTLAND CEMENT MATERIALS AND INDUSTRY
OF THE UNITED STATES.

By Epwin C. EckEr, with contributions by ErNEsT F. BURCHARD
and others.

INTRODUCTION.

This report has been prepared in order to give information desired
by two classes of persons—owners of lands on which marl, limestone,
or clay deposits are found, and cement manufacturers or those who
desire to become such. For the benefit of those of the first class,

who wish to know whether a given material is suitable for Portland
cement manufacture, the writer has attempted, in Parts I and II
of the report (pp. 16-66), to describe the chemical and physical prop-
erties which a Portland cement material must have, and above all to
show that the value.of cement material depends almost entirely upon
its location with respect to fuel supply, transportation routes, and
markets. For cement manufacturers, present and prospective, who
want to know at what localities in a given State or group of States
cement materials will probably be found and who desire information
in advance of actual testing as to the physical and chemical character
of the materials, Part IIL (pp. 67 et seq.), dealing with the cement
resources of the separate States, has been prepared.

The report is intended to be a discussion of the Portland cement
materials of the United States, not a manual of cement manufacture
nor a guide to cement testing or utilization. A brief sketch of the
general status of the Portland cement industry is, however, presented
in Part I, 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 branch of manufacture.

It is with pleasure that the writer acknowledges indebtedness to
the managers and chemists of the numerous Portland cement plants
throughout the United States. Most of these plants, with their
quarries or mines, have been personally examined by the writer,
and at every one of them all possible facilities have been afforded
for making a thorough examination. For obvious business reasons
some of the information obtained in this manner can be stated only
in a general way, but permission to publish most of it has been
freely given. The chapters which have been contributed mainly by
other geologists are credited directly to them in both text and table
of contents. Special acknowledgment is due to Mr. E. F. Burchard,
who has revised statistics and bibliographies, in addition to preparing
the sections directly credited to him. ' 1



PARTI. THE PORTLAND CEMENT INDUSTRY IN GENERAL. .
CLASSIFICATION OF CEMENTS.

The relations of the various cementing materials * used in modern
structural work may be concisely expressed as follows:
Plaster of Paris, cement plaster, Keene’scement, etc.
Common lime.
Hydraulic lime.
Natural cements,
Portland cements.
Puzzolan cement.

NONHYDRAULIC CEMENTS. A

Nonhydraulic cements do not have the property of ‘‘setting” or .
hardening under water. They are made by burning, at a compara- &
tively low temperature, either gypsum or pure limestone. The
products obtained by burning gypsum are marketed as ‘‘plaster of
Paris,” “‘cement plaster,” ‘‘Keene’s cement,” and so forth, according
to 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.
Hydraulic cements are those which set when used under water.
" This property, which is due to the formation during manufacture of
compounds of lime with silica, alumina, and iron oxide is possessed in
very different degree by different cements.

Nonhydraulic cements. {

Hydraulic céments. .. ..

HYDRAULIC LIMES.

Hydraulic limes are produced by burning, at comparatively low
temperatures, a natural siliceous limestone which carries so much
lime carbonate in proportion to its silica and alumina that the
burned product will contain considerable free lime in addition to the »
silicates and aluminates that have been formed. In consequence of _
the free lime the burned mass will slake, but in consequence of the
silicates and alumingtes it will slake slowly and will have hydraulic
properties. Hydraulic limes are thus intermediate between cements
and true limes. They do not fall within the scope of this bulletin.

NATURAL CEMENTS.

Natural cements are produced by burning a naturally impure lime-
stone, containing from 15 to 40 per cent of silica, alumina, and iron

t Eckel, E. C., Cements, limes, and plasters: Their materials, manufacture, and properties, 1905,
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CLASSIFICATION OF CEMENTS. 17

oxide, at a comparatively low temperature, about that of ordinary
lime burning. The operation can be carried on in a kiln closely re-
sembling an ordinary limekiln. 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 slake 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 either in air or under
water. Natural cements therefore differ from ordinary hmes in two
noticeable ways:

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

(2) The powder has hydraulic properties—that is, if properly pre-
pared, it will set under water.

PORTLAND 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 such proportion
that the mixture will contain about three parts of lime carbonate to
one part of clayey materials. The mixture is burned at a high tem-
perature, approaching 3,000° F., in kilns of special design and lining.
During the burning, the lime combines with the silica, alumina, and
iron oxide, forming a semifused mass called “clinker,” which con-
sists of silicates, aluminates, and ferrites of lime in certain fairly
definite proportions. This clinker must be finely ground, and the
resulting powder (Portland cement) will set under water.

Portland cements differ from natural cements in the following
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 temperature than
Portland cement, the mass in the kiln never being heated high enough
to even approach the fusing or clinkering point. '

(3) Natural cements, after burning and grinding, are, as a rule,
yellow to brown in color and light in weight, having a specific gravity
of 2.7 to 3.1, whereas Portland cement is commonly blue to gray in
color and heavier, its specific gravity ranging from 3 to 3.2.

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

48834°—Bull. 522—13——2
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-(5) Portland cement is a definite product, its percentages of lime
silica, alumina, and iron oxide varying only between narrow limits,
whereas brands of natural cements differ greatly in composition.

PUZZOLAN CEMENT.

Puzzolan cements are made by mixing powdered slaked lime with
either a volcanic ash or a blast-furnace slag. The product is 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 powder (puzzolan cement) will set under
water. '

Puzzolan cements are usually light bluish, and are of lower specific
gravity and less tensile strength than Portland cement. They are
better adapted to use under water than in air.

PREDECESSORS OF PORTLAND CEMENT.

Although the Portland cement industry has now attained great
importance, it is less than a century old and its period of rapid growth
did not_really begin until within the last quarter century. The
industry is therefore very young compared with the manufacture of
iron, for example. During earlier periods of the world’s history,
however, other cements were used in much the same fashion that
Portland cement is used to-day, and before taking up Portland cement
itself it may be of interest to sketch briefly the history of early
cement making and the character of the materials used.

ANCIENT PUZZOLAN CEMENTS.

There does not seem to be the slightest evidence that hydraulic
cements approaching the Portland type were ever used by Egyptians,
Greeks, or Romans in their structural works. The earliest cement-
ing materials of which there is any record were ordinary limes and

plasters much like those used to-day. The Romans were acquainted

with pozzuolana, a volcanic ash that is found abundantly in the
vicinity of Naples, which when powdered and mixed with black
lime possesses distinct hydraulic properties and gives results approx-
imating those of the modern hydraulic cements. Cements of this
type were used in many. of the early engineering works of Rome.
Puzzolan cements are still made, but the best-known representative
of the group is not made from volcanic ash but from blast-furnace
slag. ‘

During the Middle Ages, with the general retrogression in technical
knowledge, the use of even these primitive puzzolan cements seems
to have been discontinued. The material employed for holding
masonry together in large structural work was plain lime mortar,
though by using an abundance of time and by taking great care in
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preparing the lime, the mortar, and the stone, structures of very
remarkable strength and durability were finally developed. At a
few places in Europe impure limestones were burned to a lime
which necessarily must have possessed some hydraulic properties.
But these sporadic instances of the occurrence and use of what may
be considered a low-grade natural cement should not be allowed to
obscure the fact that the great masonry structures of the Middle
Ages were built with practically common lime.

. NATURAL CEMENTS.
EUROPEAN NATURAL CEMENTS

The almost exclusive use of lime mortar for structural work per-
sisted until very near the close of the eighteenth century, when a
new series of cementing materials, of distinctly more modern type,
was developed by careful experiment almost simultanecusly in
France and in England. These were the natural cements, and
cementing materials of this type have remained in use down to the
present day

In 1756, or thereabout, Smeaton, an English engineer, began a
series of experlments on lime mortars, in order to devise a lime suit-
able for marine construction, particularly for use in building the
Eddystone lighthouse. No record of these experiments was pub-
lished until 1791, so that they had no immediate influence on engi-
neering practice. Smeaton soon found that the property of hardening
under water, known to be possessed by some limes, was not due to
the purity of these particular limes, as had been long supposed. In
fact, the truth was quite the reverse, for the very impure clayey
limestones, when burned, would harden under water, and the pure
limes would not. Though the experiments of Smeaton were appar-
ently not carried to the point of making a true cement, his conclu-
sions regarding the effect of clay in hmestone opened the way for
further investigation and research.

The next step marked a great advance in practice. This was the
invention in 1796 in England and almost simultaneously in France of
a cement like our present-day natural or Rosendale cements. Parker,
who took out an English patent in 1796, later termed his new product
‘““Roman” cement, which was clearly a misnomer, for he had invented
a product never known to the Romans. The Parker patent contem-
plated the use, as a raw material, of certain concretions of clay and
limy matter which were common in some of the English coastal for-
mations. These concretions were to be burned ‘‘with a heat stronger
than that used for burning lime.” When so burned, the product
would not slake naturally when water was applied to it, as would an
ordinary lime. When powdered, however, and mixed into a paste
with water, it would harden not only in air but also under water,
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Parker’s cement soon came into general use in England, and similar
products were manufactured in France and in other portlons of the

Continent.
AMERICAN NATURAL CEMENTS.

DISCOVERY.

When the construction of the Erie Canal was undertaken, the use
of ordinary lime as mortar was contemplated. As a large amount, of
lime would be used for this purpose, many limestone beds throughout
the State were examined and tested. Good limes were found to be
available at many points along the course of the canal, and the engi-
neers had apparently no expectation of finding a better material.
During the progress of work on the middle section of the canal, how-
ever, it was found that the lime burned from a certain stone refused
to slake. The quarry from which this stone came had been opened
on the land of T. Clarke, in the town of Sullivan, Madison County, in
a bed of limestone which to all appearances was satisfactory enough.

The failure on the part of the contractor to deliver the lime brought
the matter to the attention of Benjamin Wright, engineer in charge of
the middle division, and Canvass White, one of his two associates.
Fortunately, White had visited England in order to secure as much
information as possible concerning the materials and methods then
employed in great public works and had devoted much time to a study
of the limes and cements used as mortar materials. Parker’s ‘‘Roman
cement’’ had then passed the experimental stage, and in both England
and France natural cement was gradually but steadily supplanting
lime as an engineering material. The cost of Parker’s cement, how-
ever, was an obstacle to its extensive use.

Because of this preliminary acquaintance with the subject, White
was peculiarly well fitted to- cope with the difficulty in Madison
County. He visited the Clarke quarry, examined and tested both the
quarry stone and the burned product, and decided that the obstinate
lime was really a high-grade natural cement, which required only
grinding to make it fit for use. Tests on a larger scale soon preved
that his conclusion was correct, and the first American natural cement
was put to extensive use in the locks and walls of the middle section
of the canal during the years 1818-19.

Fortunately, a contemporary professional estimate exists as to the
value of this material. Wright, in a letter dated in 1820, summarizes
the facts regarding White’s cement, stating that it ‘‘is found to be a
superior water cement and is used very successfully in the stonework
of the Erie Canal and believed to be equal to any of the kind found
in any other country. It is pulverized (as it will not slake) and then
used by mixing two parts lime and one part sand. It hardens best
under water, and it is believed its properties are partially lost if per-
mitted to dry suddenly or if not used soon after mixing.”
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Ninety years of testing have hardly given a more satisfactory
summary of the properties of natural cements than is contalned in
Wright's last sentence.

Another contemporary account (1821) states that ‘‘the price of this
lime, pulverized and burnt and delivered at Utica, is 20 cents the
bushel.”

White took out a patent on this cement, and for several years a
controversy raged as to its tenability. The matter was settled in
1825, so far as the State of New York was concerned, by the action of
the leglslature which bought the patent rights for New York from
White for $10,000 and immediately threw them open to the free use
of citizens of the State.

It is pleasant to know that the discovery and prompt utilization of
this new material by White and Wright were rewarded with equal
promptness by their professional advancement on the canal work.

The chemical character of this first American natural cement
is established by an analysis, made in 1822 by Seybert, of a sample
of the limestone used in its preparation. The analysis gave the
following results:

Analysis of the first American natural cement.

S (53 10) PR OO 11. 766
Aluming (ALOg) vt e ii et eeaaaaans 2.733
Iron oxide (FegOg) . e o uuieiiiincte i iiacieri it c e 1. 500
Lime (Ca0) ..o oeiiiiiiii ittt ittt ce et aaaaens 25. 000
Magnesia (MgO0). ...t 17.833
Carbon dioxide (CO2)...uuunriiiiiiaiaiiiiieiarieieeiaaann. 39.333
MOTStUE. . e e e ee e eee e e 1. 500

99. 665

“If this analysis be accepted as representative of the rock used, the
resulting cement would have a cementation index of 0.74 and at the
present day would be regarded as a hydraulic lime rather than as a
natural cement.

GROWTH OF THE NATURAL CEMENT INDUSTRY.

The use of the Madison County cement on the canal stimulated
search for other deposits of cement rock. In Wright’s letter he states
that this rock ‘‘is found in great abundance in the counties of Madi-
son, Onondaga, and Cayuga.” He thus outlined - what has since been
the natural cement district of central New York. Later in the same
letter Wright remarks: ‘‘I do not know that it is found in the coun-
ties west of Cayuga, but presume from the geological character of that
country it may be found in all the country west to Niagara, and prob-
ably farther west.” - Within a few years this proved to be a fact,
cement rock being discovered in Erie Coynty, in the extreme western
»art of the State.
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The first natural cement manufactured in Erie County was made
in 1824 at Williamsville. In 1839 Jonathan Delano erected cement
works at Falkirk, near Akron, making about 2,000 barrels of cement
the first year. He furnished the cement for the feeder dam at Tona-
wanda Creek and for the Genesee Valley Canal. In 1843 the business
passed to the hands of James Montgomery, who increased the output
to 10,000 barrels a year. The business afterward came into the
possession of Enos Newman, a partner of Montgomery, and has
been in his family ever since.

In 1854 H. Cummings & Son established a natural cement plant at
Akron, which was operated for several years. This plant was suc-
ceeded by another, managed by sons of the founder. The Akron
plant was sold to the Akron Cement Co. in 1871, and the Cummings
brothers erected another plant about 2 miles west of Akron.

The first natural cement made within the present limits of Buffalo
was manufactured in 1850 by Warren Granger. His plant was near,
Scajaquada Creek, just below the Main Street Bridge, in what is now
Forest Lawn Cemetery. In 1874 Lewis J. Bennett commenced the
manufacture of natural cement at Buffalo Plains, near Main Street.
This establishment, which has been carried on continuously under the
control of the Bennett family, is now incorporated as the Buffalo
Cement Co. '

Third among the districts in point of age came the Rosendale region
of eastern New York, which, however, soon became first as a producer
and has ever since maintained a high standard in both the quality and
quantity of its output. o

The discovery of cement rock and the commencement of manufac-
ture of natural cement in the Rosendale district took place apparently
about 1825, though there is considerable uncertainty as to the exact
date. The industry, however, did not develop so rapidly as might be
supposed, for in 1843 W. W. Mather * referred to the immediate past
as follows:

When making the reconnaissance [in 1837], soon after the commencement of the
geological survey, the business had but commenced, and there was no cement manu-
factured on the Rondout except at Lawrenceville, and there but few kilns were in
operation. It was not then known to the inhabitants that the cement rock was
abundant except at and near these quarries until some of them were then informed
of its inexhaustible quantities. Even now few are aware of the great extent of the
rock and still fewer understand how to trace out the situation of favorably located new
quarries.

During the six years that had elapsed since 1837, however, the
industry seems to have grown rapidly, for in his final report (1843)
Mather statés ? that 16 firms, working 60 kilns, were then operating
in the Rosendale district. He estimated the product at 500,000 to

1 Geology of the first geological district: Nat. Hist. New York, div. 4, pt. 1, 1843, p. 330.
2 Jdem, p. 329.
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600,000 barrels per year, and notes that about 700 men were employed
in the quarries, in the mills, and in handling the cement.

Soon after the industry had become established in New York it was
taken up in several other States. R. W. Lesley has pointed out the
direct relation of the early natural cement industry to the canal con-,
struction, which was then so prevalent.!

The first large public works built in this country were the canals, and the most
necessary thing to build a canal was mortar that would hold the stones together at
the locky or walls under water. Consequently, wherever canals were to be built
there was a search for cement rocks, and all the earliest works in this country were
established on the lines of the canals. Thus, on the Chesapeake & Ohio Canal were the
Cumberland and Round Top Works; on the Lehigh Canal, the works at Siegfrieds
and Coplay, Pa.; on the Richmond & Alleghany Canal, the works at Balcony Falls,
Va.; on the Delaware & Hudson Canal, the large group of works at Rosendaleand
Kingston; and on the Falls of the Ohio Canal, the large aggregation of works about
Louisville. From this fact grew the early package used in shipping cement in
this country, the barrel, which was the package best adapted to water transportation;
and it took many years to overcome the prejudice against any other form of package
and to substitute the paper or duck bag for the barrel.

The following table shows the dates of establishment of the natural
cement industry in various localities in the United States between

1818 and 1901:

Dates of establishment of the natural-cement industry in different States.

T

State. Location. Date.

California. ...........ooeeeann. Benicia.. ..o 1860
Connecticut................... Kensington.............................] 1826
Georgia. ..o Howard. ... ... ... ... ... ... ..... 1851
[+ Y Rossville..oovunaneeno oo 1901
1Hnoi8. coae e Utica. .o oei e 1838
Indiana-Kentucky............. | Louisville..........o.oouiiiLLL 1829
Kansas...ooeeeeeeeneeneeonoy Fort Scotto oo 1868
Maryland...................... Round Top..........oocooociiiiioil| 1837
| 1S S, Cumberland............................ 1836
Doueeeniaaeae .| Antietam........ ... .. ... P 1888
Minnesota................. . Mankato.............. L. 1883
10 Austin.......o..... . 1895
New Mexico.eeoeeeeonnaa .. L. Springer.....ooiiiii 1899
New York....ooooieeeeoooofAkrona oo 1839
Do Williamsville..................... ceeann 1824
Do Buffalo............. .. ... .. ... ...... 1850
Dooeeeriiii i Onondaga and Madison counties........ 1818
Doceeaee Rosendale district......oveeeuneeeno. .. 1825
Doceeveneei e Howe'sCave......oooov oo 1870
North Dakota:......coooieeeo... Pembina.......... ... ... .. ... .... 1895
OhiO. e Defiance.............cooo ... 1846
| 0 T Barnesville........... e, 1858
Pennsylvania............. .. .. Williamsport.............oco.oooooiao. 1831
Doeeeaei e Lebanon (...l 1825(7)
DO Lehigh district....... 1850
Virginia........................| Balcony Falls..... . 1848
West Virginia.. Shepherdstown..................... .. .| 1829
Wisconsin....ccoeeeee.. ... Milwaukee.......... .. ... .. ... ..., 1875

1 Cement Age, vol. 7, 1908, p. 245. -
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The natural cement industry grew rapidly in the United States,
reaching a maximum production of not quite 10,000,000 barrels in
1899. After that date, however, it began to suffer heavily from the
competition of domestic Portland cement, and in the last decade its
~output has shown an almost continuous rapid annual decrease, until
now it has become relatively unimportant. This matter will be noted
further in discussing the statistical growth of the American Portland
cement industry (pp. 31-32).

PORTLAND CEMENT.
INVENTION AND EARLY HISTORY.

ASPDIN’S PATENT.

SPECIFICATION.

In 1824 Mr. Joseph Aspdin, of Leeds, England, received a British
patent for a cementing product which he named Portland cement.
The name was due to a rather fanciful resemblance between the set
cement and a well-known English building stone—the oolitic lime-
stone of Portland.

Aspdin’s specification, which is numbered 5022 and dated October
21, 1824, is as follows:!

My method of making a cement or artificial stone for stuccoing buildings, water-
works, cisterns, or any other purpose to which it may be applicable (and which I
call Portland cement) is as follows: T take a specific quantity of limestone, such as
that generally used for making or repairing roads, after it is reduced to a puddle or
powder; but if I can not procure a sufficient quantity of the above from the roads,
I obtain the limestone itself and I cause the puddle or powder or the limestone, as
the case may be, to be calcined. I then take a specific quantity of argillaceous
earth or clay'and mix them with water to a state approaching impalpability, either
by manual labor or machinery. After this proceeding I put the above mixture into
a slip pan for evaporation, either by the heat of the sun or by submitting it to the
action of fire or steam conveyed in flues or pipes under or near the pan, until the
water is entirely evaporated. Then I break the said mixture into suitable lumps
and calcine them in a furnace similar to a limekilu till the carbonic acid is entirely
expelled. The mixture so calcined is to be ground, beat, or rolled to a fine powder
and is then in a fit state for making cement or artificial stone. This powder is to be
mixed with a sufficient quantity of water to bring it into the consistency of mortar,
and thus applied to the purposes wanted.

TECHNICAL VALUE OF ASPDIN’'S INVENTION.

As Aspdin’s patent is often criticized for its vagueness, it is of inter-
est to examine it more closely and get some idea of its real technologic
importance. It seems clear that the specification of his patent cov-
" ered the general method of Portland cement manufacture most suitable
for the raw materials available to him, though it certainly omits to
mention certain important factors or limitations in that process. - To
put his invention into simpler form, it may be said that Aspdin

1 Redgrave and Spackman, Calcareous cements, 2d ed., 1905, p. 31,

-

(\;



PORTLAND CEMENT, 25

specified that a pure limestone was to be burned to lime. This lime
was to be mixed with a definite quantity of clay, and the mixture was
then to be pulverized in a wet state. The wet mixture was to be
dried and crushed and then calcined in a vertical kiln; and finally
the burned product was to be powdered.

It is unquestionable that this was really a very clear and definite
description of the manufacture of Portland cement by a wet-mixing
and grinding method. When this method was applied to hard lime-
stone, burning in two stages was almost a necessary consequence.
Aspdin’s process, substantially as described, was in high favor -until
1875 or thereabout, then fell into disuse, but now seems to be again
becoming of interest to cement manufacturers.

The only serious omissions in the Aspdin specification are that the
relative amounts of lime and clay to be used are not even approxi-

mately stated and that no mention is made of the necessity of burn-

ing the mixture at a temperature considerably above that of an ordi-
nary limekiln. But that these omissions were due not to lack of
knowledge, but to carelessness or secretiveness in framing the speci-
fication, is shown by the fact that Aspdin was actively engaged in Port-
land cement manufacture within a year of the issuance of his patent,
and that the Aspdin family long continued prominent in the English
Portland cement industry.

CONTEMPORARY NOTICES OF ASPDIN'S INVENTION.

In view of the great industrial importance attained by the Portland
cement industry developed under the Aspdin patent of 1824, the
writer thought it of interest to examine the files of several tech-
nical journals of that period in the hope that some contemporary
mention of the invention might be found. This search was success-
ful, and two of these contemporary notices are here reproduced.

Aspdin’s patent was applied for, it will be recollected, in 1824, the
specification being dated October 21. In its issue of February 5,
1825, the London Mechanic’s Register mentions the granting of the
patent in the following terms, under the simple caption ‘Artificial
stone’’:

Mz, Joseph Apsden,! of Leeds, has taken outa patent for a new mode of producing an
artificial stone or cement for the covering of buildings. He calls it Portland cement,
from its resemblance to Portland stone; its component parts are as follows: A given
quantity of limestone, of the kind usually employed for mending roads, is to be pul-
verized by beating or grinding, or it may be taken from the road in a pulverized state,
or in the state of puddle; this, when dried, is to be calcined in a furnace in the usual
way. A similar quantity of argillaceous earth or clay is then to be mixed in water
with the calcined limestone, and the whole perfectly incorporated by manual labor or
by machinery into a plastic state. This mixture is then to be placed in a shallow

vessel for the purpose of evaporation, and then to be submitted to the action of the air,

1Tt should be noted that in these early references Aspdin’s name i{s mispelled Apsdin or Apsden.
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the sun, or the heat of fire, or steam conducted by pipes or flues under the pans or
evaporating vessels. This composition, when in a dry state, is to be broken into lumps
of suitable sizes, and is then to be calcined again in a furnace similar to a limekiln
till the carbonic acid has been entirely dispelled. The mixture so prepared is then to
be pulverized by grinding or beating, and when reduced to a fine powder is in a fit
state for use, and with the addition of so much water as will be sufficient to bring it
into the consistency of mortar will, when applied to its purpose, make a compact and
durable stone equal to the Portland stone itself.

The above notice, it will be seen, is merely a bare outline of the
matter set forth in the patent specifications, with nothing added in
the way of editorial comments. Another notice, of slightly earlier
date, is more interesting. It appears in the Register of the Arts and
Sciences (London) of January 22, 1825, under the heading ““ Apsdin’s
patent Portland cement, or artificial stone.”” This notice is as follows:

This is a patent lately granted to Mr. Apsdin, a mason, of Leeds, for an earthy
preparation, which he calls Portland cement. Its composition, that of equal parts
of limestone and aluminous earth, has been long known to the chemical world as
forming a hard stony cement; a fact that ought to have been communicated to Mr.
Apsdin by the person who assisted him in his specification, which would have saved
him the useless expenditure of about £120. As it is, his exclusive privilege of manu-
facture can only extend to the peculiar process set forth in his specification, and we
sincerely hope he may make a good profit by the undertaking.

The patentee directs that common limestone is to be pulverized and then calcined
in a furnace. A like quantity of clay is then to be mixed with the calcined lime-
stone in water and made into a plastic paste. This composition is then to be dried,
tobebroken into lumps, and calcined again, until the carbonicacid has been driven off,
when it is to be taken out of the furnace and reduced to powder. It isemployed asa
cement, or artificial stone, by mixing with the powder a sufficient quantity of water
to make it into a paste, when it quickly solidifies into a hard substance.

The following account of a similar composition is extracted from a French work:

“M. Bruy finds that an excellent artificial puzzolana may be made by calcining,
at a red heat, three parts of clay with one part of slaked lime, by measure. M.de St.
Leger, who makes the article for sale, considers these proportions as the best.”

GROWTH OF THE PORTLAND CEMENT INDUSTRY IN EUROPE.

Though Aspdin, as already noted, was almost immediately engaged
in the commercial manufacture of his new cement, the Portland
cement industry of England for some years grew very slowly. The

same was true on the Continent, where the manufacture of Portland ...

cement was soon taken up. The natural cements had gained a firm
foothold, and at the necessary difference in price it was difficult to
displace the earlier type. At first, too, both types were used entirely
as cementing materials proper, to hold together bricks or stone; the
use of cement in mass, in the form of concrete, came much later.
This naturally restricted the growth of both the Portland and the
natural cement industries.

About 1850, however, a distinct increase in the use and production
of Portland cement, both in England and on the Continent, became
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noticeable. From this time on Portland cement rapidly displaced
the older natural cements in all European markets and gradually
became an important article of import into the United States.

THE PORTLAND CEMENT INDUSTRY IN AMERICA.
EARLY HISTORY OF AMERICAN PORTLAND CEMENT.

In spite of the rather rapid development of the Portland cement
industry abroad, particularly in England and Germany, after 1850 or
thereabout, it was not until the end of the third quarter of the nine-
teenth century that its manufacture was actively taken up in the
United States. Then, like many other industries, it took life almost
simultaneously in several parts of the country, experiments in the
manufacture of Portland cement being carried on almost or quite
independently at a number of small plants in New York, in the Lehigh
district, in western Pennsylvania, in Michigan, and in Maine.

Apparently the first attempt at Portland cement manufacture in
the United States was made in 1872, when an experimental plant was
constructed at Kalamazoo, Mich., the material used being a mixture
of marl and clay. This project seems to have been commercially
unsuccessful; little can be learned concerning its history and it cer-
tainly exercised no influence on the slightly later developments in
New York and Pennsylvania.

In 1875 a true Portland cement was being made commercially at
a small plant in western Pennsylvania, the raw materials used being
limestone and clay. This plant, which was located at Wampum,
Pa., was the basis of the Crescent Portland Cement Co., which is still
in existence. At about the same date, several small experimental
plants were erected in the Hudson River district in New York.
These did not result in any immediate development of the industry
in that State, and their history can be disregarded here, particularly
as it is described in detail on pages 284-285 of this bulletin.

In the meantime, and in a manner almost entirely disconnected
from the above experiments, the foundation for the great Portland

- cement industry of the Lehigh district was being laid, the start being
made under rather unpromising conditions. Natural cement had
long been manufactured in the Lehigh region, and in the early
seventies D. O. Saylor and his associates began selecting from the
natural cement rock quarries the stone which would on burning
yield a Portland cement. The result, though always variable and
often (perhaps usually) unsatisfactory, was that a certain small ton-
nage of good Portland cement began to be produced annually in this
district, really as a sort of by-product of the natural cement industry.
The present Coplay Cement Manufacturing Co. is the direct outgrowth
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of this first successful attempt to manufacture Portland cement on a
commercial scale in the Lehigh district.

The Portland cement industry had now gained at least a foothold
in the United States, and within the next 10 or 15 years small plants
were established in several localities. To understand properly the
importance of the next development, it is necessary to consider briefly
the technologic status of the industry during its early American
growth, for the next factor to appear, though one which seemed at
first to be of technologic interest solely, finally completely revolu-
tionized the Portland cement industry of the world and- placed the
American industry far in advance of its European congener.

TECHNOLOGY OF PORTLAND CEMENT, 1875-1885.

AMERICAN MODIFICATIONS.

" When the manufacture of Portland cement was first taken up in
the United States the natural tendency was to follow closely along
European lines, both as to raw materials and processes. At that
date nearly all if not all European plants used soft natural raw
materials, which were mixed and ground in a wet condition and burned
in stationary vertical kilns, the resulting clinker being then ground
by millstones. In all of these respects European practice was faith-
fully followed by some of the early American plants, among them
the plants at Kalamazoo (Mich.), South Bend (Ind.), and Wayland
(N.Y)).

This pr ocess, however, was not par tlcularly well adapted even to
conditions in England and Germany, and in the United States was
almost prohlbltlve Itinvolved reducing the raw materials to powder
or to a wet slurry; mixing them to a paste with water; forming the

mixture, after partial drying, into bricks or balls; charging these -

bricks, often by hand, into the vertical kiln in which they were burned;
unloa,dinﬂ the kiln, also by hand, and finally grinding the clinker in a
pecuharly meffectlve and expensive way.

When both of the raw materials to be used were naturally wet and
naturally soft, as when marl and clay were used, the earlier stages of
the wet process were of course considerably simpliﬁed and relatively
inexpensive. But with the hard, dry rawmaterials used in the Lehigh
district the wet process was as expensive as it was absurd. This fact
was recognized early, and for a number of years after the first success-
ful experiments little or no increase in the American output of Port-
land cement could be noted, the margin of profit as against foreign
cements cheaply laid down in the coast cities being too small to
encourage the American manufacturer to take up large-scale pro-
duction.

It was early recognized by those who had commenced the experi- -

"mental manufacture of Portland cement in the United States that the

Fg
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relatively dear labor and cheap fuel of America, as contrasted with
the cheap labor and dear fuel of Europe, would necessitate great
changes in the technology of the industry if it were ever to be estab-
lished on a firm -commercial footing. The most interesting features
of the early American experimental work, indeed, were the frank
acceptance of these conditions and the careful search for alternative
methods.

In the general effort to cut down the excessive labor cost of the prod-
uct, two distinct though interrelated points of attack were obvious.
In order to fit. the industry satisfactorily into American labor and fuel
conditions, both the burning and the grinding processes must be
cheapened by mechanical improvements. Both of these points
received prompt attention, and both the necessary improvements
were effected when the old stationary kilns and millstones were dis- -
placed, respectively, by the rotary kiln and by modern grinding
machinery.

THE ROTARY KILN AND ITS EFFECT ON THE INDUSTRY.

* Of the two changes, the substitution of the rotary for the station-
ary kiln demands the greater attention, not only because it is the more
distinctively American but also because of its important effects on
the industry. Though the rotary was foreshadowed at an earlier
date, the Ransome patents (Great Britain, 1885; United States,
1886) are usually considered to be the basis of its later developments,
the kilns now in use being the direct successors of those of the Ran-
some type. : -

For present purposes it is sufficient to describe the rotary kiln as a
steel cylinder lined with fire brick and set at a slight inclination to the
horizontal. The raw mixture is fed in at the upper end and travels
slowly downward by gravity as the kiln is revolved. The fuel is
blown in at the lower end, and the burned clinker also falls out at this
lower end. It had been expected that the fuel to be used in the Ran-
some kiln would be producer gas, but as a matter of fact when the
rotary was first successfully used in the cement industry—at South
Rondout, N. Y., in 1889—petroleum was used as fuel, and for some
years its use continued to be the current American practice.

At the South Rondout plant it was found possible to charge the
mixed and ground raw materials direct to the kiln without wetting,
so that another step had been made in the industry. In 1891, at
Montezuma, N. Y., naturally wet raw materials (marl and clay) were
charged into the kiln without preliminary drying. The two main
types of present American practice were thus in existence—the dry
process, used with limestone or cement rock, and the wet process,
used with marl. Of the two, the dry process has proved far the more
economical-and at present is almost universally used.
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The next step in the development of American cement manufactur-
ing methods began about 1895, when powdered coal was first substi-
tuted for petroleum as fuel. Its use very soon became standard
practice throughout the United States, except at the few localities
where petroleum or natural gas abounded.

The most recent development in the rotary kiln has been purely
a matter of dimension. In 1903 American rotaries had become
practically standardized in size and capacity. Almost every kiln
in the country used on dry materials was 60 feet in length, and a kiln
of this size had a rated capacity of 200 barrels of cement a day. In
the Lehigh district the 60-foot kilns usually yielded a little more than
their nominal capacity, and elsewhere a little less. Beginning with
the proved success of longer kilns at the Edison plant, however, a
rapid lengthening commenced about 1905 and as yet has not steadied
down to anything like standardization. The kilns now installed
usually range between 100 and 150 feet in length and yield from 400
to 800 barrels a day. A few kilns 250 feet in length are in operation.

IMPROVEMENTS IN GRINDING.

Parallel with the changes in type and capacity came the great
changes in crushing and grinding machinery which have produced the
enormous tonnages of raw and finished material. The cracker
crushers and millstones of the early industry have given place to
larger and more efficient reducers. At present the gyratory crusher
is almost exclusively used for the first stage of reduction. For finer
grinding Griffin and Huntingdon mills were at first used; later ball
and tube mills came into favor; but at present there seems to be some
reaction toward earlier types.

GROWTH OF THE AMERICAN INDUSTRY TO 1904.

In 1905 the United States Geological Survey published; as its
Bulletin 243, a report on the cement materials and industry of the
United States, prepared by the present writer. The introduction to
Bulletin 243, written in 1904, contained the following statements,
which will bear repetition here because the industry has advanced so
rapidly that the summary of its growth to 1904 already has a certain
historic interest.

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,
ag, the product is so widely used and its uses are so rapidly increasing that some
knowledge of its manufacture and properties is of advantage to everyone connected,
directly or indirectly, with engineering 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
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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.

During the 16 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 Colorado and Alaska. The annual gold production of Alaska and of the
Cripple Creek district in Colorado have * * * impressed themselves on every
citizen of the United States, while the Portland cement industry has attained its
growth in comparative obscurity. Yet on comparison it will be seen that the gold
production of Cripple Creek is only slightly greater than the output of Portland
cement, while the production of Alaska sinks into comparative insignificance. * * *
Moreover the greater part of this increase has been within the last decade. The pro-
duction of Portland cement has risen from a little less than $2,500,000 in 1896 to over
$27,000,000 in 1903. ‘

Since the above paragraphs were written the American Portland
cement industry has continued its remarkable rate of growth, reach-
ing in 1911 an output of over 78,500,000 barrels, valued at more than
$66,000,000.

STATISTICS OF THE PORTLAND CEMENT INDUSTRY.!
AMERICAN PR:ODUCTION OF PORTLAND CEMENT, 1870-1911.

The following statistics cover the annual production of Portland
cement in this country from the inception of the industry, in the
early seventies, to the present day:

Production of Portland cement in the United States, 1870-1911, in barrels.

Year. Quantity. Value. Year. Quantity. Value.
1870-1870. .. eevenenens 82,000 2,677,775 | 4,315,801
1880 .7 i 42,000 3,692,284 | 5,970,773

: 60,000 5,652,266 | 8,074,371
85, 8,482,020 | 9,280,525
90,000 12,711,225 | 12,532,360

, 000 17,230,644 | 20,864,078
150, 000 22,342,973 | 27,713,319
150, 000 26,505,881 | 23,355,119
250, 000 35,246,812 | 33,245,867
250, 000 46,463,424 | 52,466,186
300,000 48,785,300 | 53,992,551
35, 500 51,072,012 | 43,547,679
454,813
64,001,431 | 52,858,354
547,440 76,549,951 | 68, 205,800
590, 652 78,528,637 { 66,248,817
798, 757 i
990, 324 507,752,834 | 495,225,071
1,543,023

a The figures for 1890 and prior years were estimates made at the close of each year but are believed to be
substantially correct. Since 1890 the official figures are based on complete returns from all producers.
This table shows fair but not in any way remarkable growth until
1895. In the latter year, however, a very striking development
commenced, coincident with the development of coal burning in the

! For further statistics the reader is referzed to Mineral Resources U. 8. for 1911, pt. 2, U,.S, Geol. Survey,
1912, pp. 487-493. : '
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F1GURE 1.—Production of Portland and natural cements in the United States, 1890-1911.
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rotary kiln, and continued until 1907, when it was checked by the
financial crisis. The check was only temporary, however, and within
a year the old rate of advance had been resumed.

The phenomenal growth of the American Portland cement industry
is brought out still more strikingly in figure 1, where the later portion
of the advance is shown graphlcally “for the years 1890 to 1911,
inclusive. For convenience in comparison, the gradual decline of
the American natural cement industry has been plotted on the same
diagram.

The rate of growth of Portland cement has been irregular, but has
been high on the average, and has in no year been actually reversed.
The production of natural cement, on the other hand, reached its
maximum in 1899, with an output of 9,868,179 barrels, since when
it has shown & rapid and almost continuous decrease each year, until
now it is relatively unimportant.

The recent growth of the American Portland cement industry has,
as a matter of fact, been so rapid that its present relative standing
among our great industries is realized by few, even of those directly
interested. Its importance, both commercially and ﬁnancially, is
perhaps best brought out by comparison with the American iron
industry, whose standing is everywhere fully understood.

Several years ago, when the author first published comparative
data on the cement and iron industries, it was necessary to plot the
cement output in barrels and the pig-iron -output in long tons
in order to bring them together on the same diagram. Since
then, however, the growth of the Portland cement manufacture has
been so rapid that this expedient is no longer necessary; it is now
possible to make comparisons by tables that give similar units of
quantity. The following table gives the output of pig iron and
Portland cement in long tons during every fifth year from 1880 to
1910, inclusive.

Comparative growth of cement and iron industries.

Portland | Percentage
cement, | of cement
long tons. |to pig iron.

Pigiron,

Year. long tons.

7,749,233 7,000 0.1
7,415, 469 25,000 .3
9,202,703 56,000 -6
0,446,308 | 165,000 1.7
| 13)789)242 | 1,414,000 10.3
22,002,380 | 5,874,469 24.3
26,674,123 | 12,986, 152 48.7

PRICES.

Perhaps the most striking feature connected with the Portland
cement industry in this country has been the decline in cement prices
48834°—Bull. 522—13——3
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during the last 30 years. This decline has, as a matter of fact, been
as steady and as marked as the growth in annual output.
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FIGURE 2.—Range of cement prices in the United States, 1880-1911.

The following table gives the average price per barrel of Portland
cement in bulk at the point of manufacture, derived from the official
figures published annually by the Geological Survey. The price
excludes the cost of the package, but includes packing-house labor:



. STATISTICS OF THE PORTLAND CEMENT INDUSTRY. 35

Average prices per barrel of Portland cement, 1870-1911.

1870-1880............ $3.00 | 1893.............. $1.91 1 1903............... $1.24
188l 2.50 | 18%4.............. 1.73 | 1904............... 88
1882 2.01 [ 1895.............. 1.60 | 1905............... 94
1883 2.15 | 1896............ 1.57 | 1906............... 113
1884.... ... 2.10 | 1897.............. 1.61|1907............... 1.11
1885-1888............ 1.95 [ 1898.............. 1.62 [ 1908............... 85
1889... L 167 | 1899.............. 1.43 1 1909............... 81
1890 ... ...l 2.09 1 1900.............. 1.09 [ 1910............... 89
1891 ... ....lL 2.13[1900.............. 99 [ 1911............... 84
1892, .l 2.11 [ 1902.............. 1.21

In the diagram on page 34 (fig. 2) the fall in cement prices from
1880 to 1911 is shown graphically.

IMPORTS OF FOREIGN CEMENT.

In the early history of the American Portland cement industry
the domestic price of cement was regulated largely by the price of the
imported product. During recent years, however, domestic prices
have been so low that foreign cements can not be profitably brought
in except at a few places on the Pacific coast. The import trade has
therefore ceased to be of serious interest to the American producer.

The following table shows the foreign cement imported into the
United States during the years 1878 to 1911, inclusive. Owing to the
manner in which import statistics are grouped under existing tariff
schedules, the quantities given include not only Portland cement,
but all other hydraulic cements. Portland cement, however, probably
makes up at least 95 per cent of the total in each year.

Imports of foretgn cement, 18781911, in barrels.

1878. . ... . 92,000 | 1890......... 1,940,186 | 1902.......... 11, 963, 023
1879. ... ...... 106,000 | 1891......... 2,988,313 | 1903.......... 12,251, 969
1880. . ......... 187,000 | 1892......... 2,440,654 | 1904.......... 1968, 409
1881....ooo... 221,000 | 1893......... 2,674,149 | 1905.......... 1896, 845
1882. .. ........ 370,406 | 1894......... 2,638,107 | 1906.......... 19,273,493
1883. . ..ol . 456,418 | 1895......... 2,997,395 | 1907.......... 12,033, 438
1884. .. ........ 585,768 | 1896......... 2,989,597 | 1908.......... 1842,121
1885. .. ....... 554,396 | 1897......... 2,090,924 | 1909.......... 1443, 888
1886 . ......... 915,255 | 1898......... 1,152,861 | 1910.......... 306, 863
1887. ... 1,514,095 | 1899......... 12,108,388 | 1911.......... 164, 670
1888. .. ........ 1,835,504 | 1900....... .. 12,386,683

1889. . .oouue... 1,740,356 | 1901......... 1939, 330

EXPORTS OF AMERICAN CEMENT.

The United States exports very little cement, the quantity annually
shipped ranging usually between 1 and 3 per cent of the domestic
production. The following table gives the quantity and value of all
classes of hydraulic cement exported during the years 1900-1911,
inclusive. These totals represent Portland cement almost exclusively.

1 “Imports for consumption.” Al other years’ figures given are for ““total import’s.’“‘
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Exports of hydraulic cement, 1900-1911, in barrels.

Year. Quantity. Value. Year. Quantity. Value.
1900, . ceiieieiiiiiaaaas 100, 400 $225,306 || 1906..........coonnian.. 583,299 $944, 886
1901......oiiiiiii.t. 373,934 679,296 || 1907.. . ... ... ... ... 900, 550 1,450,841
1902........ [P . 340,821 526,471 || 1908. ... .....o.il. 846, 528 1,249,229
1903............ peeeenan 285,463 433,984 1) 1909.......coiiiiiil 1,056, 922 1,417,534
1904, ...l 774,940 1,104,086 || 1910.................... 2,475,957 3,477,981
. 1905..... e 897, 686 1,387,906 || 1911.................... 3,135,409 4,632,215

Probably much more serious attention will be given to the export
trade in future, particularly by the eastern mills, for its development
seems to be the simplest method of disposing of the surplus which now
periodically weighs on the eastern cement market. Of course an ex-
port trade in a commodity like cement—relatively bulky and low in
value—does not promise any large direct profit to the individual pro-
ducer, but indirectly the creation and maintenance of such a trade will
benefit the industry at large. Owing to the scanty fuel supplies of
most parts of South and Central America and the West Indies the
‘development of local cement industries seems unlikely in those
promising markets.

GEOGRAPHIC CONCENTRATION OF THE CEMENT INDUSTRY.
PORTLAND CEMENT PRODUCTION, BY STATES.

In 1906 and 1907 the leading cement-producing States ranked in
the same order, as follows: Pennsylvania, New Jersey, Indiana,
Michigan, Kansas, New York, Illinois, Missouri. In 1908, however,
some very notable changes in rank occurred, owing to the decreases
shown by the Eastern States and Michigan, and the heavy increases
reported from some of the Middle Western States. The order of pro-
duction in 1908 was therefore as follows: Pennsylvania, Indiana,
Kansas, Illinois, New Jersey, Michigan, Missouri, New York.

In 1909 Pennsylvania still led in production, followed in order by
nearly the same States as in 1908, but Missouri ran ahead of Michi-
gan. In 1910 and 1911 Michigan occupied eighth place, owing to
the rapid rise of California as a producer, this State having passed
Kansas and taken third place.

In the following table the Portland cement production is given by
States, or by groups of States where there are less than three producers
in a single State. By the term “producer’” is meant a Portland
cement manufacturing company, whether the company operates one
or more plants. In the table the term “producing plant” is applied
to a mill or group of mills located at one place and operated by one
company, but each establishment at a different place is counted as
a plant.
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Production of Portland cement in the United States in 1910 and 1911, by States.

1910 1911
Produc- : Produc-| :
; Quantity h Quantity
State. ol ;g;és | (barrels). Value. State. pliﬁlgts. (barrels). Value.
Pennsylvania. .... 25 | 26,675,978 ($19,551,268 || Pennsylvania. ¢. 25 | 26,864,679 | 319,258,253
Indiana........... 5| 7,219,199 | 6,487,508 || Indiana.......... 5| 7,407,830 5,937,241
KoansaS............ 1| 5655808 | 5,359,408 %allfomm PN lg g,g%’i,g% g,;gg,igg
Ansas...... , 871, ,725,
California......... 7 Illinois. .. ... 5| 4,582,341 3,583,301
Washington....... 2 } 6,385,588 | 8,843,210 || Now Jersey 3| 4,411,890 | 3,259,528
o || Missouri. 4] 4,114,859 3,349,312
Tllinois. . 5| 4,459,450 | 4,119,012 || Michigan 11| 3,686,716 | 3,024,676
Missouri. 4| 4,455,589 | 3,858,088 || New York. 7( 3,314,217 2,669, 194
New Jersey....... 3| 4,184,698 | 3,067,265 || Towa........ 3| 1,952,590 1,881,253
Michigan.......... 12| 3,687,719 | 3,378,940 || Ohio........ 51 1,451,852 1,228,680
New York........ 8| 3,296,350 2 906, 551 }}Ia.s})lnngton 3 ggg,gzg 1,33(75,%02;
............. 3 y
Texas............. 4N g 987 445 | 2,664,846
Oklahoma......... 2 } 1490 0% PEXAS. 1 nennrnennn 4 }
Oklahoma........ 2 2,438,493 2,541,449
Towa....cocuuenn.. 2
Kentucky......... 1r 2,010,379 | 1,986,694 || Tennessee........ 2
West Virginia..... 1 West Virginia.... 1 [+ 1,981,341 1,590, 438
Kentucky........ 1
(03711 5| 1,527,670 | 1,279,717 vi )
1rg! inia.
Alabama, 2 Maryland 2 } 1,487,753 1,084,315
,Cr‘reorgia. i 1,481,359 | 1,323,495 Colorad .
'enmessee olorado.........
o 1 Colorado........... 2} 1,162,081 | 1,272,317
aryland.........
Virginia.. ......... 2 } 1,206,158 | 830,218 || pjopama......... 9 } 58,960 182272
Georgia.......... 2 4
Arizona........... 1
Sfolmt*ado... % 1,204,761 | 1,543,620 Total........ 115 | 78,528,637 | 66,248,817
ontana
Utah.............. 3 811,800 | 1,005,960
111 | 76,549,951 | 68,205,800

PRODUCTION BY COMMERCIAL DISTRICTS.

In the present grouping the United States has been divided into 11
subdivisions based on the grouping of plants in direct relation to the
trade territory covered by each group. This grouping is also logical
when the raw materials are considered. For instance, the plants in
northeastern Indiana and northern Kentucky, all of which are near
Ohio River, and all of which use hard limestone, are grouped to-
gether, and those in Michigan and northeastern Indiana, most of
which use marl, are grouped together. Plants near Chicago,
whether in Illinois or Indiana, are logically grouped together be-
cause of their nearly equal freight rates. The Southeastern States,
in which plants use mostly Appalachian limestone, are grouped to-
gether, and central Texas has deen transferred to the group of Great
Plains States, to which it more logically belongs. Plants between
Missouri River and Mississippi River in Missouri and Iowa are
grouped together, and the plants in the Rocky Mountain States and
western Texas are considered in a group intermediate between the
Great Plains and the Pacific coast. The following table summarizes
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the statistics for 1910 and 1911 for each district with regard to the
number of active plants, the total production in 1910 and 1911, the
percentage of gain and loss in 1911, and the average price per barrel.

Production of Portland cement tn 1910 and 1911, by commercial districts.

. . Average facto’
z}ctnve plants. Production. Change. price per barrel.
District.
1910 1911 1910 1911 1911 1910 1911
New Jersey and eastern Penn- Bhrrels. Barrels. | Per cent.
sylvania (Lehigh district)..... 24 24 | 26,315,359 | 25,972,108 | — 1.30 $0.729 20.715
New York.ee..ooveorveniiann.n 8 3,296,350 | 3,314,217 | + .54 . 882 . 805
Ohio and western Pennsylvania. 9 9 6 072 987 | 6,756,313 | +11.25 776 .766
Michigan and northeastern In-
digna ... ...l 14 13| 4,524,501 | 4,519,726 | — .11 921 .827
KentuckyandsouthemIndmna 3 3] 2,814,832 | 2,818,820 | — .21 .799 .793
Mlinois and northwestern In-
[T 6 6| 8,376,450 | 8,617,341 | -+ 2.88 .040 . 791
Southeastern States (Maryland,
Virginia, West Virginia, Ten.
nessee,Georgia,and Alabama). 8 11| 3,071,009 | 4,049,083 | +31.85 .794 .793
Towa and Missouri.............. 6 71 5,722,971 | 6,067,449 ] + 6.02 .916 . 862
Great Plains States (Kansas,
Oklahoma,and central Texas) 16 17| 7,723,253 | 7,010,396 | — 9.23 .996 .834
Rocky Mountain States (Colo-
rado,Utah, Montana, Arizona,
and western Texas)........... 8 7| 2,236,561 | 2,124,930 | — 4.99 1.288 1.186
Pacific coast States (California
and Washington)............. 9 11| 6,385,588 | 7,278,274 | +13.98 1.385 1.406
Total......coeeiieennna.. 111 115 | 76,549,951 | 78,528,637 | + 2.58 .891 . 844

This table brings out some interesting facts concerning the 1911
output in the several districts. According to the returns received
there were decreases in production in 1911 as compared with 1910
in the Lehigh, Michigan-northeastern Indiana, Kentucky-southern
Indiana, Great Plains, and Rocky Mountain districts. The increases
recorded in production were in the New York, Ohio-western Pennsyl-
vania, Illinois-northwestern Indiana, Southeastern States, Iowa-
Missouri, and Pacific coast districts. The greatest decrease in pro-
duction was in the Great Plains district, which amounted to 9.23 per
cent of the 1910 production. The greatest increase in production,
31.85 per cent, was recorded in the Southeastern States, and the
Pacific coast showed a gain of nearly 14 per cent. These two large
increases were due in large part to the starting of three new mills
in the Southeastern and two new mills in the Pacific coast States.

PRODUCTION OF THE LEHIGH DISTRICT, 1890-1910.

The Portland cement industry still axhibits, though to a less degree,
the same tendency toward geographic centralization that gave Pitts-
burgh its preeminence as an iron producer. The Portland cement
plants are concentrated in the so-called Lehigh district of Pennsyl-
vania and its New Jersey continuation. The Lehigh district is the
place where the Portland cement manufacture was first undertaken
on a large scale, and it owes its continued preeminence to its posses-
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sion of good raw materials, good labor, good and fairly cheap fuel,
and excellent transportation facilities to large eastern markets. At
present, however, each year witnesses a marked narrowing of the
profitable market area for Lehigh cement. The growth of the dis-
trict is being limited by that of competing localities, just as the
growth of the Pittsburgh steel district is being limited by that of
Gary, Buffalo, Birmingham, and the Atlantic plants. During ordi-
nary years, the existing cement plants in western Pennsylvania now
limit the western Pennsylvania and Ohio shipments, and the plants
in West Virginia, Virginia, and New York are more and more restrict-
ing shipments to the South and the East.

The Lehigh district possesses great manufacturing advantages, and
its annual output has by no means necessarily reached its maximum,
but the decrease in the margin of profit and the narrowing of the
market area are so obvious that strong companies can no longer look
to their Lehigh district plants as being sufficient for the future.

The following table shows the production of the Lehigh district
for each year since 1890, the total production, and the percentage of
the Lehigh district output. to the total production:

Portland cement production in the Leligh district and in the United States, 1890-1911,

in barrels.
Mol Parcersnt- Potal Perc?nt-
. 'o age of to- ; 'otal I age of to-
Year I‘ehtiﬁgtdls output of | tal manu- Year Le}}igixtd.w output of | tal manu-
. outpat the United | factured . output the United | factured
. States. in Lehigh ' States. | in Lehigh
district. district.
201,000 | 335,500 60.0 10,820,922 | 17,230, 644 62.8
248, 500 454,813 54.7 .| 12,324,922 | 22,342,973 55.2
280, 840 547,440 51.3 .| 14,211,039 | 26,505, 881 53.7
265,317 590, 652 44.9 17,368,687 | 35,246,812 49.3
485, 329 798,757 60.8 22,784,613 | 46,463,424 49.0
634, 276 990, 324 64.0 24,417,686 | 48,785,390 50.0
1896.......... 1,048,154 | 1,543,023 68.1 20,200,387 | 51,072, 612 39.6
1807. ... . ... 2,002,059 | 2,677,775 74.8 .| 24,246,706 | 64,991, 431 37.3
1898.......... 2,674,304 | 3,092,284 72.4 26,315,359 | 76,549, 951 34.4
1899.......... 4,110,132 | 5,652,266 72,7 || 1910 25,972,108 | 78,528,637 33.1
1900.......... 6,153,629 | 8,482,020 72.6
1901.......... 8,595,340 | 12, 711,225 67.7




PART II. RAW MATERIALS OF THE PORTLAND CEMENT
INDUSTRY.

INTRODUCTION.
DEFINITION OF PORTLAND CEMENT.

Portland cement is an artificial chemical product of fairly definite
composition, containing approximately 60 to 65 per cent lime, 20 to 25
per cent silica, and 5 to 12 per cent iron oxide and alumina. . Each of
the four constituents named may vary within certain limits, but these
possible variations are so interrelated that it is possible to express the
general composition of present-day Portland cements very closely by
a formula, even though it be an empirical one.

STAGES IN MANUFACTURE.

The essential feature in the manufacture of Portland cement is the
formation of a fairly definite chemical compound under the action of
intense heat. That this may be properly accomplished and that the
compound so formed may be put in shape for utilization, three general
stages in manufacture are necessary, whatever the details of the
processes employed may be: First, raw materials of proper chemical
and physical composition must be intimately mixed in proper pro-
portions, drying and fine grindinrr being necessary to secure the very
essential intimacy of the mixing; second, the raw mix thus prepared
must be burned aba-very high temperature until it unites chemically
and physically as a clinkered mass; third, the clinker so formed must
be ground very finely. The end result of these processes is the
Portland cement of commerce.

MATERIALS USED.

The raw materials used in the manufacture of Portland cement
may, for convenience, be grouped as (1) cement materials proper,
including limestone, marl, shells, cement rock, clay, shale, and so
forth, which may be combined to form the actual cement mixture;
(2) fuels, including the coal, oil, or gas used to burn the cement,
as well as the fuel usually required to furnish power for the plant;
(3) fluxes and retarders, including gypsum, lime chloride, alkalies,
fluorite, and the like, which may be added to the cement or the cement
mixture at different stages to accomplish certain purposes.

These several classes of raw materials will be discussed in the order
named, greatest attention being paid to the cement materials proper.
It should be observed, however, that this very concentration of
| attention on the cement materials proper has led to serious errors
in the location of cement plants. It can hardly be stated too strongly
that no degree of excellence in the limestone or shale can make up

40
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for a poor or expensive fuel supply or for a small market. On the
other hand, given cheap fuel and a good market, the manufacturer
may be justified in building a plant to use very poor limestones.

CEMENT MATERIALS PROPER. !
APPROXIMATE COMPOSITION OF THE CEMENT MIXTURE.

In order to determine what raw materials can be used to advantage
in the Portland cement mixture it is first necessary to decide in a
general way the composition of the mixture. ¢ —

The ordinary Portland cement mixture, when made from normal
and natural raw materials, contains about 75 per cent of lime carbo-
nate (CaCO,) and 20 per cent of silica (SlOz), alumina (ALO ,), and
iron oxide (Fe,O,) together, the remaining 5 per cent including mag-
nesium carbonate, alkalies, sulphur, and other unavoidable but
unnecessary constituents. When blast-furnace slag is used in the
mixture, the bulk composition will be suitably mod1ﬁed

The essential elements entering into a Portland cement mixture—
silica, alumina, iron, and lime—are all extremely abundant, being in
fact the four commonest elements of the earth’s crust. They are
also very widely distributed, occurring naturally in different forms
as important constituents of many different kinds of rocks. It can
therefore readily be seen that, so far as ease in finding raw materials
of proper chemical composltlon alone is concerned, a satlsfactmy Port-
land cement mixture coyld be prepared by combining, in an almost
infinite number of ways‘and proportions, many possible kinds of raw
materials. Obwously, too, the ‘LI‘tlﬁbI&]lty of the mixture might
show all possibile gradatlons, varying from one extreme, where a
natural rock of absolutely correct theoretical composition was alone
used, to the other extreme, where two or more raw materials
widely different in composition would have to be mixed in almost
equal amounts.

®
RAW MATERIALS ACTUALLY USED.

The almost infinite number of raw materials that are theoretically
available for cement making are, however, reduced to a very few
under existing commercial conditions. The necessity of making the
mixture as cheaply as possible prevents the use of a large number of
materials that would be available if chemical composition were the
only thing to be considered. Some materials that are otherwise
suitable are too scarce; some are too difficult to pulverize. In con-
sequence, a comparatively few combinations of raw materials are
actually used.

In certain localities there are deposits of argillaceous (clayey)
limestone or ‘“cement rock’ in which the lime, silica, alumina, and
iron oxide exist in so nearly the proper proportlons that only a rela-
tively small amount (say 10 per cent) of other material is required
to make a mixture of correct composition. In most cement plants,
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however, all or nearly ‘all the necessary lime is furnished by one raw
material, and the silica, alumina, and iron oxide are largely or
entirely supplied by another. At most plants, too, the raw material
which furnishes the lime is natural—a limestone, chalk, or marl—but
at a few 1t is an artificial product, such as the chemically precipitated
lime carbonate which results as waste from alkali manufacture. The
silica, alumina, and iron oxide of the mixture are as a rule derived
from clays, shales, or slates; but at a few plants blast-furnace slag is
used as the silico-aluminous ingredient. : ,

The chief combinations of raw materials now used in the United
States in the manufacture of Portland cement may be grouped under
four heads: (1) Argillaceous limestone (cement rock) and pure lime-
stone; (2) pure hard limestone and clay or shale; (3) marl and clay;
(4) slag and limestone. -

PRODUCTION ACCORDING TO RAW MATERIALS USED.

In the following table the production of Portland cement in the
United States is classified according to the kinds of raw materials from
which it is manufactured.

Type 1 comprises cement produced from a mixture of argillaceous
limestone (‘‘cement rock’”) and pure limestone. This is the combina-
tion of materials used in all the cement plants of the Lehigh district
of Pennsylvania and New Jersey and at a few western plants.

Type 2 comprises cement mads from a mixture of comparatively
pure limestone with clay or shale. This mixture is employed at the
majority of plants in various parts of the United States.

Type 3 comprises cement manufactured from & mixture of marl and
clay. This type of mixture is used in certain plants in Michigan,
Ohio, Indiana, New York, and Utah.

Type 4 comprises cement manufactured from a mixture of lime-
stone and blast-furnace slag. :

Production, in barrels, and percentage of total output of Porfland cement in the United
States according to type of material used, 1898-1911.

: Type 4. Blast-fur-
Typel. Cementrock| Type2. Limestone | Type3. Marl and :
and pure limestone. and clay or shale. clay. ;lta:;eslag and lime-
Year.
: Per- N Per- Per- : Per-

Quantity. | oniage, | QUARHLY. | conpope | QUADLILY. | ooypoos, | QUADLILY. | bontooe,
2,764,694 74.9 365,408 9.9 562, 092 130 I R
4,010,132 70.9 546, 200 9.7 1,095,934 19.4 |oeeeiiiiiie]oeneannnnn
5,960,739 70.3 | 1,034,041 12.2 | 1,454,797 17.1 32,443 0.4
8,503, 66.9 | 2,042,209 16.1 | 2,001,200 15.7 164,316 1.3
...| 10,953,178 63.6 | 3,738,303 2.7 | 2,220,453 12.9 318,710 1.8
.| 12,493, 694 55.9 | 6,333,403 28.3 | 3,052,946 13.7 462,930 2.1
15,173,391 §7. 2| 7,526,323 28.4 | 3,332,873 12.6 473,204 1.8
18,454,902 2.4 | 11,172,389 3.7 | 3,884,178 11.0 | 1,735,343 4.9

23, 896, 951 51.4 | 16,532,212 35.6 | 3,958,201 8.5 , 076, 4.5

25, 859, 095 53.0 | 17,190,697 35.2 | 3,606,598 7.4 | 2,129,000 4.4

20, 678, 693 40.6 | 23,047,707 45.0 | 2,811,212 5.5 4,535,300 8.9
24,274,047 37.3 | 32,219,365 49.6 | 2,711,219 4.2 | 5,786,800 8.9

26, 520, 911 34.6 | 39,720,320 51.9 | 3,307,220 4.3 1 7,001,500 9.2

26 812 129 34.1 | 40,665,332 51.8 .:B 314 176 4.2 7 737 000 9.9
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The preceding table shows a decrease in the relative production
from cement rock (type 1) and marl (type 3), and a corresponding
increase in the production from limestone (type 2) and slag (type 4).
The falling off in the relative output from marl was not unexpected,
and this relative decrease may continue. The decrease in the per-
centage produced from cement rock is due simply to the lessening
comparative importance -of the Lehigh district (see pp. 38-39),
but it may be reversed in the near future, for two districts con-
taining cement rock of the Lehigh type, though widely separated
geographically from the Lehigh district itself, may become important
producers within the next few years.

LIMESTONES.

Limestone is the most important ingredient, in one form or another,
in a Portland cement mixture. Limestones of certain types are also
employed in the manufacture of hydraulic limes, natural cements,
and slag cements. It has therefore seemed desirable to discuss the
origin, composition, varieties, and chemical and physical characters
of limestone in general.

ORIGIN OF LIMESTONES.

Limestones have been formed largely by the accumulation on
the sea bottom of the calcareous remains of such organisms as the
foraminifera, corals, and mollusks. Many of the thlck and extensive
limestone 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 others have lost all trace of organic
origin through'the fine grinding to which the shells and corals were
sub]ectcd before their deposition. It is probable also that a large
part of the calcium carbonate of these limestones was a purely chemi-
cal deposit from solution, cementing the shell fragments together.
 Other limestones, far less extensive though important in the present

connection, owe ‘r;helr origin to the mdn'ect action of organisms. The
marls, so important to-day as Portland cement ma.terlals, fall in
this class. (See pp. 51-52.) Deposits of this class are small.

Deposition from solution by purely chemical means has undoubt-
edly given rise to numerous limestone deposits. When this deposi-
tion 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 evaporation of the sea water it gave rise to the limestone
beds which so frequently accompany deposits of salt and gypsum.

VARIETIES OF LIMESTONE.

. . " .
A number of terms, based upon differences of origin, texture, and
composition, are in general use for the different varieties of limestone.
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The term “marble,” properly used, denotes a limestone which,
through the action of heat and pressure, has become more or less
distinctly crystalline, but the word is often used to denote any lime-~
stone that will take a good polish. The term “marl,”’ as at present
used in cement manufacture, is applied to a loosely cemented mass
of lime carbonate formed in lake basins (p. 51). Calcareous tufa and
travertine 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 a fine-grained limestone composed of finely
comminuted shells, particularly those of the Foraminifera. The pres-
ence of much silica gives rise to 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.
IMPURITIES.

A theoretically 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 (CaCO,) 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; (1) they may contain
magnesia in place of part of the lime; or (2) they may contain silica,
iron, alumina, alkalies, or other impurities.

Magnesia is often described as an ‘‘impurity’’ in limestones, but
the word hardly expresses the facts. The magnesium carbonate pres-
ent, 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. Silica,
alumina, iron, sulphur, and alkalies, however, are actual impurities,
and not merely chemical replacements of part of the calcium carbon-
ate. It seems advisable to discriminate between these two classes,
even though a given sample of limestone may fall under both.

MAGNESIA.

The theoretically pure limestones, are, as above noted, composed
entirely of calcium carbonate and thus they correspond to the chemical
formula CaCO,. Even aside from the presence of such impurities
as iron, alumina, and silica, 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 generally introduced in place of
part of the lime, producing a more or less magnesian limestone. In
such magnesian limestones part of the calcium carbonate is replaced
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by magnesium carbonate (MgCO,), the general formula for magnesian
limestone being therefore z CaCO,, y MgCO,. In this formula x may
vary from 100 per cent to zero, while y will vary inversely from zero
to 100 per cent. If the two carbonates are united in equal molecular
proportions, the resultant rock is called dolomite. It has the formula °
CaC0,, MgCO, and is composed of 54.35 per cent calcium carbonate
and 45.65 per cent magnesium carbonate. If the calcium carbonate
has been entirely leplaced by magnesium carbonate, the resulting
pure carbonate of magnesia is called magnesite, havmg 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 rocks which have a composition between that of calcite
and that of 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, 4 per cent being the maximum permissible under
most American specifications. Therefore the limestone to be used in
Portland cement manufacture should not carry more than 3 or 4 per
cent of magnesium carbonate.

SILICA ALONE.

The silica in limestone may be combined with alumina as a clayey
impurity or may not be combined with it. Its effect on the value
of the limestone for cement making is very different in the two cases.
If silica alone is present in a lifnestone, alumina and iron oxide being
entirely or practically absent, it may occur in any one of three forms,
each of which has a different effect on the cement produced.

1. In perhaps its commonest form, silica may be present as nodules,
masses, or beds of flint or chert. Silica in this form will enter into
combination with the lime of a cement mixture, but not readily nor
completely unless fluxes are added. The presence of chert and flint,
however, adds heavily to the expense of both the crushing and the
fine grinding. Generally even a small proportion of silica in this form
scattered through a mass of limestone will be sufficient to rule the
rock out of consideration as a possible Portland cement material.
However, it is entirely a matter of relative cost, and if circumstances
justify or require the use of cherty limestones no insuperable techno-
logic obstacles stand in the way of their use.

2. A few rare beds (for example, the hydraulic limestones of Teil,
France) contain a large amount of silica and almost no alumina and
iron, yet the silica and lime combine readily, though not perfectly,
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on burning. It is probable that the silica is very finely divided and
is really in colloidal form, occurring as the result of chemical pre-
cipitation or organic action. Very few highly siliceous limestones,
however, will make a sound cement on burning unless alumina, iron
oxide, or some equivalent fluxes are present.

3. In the crystalline limestones (marbles), and less commonly in
limestones which are but slightly recrystallized, silica may occur as a .
constituent of one of the silicate minerals. As these will usually
contain alumina or iron oxide, in addition to the silica, they may be
more properly discussed under the next heading.

SILICA WITH ALUMINA AND IRON.

Silica, alumina, and generally iron oxide combined in the form of
clay, are very common impurities in limestones. When present in
this combined form they unite readily with the lime under the action
of heat. An argillaceous limestone, therefore, if otherwise satisfac-
tory, forms an excellent basis for a Portland-cement mixture, and all
such limestones are of peculiar interest in the present connection.
The best known are the cement rocks of the Lehigh district of
Pennsylvania and New Jersey.

Silica, accompanied by alumina and iron, is present in some crys-
talline limestones as a more or less complex silicate. If this silicate
is uniformly distributed throughout the mass of the limestone the
rock may be very suitable for cement. In many such silicates, how-
ever, magnesia is present in objectionable quantity. The best lime-
stones of this type known to the writer are those described by L. J.
Pepperberg from Montana.! (See p. 254.)

IRON ALONE.

The iron present in a limestone is generally in the form of the oxide
(Fe,0,) or the sulphide -(FFeS,), or, more rarely, as a carbonate or
in a complex silicate. In any of these forms it is a very useful ﬁuxing
agent, aiding greatly in the combination of the silica and lime in the
kiln. When present as the sulphide, however, it is to be avoided, for
the sulphur may, under certain conditions of burning, be injurious to
the resulting cement, but in modern rotary practice, injury rarely
happens. .
PHYSICAL CHARACTERS OF LIMESTONES.

Owing partly to differences in origin, limestones of different kinds
show great variations in physical characters, texture, hardness, color,
weight, porosity, and compactness, ranging from the loosely con-
solidated marls and shell beds, through the chalks, to the hard,
compact normal limestones and the still more compact crystalline
limestones or marbles. In absorptive properties and in density, both

1 Cement, material near Havre, Mont.: Bull. U. S, Geol. Survey 380, 1909, pp. 327-336.



CEMENT MATERIALS PROPER. 47

of which are of importance in cement making, the differences are very
great. The chalky limestones may show a specific gravity as low as
1.85, corresponding to a weight of 110 pounds to the cubic foot,
whereas the compact limestones, commonly used for building pur-
poses, range between 2.3 and 2.9, corresponding approximately to
weights of 140 to 185 pounds to the 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 on two points—the percentage of water carried by the
limestone as quarried and the ease with which the rock may be
crushed and pulverized. To some extent the two properties coun-
terbalance each other; the softer the limestone the more absorbent
is it likely to be.

EFFECT OF HEAT ON LIMESTONE.

If a practically pure nonmagnesian limestone is heated its carbon
dioxide is driven off, leaving quicklime (calcium oxide, CaQ). If a
practically pure magnesian limestone is similarly treated, the product
is a mixture of calcium oxide and magnesium oxide (MgO). The rapid-
ity 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.

If, however, the limestone contains an appreciable amount of silica,
alumina, and iron, the effects of heat will not be so simple. At tem-
peratures of 800° C. and upward these clayey impurities will combine
with the lime oxide, giving silicates, aluminates, and related salts of
lime, and will produce a natural cement. An artificial mixture of a
certain uniform composition, burned at a higher temperature, will
give a Portland cement.

LIMESTONES USED IN CEMENT MANUFACTURE.

As stated on page 42, various types of limestone may be used in the
manufacture of Portland cement.

ARGILLACEOUS LIMESTONES (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 require the addition of no other material, but when burnt alone
would give a good cement. This ideal cement material is never
found, but certain argillaceous limestones approach it very closely in
composition.
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The most important deposit of these argillaceous limestones or
“cement rocks” is that extensively utilized in  Portland cement
manufacture in the Lehigh district, which comprises parts of Berks,
Lehigh, and Northampton counties, Pa., and of Warren County, N. J.
Within this relatively small area are situated 21 Portland cement
mills, which produce a little over one-third 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 neéd for larger supplies of raw
material becomes more apparent. .

The “cement rock” of the Lehigh digtrict, a highly argillaceous
limestone of Ordovician age; is about 300 feet thick. The rock is
very dark gray and commonly has a slaty fracture. [n 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 every-
where contain more lime carbonate than the higher ones. The con-
tent of magnesium carbonate is high, as Portland-cement material
goes, ranging from 3 to 6 per cent.

Near and in some places immediately beneath this cement rock
are beds 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 proper cement mixture.

The economic and technologic advantages of such a combination
are very evident. Both the pure limestone and the cement rock, -
particularly the latter, can be quarried very easily and cheaply.
As quarried they carry but little water, so that the expense of drying
them is slight. The fact that about four-fifths 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. 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. (See pp. 50-51.)

The analyses in the table below are fairly representative of the
materials employed in the Lehigh district. The first four are of
“cement rock,” the last two of the purer limestone.
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Analyses of Lehigh district cement materials.

Cement rock. Limestone.
Silica (Si08) «.cvvrniiii e 10.02 |© 9.52 | 14.52 | 16.10 3.02 1.98
fr{,‘;"}g‘i@g“ggg’;_’::: ::::} 6.26 | s472| 6.52| 22| 1.9 .70
Lime carbonate (CaCOg)........ ...l 7R.65 (| 80.71| 73.52 | 76.23 | 92.05 95.19
Magnesium carbonate (MgCOs)........................ 5.‘71 4.92| 4.69( 3.54| 3.04 2.03
&

Certain Portland cement plants, particularly in the western part of
the United States, use combinations of materials closely similar to
those in the Lehigh district. Analyses are given in the following
table:

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

Utah. California. Colorado.

Cement| Lime- [Cement| Lime- (Cement| Lime-
,rock. | stone. | rock. | stone. | rock. | stone.

Silic (S108)eee e e eeeteteit e 21.2 6.8 | 2006 7.12( 14.20{........
Alumina (Al;0g). ... .| 80 3.0 | 10.07{ 23| 521 ........
Iron oxide (Fezo%.. B U S 3.39 1.16 1.73 |...
Lime carbonate (CaCOg). .| 62.08 | 89.8 63.40 | 87.70 | 75.10
Magnesium carbonate (MgCOs)...............ccooue.t. 3.8 76| 1.54 .84 110 |..ce....

In addition to these cement rocks many of the chalky limestones
(see pp. 50-51) are sufficiently argillaceous to be classed as such.
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 most of the purer limestones are much harder than

. argillaceous limestones like the Lehigh district “cement rock,” and it

was very difficult to pulverize them finély and cheaply with the crush-
ing appliances in use when the Portland cement industry was first

- started in America.

48834°—DBull. 522—13—4
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Analyses of representative pure hard limestones and of the clays
- or shales with which they are mixed ‘are given in the following table:

Analyses of pure hard limestones and clayey materials.

Limestones. Clays and shales.
Si]lica (Si(()z)l..(.) ....................... . 0. gg ? gg 0.40 | 63.56 | 55.80 | 56.30 60.00
Alumina (ALOg)......... . . . 23.26
Tron oxide (Fez&; ....... \ 103 .ogf -44f 20.82) 30.20| 20.86 |3 gy
Lime carbonate (CaCOj3) A 97.06 | 97.23 | 97.99 3.60 254 |........ 1.70
Magnesium carbonate (MgCO3).......}.......]oeennatn .75 .42 2.60 | foiiantt 1.50

The first limestone analysis represents a type used in several plants
in the Middle West. Itis a relatively impure limestone, its principal
impurity being iron oxide. It contains 8.22 per cent of iron oxide
and alumina, as compared with 1.72 per cent of silica, and therefore
great care is required in selecting a suitable high-silica clay to mix
with it. ‘

SOFT LIMESTONES (CHALK).

Chalk, properly speaking, is a pure carbonate of lime, composed
of the remains of the shells of minute organisms, those of Foraminifera
being especially prominent. The chalks and soft limestones 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 of these soft, chalky limestones, however, which to a small
extent counterbalances their obvious advantages is the fact that
most of them absorb water very readily. A chalky limestone which in
a dry season will not carry more than 2 per cent of moisture as quar-
ried may, in consequence of prolonged wet weather, show as high as
15 or 20 per cent of water. This difficulty can, of course, be avoided
if care is 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. '

The chalks and chalky limestones are confined almost entirely to
certain 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 manu-
facture occur in three widely separated areas, in (a) Alabama and
Mississippi, (b) Texas and Arkansas, and (c) Iowa, Nebraska, North
and South Dakota.

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 additional
clay to make it fit for use in Portland cement manufacture. The
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analyses in the table below show the range of composition of the

chalky limestones.
Analyses of chalky limestones.

Demopo- [San Anto-| Dallas, gi‘};g" Yankton,| Milton,
lis, Ala. | nio, Tex.| Tex. Ark, 8. Dak. | N.Dak,
%Hm "(Si?}\)i'c') ............................. 12. %3 5.77 23.55 7.97 8.20 g. %g
umina (AlgOg) ...l 4. .
Tron oxido (FegOs)- ooronmmmmeeeeeeeniiil 3oglf 212 LS0|  LO9f  T.07) g3
Lime carbonate (CaCO3)................... 75.07 90.15 70.21 88.64 83.59 63.75
Magnesium carbonate (MgCOg)............. .92 .15 .58 .73 | Undet. 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
basins of existing or extinct lakes. So far as chemical composition is
concerned, marls are practically pure limestones, being composed
almost entirely of calcium carbonate. Physically, however, they are
granular, incoherent deposits, differing greatly from the compact
rocks commonly called limestones. Their curious physical character
is due to the conditions under which they were deposited.

The above definition of marl is that commonly used in the cement
industry, but in geologic 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 been particularly
common, and must be guarded against when such reports are being
examined for 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
geologic reports issued by New York, Ohio, and other interior States.

(2) In New Jersey and in the States farther south that border on
~ the Atlantic and Gulf of Mexico the term ‘‘marl”’ is commonly applied
to deposits of soft, chalky, or unconsolidated limestone, much of
which contains considerable clayey and phosphatic matter. These
limestones are of marine origin and are not related to the fresh-water
marl deposits here discussed.

(3) In the States mentioned in the last paragraph, but particu-
larly 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 is almost
entirely an iron silicate, with very small percentages of clayey, calca-
reous, and phosphatic matter.

The exact cause of the deposition of marls has been the subject of
much investigation and discussion, particularly since they have
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become of economic importance. The most important papers.con-

cerning this question are as follows:

BratcaLey, W. 8., and AsHLEY, G. H., The lakes of northern Indiana and their
associated marl deposits: Twenty-fifth Ann. Rept. Indiana Dept. Geol. and Nat.
Res., 1900, pp. 31-321.

Davis, C. A., A contribution to the natural history of marl: Jour. Geology, vol. 8, 1900,
Pp. 485-497. :

Second contribution to the natural history of marl: Jour. Geology, vol. 9,

1901, pp. 491-506.

A contribution to the natural history of marl: Rept. Michigan Geol. Survey,
vol. 8, pt. 3, 1900, pp. 65-102.

Lang, A. C., Notes on the origin of Michigan bog limes: Rept. Michigan Geol. Survey,
vol. 8, pt. 3, 1900, pp. 199-223.

Disregarding points in controversy, which are of no practical
importance, it may be said that marls are deposited in lakes from
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 direct or indirect action of animal or vege-
table life. The result in any case is that a calcareous deposit consist-
ing of lime carbonate, mostly in a finely granular form, interspersed
with shells and shell fragments, forms along the sides and over the
bottom of the lake.

The geographic distribution 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, for
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 United States and Canadarlying north of the
southern limit of the glaciers.

Important beds occur in the New England States, in central and
western New York, in Michigan, and in northern Ohio, Indiana, and
Illinois. Marl occurs also in Wisconsin and Minnesota but has not
yet been exploited in these States for cement manufacture.

Most marls are very pure lime carbonates and require the addition
of considerable clay to fit them for use in making Portland cement.
They are readily excavated, but necessarily carry a large proportion
of water. On this account the mixture is commonly made in the wet
way, which necessitates driving off a large amount 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.
iillica (310(210 ............................ 0.25 3.0 1.60 40.48 52.0 63.75
uming (AlsOg)......... 17.0 16.40
Tron oxide (FesO3)--..... } A0 [ L55|  20.95 { 5.0 6.35
Lime carbonate (CaCO3 .. 94.39 93.0 88.9 25.80 20.0 4.0
Magnesium carbonate (MgCOs3). .38 1.5 .94 299 |, 2.1
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SHELL DEPOSITS.

Some marl deposits consist largely of the shells of fresh-water mol-
lusks. The shell deposits here described, however, are of different
type, being marine in origin. They make up distinct and often large
beds in several Tertiary formations along the Atlantic coast and are
now used as cement materials at Norfolk, Va. Recent shells, made
available by the oyster industry, are also used in making lime.

At numerous horizons in the Eocene and Miocene of the Atlantic
and Gulf coast Tertiary, beds composed largely or entirely of shells are
found. In places the shells are simply packed closely together, with no
appreciable amount of foreign matter present. At other points con-
temporary or later mixture with clay or other impurity has occurred.

The most striking of these accumulations of fossil shells are in
Virginia, North Carolina, and South Carolina, though similar deposits
occur in the other South Atlantic and Gulf States.

As oyster shells are now burned into lime at Baltimore, Norfolk,
and New Orleans, and as attempts may soon be made to utilize them
as Portland cement material, their average composition is of tech-
nologic interest. A search of existing literature on the subject, made
a few years ago, disclosed very few papers bearing on the composi-
tion of commercial shell, as procurable in cargoes. Some analyses
of shell had been reported, but most of these analyses were made for
scientific purposes, and the chemist selected the purest and cleanest
shell obtainable. _

During recent work on the marl deposits of eastern North Carolina
by the author, occasion was taken to sample some cargoes of oyster
shells unloaded at Newbern, N. C. The samples were averaged and
analyzed by A. J. Phillips at the St. Louis laboratory of the Survey,
with the following resuits:

Analysis of oyster shells (Atlantic coast).

Siliea (Si0g) .- v e 1.54
Aluminag (AlyOg). oo ie e .26
Iron oxide (FegOs). e ccmemen e et .20
Lime (Ca0). oo 53.07
Magnesia (MgO) .. coooimmiii e .80
Potash (Kp0) . u et e .22
Soda (Nag0) . em e - .31
Sulphur trioxide (SOg)- - ccteeiaariii i aea .31
Loss in dgnition...ooeveeianiiii oL 43,24
117 .20

A recent report on Mississippi cement materials contains another
analysis of commercial shell, which is reprinted here for comparison.
This analysis represents the average of a lot of shell from Biloxi,
Miss.
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Analysis of oystef shells (Gulf coast).

Silica (Si0g) . cuunneir e e 5.30
Alumina (ALOg). ... [ .73
Iron oxide (Fe;O3).ccoeeen oot e .57
Lime (Ca0) .o eeninii e 50. 25
Magmnesia (MO ..t .45
Sulphur trioxide (SOg) - - - o .25
Carbon dioxide (COy).......... e e 41.39
MOTSEUTE. e e et . 60

This Mississippi sample is rather more impure than that from
North Carolina, the principal difference being in its relatively higher
percentage of silica.

These analyses indicate that commercial shell as obtainable in
quantity along the Atlantic and Gulf coasts, is about equivalent in
composition to the purest limestones ordinarily quarried. There
is no question whatever as to the value of such a product for use in
lime burning, and there is a fair possibility that it may become useful
as a cement material. There are, of course, no chemical difficulties
connected with its use for the latter purpose. The questions which
would arise would relate to the cost of pulverizing such materials,
on which no-data exist; and on the possibility of obtaining a suffi-
cwntly large and steady supply of shell at a coast point Where fuel
is cheap and good clays are convenient.

The following papers contain data or references to the subject of
shell composition:

Brown, L. P., and KoiNEr, J. 8. H., Analysis of oyster shells and oyster-shell lime:
Am. Chem. Jour., vol. 11, 1889, pp. 36-37.
CripER, A. F., Cement and Portland cement materials of Mississippi: Bull. Mississippi

Geol. Survey No. 1, 1907, p. 25.
EckeL, E. C., The composition of recent shells: Cement Age, vol. 6, 1908, pp. 244, 421.

How, Dr,, On the comparative composition of some recent shells, a Silurian fossil
shell, and a Carboniferous shell limestone: Am. Jour. Sci., 2d ser., vol. 41, 1866,
Pp. 379-384.

ALKALI WASTE.

A very large amount of waste results from the manafacture of
caustic soda. This waste material is chiefly a precipitated form of
calcium carbonate and if sufficiently free from impurities furnishes
a cheap source of lime for use in Portland cement manufacture.

The availability of alkali waste for cement making depends largely
on the process used at the alkali plant. Leblanc-process waste, for
example, carries a very large proportion of sulphides, which prevent
its use as a Portland cement material. The ammonia process, on
the other hand, generally yields very pure lime, mostly carbonate,
though partly lime hydrate. As pyrite is not employed in the ammo-
nia process, the waste is usually low enough in sulphur to be used
as cement material. The waste may carry a small or a very large
proportion of magnesia, the percentage varying according to the
character of the limestone used in the alkali plant. If a limestone
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low in magnesium carbonate has been used the resulting waste is a

very satisfactory Portland cement material.

The following analyses fairly represent the waste at alkali plants

using the ammonia process:

Analyses of alkali waste.

1 2 3 4
illhca (SlO‘a\)l..(.) ................................................. 0.60 1.75 1.98 0.98
uming (AlOg)........... ... .. ... 1.41

Iron oxld((x. (Feg F) S 3.04 0.61 { 1.38 1.62
Lime (Ca0).....ccueeniiiaiiiaann.... 53.33 50.60 48.29 50. 40
Magnesia (M (6) TR .. .48 5.35 1.51 4.97
Alkalies iNmO ) €10 ) T .20 .64 .64 .50
Sulphur trioxide (S05) nd.| na 1.26 n.'d.
Sul hur (8)........ocoii n. d. .10 n.d. .06

on dloxlde(COz) .......................................... 42.43 } 41.70 39.60 n. d.
Water and organic matter ...................................... n. d. : 3.80 n.d.

Of the analyses quoted, those in the first and third columns repre-
sent materials used in Portland cement manufacture in England and
the United States. The second and fourth columns represent wastes

too high in magnesia to be advisable for such use.

BLAST-FURNACE SLAG. -

- True Portland cements, which must be sharply distinguished from
the slag (or puzzolan) cements (see p. 18), can be made by burning a
finely powdered mixture of blast-furnace slag and limestone and

pulverizing the resulting clinker.

The slags from iron furnaces consist essentially of lime (Ca0), silica
(Si0,), and alumina (ALQ,), though small percentages of iron oxide

(FeO), magnesia (MgO), and sulphur (S) are commonly present.

Slag

may therefore be regarded as a very impure limestone or a very
calcareous clay, from which the carbon dioxide has been driven off.

3 In the United States several -plants belonging to the United States
Steel Corporation manufacture true Portland cement from slag.
The slag used at a German Portland cement plant has the following
range in composition:
Analysis of slag used in Portland cement manufacture.
s STHER (S105) -+ wemeeme e e e e e e 30. 0-35.0
Alumina (ALOg). .. ... 10.0-14.0
Tron oxide (FeQ). ..o oo .2-1.2
Lime (CaO)............oool et 46. 0-49.0
Magnesium oxide (MgO)...cvoveeeei i .5~ 3.5
Sulphur trioxide (SO3).-..oooriiiiiiii i .2- .6

IRON-BEARING MATERIALS.

During recent years considerable attention has been paid to the
development of Portland cements carrying relatively high iron and
low alumina. Cements of this type are said to be better than high-
alumina cements for use in salt or alkaline waters and to be equally



56 PORTLAND CEMENT MATERIALS OF UNITED STATES.

good for other uses. If these advantages can be proved, there is of
course considerable room for the development of this type.

In making high-iron and low-alumina cements the shale or clay
used in the ordinary cement mixture is replaced either by iron ore
(Michaelis process) or by greensand (Spencer-Eckel process). Either
gives a product low in alumina and relatively high in iron. The
relative advantages of the two methods of procedure can not well be
discussed in this place. It is of technologic and commercial interest
to note, however, that when greensand is used a valuable potash
by-product is recoverable during the process. ‘

CLAYS AND SHALES.
COMPOSITION.

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 prac-
tically inert in the kiln unless ground more finely than is economically
practicable. In composition they should carry not less than 55 per
cent of silica, and preferably from 60 to 70 per cent. The alumina
and iron oxide together should be not more than half as great as the
silica, and the composition will usually be better if they are only
about one-third. Nodules of lime carbonate, gypsum, or pyrite, if
present in any quantity, are undesirable, though the lime carbonate
is not absolutely injurious. Magnesia and the alkalies should be low,
preferably not above 3 per cent.

L]
VARIET]ES.

Clays are ultimately derived from the decay of older rocks, the finer
particles being carried off by streams and deposited along channels,
. in lakes, or along parts of the seacoast or sea bottom. In chemical
composition the clays are made up essentially of silica and alumina,
though nearly all contain more or less iron oxide and many contain
lime, magnesia, alkali, and sulphur, but usually in small percentages.

Shales are clays which have become hardened by pressure. The
so-called ‘‘fire clays” of the ‘“Coal Measures’’ are shales, as are many
of the other “‘clays’’ of commerce.

Slates, so far as origin is concerned, are merely a form of shale in
which a fine, even, and parallel cleavage has been developed by pres-
sure. In composition, therefore, they vary exactly as do the shales,
and so far as composition is concerned they deserve no greater atten-
tion as a Portland cement material than any other shale. Commercial
considerations in the slate industry, however, give slate considerable
local importance. In preparing either roofing slate or mill stock for
market there is enormous waste, so much material being lost in split-
ting, sawing, and dressing that only 10 to 25 per cent of the rock
quarried reaches the market, the remaining 75 to 90 per cent going
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"to the dump heap. This waste ig not only of no value but is a con-

tinual source of trouble and expense to the slate quarryman, and any
method of disposing of it cheaply, even if it did not yield a direct
profit, would interest him.

Much of this slate waste is of proper composition for use, in combl-
nation with limestone, in a Portland cement mixture, as is indicated
by the table below, which was prepared by the writer some time
ago for another purpose, but which is of interest here. It is based
on many analyses of American roofing slates obtained from a number
of widely separated slate-producing districts, and its results can be
accepted as fairly representative.

Composition of American roofing slates,

Maximum.| Average. | Minimum.

SIlER (S108) ettt e et et . 62 60. 64
Alumina (AlgOs)... .. 18.05
Iron oxide (FeO FegOa) 6.87
Lime (Ca0)....cccuvunn... 1.54
Magnesia (M (0] M, 2. 60
Alkalies (K3 Nan) 4.74
Ferrous sulphlde (FeSn) .38
Carbon dioxide (COy)...... 1.47
‘Water of combination...... 3.51
Moisture Delow 110° C.o.nnnnnnti et iee i eaceeeeeanaas .62

The table shows the possibilities of slate waste in the Portland
cement industry and also its limitations. As a troublesome waste

‘product, the refuse slate could be obtained at the cost of handling by

a cement plant near a slate quarry. The wasté slate would be service-
able enough, so far as chemical composition is concerned, and could
be used in place of clay or shale in the cement mixture. To the cement
manufacturer it would be worth as much as an equivalent amount of
clay or shale, but no more.

EXCAVATION OF RAW MATERIALS.

The natural raw ‘materials used in Portland cement manufacture
are obtained by quarrying, mining, or dredging, the method employed
depending on the physical character of the material and the topo-
graphic and geologic conditions.

QUARRYING.

The term ‘‘quarrying,” as here used, includes all methods of
obtaining raw materials from open excavations—quarries, cuts, or
pits—whether the material be limestone, shale, or clay. Quarrying is
the most natural and common method of excavating the raw materials
for cement manufacture. If marl, which is usually worked by dredg-
ing, be excluded from consideration, probably 95 per cent of the raw
materials used at American Portland cement plants is obtained by
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quarrying. If marls be included, the percentages excavated by the
different, methods would probably be about as follows: Quarrying,
92 per cent; dredging, 6 per cent; mining, 2 per cent.

In most limestone quarries the material is blasted out and loaded
by hand on cars or carts. In a few limestone and in more shale
quarries a steam shovel does the loading. In certain clay and shale
pits the steam shovel does all the work, both excavating and loading
the raw materials.

At most quarries the rock is shipped to the mill as quarried, without
any treatment except sledging to convenient size for loading. At a
few, however, crushing plants are installed, from which the rock is
sent as crushed stone to the mill. At some quarries driers are used,
the stone being dried before it is shipped to the mill. Except for sav-
ing mill space, this practice seems to have little to commend it.

MINING.

The term ‘“mining,” as distinguished from “quarrying,” denotes

methods of obtaining any kind of raw material by underground work-
ings, through shafts and tunnels. Mining is, of course, rarely em-
ployed in excavating substances having a value to the ton so low as
the raw materials for Portland cement. In some places, however, a
thin bed of limestone or shale is overlain by so great a. thickness of
_other strata that mining is cheaper than stripping and quarrying.
Mining is considerably more expensive than quarrying, but it has a
few advantages that.partly counterbalance the greater cost per ton
of raw material. A mine can be worked steadily and economically
* in all kinds of weather, whereas an open cut, or quarry, is commonly
more or less unworkable for about three months of the year. Mate-
rial won by mining is, moreover, always dry and clean.

DREDGING.

The term ‘““dredging’ as here-used includes all methods of exca-

vating soft, wet raw materials. In the United States the only raw

material for Portland cement manufacture extensively worked by
dredging is marl. In a few places the clay used is obtained from
deposits overlain by more or less water; but this is rare except where
the marl and clay are interbedded or associated.

A marl deposit, in addition to containing much diffused water, is
usually covered by water to a considerable depth. Many such
deposits require the partial draining of the basin to enable tracks to
be laid near enough to be of service.

In dredging marl the excavator is in many places mounted on a
barge, which floats in water in a channel made by previous excavation.

At a few deposits which either were originally covered by very little »

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

that runs on tracks laid along the edge of the deposit.
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A deposit worked by dredging lies in a basin or depression at a
lower elevation than the mill, thus necessitating uphill transporta-
tion, which may be effected in two ways, the choice depending largely
on the manufacturing process used. At most plants using dome or
chamber kilns, or at plants where the marl is to be dried before it is
sent to the kiln, the excavated material is 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 economical
to dump the marl from the excavator into tanks, add sufficient water
to make it flow readily, and pump the fluid mixture to the mill in-

pipes.
COST OF RAW MATERIALS AT MILL.

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 a ton or cubic yard, and this is the method followed by quarry-
men 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
sufficiently 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. Many clays
contain 15 per cent or more of water; and soft chalky limestones, if
quarried during wet weather, may carry over 20 per cent. A Portland
cement mixture composed of a pure chalky limestone 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.
Russell 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 trans-
porting over 1,000 pounds of raw material for every barrel of finished
cement. i

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 a barrel of cement. The lower figure is probably about

t Twenty-second Ann. Rept. U, S. Geol. Survey, pt. 3, 1902, p. 657.
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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.
If it is necessary to mine the materials the cost will be somewhat
increased. Cement rock has been mined at a cost equivalent to 10
cents a barrel of cement, but only under particularly favorable con-
ditions. The cost of mijning and transportation may reach 20 cents
a 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 delivered at
the mill will cost about half as much per barrel of finished cement as
the hard dry limestones and shales.

FUELS USED IN PORTLAND CEMENT MANUFACTURE.
THE USES OF I"UEL.

In the Portland cement industry, as at present conducted, fuel is
put to two distinct uses, and for each use the tonnage required is
heavy when compared to the output of cement. The fuel supply of a
cement plant is therefore but little, if at all, inferior in importance to
the supply of limestone and shale.

The fuel is used for burning the materials and for power. By far
the greater number of American plants need fuel for both purposes,
though a few plants, mostly in the West, derive their power from
hydroelectric installations.

The fuel used in power plants needs no further discussion here.
With regard to kiln fuels the case is different, and certain features of
their selection and use may be profitably considered.

KILN FUELS.
RELATIVE IMPORTANCE.

The fuels that may be used in the rotary kiln of modern Portland
cement practice are powdered coal, petroleum, and gas. The present
relative importance of these three types of kiln fuel is brought out in
the following table, which is based on statistics collected by the
United States Geological Survey in 1911:

Fuels used in Portland cement plants in 1911.

Per-
Number {
Number | Outputin | centage
Fuel used. of | ofkilns. | 1011, of total
plants. output.
Barrels.
Powdered coal..........ooiiiiiii i 87 714 64,125,198 81.7
19 | 143 | 10,960,563 13.9
9 59 3,442,876 4.4
115 916 78,528,637 100.0
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In further explanation of the above figures, it may be said that
petroleum is used in the kilns of all the cement plants operating in
California and in part of those in Kansas, Missouri, Washington, and
Texas. Natural gas was used in 1911 by about half the plants
operating in Kansas and by one plant in Oklahoma. In 1907 a small
output of cement was burned with producer gas, and although none
at all was burned with it in 1911, it is possible that this fuel will
become slightly more important in future. At present the uso of
producer gas in the kiln is justified only where good coal is dear and
poor coal or lignite is cheap; or, more exceptionally, where the product
would be injured by coal ash, as where a white Portland cement is
manufactured.

COALL.
CHARACTER.

The coal used as fuel in the rotary ‘kiln is bituminous coal, prefer-
ably high in volatile matter and low in fixed carbon, ash, and sulphur.

The following analyses, published by Russell, are fairly representa-
tive of West Virginia and Pennsylvania coals used as kiln fuel at
different Portland cement plants:

Analyses of cement-kiln coals.

1 2 3 4
Fixed carbon. ... .ooouiiii it 56.15 56.33 55.82 51.69
Volatile matter y 35.41 35.26 39.37 39.52
Ash.......... 6.36 7.06 3.81 6.13
Moisture 2.08 1.35 1.00 1.40
SUIPRUT. - - et 1.30 1.34 .42 1.46

The kiln coal as bought from the mines is commonly slack, but is
occasionally “run of mine.” Run-of-mine coal must be crushed, often
through rolls, before proceeding further, but slack can go directly to
the drier in preparation for its fine reduction.

o

PREPARATION OF COAL FOR KILN.

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 économy 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
cenf of moisture, allowing $2 per ton for the coal used as fuel, will
therefore be about 3 to 4 cents per ton of dried product.
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Though apparently brittle enough when in large lumps, coal is
difficult to pulverize finely. For cement-kiln use the fineness of
reduction is extremely variable. The finer the coal the better the
results 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 to 95 per cent or even more
through a 100-mesh sieve. At one plant a very ‘poor but cheap coal,
pulverized to pass 98 per cent throu«rh a 100-mesh sieve, gives very
good results in the kiln.

Coal is usually pulverized by two operations, 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 entire reduction takes place
in one stage, Griffin, Raymond, or Huntington mills being used.

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, equivalent to 1 to 2 cents per barrel of cement. This may
seem a heavy addition to the cost of cement manufacture, but it
must be borne in mind that complete drying and fine pulverizing
enable the manufacturer to use much poorer and therefore cheaper
grades of kiln coal than he otherwise could.

FLUXES.

At different times and at different American plants fluxing mate-

rials of one sort or another have been added to the raw mixture in

order to promote combination of the silica and lime in the kiln.
Among the materials used for this purpose are iron oxide, fluorspar,
cryolite, and several alkaline compounds.

Under normal conditions and when the plant has ordinarily good
raw materials at its disposal it may be taken for granted that the
use of fluxing materials causes more trouble than it is worth. The
burning temperature can be appreciably lowered by this means, it
is true, but rarely in a regular and steady way.

However, when the plant is compelled to run on poor raw mate-
rials—a cherty limestone, a high-silica and low-alumina clay, or the
like—then the use of some fluxing material may be not only justifi-
able but absolutely necessary.

RETARDERS.

The Portland cement produced in the modern rotary-kiln process
is invariably so quick-setting naturally as to fequire the addition
of some retarder in order to make it satisfactory for general struc-
tural use. The retarder almost universally used at present is sulphate
of lime. This substance, when added to cement in quantities up to

R ¢

LJ



ey

VALUATION OF DEPOSITS OF CEMENT MATERIALS. 63

2% or 3 per cent, retards the rate of set of the cement almost propor-
tionately to the amount used and up to the limit mentioned appears
to exert no appreciable injurious influence on the strength of the
cement. When more than 3 per cent is added to the cement, how-
ever, the retarding influence of the lime sulphate becomes much less
marked, and a decided weakening of the cement is noticeable. Most
cement specifications, therefore, contain limitations on the amount
of sulphur trioxide to be contained by the cement, and this amounts
to a restriction on the amount of lime sulphate that can be added.

Sulphate of lime may be added in either of two forms—as crude
gypsum or as burned plaster. Crude gypsum is a natural hydrous
sulphate of lime, containing approximately 80 per cent of lime sul-
phate and 20 per cent of water. If this gypsum be calcined at a
relatively low temperature, most of its combined water will be driven
off. The resulting burned plaster carries about 93 per cent of lime
sulphate and only 7 per cent of combined water.

In Portland cement manufacture either gypsum or burned plaster
may theoretically be used to retard the set of the cement, but
gypsum is almost universally employed in the United States. This
is merely a question of cost. It is true that to secure the same
amount of retardation it is necessary to add a little more gypsum
than burned plaster, but gypsum is much cheaper than burned
plaster. It is of course obvious that if cheap supplies of sulphuric
acid were available, the acid could be added in solution as a spray
on the cement clinker. Lesley experimented with the process some
years ago, and apparently the only obstacle to its introduction was the
high cost of acid. At some localities, however, sulphuric acid would
seem to-day to be available in competition with gypsum.

The addition of the gypsum to the clinker is usually made before
it has passed into the ball mill, pulverizer, or whatever mill is in
use for preliminary grinding. Adding it 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.

VALUATION OF DEPOSITS OF CEMENT MATERIALS.
FACTORS.

Very erroneous ideas appear to be current concerning the value of
deposits of cement materials. It should be clearly understood that
in most parts of the United States excellent cement materials are
common, and that the commercial value of undeveloped deposits of
such materials is necessarily slight. In most of the Eastern, Southern,
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and Middle Western States there is no difficulty whatever in securing
lands containing limestones suitable for cement manufacture at prices
ranging from $5 to $50 per acre, and only exceptional circumstances
would allow any cement deposit to be valued at more than the latter
price. As indicated below, the value of the deposit depends less
upon the character of the materials than upon other factors, promi-
nent among which are the general scarcity of limestone and the
demand for good limestone in each particular area.

As an illustration of the effect of these factors in mﬂuencmg the
value of a liméstone déposit, the Bangor limestone of Alabama may
be considered. In northern Alabama as well as in adjoining por-
tions of Tennessee and Georgia the Bangor limestone of the Missis-
sippian series (lower Carboniferous) shows great thickness and
purity; at many places it is 300 to 600 feet thick, and it is mostly
very low in magnesia and otherwise entirely acceptable as a cement
material. Generally, too, excellent cement shales (of Clinton age)
occur near the limestone, and in many places workable coal beds are
found in its vicinity.

Yet with all these conditions in its favor it is probably safe to say
that in northern Alabama thousands of acres underlain by this
Bangor. limestone could be purchased at $10 to $20 an acre, and

even at the lower price named such a-purchase would prove an -

exceedingly bad investment for a cement manufacturer. Two of
the prime requisites for a high limestone valuation are here lacking—
there is no market and therefore no particular reason to build a cement
plant in this particular area, and even if a cement market should
some time develop there, the available acreage of limestone is so
great that no element of monopoly value can be figured into its
valuation.

The effect of these two elements—demand and scarcity—can be
brought out well by supposing a 100-acre tract of this northern
Alabama limestone land to be transplanted to some spot where non-
magnesian limestone is in demand and where it is scarce. Buffalo,
Chicago, and New York City are three striking instances of important
points where suitable local limestones are obtainable either with
difficulty or not at all. The 100-acre tract of Bangor limestone
moved to Buffalo would be cheap to-day at $10,000 an acre; if
within striking distance of the New York market its value might
easily be many times that.

These extreme instances of low and high valuation have been
cited merely to impress the fact that ordinarily a deposit of cement
material is valued not according to the properties of the material
itself, but according to the demand for such material in the 1mmedlate
vicinity and the local scarcity of similar deposits.

“
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The determination of the possible value for Portland cement
manufacture of a deposit of raw material is a complex problem,
depending on a number of distinct factors, the more important of
which are (1) chemical composition, (2) physical character, (3)
amount available, (4) location with respect to transportation routes,
(5) location with respect to fuel supplies, (6) location with respect to
markets. Ignorance of the respective importance of these factors
frequently leads to an overestimate of the value of a deposit of raw
material. '

CHEMICAL COMPOSITION OF MATERIAL.

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 carbon-
ate. Under present conditions 3 to 4 per cent is the maximum
permissible. Free silica, in the form of chert, flint, or sand must be
absent or present only in small quantity, say, 1 per cent or less. If
the limestone is a clayey limestone or ‘‘cement rock,” the proportion
between the silica and its alumina and iron should fall within the
limits

SiO. . Si0.
AL,0,476,0, 2 AL0 4 Fe,0, <20

A clay or shale should satisty the above equation, and should be free

from sand, gravel, etc.

The nearer a limestone approaches in composition the mixture
used in Portland cement manufacture the greater its value for that
purpose, for it will require the addition of less extraneous material to
make the mixture absolutely correct in composition. The following
are analyses of Portland cement mixtures ready for burning, as used at
various large cement plants in the United States:

Analyses of Portland cement mixtures.

oy

L3 Y ) (07 J U 2.92 .
Alumj(na, (AlOs)..... 4.83 6.56 2.66
Iron oxide (FeqOg)......... L77 |ee...... 1.10
Lime carbonate (CaCQg) 3 75.53 | 75.13 75.59
Magnesium carbonate (MgCO3).....cooviiieiiiiiii i 2.13 4,34 4.

The usual mixtures carry from 75 to 77 per cent of lime carbonate.
If this be borne in mind, it is obvious that there is a great advantage in
using, as one of the raw materials, a limestone of about this degree of
purity. If rock of this composition occurs in sufficient quantity, it
would require but little admixture of other materials to keep the
cement correct In composition.

48834°—Bull. 522—13——5
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PHYSICAL CHARACTER OF MATERIAL.

Economy in excavating and crushing requires that the raw mate-
rials should be as soft and as dry as possible. On this account cherty
limestones, very wet chalky limestones, and wet sticky clays are
disadvantageous raw materials.

AMOUNT OF MATERIAL AVAILABLE.

Each barrel of cement made will require the use of approximately
450 pounds of limestone and 150 pounds of clay or shale. A plant
making 1,000 barrels per day will therefore use, in the course of an
_ordinary year, about 66,000 tons of limestone and 22,000 tons of
clay or shale. Assuming average density for these materials, a 1,000-
barrel plant will use up ¢ cxlmosb 1,000,000 cubic feet of limestone a year,
together with 250,000 cubic feet of shale

As the investment in plant is heavy, it would be folly to locate a
cement plant, under ordinary circumstances, with less than 20
years’ supply of raw materials in sight. A thousand-barrel plant,
therefore, should have 20,000,000 cubic feet of limestone and 5,000,000
cubic feet of clay or shale on its properties.

LOCATION OF PLANT.
‘ LOCATION WITH RESPECT TO TRANSPORTATION ROUTES.

Portland cement is bulky for its value, and the cement business is
therefore much affected by transportation rates. To locate & planton .
only one railroad, unless the railroad officials are financially connected
with the cement plant, is simply to invite disaster. At least two trahs-
portation routes should be available, and it is best of all if one of
these be a good water route. :

LOCATION WITH RESPECT TO FUEL SUPPLIES.

Every barrel (380 pounds) of Portland gement 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. Theitem 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 will be chargeable to coal.

LOCATION WITH RESPECT TO MARKETS.

In order to achieve an established position in the trade, a new
cement plant should preferably have a local market area, within
which it may sell practically on a noncompetitive basis, and easy -«
access to a larger though competitive market area.

‘Y»
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PART II. PORTLAND CEMENT RESOURCES OF THE
' UNITED STATES.

INTRODUCTION.

In the following pages the States are taken up in alphabetic order,
and the well-known available Portland cement materials of each are
described, whether these materials are now utilized or not. If Port-
land cement plants are now in operation in any given State, brief
summaries of the raw materials they use, the processes they follow,
and other details of technical or historical interest connected with their
work are usually given. Most of these descriptions were originally
based? on the results of the writer’s field work done during 1903 and
1904 for the United States Geological Survey, in the course of which
most of the cement plants then operating in the United States were
visited. In the present bulletin the descriptive matter relative to
plants has been brought up to date as fully as seems advisable, it
being borne in mind that the chief concern of this bulletin is with raw
materials and not with manufacturing methods or trade conditions.
In this revision essential contributions by E. F. Burchard have been
incorporated, in addition to the sections directly credited to him.
As shown in Plate I, Portland cement plants are now in operation in
24 States. ' :

The following table gives the main facts regarding the occurrence
of the more important cement materials in the various States.

In this table four symbols are used to denote degrees of abundance
or rarity. A indicates the occurrence of large and widely distributed
deposits; B indicates the occurrence either of a few large deposits or
of a number ot ‘small ones; C indicates the occurrence of a few small
deposits only; 0 indicates that the material is either absolutely want-
ing or is so scarce as not to be of commercial importance.

In regard to the fuel supplies noted in the table, a word of caution
is necessary. The term ‘‘coal’ is here limited to such coals as can be
used "in cement manufacture with reasonable economy. Peat, lig-
nite, and many western ‘‘coals’’ are therefore omitted.

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 States more detailed discussion of the cement resources is pos-
sible than in those in which geologic mapping is less advanced. For
some of the States the descriptions are unsatisfactory, but it would
have been impossible adequately to repair these defects of omission
in any reasonable length of time.

1 Bull. U. 8. Geol. Survey No. 243, 1905,
. 67
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Occurrence of the more tmportant cement materials, by States.

Raw materials. Fuels. Raw materials. Fuels.

2.8 | FAERE

<R = gg * -

State. a% 5_0_1 g g State. g:o“g’ gﬂ E g

a3 T = <3 ]

B2 | o8 - 9% | a8 -8

LI REHEIRNE EENET |27 |3 |2 4

S\ & |S|8)0 S la |a |8]8]|8
Alabama.......... A 0 A [A]| 0]|C | Nebraska......... B 0 B|lo|O|O
Arizona........... B 0 0 C| 0| 0| Nevada...... ... B 0 0 0({0|O0
Arkansas......... A 0 B | B[ 0| C || New Hampshire..| B, 0 0 {0f0foO
California. . . B 0 B 0| A|B| NewlJersey....... A C 0 0|/0]| 0
Colorado. ... A 0 A | A|B| 0| New Mexico .l B 0 0 |BfO0}O -
Connecticut. C 0 0 0] 0| 0] NewYork A A 0 01C B
Delaware. .. C 0 0 0| 0| 0 (| North Carolina, (o} 0 AJ|JClO]|O
Florida. .. A 0 A 0 0 0 North Dakota.. 0 0 C 0(010
Georgia........... A 0 B |[B|lO}|O hio.............. A A 0 [AJA]A
Idaho............. B 0 0 C| 0| 0| Oklahoma........ A 0 B |AJA|A
Illinois............ A A 0 A{LA|A|Oregon........... C 0 0 cio!o0
Indiana........... A A 0 | A{A| A | Pennsylvania..... A 0 0 [A|A]A
Towa..... A 0 0 {A{ 0] 0| Rhodelsland.....; C 0 Q 0(10]|0
Kansas A 0 C | B| A | A || South Carolina....| C 0 B 0|00
Kentucky A 0 0 A | B | B || South Dakota 0 0 B 0j]0]0
Louisiana 0 0 C | 0| A | A | Tennessee A 0 0 |AlC]|C
Maine. . .. B 0 0 0] 0/} 0|l Texas...... A 0 A |C|AJA
Maryland A 0 0 |A|O0]| 0| Utah............. A Bel 0 JA|C| O
Massachusetts.....] C C 0 0| 0] 0| Vermont.......... B 0 0 01010
Michigan.......... A A 0 |A| 0] 0l Virginia.eeceeo....f A 1] A|B|OfO
Minnesota. ....... C C 0 0| 0| 0 Washington,......| B 0 0 |B;o|oO
Mississippi........| C 0 A | 0|0} 0} WestVirginia A 0 0 [A|A]A
Missouri. . A 0 0 [Al 0] 0| Wisconsin.. R V) C 0 0100
Montana.......... A 0 B |C|o] 0| Wyoming......... 0 B lAlB!lC

o Mari resulting from evaporation of water of Great Salt Lake.

It will be noted that the descriptions of the cement resources of
certain States have been prepared by other geologists, in which case
they are signed by the individual authors. Full credit has been
given in notes for contributions of less extent and for quotations from
reports already published. Brief bibliographies are attached under
each State, where the publications seemed important enough to
justify. Many references are made, in footnotes, to reports of State
surveys or of the United States Geological Survey. Such reports,
if not out of print, 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 the data justified their presentation.

PORTLAND CEMENT RESOURCES OF ALABAMA.
PORTLAND CEMENT MATERIALS.
By EuGgeNE A. SMrTH.

Several extensive series of limestones capable of furnishing excellent
raw material for the manufacture of Portland cement occur in Ala-
bama, and shales and clays to complete the mixture are found in every
county in the State. Owing to the marked geologic distinction
between northern Alabama and central and southern Alabama, the
two portions of the State will be discussed separately.

N
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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’) series and to the Chickamauga lime-
stone, the shales to the Pennsylvanian series (“Coal Measures’’), and
the clays to the Cambrian, Mississippian, and Pennsylvanian.

GENERAL GEOLOGY.

In northern Alabama the combined effects of geologic structure and
erosion have produced certain definite topographic types with which
the geologic outcrops are closely connected. (See Pl II.)

Structurally northern Alabama is made up of a series of parallel
synclines and anticlines, most of which trend a little north of east.
The anticlines are sharp narrow folds; the synclines are flat wide
basins. Erosion has cut away the synclines, and the streams of the
region now run along anticlinal valleys bordered by flat-topped syn-
clinal plateaus.

The plateaus throughout most of northern Alabama are capped by
conglomerates, shales, and sandstones of the ‘“Coal Measures.” The
Mississippian limestones commonly crop out 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 por-
tions of most of the valleys are occupied by Cambrian shales and the
Knox dolomite. The Chickamauga limestone would normally out-
crop as two parallel bands in each valley—between the middle of the
valley and the foothills of the plateaus—but faulting has been so com-
mon that in most valleys only one band is present, the other being
faulted out.

LIMESTONES.

CHICKAMAUGA LIMESTONE.

The Chickamauga limestone outcrops'in Alabama in three principal
areas. In the Tennessee River valley some of the smaller streams
that 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 limestone. These areas are crossed 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 Roups, Jones, Murphrees, Cahaba, Big Wills, and Coosa valleys
erosion has in places sunk the valley floors into Cambrian strata, and
in consequence the Chickamauga limestone occupies a narrow belt on
each side, near the base of the Red Mountain ridges. But as a fault
occurs on one or the other side of most of these valleys, the Red Moun-
tain ridges and the accompanying Chickamauga limestone are more
fully represented on the unfaulted side—the east side in all except
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Murphrees Valley. The Chickamauga forms practically a continuous
belt along the undisturbed side and in places outcrops in extensive
areas on the faulted side also, as for instance at Vance, on the Ala-
bama Great Southern Railroad, where the rock is quarried for flux for
the furnace of the Central Iron Co. at Tuscaloosa. Analysis 1 (p. 75)
shows its composition. Other analyses from lower ledges in the
quarry show only 1.22 per cent of silica, but more magnesia.

Where erosion has not gone so deep as to reach the Cambrian, the
Chickamauga extends entirely across the trough, as in the lower part
of Brown Valley from Brooksville to beyond Guntersville. Above
Guntersville the Chickamauga is seen mainly on the east side of the
valley. The river touches these outcrops at many points, and at
Guntersville the railroad connecting that city with Attalla affords
additional means of transportatlon No developments have yet been
made in this area.

In the valley separating the Warrior from the Cahaba coal field,
known as Roups Valley in the south and as Jones Valley in the north,
the Chickamauga limestone occupies & narrow, continuous belt, mostly
near the base of the eastern Red Mountain 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 Co. are located. Many analyses of the
rock from this quarry have been made. (See Nos. 2, 3,4, 5, 6, p. 75.)

In Murphrees Valley the continuous belt of Cliuckamauga lime-
stone, as above explained, is on the west side, and the faulted rem-
nants are on the east side. No quarries have been opened. The
Louisville & Nashville Railroad goes up the valley as far as Oneonta.

In Cahaba Valley, which separates the Cahaba coal field from the
Coosa coal field, the Chickamauga is well exposed on the east side
for the entire length of the valley from Gadsden down. It expands
into wide areas near the south end, where it has been quarried for
lime burning at Pelham, Siluria, Longview, Calera, and other places
on the line of the Louisville & Nashville Railroad. (See analyses 7,
8, and 9, p. 75.) The Central of Georgia and the Southern railways
cross this belt about midway of its length at Leeds, in Jefferson
County, and the Louisville & Nashville Railroad crosses it at its
northern end, where a quarry at Rock Springs, on the flank of Colvin
Mountain, supplies rock for lime burning. (See analysis 10, p. 75.)
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 most conveniently placed for easy
quarrying. Marble works established here in former days should be
again put in operation, since the marble is of fine quality and is beau-
tifully variegated. No analyses are available, but there is no doubt
that much of the rock is sufficiently low in magnesia for cement mak-
ing. Cahaba River and a short spm from the Mobile & Ohio Railroad
afford transportation.
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In Big Wills Valley, which separates Sand and Lookout mount,a.lns,
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 Coosa Valley region the Chickamauga outcrops are found
mostly on the western border, near the base of Lookout Mountain,
as in Broomtown Valley and in other valleys extending south toward
Gadsden. Although these belts have been utilized in the past for the
old Gaylesville, Cornwall, and Round Mountain furnaces, and pos-
sibly for some furnaces now in blast, no analyses are available. Far-
ther south, along the western border of the Coosa Valley, 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 & Railroad
Co., on the Central of Georgia Railway, near Sterrett, is on 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 (p. 75) 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 run of the quarry. Near Talladega
Springs, Marble Valley, and Shelby are other occurrences of the rock, and
a quarry afew miles east of Shelby furnace has for many years supplied
that furnace with its flux. (See analyses 17, 18, 19, and 20, p. 75.)

MISSISSIPPIAN (“LOWER CARBONIFEROUS”) LIMESTONES.

Timestones suitable for cement manufacture occur in the Bangor
limestone of the Mississippian (‘‘Lower Carboniferous”) series. Per-
haps the most accessible occurrences of this rock are in the Tennessee
Valley, west of Tuscumbia and south of the river and railroad, where
the former quarries of Fossick & Co. were located. The outcrop ~
extends eastward along the base of Little Mountain as far as Whites-
burg, 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 Scottsboro to the Tennessee line the country
rock is almost entirely of this formation. The Louisville & Nashville
Railroad south of Decatur nearly to Wilhite is mostly in the same
formation. These two lines together with Tennessee River would
provide ample transportation for the rock or for the finished product.
For an analysis of the rock from the Fossick quarries see page 75.

In Brown Valley, south of Brooksville, the Bangor limestone is the
prevailing rock, and at Bangor and Blount Springs, on the Louisville
& Nashville Railroad, extensive quarries have been worked for many
years for flux for the furnaces of the Birmingham district. (See
analyses Nos. 2, 3, 4, 5,6, 7, 8, and 9, p. 75.)
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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.”” The river runs near the foot of the mountain and would
afford transportation.

In similar manner the Bangor limestone outcrops along the western
flank of Lookout Mountain in Little Wills Valley, from near Attalla
to the Georgia line. South of Attalla it forms the lower part of the
escarpments of Blount and Chandler mountains. The Alabama Great
Southern Railroad passes very near 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. (Seeanalyses10t017,inclusive,p.75.)

In Murphrees Valley the main outerop of this rock is on the western
side, where quarries at Compton have for many years been worked to
supply the Birmingham furnaces. (See analyses 18, 19, and 20,
p- 75.) Rock from these quarries varies somewhat, but by proper
selection suitable material can easily be obtained.

In the valleys lying east of Shades Valley and in parts of Shades
Valley itself the formation becomes prevailingly shales and sand-

stones, limestones being few and inferior.
CRYSTALLINE AND OTHER LIMESTONES.

The Cambrian limestones contain generally a large proportion 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, there is a belt of limestone which in places is
metamorphosed to a white crystalline marble of great purity, which
has been quarried at several places for ornamental stone. (See
analyses 1 to 7, inclusive, p. 75.) The Louisville & Nashville Rail-
road from Calers to Talladega passes close to this belt.

CLAYS AND SHALES.

The most important clays in the Paleozoie region occur in Penn-
sylvanian (‘‘Coal Measures”’), Mississippian, Ordovician, and Cam-
brian formations. But as a later formation—the Tuscaloosa of the
Cretaceous—borders the Paleozoic on the west and south, and as
it contains great variety as well as abundance of clays, it will be
described here, although it is not Paleozoic.

ORDOVICIAN (“LOWER SILURIAN”) AND CAMBRIAN SHALES:

Associated with the cherty limestones and brown iron ores of the
Ordovician and Cambrian formations are beds of fine white clay, much
of it china clay. A white clay in the brown ore bank at Rock Run, in
Cherokee County (see analysis 7, p. 76), is about 30 feet in thickness.
Other clays seem adapted to cement making. (See analyses 8, 9, 10,
11, and 12, p. 76.) No great number of the clays have been analyzed,
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but they are known to be widely distributed in Calhoun, Talladega,
Jefferson, Tuscaloosa, and other counties in connection with the
brown-ore deposits.

MISSISSIPPIAN ("LbWER CARBONIFEROUS”) SHALES. ~

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

Probably the best exposures of these clays are 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
have supplied tile works and potteries. 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 are 12 to 18 inches thick and contain seams of
chert 2 to 8 inches thick. The upper half of the clay is more gritty
than the lower half, much of which contains material suitable for
making the finer grades of porcelain. (See analyses 3-6, p. 76.)

PENNSYLVANIAN (“COAL MEASURES”) SHALES.

Many beds of shale in the Pennsylvanian have been utilized for
making vitrified brick and fire brick, and some of them may be used
for making cement. A great body of these shales occurs in connection
with the coal seams of the Horse Creek or Mary Lee coal group, in
Jefferson and Walker counties. They are conveniently situated with
reference to limestone and coal and also to transportation lines, and
are therefore well worth the attention of those who contemplate
building cement plants.

On the property of W. H. Graves, near North Birmingham, over-
lying the coal seam mined by him, are two beds of shale—one yellow-
ish, the other gray. (See analyses 1 and 2, p. 76.)

Similar shales are used also at Coaldale, in Jefferson County, and at
Pearce’s mill, in Marion. Physical tests but no analyses have been
made.

Most of the coal seams mined in Alabama rest upon clay beds which
have not yet been specially examined as to their fitness for cement
making, but which, in view of the proximity of the coal mines to the
limestones, might be worth investigation.

CRETACEOUS CLAYS.

The most important clays of Alabama are found in the lowermost
division of the Upper Cretaceous, in the Tuscaloosa formation, which
is, in part at least, equivalent to the Raritan formation of New Jersey.
The prevailing strata of the Tuscaloosa are yellowish and grayish
sands, but subordinated to them are great lenses of massive clay,
varying in quality from clay that burns almost pure white to dark
purple and mottled clays that contain much iron,
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The Tuscaloosa occupies a belt extending from the northwest corner
of the State around the edges of the Paleozoic formations to the
Georgia line at Columbus.” This belt is widest at the western bound-
ary of the State, where it is 30 to 40 miles wide. Its width at
Wetumka and thence eastward to the Georgia line is only a few miles.
The widest and most important part of this belt, in Elmore, Bibb,
Tuscaloosa, Pickens, Fayette, Marion, Lamar, Franklin, and Colbert
counties, is traversed by the Mobile & Ohio, the Alabama Great
Southern, the Louisville & Nashville, the Southern, and the Kansas

City, Memphls & Blrmmgham ralhoads as well as by Warrior and

Tombigbee rivers.

These clays have been descmbed in some detail and certain analyses
which appear to indicate the fitness of the clays for cement making
are here republished.! - (See analyses, p. 76.)

In Elmore County, in the vicinity of Coosada, along the banks of
Coosa 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. (See analyses 13, 14, and 15, p. 76.)

In Bibb County clay for fire brick has been quarried very exten-
sively at Bibbville and near Woodstock (see analyses 16 and 17,
p- 76) and carried to Bessemer by the Alabama Great Southern
Railroad. The beds are very thick and extensive. The Mobile &
Ohio Railroad crosses other extensive deposits in the southern part
of the county.

The most important of the clay beds in Tuscaloosa County are
traversed by the Mobile & Ohio and the Alabama Great Southern
Railroads. Many large beds are exposed along the Mobile & Ohio
road in Pickens County, but very few have been investigated. (See
analysis 22, p. 76.). In Lamar and Fayette counties the same con-
ditions prevail as in Pickens and Tuscaloosa. (See analyses 23, 24,
25, 26, p. 76.)

Marion is one of the leading counties of the State for fine clays, but
it is touched by railroads only along its southern border and its
extreme northeastern corner. Although at present not available
because inaccessible, the clays from Bexar, from the great clay
deposit which gives the name to Chalk Bluff and which underlies
about two townships, and from about 16 miles southwest of Hamilton,
the county seat, are worthy of consideration. (See analyses 27, 28,
and 29, p. 76.)

Colbert County has numerous fine clays. (See. analyses 31 and

32, p. 76.)
ANALYSES.

The.followi'ng tables give analyses of limestones and clays from
northern Alabama:

1 Bull, Geol. Survey Alabama No. 6, 1900. e
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Analyses of Chickamaugae limestone from Alabama.

1 2 3 4 5 6 7 8 9 | 10
Sitica (Si02).eeeeirieinnnnnnann 448 6570 243 | 3.65| 3.29| 3.8 0.39] 0.15| 0.78 , 1.00
Iron oxide and alumina (Fe:03
and AlgOs).....ooeeouiiennn. 1.22 | 1.87 ] 3.30f .91 1.49 1.96 .13 Tr. .35 .30
Lime carbonate (CaCOg)...... 88.85 | 91.16 | 89.88 | 92.38 | 92.61 [ 90.44 | 99.11 | 99.16 | 97.52 i 97.00
Magnesium carbonate (MgCOs)| 3.52 |.......|...o.ifeeenetfoeaa i, 5 75 12 Tr.
ERUYTEES) USRNSSR PP, PP PSPPI PRI FR N P P s AP TR Tr.
. 11 12 13 14 15 16 17 18 19 20
Silica (S8i0g).-.c..oiiiennnnn. .. 0.43| 0.58| 0.38| 0.3¢| 0.39| 0.98| 250 2.09| 1.08 2.25
Iron oxide and alumina (Fe:03
and AlOs) .oooivenirniiiaae, .42 .25 47 .46 .37 .52 1.40 | 101 .03 .68
Lime carbonate (CaCOg)......} 98.49 | 05.78 | 98.35 | 96.53 | 94.27 | 96.92 | 96.70 | 93.77 | 98.91 | 95.40
Magnesium carbonate(MgCOs) L16 [ 2.89 30| 217 4.47( L081....... 2.48 .58 .94
£ TP ) 8 o A o

1. Average of several carloads of flux rock from quarry at Vance, Tuscaloosa County, of Central Iron
Co. at Tuscaloosa. H. Buel, analyst.

2. Gate City quarry, Jefferson County. Average sample from the crusher. Henry McCalley, analyst.

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

7, 8. Longview quarries, Shelby County. Used in burning lime. Rept. Geol. Survey Alabama for
1875, 1876, 'pp. 113-114,

9. Jones quarry, near Longview. Idem, p. 116.

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

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

17-20. Shelby quarr%', Shelby (gounty. Used for flux in Shelby furnaces. Rept. Geol. Survey Alabama
for 1875, 1876, pp. 117-i18.

Analyses of Mississippian limestones from Alabama.

1 2 3 4 5 6 7 8 Q@ 10
Silica (Si0g)eueueeneeniacnn. . 0.50 | 1.73{ 0.77| 1.14} 1.02| 1.40( 0.68 | 0.81 | 0.82 2.16
Tron oxide and alumina (FeqOs
and AlgOg).e...o.oovn. ceeel| 1.45 .78 .35 .34 | 1.38( 117 | 1.02 .89 .60 2.31
Lime carbonate (CaCOj).. .... 96.58 | 96.54 | 97.60 | 98.53 | 95.25 | 94.67 | 96.54 | 97.45 | 97.37 | 89.15
Magnesiumcarbonate (MgCOg)| 2.58 |.......|.......|e..... 1.73 ) 2.26| 1.26 .35 .75 4.2
(1T C) TONOOUS PRSP PPN (ORI MR FRPRPIN MO O FO .029.......
11 12 13 14 15 16 17 18 19 20
Siliea (Si0s3)...... e 3.12 | 0.85) 1.08) 0.73 | 0.64 | 1.12| 0.42| 2.05| 4.45 2.80
Iron oxide and alumina (FeqO3
and AlgOg)......oovvenal.t 2.32 .65 .61 .65 .62 .90 .37 .76 ] 3.30 .70
Lime carbonate (CaCOs). . ... 85.87 1 96.64 | 96.91 | 97.60 | 97.48 | 96.38 } 97.32 | 89.64 | 86.35 | 94.59
Magnesium carbonate (MgCO3)| 4.20 | 1.36 .90 .52 767 L10) 1.39 | 815 [....... .......
Sulphur (8)e.evoieiiiiiii i ]eannn 024 019 .OW8(.......[...... w L0200 e

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

2. Average sample from Blount Springs quarry—a comPact limestone. Henry McCalley, analyst.

3. Average sample from Blount Springs quarry—a granular oolitic limestone, Henry McCalley, analyst.

4. Average sample u%per 75 feet, Blount Spm}gs quarry. J. L. Beeson, analyst.

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

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

12-17. From Vanns, near Trussville. J. R. Harris, analyst.

18. Avem%e of about 150 feet thickness of rock used for flux, Compton quarry, Blount County. J. L.
Beeson, analyst.

19, 20. Stockhouse sample, Compton quarry. W. B. Phillips, analyst.

Analyses of crystalline marbles.

1 2 3 4 5 1] 7
Silica (8109). .. iiiiiiiiiniii i Tr. 2.70 2.95 4.65 2.80 1.35 0.28
Iron oxide and alumina (FesOs and AlsOs)....)........ .40 ) 115 .75 4871 .30 .28
Lime carbonate (CaCOg).......coveievnnnen... 99.47 [ 90.80 [ 95.25 | 94.40 | 95.60 | 97.60 99.19
Magnesium carbonate (MgCOs)....... eeeeeen .38 Tr. .62 .41 .66 Tr. .14

b 1. Hei%%'ss upﬁ%r quarry, Talladega County. Tuomey, Michael, Second Bien. Rept. Geology of Ala-
ama , D. 119,
2. Herd’s quarry, sec. 16, T. 21, R. 4 E,, Talladega County. W. B. Phillips, analyst.
3. Taylor’s mill, 'i‘alladega County, white marble. W. C.Stubbs, analyst.
4. Taylor’s mill, Talladega County, blue marble. W. C. Stubbs, analyst.
6. Taylor’s mill, Talladega County. A. F. Brainerd, analyst. ’
6. Nix guarry, sec. 36, 1'. 20, R. 4 E., Talladega County, white marble. W. B. Phillips, analyst.
7. Gannt’s quarry, sec. 2, T. 22, R. 3 E., Talladega County, white marble. A.F. Brainerd, analyst.
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Analyses of Paleozoic and lowermost Upper Cretaceous clays.

1 2 3 4 5 6 7 8 9 10 11
Silica (SiOg)............ 61.55 | 57.80 1 79.80 | 82.04 | 66.25 | 82.11 | 60.50 | 72.20 | 57.00 | 67.95 | 61.50 °
Alumina (AL;O3)....... 20.25 | 25.00 | 11.75 | 12.17 | 22.90 | 11.41 | 26.55 | 22.04 | 17.80 | 20.15 | 26.20
Iron oxide (Fes03).... .. 7.23| 400 1.75 Tr.| 1.60 | 1.40 30 16| 560{ 1.00| 2.10
Lime (Ca0)............ Tr. | 2.10 .75 Tr Tr Tr 90 50 | 2.10 | 1.00 50
Magnesia MSO) ........ 99 .80 Tr. .33 Tr 66 65 40| 120 Tr 43
Alkalies (K20, Na0) 1.25| 1.80 | 1.50 L7541 180 270 60| 6.00| 1.87 70
Ignition................ 619 7.50 | 411 | 433 9.05] 400 7.90| 580 | 9.45{ 800 | 7.29

Total............. 98.66 { 99.00 | 99.16 | 99.47 [100.55 {101.38 | 99.50 [101.70 | 99.15 ; 99.97 | 98.72

Silica (SiOg)........o... 84.21 | 66.61 | 62.60 [ 60.38 | 65.82 | 74.25 | 61.25 | 65.35 | 60.03 | 58.13 | 68.23
Alumina (Al3Os)........] 9.75]21.04 | 26.98 | 20.21 | 24.58 | 17.25 | 25.60 | 21.30 | 24.66 | 24.68 | 20.35
Iron oxide (Feq0s)...... 69| 2.8 L7270 616 1.257 1.19) 210| 272 3.69] 3.85| 3.20
Lime (Ca0)............ .70 .40 .40 09 |ee...s .40 .25 .60 .13 .15 .34
Magnesia (M Of\i ....... .14 .58 .36 .72 Tr. Tr. .82 . 86 .38 .32 Tr.
Alkalies (K20, Na0)...|....... .70 .651 1.80 .60 .52 1.35 Tr. Tr.| 1.78 .74
Ignition................ 410| 7.00| 9.30]10.21 | 816 6.30| 810) 879 |11.34 | 11.78| 7.16
Total............. 99.59 | 99.21 [101.01 | 99. 57 J100. 41 | 99.39 | 99.47 | 99.62 |100. 23 [100. 51 (100.02
23 24 25 26 27 28 29 30 31 32
Silica (8i09)..... 60.90 | 63.27 1 67.10 | 05.58 | 68.10 | 65.49 | 70.00 | 67.50 | 66.45 | 64.90
Alumina (Alzo:g 18.98 | 19.68 | 19.37 | 19.23 | 21.89 | 24.84 | 21.3119.84 | 18.53 | 25.25
Iron oxide (Feq 7.68 3.52 2.88 4.48 2.01 Tr. 2.88) G.15| 2.40|.......
Lime (Ca0)..... Tr. 1.30 Tr. Tr .80 1.26 20 12 | 1.50 Tr.
Magnesia %{MgO). i Tr. Tr 73 Tr. .28 Tr. Tr. 0] 1.25 Tr.
Alkalies (K20, Naz0)... Tr. 1.20 (7 PO .40 Tr, Tr. j....... Tr. [.......
Ignition................. 13. 63 9.80 7.79 6.90 5.75 7.80 | 6.85| 7.65| 9.46 8.90
Total..............[ 100.92 | 98.77 | 98.54 | 96.19 | 99.23 | 99.39 {101.24 [101.36 | 99.59 | 99.05

Pennsylvanian (‘Coal Measures’):
1. Dark-yellow shale from ‘‘Coal Measures,”” W. H. Graves, near Birmingham, Jefferson County.
2. Light-gray shale from same locality.
Mississippian:
3-5. Fire clay, near Valley Head, Dekalb County.
6. China clay, Eureka mines, Dekalh County.
Ordovician and Cambrian:
7. China clay, Rock Run, Cherokee County (Dykes ore bank).
8. Fire clay, Rock Run, Cherokee County,
9. Pottery clay, Rock Run, Cherokee County.
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.
Lowermost Upper Cretaceous (Tuscaloosa formation):
13. Stoneware clay, Coosada, Elmore County.
14. Pottery clay, McLean’s, near Edgewood, Elmore County.
15. Stoneware clay, Chalk Bluff, Eimore County.
16. Fire clay, Woodstock, Bibb County.
17. Fire clay, Bibhville, Bibb County.
18. Fire clay, Hulls Station, Alabama Great Southern Railroad, Tuscaloosa County.
19. Pottery clay, H. H. Cribbs, Alabama Great Southern Railroad, Tuscaloosa County.
20. Pottery clay, J. C. Bean, Mobile & Ohio Railroad, Tuscaloosa County.
21. Fire clay, J. C. Bean, Mobile & Ohio Railroad, Tuscaloosa County.
22. Stoneware clay, Roberts’s mill, Pickens County.
23. Pottery clay, Cribb’s place, Lamar County.
24. Stoneware clay, H. Wiggins, 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 Rollins, Franklin County.
31. Pottery clay, J. W. Williams, Pegram, Colbert County.
32. China clay, Pegram, Colbert County.

~
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Central and Southern Alabama.
RAW MATERIALS.

The raw materials in central and southern Alabama suitable for
making Portland cement are argillaceous limestones, pure limestones,
and clays. :

The limestones valuable as cement materials occur mainly in the
Selma chalk or “Rotten limestone’ of the Upper Cretaceous and in
the St. Stephens limestone of the Tertiary. The clays available are
the residual clays from the decomposition of these two limestone
formations, the stratified clays of the ‘“Grand Gulf formation,” and
the alluvial clays in the river and creek bottoms. Later investiga-
tion may show that some of the other stratified clays of the Cretaceous
and Tertiary formations, especially the clays of the lowermost Upper
Cretaceous (Tuscaloosa formation), are suitable for cement making.

The Upper Cretaceous in Alabama has four divisions—the Tusca-
loosa formation, the Eutaw formation, the Selma chalk, and the
Ripley formation, named in ascending order. 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 purity to make them commercially valuable. The Eutaw is
of marine origin and is composed 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. The Ripley, like the Selma,
is a marine formation and is generally predominantly calcareous
but contains some sandy and clayey beds. The Selma chalk alone
offers limestone in such quantity and of such composition as to be
fit for Portland cement material.

) LIMESTONES.
SELMA CHALK (“ROTTEN LIMESTONE”).

LITHOLOGY.

The Selma chalk is calcareous throughout its entire.thickness of
about 1,000 feet. The rock, however, varies in composition between
somewhat wide limits; for this reason three divisions may readily be
distinguished. The upper division is highly argillaceous, holding 25
per cent or more of clayey matter; portions of it are composed of
calcareous clays or marls rather than limestone, containing great
numbers of fossils, mainly oysters. Along Tombigbee River these
beds make 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
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bluffs consist of dark-colored fossiliferous calcareous clays, alternat-
ing with lighter-colored and somewhat more indurated ledges of
purer, less argillaceous rock. At Elm Bluff the upper half of the
bluff, which is about 125 feet high, is of this character.

The lower half of the bluff at Elm Bluff is composed of rock more
uniform in composition and freer from clay than the upper part,
containing generally less than 25 per cent of clayey material. It
forms the top of the middle division of the Selma chalk. In this
middle division the fossils are rarer than in either of the others,
oysters and anomias being the most. common. This variety of the
rock forms the bluffs along Alabama River from Elm Bluff up to
Kings Landing. It is seen in its most typical exposure at White

- Bluff, where it is at least 200 feet in thickness, rising almost perpendicu-

larly on the right bank of the river. On Tombigbee River it extends
from near Bartons Bluff past Demopolis up to Arcola 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 Bluffport and at
Jones Bluff (Epes) and appears along the stream for several miles
beyond. }

The width of outcrop shows that the middle division of the Selma
chalk must be about 300 feet thick. Itunderlies the most fertile and
typical prairie lands of the South. At intervals throughout this
region the limestone rock appears at the surface in what are known
as ‘‘bald prairies,” so named from the fact that they are bare of trees.
The disintegration and leaching out of the limestone leaves a residue
of yellowish clay, several feet thick in low places, which is used at the
Demopolis plant in the manufacture of cement. In most localities
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 a bed consisting of several ledges
of compact, hard, pure limestone, which weathers into curious shapes,
has received the names horse-bone rock and bored rock. This bed
appears at the top of Hatchs Bluff, at Arcola Bluff, between Demop-
olis and Epes, at Jordans Ferry, and at other places. Its outcrop
makes a ridge easily followed and characterized by the presence on
the surface of loose fragments of the limestone.

The lowest division of the Selma chalk, like the uppermost, is com-
posed of clayey limestone or in many places of a calcareous clay.
The color is dark gray to bluish, and most exposures show striping,

"due to alternating 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

4~
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the Tombighee they form most of the bluffs at Gainesville, Roes, and
Kirkpatricks.

Above Roes, at Jordans, occurs the junction with the middle and
lower divisions. About 10 or 15 feet below the hard ledges of pure
limestone forming the base of the middle division the dark-colored
argillaceous rock tends to flake off and weather into caves, some of
them several feet deep and 20 feet or more long. 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 outcrop of the argillaceous rocks of the third 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 the first and third
divisions could be mixed with the purer limestone of the middle divi-
sion in such proportions as to constitute a good cement material and
to do away with the need of adding other clay to the limestone. 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. Localities of this sort would be
found along the borders north and south of the belt of outcrop of the
white rock at Demopolis. '

DISTRIBUTION OF THE SELMA CHALK.

As suitable material for cement manufacture can be had in practi-
cally unlimited quantity all along the outcrop of the purer limestone
of the middle division, the location of cement plants will be deter-
mined rather by the facilities for transportation, the cheapness of
fuel, and the cost and abundance of labor. Examinations of the rock
were consequently confined to localities which appear to be most
favorably situated in these respects, and especially to localities on
navigable streams or north-south railroad lines, or both. In making
collections for analysis material from the middle division was gener-
ally chosen, as 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, espe-
clally of the lower division of the formation, were collected in order
to ascertain the practicability of providing a cement mixture by using
proper proportions of the purer and more argiliaceous materials.

On Tombigbee River at Gainesville 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 out-
crops at the surface and may be quarried without difficulty. (See
analyses 1, 2, 3, and 4, p. 86.) Other specimens are from the Rob-
erts place, 3 miles east of Gainesville; one was taken from the top of
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a 30-foot bluff and others from the surface 1 mile and 5 miles from
the-river. (See analyses 5 and 6, p. 86.)

At Jones Bluff, on the Tombigbee, near Epes station, on the Ala-
bama Great Southern Railroad, white limestone of remarkably uni-
form composition shows along the river bank for about a mile,
with an average height of perhaps 60 feet. Here the bare rock
forms the surface, so that no overburden need be removed in quar-
rying. 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 places; for example, below Lees Island, at Martins Ferry,
Braggs, and elsewhere. It generally has a capping of 15 to 20 feet of
red loam and other loose materials. (See analyses 7, 8, and 9, p. 86.)

At Bluffport the white rock in places forms a bluff 100 feet or more
high along the right bank of the river for a mile or more. (See analysis
10, p. 86.) 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 brings it into the ter-
ritory of the lower strata of the formation, and the white rock does
not appear again below Jordans Ferry, except in thin patches at the
tops of some of the bluffs. (See analyses 11, 12, 13, and 14, p. 86.)
Specimens from Roes Bluff represent the prevailing dark-colored
argillaceous rock and the lighter-colored ledges. '

At Demopolis the white rock extends along the left bank from
1 mile above the landing to about 2 miles below, with an average
‘height of perhaps 40 or 50 feet. The rock is remarkably uniform
in appearance and probably in composition. (See analysis 29, p. 87.)
At McDowells the main bluff is on the right bank and the rock is of
great purity. (See analysis 16, p. 86.) The exposures continue
down to Paces Landing, 9 miles below Demopolis, beyond which the
bluffs are much darker in color and striped with lighter bands, char-
acteristic of the upper part of the formation. Thence down nearly
to Moscow the upper beds are exposed.

Above Demopolis at Arcola and Hatchs Bluff the bluish clayey
limestones of the lower division of the Selma chalk are seen in force,
with the lowermost ledges of the middle division—the horse-bone
rock—capping them. (See analyses 19 and 20, p. 86.)

From Demopolis eastward the line of the Southern Railway is
on the outcrop of this white rock, as far as Massillon, where it passes
into the territory of the lower division. Two miles from Demopolis
gn this road is the 6-kiln cement-rhanufacturing plant of the Alabama
Portland Cement Co. This plant has not been operated since 1908.
The quarry is across the railroad track from the kilns, a few hundred
feet distant. The clay formerly used is residual from the decom-
position of the limestone and is obtained from the river bank a

-~
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few yards away. (See analyses 15, 18, 40, pp. 86-87.) A specimen
taken from Knoxwood station, between the cement works and
Demopolis station, shows similar composition (analysis 17, p. 86).

At Van Dorn station the white rock outcrops widely, and just east
of the station there is a deep cut through it. (See analyses 21, 22,
41, 42, 43, 44, 45, 46, pp. 86-87.)

About Uniontown the bare rock is exposed at numerous points, and
the place offers very great advantages for the location of cement
plants. (See analyses 23, 24, 25, 26, pp. 86-87.)

Residual clay overlies the limestone at the Pitts home place
(analysis 1, p. 87). South of Massillon, near the crossing of the
Southern and the Louisville & Nashville railroads, near Martins
station, the white rock shows in numerous exposures, 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, beneath
a bed of plastic clay, and below a considerable thickness of red loam
and sands of the Lafayette formation. (See analysis 27, p. 87.)

The same rocks make the great bluff of White Bluff, on Alabama
River. Specimens were selected from about halfway down the
bluff, and from 20 feet lower. Generally red loam and sands of the
Lafayette cap the limestone, but near the upper end of the bluff the
white rock extends to the summit, capped only by plastic clay.
(See analysis 28, p. 87.)

At Elm Bluff the upper and middle divisions of the formation are
in contact. At Kings Bluff the middle and lower parts of the forma-
tion are in contact. At the other bluffs of the river between Kings
Landing and Selma rock of the lower division is exhibited. (See
analyses 50, 31, and 47, p-87.)

To summarize: From Demopolis eastward along the line of the
Southern Railway, by Van Dorn, Gallion, Uniontown, Massillon, and
thence by Martins and Milhous stations to White Bluff, the white
rock appears at the surface in clean exposures at almost innumerable
points, either immediately on or very near to the railroad. So far
as the quality, quantity, and accessibility of the limestone are con-
cerncd, 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 & Nashville Railroad (Repton branch),

- between Berlin and Pleasant Hill stations. (See analysis 31, p. 87.)

On the Montgomery and Selma road, at the crossing of Pintlala
Creek near Manack station, the lumestone is exposed in the creek
48834°—Bull. 522—13——=6
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banks and in the open fields, in many places with little or no over-
burden. (See analyses 32 and 33, p. 87.) On the main branch of
the Louisville & Nashville Railroad the white rock shows between the
city and McGhees switch. Examinations have not been carried
beyond Montgomery, but it is known that the white prairie rock
is crossed by the Central of Georgia Railway between Matthews
and Fitzpatrick stations, and there seems to be no doubt that along
this stretch of the road suitable rock will be found convenient to
the line.
ST. STEPHENS LIMESTONE.

LITHOLOGY.

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

In Alabama the St. Stephens limestone exhibits three rather well
defined phases, which, in descending order, are (1) the upper division,
observed only in Clarke County, (2) the middle division, regarded as
equivalent to the Vicksburg limestone of Mississippi geologists, and
(3) the lower division, regarded as equivalent to the Jackson group
of Mississippi geologists. Of these only the middle division is of
immediate interest, for the first is, as far as known, restricted to one
locality (Salt Mountain), and the third is exposed in few places along
Alabama rivers and railroads.

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

Section of St. Stephens Bluf.

Feet.
L Redresidual elay........ooooiiiiii e 1-5
2. Highly fossiliferous limestone holding mainly oysters and full of holes,
due to unequal weathering..................o... . ... 10-12

3. “Orbitoides limestone’’ (chimney rock), a soft, nearly uniform, porous
limestone, 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 circular
shells of Orbitoides mantelli. The harder ledges are nearly pure car-
bonate 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 of somewhat the same
consistency as No. 3 above, but containing a good deal of greensand.
The fossils are mostly oysters and Plagiostoma dumosa. This bed isin

places rather indurated superficially and forms projecting ledges....... 10-15
5. Bluish clayey marl with much greensand, containing the same fossils as
No. 4. It washes or caves out from under No. 4, which overhangs it. ... 4-5

6. Massive joint clay, yellow on exposed surface, blue when freshly broken;
no fossils observed. Extends below the water level to unknown depth;
CRPOSEA. - o oo 34

e
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The rock of this division that seems best suited for cement material
is the soft “chimney rock’ or ‘“Orbitoides limestone’’ of bed No. 3
above. This is usually quarried for chimneys and other construc-
tions by sawing it out and dressing it down with a plane into blocks
of suitable size, which are then laid like brick.

Numerous analyses show that this rock is purer than most of the
Selma chalk of the Cretaceous. In cement making it will, in con-

* sequence, require the intermixture of a larger proportion of clay,

and the question of obtaining suitable clay in sufficient quantity in
close proximity becomes 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 there are
available some river and creek clays near the limestone, and also the
clays of the “Grand. Gulf” formation, which in this section very
generally overlie the limestone. Near Manistee Junction, on the .
Repton branch of the Louisville & Nashville Railroad, the last-
named clays are present in sufficient quantity to be of value if the
composition is suitable. (See analyses 2 and 3, p. 87.)

DISTRIBUTION OF 8T. STEPHENS LIMESTONE.

The bluff et St. Stephens, a section of which has been given, is
typical of the formation. Here the whole of the soft ‘“Orbitoides
limestone” or ‘‘chimney rock” might be used, as the composition is
uniform throughout. The overlying harder limestone has almost the
same composition, but it is less easily crushed and worked (analysis 34,
p.- 87). It may be quarried from the surface down, as it is covered
only by a thin layer of residual clay (analysis 2, p. 87). Clay occurs
near St. Stephens at the water level (No. 6 of the St. Stephens sec-
tion). (See analysis 4, p. 87.)

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 out for riprap
work, lies, as at St. Stephens, just above the soft chimney rock.
Along the stretch of river above described this chimney rock lies just
above the river bottom in a bed 15 or 20 feet thick and is easily
accessible. (See analyses 37, 38, and 39, p. 87.) As regards clay,
three varieties have been examined, a residual clay from over the
limestone, a swamp-bottom clay from the low grounds of Leatherwood
Creek, and a clay from the ‘“ Grand Gulf formation,” which here over-
lies the St. Stephens limestone.

The first shoal in the river above Mobile is a few miles above Oven
Bluff, and from the latter place down there is a 9-foot channel at all
seasons, which will give to Oven Bluff a certain advantage in regard
to transportation. The shoal mentioned is removable, so that
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St. Stephens may be classed with Oven Bluff as regards transporta-
tion by water, except that the former is some miles farther from the
Gulf.

At Glendon station, a few miles east of Jackson, an exposure of
the chimney rock close to the track is about 20-feet thick and is
covered by red residual clay similar 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 convenient reach of the railroad. Near
Suggsville station the same rock occurs within a short distance of the
railroad along the road leading from the station to the town.

Between Suggsville and Gosport the country rock is the St. Stephens
limestone. There is no railroad between these places.

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

At Marshalls Landing, just above the mouth of Randons Creek, at
the top of the bluff, beneath the usual covering of residual clay, is
the first exposure of the chimney rock along Alabama River. Below
the orbitoidal or chimney rock at Marshalls there are 20 feet or more
of a porous limestone. In the same bluff there are beds of calcareous
clay, which might possibly be used in mixing with the limestone. (See
analysis 5, p. 87.) At the landing these would be difficult to quarry
because of overlying strata, but they could certainly be found with-
out cover along the bluffs above Marshalls.

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, taking a good polish
and showing agreeable variations in color. The soft chimney rock
underlies the hard limestone here as at other points.

At Choctaw Bluff, some miles below Gainestown, the last exposure
of the Tertiary limestones on the river is an argillaceous limestone
with numerous fossils; it seems hardly likely to be of use in cement
making.
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A few miles east of Marshalls Landing, at Manistee Mills, the
terminus of a sawmill road, a quarry of the chimney rock is con-
veniently situated as to transportation, since it is on the railroad.
Across the county to the Repton branch of the Louisville & Nashville
Railroad the St. Stephens limestone may, of course, be found at
thousands of places; but only those that lie on a railroad line are
here discussed.

Below Monroe station, near Drewry, on the Repton Branch, the
Louisville & Nashville Railroad crosses the outcrop of the chimney
rock. A few miles below Drewry, at Manistee Junction, the ‘‘Grand
Gulf clays” are finely exposed in railroad cuts both north and south of
the station. (See analysis 47, p. 87.) Clays which may be suitable
for admixture with the limestone are obtained from these cuts. (See
analysis 3, p. 87.) .

The chimney rock may be found at many points below Evergreen,
in the vicinity of Sparta and Castleberry stations. Many bluffs
of this rock occur on the banks of Murder Creek in this vicinity, and
several quarries from which the stone has been obtained for building
purposes are 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. Infact,
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. (See analyses 35 and 36, p. 87.) No
clays were seen except the usual residual clays from the decomposi-
tion of the limestone and a clay occurring close to Evergreen in the
pits of Wild Bros. These Evergreen occurrences have attracted
attention because of their location on the line of a great railroad
system within short distance of tidewater. Farther east the lime-
stone formation extends across Alabama and into Georgia and Florida
and is crossed in two places by the Central of Georgia Railway.

To summarize: Though the St. Stephens limestone outcrops across
the State from the Mississippi line to Chattahoochee River in many
broad belts, attention has been concentrated on those localities which
lie upon navigable streams or upon railroad lines terminating in Gulf
ports. As compared with the middle division of the Selma chalk,
the limestone is more uniform in composition, higher in lime, softer,
and more easily quarried and crushed, and in geographical 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.
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-ANALYSES.

The following tables give analyses of Cretaceous and Tertiary
limestones and clays of central and southern Alabama:

Analyses of Cretaceous and Tertiary liniestones.

Insoluble matter........... 29,50 23.00] 18.42( 27.25| 19.10} 21.98| 9.44| 16.69] 16.41| 11.68( 26.26 31.16

Iron oxide and alumina
(FGQO:; and A]gOs) ........

Lime carbonate (CaCO3). ..

Mag[nesium carbonate
(MgCO

2CO3
Sulphuric trioxide (SO3). ..

Total sulphur....... eeeean . .23 . :
Water and organic matter..| 5.78] 1.96|......]...... 1.70] 1.650 1.30|...... 1.99...... 1.53] 5.44
Total..........icoooeeein et 97.12] 99.99|......[...... 100. 00 99.92]100. 27} 99. 85/100. 00/160. 00
13 14 15 16 17 18 19 20 21 22 23 24
Insoluble matter........... 31.74] 14.92( 13.32 6.06( 15.18] 12.50| 41,18 3.02| 14.36] 15.63] 16.18| 19.20
Iron oxide and alumina
(Fex0zand AlzOg)....... 4.42( 3.46] 8.74] 1.62[ 2.22| 2,76 4.16] 1.10] 2.80] 2.02( 3.08| 3.58

Lime carbonate (CaCOs) . ..| 65.82 78.52| 73.94] 90.40] 78.57| 80.71] 44.78] 93.52] 80.47| 78.77| 75.35| 72.21
Magnesium carbonate

(MgCOg)..eoooeeneeennn. 2.100 1.02| 1.40] 1.15] 1.38] 1.05] 2.68 1.38) 1.30| 1.04) 1.35] 1.98
Sulphuric trioxide (SOg)...[-.....{...... 27 1L 1620
Total sulphur..............l...... ... [R5 IR RN PR PP ORI PTU P P R
Water and organic matter..| 5.92{ 2.0§j...... LT L.74) 1.36] 7.200 .98] 1.07] 2.54] 4.04[ 3.03

Total........c.ooooae 100. 00{100. 00| 98. 31{100. 00{100. 00{100. 00} 100. 00{100. 00{100. 00{100. 00100. 60100, 00
1. Gainesville Bluff, Tombigbee River, 5 feet from top of bluff. R. S. Hodges, analyst.
2. Gainesville Bluff, Tombigbee River, lower part of bluff. R. S. Hodges, analyst.
3. Gainesville.. F. P, Dewey, analyst.
4. Gainesville. A.W.Dow, analyst.
5. Roberts’s place, near Gainesville, top of bluff. R. S. Hodges, analyst.
6. Roberts’s place, near Gainesville, 5 feet above water. R. S. Hodges, analyst.
7. Jones Blufi, at i“:pes. R. S. Hodges, analyst.
8. Jones Bluff, at Epes. Dr. Mallet ana.lé/st:.
9. Hillmans Bluff, below Epes. R. $. Ho ges, analyst,.

10. Bluffport Ferry, Tombigbee River. R. S. Hodges, analyst.

11. Jordans Ferry ’i‘omblgbee River. R.S. Hodges, analyst.

12. Belmont Bluff, Tombighee River. R.S.Hodges, analyst.

13. Roes Bluff, Tombigbee River, main part of blufi. R.S. Hodges, analyst.

14. Roes Bluff, Tombigbee River, light-colored ledges. R. S. Hodges, analyst.

15. Demopolis, F. P. Dewey. U. S. Mint, analyst.

16. McDowells Bluff, below Demopolis. R. S. Hodges, analyst.

17. Knoxwood, near Demopolis. R.S. Hodges, analyst,

18. Material used in Demopolis Cement Works. R.S. Hodges, analyst.

19. Hatchs Bluff, Warrior River above Demopolis; main part of bluff. R. 8. Hodges, analyst.
20. Hatchs Bluff; Warrior River, above Demopolis; ledges at top of bluff. R.S. Hodges, analyst.
21. At Van Dorn station, from roadside. R.S. Hodges, analyst.

22. At Van Dorn station, railroad cut east of station. R. S. Hodges, analyst.

23. Uniontown, P. H. Pitts, Home place. R. S. Hodges, analyst.

24. Uniontown, P. H. Pitts, Houston place. R.S. Hodges, analyst.

&
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Analyses of Cretaceous and Tertiary limestones—Continued.

25 26 27 28 20 30 31 32 33 31 35 36

Insoluble matter........... 18.62| 12.14} 15.30| 26. 14| 21.81| 31.04| 19.74| 20.90] 13.20] 3.38) 1.26| 2.75
Iron oxide and alumina
(FesOsand AlOg)........ 3.28)...... 2.44[ 2,78 2.23] 2.94] 11.67| 4.06) 0.00] 1.04} 1.72] 2.73

Lime carbonate (CaCOs). ..} 74.52 83.45( 80.10( 64.25! 75.07| 64.37| 54.83| 67.16 74.26| 92.85] 95.15| 93.30
Magnesium carbonate

(MgCOg) oo 5.14] 1.08 1.46| 1.92 .65 .23
Sulphurie trioxide (SOs).... .85 L.01f...... L3 .02 .02
Water and organic matter.. 4.98| 5.79......]...... .65 .60
Alkalies.............o...L 2,88 e A1 14

Total................ 100.00...... 100.09]...... 99. 83| 99.14|100.00(100,00]...... 99.32! 99.56 99,77
37 38 39 40 41 42 43 44 45 46 47
Insoluble matter........... 1.69] 2.44] 4.15 9.88! 16.74] 13.19] 20.01] 16,92 11.44] 16.04] 16.11
Iron oxide and alumina
(Fes0gand AlgOy)........ 2.12 W27 1,29 6.200 2.09) 2.12) 2.93] 2.94) 1.50| 2.46| 11.22

Lime carbonate (CaCOs)...| 94.84 94.85 93.19[ 77.12[ 77.88 81.89| 73.64] 75.60| 82.61) 81.84| 65.08
Magnesium carbonate

(MgCOs). Ssecssmiiciacaon L96....... 1,09) 1,08 .92) 1,03 1.0l 1.78 1.51)...... 2.42
Sulphuric trioxide (S08)....[.......loeeveecfoveea]eeeen oo oo et 1,10 .90f...... 1.40
Water and organic matter..|.......[.......[....... 5.72| 2.37] 1.77| 2.41) 1.66] 2.04|...... 3.87

Total.......cooeeee... 99.61 99.13| 99.72] 100.00} 100.00| 100.00{100.0[100. 00{100.00[100. 34| 99.65

25. Uniontown, P. H. Pitts, Rural Hill place. R. S. Hodges, analyst.

26. Uniontown, 1 mile south, on McKinley road. R.S. Hodées, analyst.

27. Railroad cut, Martins station, Southern Railway, Dallas County. ~ R. S. Hodges, analyst.

28. White Bluff, Alabsama River; lower part of bluff. R. S. Hodges, analyst.

29. Demopolis, Tombigbee River. Dr, Mallett, analyst.

30. Limestone from Cahaba, Alabama River. Dr. Mallett, analyst.

31, Limestone from Benton, Alabama River. W. B. Phillips, analyst.

32. Limestone from Manack station, Lowndes County. R.S. Hodges, analyst.

33. Limestone from Manack station. B. B. Ross, analyst.

341. (%rbitoidal member of St. Stephens limestone, St. Stephens, Tombighbee River. R. S. Hodges,
analyst.

35-36. Orbitoidal member of St. Stephens limestone, near Evergreen. Dr. W. B. Phillips, analyst.
D37M0ﬁb§'t:oidallm%mber of St. Stephens limestone, Gol. Darrington’s, near Oven Bluff, Clarke County.

r. Mallett, analyst. .

38-39. Orbitoidal member of St. Stephens limestone, Clarke County, near river. Dr. Mallett, analyst.

4?. Rock used in Alabama Portland Cement Works, ﬁemopolis. Analysis sent inby T. G. Cairns, gen-
eral manager. .

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

42. Limestone from property of J. B. Kornegay, at Van Dorn, sample No. 2. R. S. Hodges, analyst.

43. Limestone from property of J. B. Kornegay, at Van Dorn; sample No. 3. R. S. Hodges, analyst.

441. IEimestone from property of J. T. Collins, at Van Dorn, sample No. 1; dark color. R. S. Hodges,
analyst.

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

4(‘;. ,%verage of three samples of limestone from near Van Dorn; L. H.Conard, Demopolis. R.S.Hodges,
analyst. .

47. Limestone from bluff at steamboat landing, Selma. T. W. Miller, analyst.

Analyses of Cretaceous and Tertiary clays.

£ T
Alumina and iron oxide (Al:O3 and Fe;03) .
Lime (Ca0). e eeri et eans
Magnesia (MgO)...............

Sulphuric trioxide (SOs)
Sulphur (total)................ ..
04 017 o

1. Residual clay over limestone at P, H. Pitts’s home place, Uniontown. R. 5. Hodges, analyst.

2. Residual clay over St. Stephens limestone, St. Stephens Bluff. R.S. Hodges, analyst.

3. “Grand Gulf clay,” Manistee Junction, Monroe County. T. W. Miller, analyst; average of bed.

4. Clay at water’s edge, St. Stephens Blufi, R.S. Hodges, analyst.

5. Residual clay overlying orbitoidal member of the St. Stephens limestone, Marshalls Landing. R.S.
Hodges, analyst.
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PORTLAND CEMENT INDUSTRY.

The Alabama chalks and limestones possess many economic advan-
tages over most other limestones that occur near the Atlantic and
Gulf coasts. These advantages may be briefly stated as follows:

1. The deposits of the Selma chalk of the Cretaceous are in general
of almost the proper composition for making Portland cement.
They require the addition of little or no clay, and in consequence the
cost of grinding and mixing is materially less than that of preparing
an ordinary limestone-clay mixture. As against this advantage, the
chalks bave a very low silica-alumina ratio, and many of them are
difficult to dry properly. The St. Stephens limestone of the Tertiary
is not so near the ideal composition as the Selma chalk but is never-
theless a very satisfactory cement-making material if used in combi-
nation with the overlying ‘‘Grand Gulf clays.” :

2. Coal of good quality occurs within a reasonable dlstance of all
the Alabama cement-rock deposits. (See Pl. IL.) As the weight
of coal used for power and kilns is 50 to 60 per cent of that of the
cement produced, a supply of cheap fuel is important to the success
of a cement plant.

3. Labor is abundant and cheap in the Coastal Plain cement district
of central and southern Alabama and is reasonably $0 in northern
Alabama.

4. In addition to supplying the market for cement in such cities as
Atlanta, Birmingham, Mobile, and New Orleans, cement plants on
the navigable rivers of Alabama can place their product at any point
on the Gulf or southern Atlantic seaboard at very low prices, for the
cost of transportation by water is low compared with the railroad
freight 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

producer of Portland cement. In 1911 two plants were in operation,
one old plant was idle, one under construction, and others were in
various stages of promotion. The two operating plants are at Leeds
and at Ragland.

The oldest plant, now inactive, is owned by the Alabama Portland
Cement Co. and is located at Spocari, near Demopolis, Marengo
County, on the line of the Southern Railway. The raw materials
used were the soft chalky 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
used at the plant and analyses 3 and 4 that from near-by localities.
The limestone actually quarried runs a little too high in lime car-
bonate to make a good Portland cement by itself and a small amount
of clay is added to get the proper mixture. No analyses of this clay
are at present available.

=
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_Analyses of limestone near Demopolis, Ala.

1 2 3 4
illllt’i:l (Sl(()gf o ) ....................................................... 12.50 9.88 [ 12. }?] 13.32
umina (AlgOg) ... ..o i 4.
Tron oxide (Fea0g) .. . .ooounii ittt } 2.7 6.20 { 3.28 } 8.74
Lime carbonate (CaC08). . ...ouiiuie i 80.71 | 77.12 | 75.07 73.94
Magnesium carbonate (MgCOs).. . 105 1.08 .92 1.40
Sulphur trioxide (SOs) 1.62| n.d n. d. .27
Total sulphur (8)..... n.d.| n.d n.d. .64
Water 1.36 5.72| n.d. n.d,

1. Quarry Alabama Portland Cement Co. R. S. Hodges, analyst.

2. Quarry Alabama Portland Cement Co. S. Doc. No. 19, 58th Cong., 1st sess., 1903, p. 22.
3. Demopolis. Proc. Alabama Industrial and Scientific Soc vol. 5, 1895, Pp. 44-51.

4. Demopolis. F. P, Dewey, analyst.

The following analyses are of the ‘“Red Diamond’ brand of Port-
land cement, manufactured at this plant:

Analyses of Portland cement made near Demopolis, Ala.

1 2 3 4 5
S O € 10 20.54 | 20.25 | 19.99  19.91 19.56
Alumina (AlOg)........... .. e .| 8.5

Trononias (Pody.. }13.44 13.74) 13.63] 12.16

Lime (Ca0)...... 63.85 | 63.60 | 61.36 | 63.82 62.27
Mngnesm (MgO .66 1.03 .61 .83 .64
Sulphur trlox1de (SOs) .. nod. .41 | n.d. 1.18 .54
Total sulphur (S) e et n.d. 99| n.d.| nd n. g
n. d.

WWALET GG e ewaannnemneemana et eaaaaateanaeasianeanaaens 1.3 n.d.| n.d.| n.d

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

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

3. Cement. 8. Doc. No. 19 58th. Cong., 1st sess., 1903, p. 23.
4, Coment. R. S. Hodges, analys

5. Cement. Cement Directory, 2d od. 1903, p. 254.

The second Portland cement plant to go into operation in Alabama
was that of the Standard Portland Cement Co. at Leeds. The raw
materials used are pure limestone of Trenton age (Chickamauga
limestone) and shales of the Clinton (‘‘Rockwood”) formation. A
plant of the Atlantic & Gulf Portland Cement Co., near Ragland,
using Chickamauga limestone and Carboniferous shale, has gone
into operation recently.

Among prospective plants in various.stages of promotion or
construction may be mentioned a plant at St. Stephens, near Mobile,
to use St. Stephens limestone and overlying clay; a plant near Blount
Springs, to use Bangor limestone and probably shales of the Clinton
formation; and a plant near Ensley, to use blast furnace slag and

limestone of Chickamauga or Bangor age.
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PORTLAND CEMENT RESOURCES OF ARIZONA.
PORTLAND CEMENT MATERIALS.

Very little detailed information is available concerning either the
areal distribution or the chemical composition of the limestones of
Arizona. Reports on mining districts contain scattered notes on
distribution, but give few analyses. Some data are available in
regard to several specific cement properties in the State.

In 1905, though no commercial Portland cement industry had
previously been established in Arizona, a plant was started and
operated there by the United States Reclamation Service. This
interesting experiment in Federal ownership of an -industrial enter-
prise was due to the necessity for procuring large supplies of cement,
at a reasonable price, for one of the largest of the projected irrigation
dams (the Roosevelt dam), which was to be constructed in the Salt
River valley. At that date cement for this dam could have been
obtained only from plants on the Pacific coast, at Salt Lake City, or
in Colorado; and freight rates would have made the cost prohibitive.

The results of analysis of a number of raw materials occurring near
the dam site are given in the following table. Nos. 1 and 2 represent
the range of the limestone and Nos. 6 and 7 the clays used at the
cement plant.

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

1 2 3 4 5 G 7 8
iigm (SiOg)I o SRR 3.30| 0.51 | 50.60 | 55.70 | 51.00 | 51.90 ﬁ) gé 67.90
inga (AlgOg) e iiiniaann, 3
Irpn[%l}x}xde (fezx E) } -20 +20 | 15.80 § 20.50 | 16.70 | 23.70 { 5.03 } 18.00
Lime (Ca0).......... .| 53.65 | 55.56 | 9.30{ 6.61 (°3.39| 6.10 | 6.77 |.......
Magnesia (MgO) . 60 10| 4.07 {....... 4.58 97 | 3.00 97
Alkalies (K30, g n.d. [ n.d.|nd|nd |nd|nd| 52| nd.
Carbon dioxide (COg). n.d.[{43.77{n.d. [ n.d. | n.d. [ n.d. }13 30 |{ o d.
A £17- SRR RPN SO 2.80 | 11.25 | 20.10 | 13.40 ARt | T

* 1. Limestone near dam site. E. Duryee, analyst. Water-Supply Paper U. 8. Geol. Survey No. 73,

1902, p. 48.
2. ]?imestone near damsite._ U. 8. Geol. Survey laboratory, analyst. Tdem, p. 49.
3. Shale near dam site. E. Duiyee, analyst. Idem, Ip 48.
4. Clay 1 mile from dam site. E. Durgee, analyst. Idem.
5. Clay from Sallie May Canyon. E. Duryee,analyst, Idem.
6. Clay 3 miles north of dam site. E. Duryee, analyst, Idem.
7. Clay 3 miles north of dam site. U. S. Geol. Survey laboratory, analyst. Idem, p. 49.
8. Shale from canyon below dam site. E. Duryee, analyst. Idem, p. 48.

Samples of limestone from places along or near Gila River, near
projected dams for irrigation purposes, were analyzed by E. Duryee

with a view to determining their value as Portland cement materials.
These analyses are given 1n the following table: -

o
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Analyses of limestone near Gila River, Ariz.

[E. Duryee, analyst.]

SilCA (B10g). ¢ eeenii et i
Alumina (A120:8 ........................................... el
Iron oxide (FegQy ..
Lime carbonate (CaCOy)......
Magnesium carbonate (MgCO, e
WO, e s

1. SanCarlos,gray. 2. SanCarlos, pink. 3. Riverside,blue. 4. Queen Creek,blue. 5. Queen Creek,gray.

None of these latter samples have been utilized to the present

date.
The following analyses® of limestone from the Bisbee district of

southeastern Arizona were made by W. F. Hillebrand on samples
collected by F. L. Ransome:

Analyses of limestones from Bisbee district, Arizona.

1 2 3 4 5
Silica (8108) . v v iveinin i 11.80 | 12.53 8.52 0.06 2.52
Alumina (AlgO% .............................................. 2.15 1.04 } 64 12 2
Iron 0Xide (F'eg08) .« e veveaneremnnaeemmieeeciiiee e aaaians 1.08 1.26 . .
Lime (CRO). . eeeneeinaeneneeteeeannnisaaieiaaaaaanes 45.86 | 27.28 | 50.07 | 85.80) 53.68
Magnesio (MEO0). . nneeunmnenrnreanememsmaenenaninenaeaaneaannn 48| 17.41 .55 .13 .46

1. Abrigo limestone, Cambrian.

2. Abrigo limestone, Cambrian.

3. Martin limestone, Devonian.

4. Escabrosa limestone, Mississippian.
5. Naco limestone, Penngylvanian.

PORTLAND CEMENT INDUSTRY IN ARIZONA.

The Government plant at the Roosevelt (Salt River) dam was
sold to private parties after the completion of the dam. It will be
removed to a point near Phoenix and operated as a commercial
plant.

Though cement has at present no large market in Arizona, con-
siderable local demand for it exists for use in railroad construction
and in the mining camps. A small plant, therefore, may find a
local market for its product.

BIBLIOGRAPHY.
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Cement investigations in Arizona: Bull. U. 8. Geol. Survey No. 213, 1903,
pp. 372-380.

RansoME, F. L., Geology of the Globe copper district, Arizona: Prof. Paper U. S.
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Geology and ore deposits of the Bisbee quadrangle, Arizona: Prof. Paper
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1 Prof, Paper U. 8. Geol. Survey No. 21, 1904, p. 52.
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PORTLAND CEMENT RESOURCES OF ARKANSAS.
PORTLAND CEMENT MATERIALS.

Arkansas is divided geologically into two very distinct parts, only
one of which is provided with materials adapted for use in Portland
cement manufacture. The portion of the State lying southeast of a
line drawn through Pocahontas, Powhatan, Jacksonport, Searcy,
Little Rock, Benton, Arkadelphia, Prescott, and Texarkana is
covered by clays and gravels and contains absolutely no limestones
fit for use in cement manufacture. In the region northwest of that
line, however, a number of limestones are available for making
cement.

LIMESTONES.

Of the limestone formations in Arkansas seven seem to be worth
considering as possible sources of cement materials. These lime-
stones, which will be described below,! are the following:

‘‘Saratoga” chalk member of Marlbrook marl .........Upper Cretaceous
Annona (““White Cliffs”) chalk...................... Upper Cretaceous
Pitkin (“‘Archimedes”) limestone............c.coooiiae L.

....................... . .Mississippian (‘‘Lower Carboniferous”)

Boone formation................ Mississippian (‘‘Lower Carboniferous’’)
8t. Clair limestone............... R Silurian
Polk Bayou limestone................. ...l Ordovician
Tzard limestone.............. e e, Ordovician

IZARD LIMESTONE.

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 at some points reaches a thickness
of 200 feet. In places it occurs in almost perpendicular bluffs, but
more commonly it is seen in steep, terraced slopes. The finest ex-
posures 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., the exposures are especially noteworthy both for
quantity and quality.

At Penters Bluff on White River and in the adjoining region the
limestone is admirably situated 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 bluft
a ravine from a fourth to half a mile in length penetrates the hill at
a small angle from the course of the river, leaving a high narrow wall,

1 Abstracted from discussions of the Silurian and Carboniferous limestones by T. C. Hopkins (Marbles
and other limestones: Ann. Rept. Arkansas Geol. Survey for 1890, vol. 4, 1893), and of the Cretaceous
chalks by J. A. Taft (Chalk of southwestern Arkansas: Twenty-second Ann. Rept. U. 8. Geol. Survey,
pt. 3,1902, pp. 687-742)." E. 0. Ulrich has kindly furnished many data concerning the Paleozoic limestones.
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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 slope of
the south end of the wall is rather steep for 60 to 70 feet from its base;
farther up it is gentler. The rocks have a low dip to the southeast.-
The south end of the bluff for about a quarter 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 but crops out
almost continuously along the hills next to the river and on the lower
course of all its tributaries at least as far 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
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; 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 on the south side of White River. Along the river
from a point opposite Penters Bluff to the lower end of Round Bottom
this limestone forms the base of the hills and is from 100 to 200
feet thick. Up the river from Round Bottom the base of the hills is
composed of saccharoidal sandstone, the Izard limestone lying near
the top. Toward the north 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 appears in large exposures along Cagen and Dry creeks, Rocky
Bayou, Hell Creek, and South Sylamore Creek and in smaller quan-
tities on North Sylamore and Livingstone creeks.

In Searcy County the Izard limestone is not nearly so thick as it is
farther east, for it gradually thins to the west. It occurs in consider-
able 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 Jimisons creeks.

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

The Izard limestone is seen at its maximum thickness on White
River at Penters Bluff, Izard County, where 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. It thus has an east-west extent
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of more than 80 miles. Its width north and south varies from 3 to
10 miles, depending on the topography. At Rocky Bayou its thick-
ness 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, 285 feet; and in sec. 26, T. 15 N.,
R. 10 W, opposite the lower end of Round Bottom, 130 feet. It
extends much farther up the river and ends somewhere between the
mouth of Livingstone Creek and Rappied Branch. On the east end
of the river bluff, above the mouth of Hidden Creek it is 250 feet
thick.

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 Iard limestone.

Lithograph-

From Polk| ic quarry,
Bayou. Lafferty

Creek.

Insoluble in hydrochloricacid....... ...l 1.44 0.34
Carbonate of ime (CaC03) . .. ....ooiimiiiiii e 97.97 98.67
Carbonate of magnesia (MgCO03).. .. ooouiiiiiiii e 2.14

Total............ s 99.41 101.15

POLK BAYOU AND ST. CLAIR LIMESTONES.

On the north side of White River the Polk Bayou and St. Clair
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 the area the outcrop is comparatively thin,
the maximum thickness being exposed at Penters Bluff. The western
and northwestern limits are fairly well defined. On the south the
rocks dip 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 outcrop is approached the limestones occur higher and
higher up the hillsides until they are finally displaced by the under-
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lying Ordovician rocks. On the south side of the river the limestones
gradually descend to the beds of the streams, where they dip away
gently toward the south, disappearing beneath the overlying Missis-
sippian rocks. Except where concealed by the chert débris, the lime-
stone outcrop on the south side of the river is continuous as far west
at least as R. 12 W.

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 is concealed by chert débris.
Upstream from the outerop 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 short strips of alluvium—Jones
Bottom, in R. 9 W., and Round Bottom, in R. 10 W. This bluff is
not so high nor so prominent as Penters Bluff, but it consists of the
same 10cks———Izard limestone at the base, overlain by Polk Bayou
limestone, which is capped with chert.

The St. Clair and Polk Bayou limestones, considered together, form

- one of the thickest and most important series of limestones in the

State. They are underlain by the blue Izard limestone and overlain
by the Devonian Chattanooga shale or its basal sandstone member
(Sylamore), in places an inconspicuous bed only a few inches in thick-
ness. In the absence of both the Sylamore sandstone member and
the rest of the Chattanooga shale the St. Clair and Polk Bayou lime-
stones are overlain by the St. Joe limestone, which forms the basal
member of the Boone formation.

The maximum thickness of these formations, which is 155 feet or
more, is at Penters Bluff, on White River. The limestones thin out
gradually toward the east, west, and north; on Polk Bayou they are
probably not more than 100 feet thick, and on Dota Creek, still farther
east near the Paleozoic border, they do not occur at all. Above the
mouth of Hidden Creek, on White River, they are 50 feet thick; but
a few miles farther up the river, below the mouth of Twin Creek, only
a trace of them remain. On the south side of White River, on Little
Rocky Bayou, the thickness 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.

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 difficulty, and have
a slightly conchoidal fracture. In weathering the crystals are sepa- -
rated, and the material then resembles coarse sand.

These formations commonly outcrop in heavy layers from 2 to 4
feet or more in thickness; but in some places the rock is massive, the
entire exposure being in one solid bed.
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Except 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.

+.| Lower
St. Clair, Polk

.| St.Joe. Springs. B,

Silica (8102) ... 0.731 0.32 0.11 0.54 0.69
Ironoxide (Fe;03).. ... A1 .30 .08 .19 .27
Alumina (Al:O3). .. . .24 [ (120 .18 .10
Lime (CaO)........ L..f 54.82 | 55.74 56.22 | 54.70 55.21
Magnesia (MgO). e .24 Tr. Tr. .27
Potash (K20) . ..ot .01 .17 .07 .78 Tr.
80da (Na20 ). o oot .48 .22 080 (Lee.....
Loss on ignition (COg,etc.)......ouniiiii i 43.08 | 43.31 43.79 | 43.35 43.39

Total. ..ot e 99.86 [100.65 | 100.31 | 100.00 | 100.28
Waterat 110°-115°. . ... o i .09 . 069 .04 W04 .......
Carbonate of lime (CaCO0s). . oo eeerieiii it 97.88 [-98.40 99.68 | 97.77 98.42

ST. JOE LIMESTONE MEMBER OF BOONE FORMATION.

St. Joe marble is the name given by the Arkansas geologists to
the conspicuous 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.

The St. Joe limestone is situated at the base of the Boone forma-
tion, of which it forms a part. It is underlain by the Chattanooga
shale, where that formation occurs, or by Silurian or Ordovician
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 bor-
ders of the St. Clair limestone it overiies the Ordovician saccharoidal
St. Peter sandstone or the Yellville limestone, with either of which,
in the local absence of the Devonian Chattanooga shale, it may be in
direct contact.

The thickness of the St. Joe limestone member throughout the
greater part of the area in which it occurs is from 25 to 40 feet. But
as in many places no definite line of demarcation exists between the
marble and the overlying chert, the upper limit of the marble is some-
what questionable. 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, and in other places, as in the vicinity of Marble
City, the chert is at one place 100 feet and at another 250 feet above
the bottom of the marble. In such places, however, the upper part
of the bed is of gray limestone similar to that interbedded with the

“



~a—

<

ARKANSAS, 97

chert elsewhere, but no sharp line can be drawn between the red
marble at the base and the gray limestone overlying it, for the two
gradually merge into each other.

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

Analyses of limestone from St. Joe limestone member of Boone formation.

Toma- | St. Joe

Marble |Rhodes Higw
> hawk

Gity. | Mill. | Greak. | dal.

i

Residue insoluble in hydrochloricacid................................. 0.800 | 0.835 3.03

Titanic 0xide (T105) . ceveevvemuimtn i Tr. Tr, f........

Phosphoricacid (P40s).. e 023 °.009{........

Alumina (Al0a). . ......... .| .o09| .024 .18

Ferric oxide (Fe;0z)....... ... 051 . 058 .70

Manganese oxide (MnOs)....................... ...} .015 N7 B P

Zinc oxide (Zn0) present but not determined........... ... eeeiiineiee ool

Potash (K30) and soda (Naa ) PP L0541 .005 82........

Magnesia éMgO) ................ R . A6 ...

Lime(CaO)................ ...| 5. . 53.46 |........

Loss onignition (CO3) .. 42,30 ........
Y - U 100.272 {100.177 | 100.38 |........

Carbonate of lime. ...... .. ... ..ot 98.91 | 98.82 05.46 98.73

LIMESTONES OF THE BOONE FORMATION.

-The Boone formation contains large quantities of limestone, some
of the miost valuable beds in the State occurring in it. In different
parts of the region it differs widely both in quantity and quality. In
some places it is made up almost entirely of limestone, and in others
it consists almost entirely of chert. For convenience it is considered
under three heads: (1) The limestone underlying the chert; (2) the
limestone overlying the chert; and (3) the limestone in the chert bed.

LIMESTONE UNDERLYING THE CHERT.

The bed underlying the chert has been des1gnated the St. Joe
limestone member and has already been described in detail.

LIMESTONE OVERLYING THE CHERT.

The limestone overlying the chert is classed as part of the chert
bed, but in many places it is apparently separate. In most places it
is dark gray on a fresh fracture but changes on'exposure to 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, very tena-
cious and has a conchoidal fracture. It gives out a fetid odor on a
fresh surface. In few places does it present sharp edges on weathered
exposures but outcrops in rounded bowlders or prominences through
the soil. In places the limestone contains numerous small angular
fragments of chert.

48834°—Bull, 522—13
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The limestone overlying the chert bed was not observed in the east-
ern part of northwestern Arkansas, where, however, limestone does
occur in many places near the top of the chert bed but either con-
tains 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 Car-
roll, Madison, Benton, and Washington counties, where it outcrops
around the numerous outliers of the Boston Mountains. Compara-
tively 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, Hum-
phrey, Blansett, and other mountains on the west side of White River.

LIMESTONES IN THE CHERT BED.

Though most variable in quantity and quality, the limestones in
the chert form some of the largest and most valuable 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 an inch to a foot
or more in thickness, intercalated with like irregular layers of chert;
in other places it oceurs in lenticular masses; again, the chert occurs
in lenticular or nodular 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. In many localities, however,
the limestone forms a bed from 20 to 100 feet or more in thickness,

almost or entirely free from chert, and it is in such places that the .y

stone acquires economic value. The variability of the Boone forma-
tion is largely due to local causes favoring or retarding replacement
of limestone by chert.

Nearly all the limestone in the chert is more or less crystalline, but
it is much more so in'some places than in others. In a general way
it is more crystalline in the central part of the area than it is either
to the east or west and more -crystalline to the east than to the west.

There are many local changes in color, texture, and structure of the
‘limestone in the chert, and there are some distinctly marked varieties -
of it.

1 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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The oolitic limestone, which is one of the most valuable 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 Batesville ! 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 somewhat resembles the oolitic
stone of Indiana, but it is harder and more crystalline than most of
the latter and is harder to work. At the two other localities it is
lighter colored, softer, and more easily wrought.

Another variety, found in the western part of Independence County,
is a hard, compact, close-grained, finely crystalline, slightly fossilifer-
ous, dark-colored stone, the dark color being due to bituminous mat-
ter, which in some places occurs only in such small quantities as to
give the stone a light-gray color. In some places the limestone
develops a shaly structure, but in most places it occurs in firm, solid,
and resonant layers from 2 inches to 3 feet thick.

A variety widely distributed 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 at many others it is
almost completely crystalline.

The limestones in the chert vary greatly in composition, ranging
by close gradations from chert to almost pure calcium carbonate.
However, nearly all the large beds are comparatively pure carbonate
of lime. Some nodules or lenticular masses of chert occur in the
heavy beds of limestone, but nowhere was any considerable quantity
of silica found diffused through them. The whole series, in fact,
might be divided into (1) chert almost free from lime, (2) calcareous
chert or siliceous limestone, and (3) comparatively pure limestone.

Analyses of limestones from chert bed in Boone formation.

1 2 3

Lime (Ca0) . .. o 55.17 55.42 56.14
Magnesia (MBO). .. ..ottt i aiaaeianaaas Tr. .39 Tr.
RN ) (07 D P 1.61 .68 .30
AlUming (Alg08). ... . oee e .00 .00 .00
Tron 0Xide (Fea08). .« oo o vttt e e .14 .32 .06
Potash (Kg0)...oo .ottt e e .14 .19 .12
Lo 1s O 7 0 ) .09 A9 .08
Phosphoricacid (Pg038) . ... .cooieiiaiiiiii i .10 .17 Tr.
Loss on ignition, COg and organic matter. ..............coooooiiiiiiaans 43.13 43.56 43.77

<] 7 1 N 100. 38 100. 92 100.47
Water at 100-115° C... vttt ittt aanas 057 .09 .49
Carbonate of lime (CaC03). . ... ocenitit ittt ceeieie i e 98.29 98. 59 100.23

1. Allen’s quarry, Polk Bayou, sec. 4, T. 13 N., R 6W.
2. Near Victor post office, sec. 10 T.13N,,R.7
3. Mlll Creek, sec. 13, T. 16N R. 18W

1 According to E. O. Ulrich this rock overlies the Boone and belongs to the Moorefield shale.
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Partial analyses of limestone from the chert bed in. Boone formation. -

1 2 3 4 5 6 7
Lime(Ca0). ceureieieie i 54.92 | 53.66 55.06 | 54.89 | 55.09| 56.15 55.12
Insoluble (silica) oo 1047 4.38 [l .50 .19 .28
Magnesia (MgO) R R PO .03 ) B R P, 45
Loss on ignition (COg,ete.).....ooovveneeii e foeea oot 43.61 | 43.58 {........

Total
Waterat110-115°C..._.........oooiiiiiine
Calcium carbonate (CaCOs)....... .-

Magnesium carbonate (MgCOj3)

1. Loster’s spring.

2. Jones quarry.

3. Pond Mountam sec.23, T.20 N.,R.26 W.

4. Limekiln at Rogers

5. Brush Creek, Madlson County,sec 25, T.17N,,R.28 W.
6. Sec. 15, T. 17 N,

7. Demewlle, Independence County

PITKIN (“ARCHIMEDES”) LIMESTONE.

The Pitkin (““Archimedes”) limestone is impure, generally loose
textured, very fossiliferous, and varies from bluish-gray to brown.
In most places it is distinguished by 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.
Where these are large the texture is open, or even loosely aggregated;
where they are small they are closely compacted and the rock is firm
and durable. Insome places the formation grades into sandstone, the
change being so gradual that no line of demarcation is visible; in
other places it is very argillaceous; and as a rule it contains iron and
bituminous matter. At some localities it has a loose, shaly structure,
and in others it occurs in strata 10 feet or more thick.

The Pitkin limestone varies in thickness from a few inches to 80
feet or more. It measures 25 to 40 feet in Washington County, 80
feet on Pinnacle Mountain, Newton County, and is apparently more
than this on the face of the Boston Mountains, south of Buffalo River,
where no measurement was made. C. E. Siebenthal reports a thick-
ness of 200 feet in the Boston Mountains, south of Mountain View.

This Pitkin limestone is widely distributed over northern Arkansas,
occurring in nearly all 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. Elsewhere 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 Oklahoma. It outcrops also on the south side of the Boston
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.

It is prominently developed in the group of mountain peaks in the
southern part of Boone County and the northern part of Newton
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County. At Fodder Stack it forms the cap rock, about 100 square
feet. On Pinnacle Mountain it occurs in a prominent ledge 80 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.

Large exposures of the Pitkin limestone exist on both sides of
Buffalo River, in Newton County, on the mountain between Big and
Little Buffalo creeks, and at many places along the north face of
the Boston Mountains in Searcy, Stone, and Independence counties.
The rock is conspicuous 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.

CRETACEQOUS CHALK BEDS.!

DISTRIBUTION AND CHARACTER.

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

The only part of the series considered here is the chalk formation
of the Upper Cretaceous. This is geologically continuous with the
Austin chalk of Texas (see pp.-335-336), but is covered in many
places by sands, gravels, and river bottoms, so that it occurs as a
series of isolated outcrops. It outcrops near Rocky Comfort, in Little
River County, and near White Cliffs, Saline Landing, Washington, and
Okolona, and on Big and Little Deciper creeks.

The chalk of all these areas is of Upper Cretaceous age, but it
varies considerably 'in stratigraphic position. The chalk beds at
Rocky Comfort, White Cliffs, and Saline Landing become more sandy
and clayey and less chalky as they are traced northeastward from
the last-named area, and in a short distance become worthless as
cement materials. In the same region a series of limy clays, situated
geologically about 200 feet above this first chalk series, becomes more
chalky as it is traced northeastward. This second chalk bed is
worth considering as a cement material in its outcrops near Washing-
ton and Okolona and. on Big and Little Deciper creeks.

The first or lower series of chalk beds is the Annona (*White
Cliffs”’) chalk and the second or higher series is the ‘‘Saratoga’’ chalk
member of the Marlbrook marl, each being named from a locality at
which it is well exposed.

1 The description of the Cretaceous chalks is in large part taken from a very detailed report by J. A. Taft
on The chalk of southwestern Arkansas, with notes on its adaptability to the manufacture of hydraulic

+ cements: Twenty-second Ann. Rept. U. 8. Geol. Survey, pt. 3, 1902, pp. 689-742. So far as possible this

matter is stated in Mr, Tafi’s own words.
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ANNONA (‘‘WHITE CLIFFS”) CHALK.

Rocky Comfort area.—The chalk which outcrops in the vicinity of
Rocky Comfort is remarkably uniform in physical appearance. It
is massive, white, sufficiently friable to soil the fingers, and may be
broken in thin pieces by hand but can be pulverized only by a ham-
mer. On exposure the chalk breaks into conchoidal fragments,
which weather to lumps and finally become chalky dust. In the
hillsides south of Rocky Comfort the bedding is scarcely perceptible.
In physical appearance this chalk is like that near White Cliffs and
is of practically the same composition as that from White Cliffs
quarry.

The lower beds are exposed by the road in the SE. 1 SE. £ sec. 21,
T. 12 8., R. 32 W, and 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. % sec. 29
the chalk is concealed beneath residual black soil. At the line road
the chalk is well exposed in ditches and on high ground along the

road almost through the SE. 1 SW. 1 sec. 29. The lower beds of
the formation are also exposed in the hill and bluff facing the river

bottom in the NE. 1 NE. % sec. 31.

From the base the chalk grades downward through bluish clayey
chalk 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. # NE. 1 see. 30.
Though analysis (No. 2, p. 112) of the transition clayey chalk from
the latter locality shows that the marl contains 25 per cent of silica,
sand is not visible.

From sec. 30 northward to the Holman place, near the center of
sec. 18, the clayey chalk is generally concealed by its residual soil.
Grayish-blue, sandy, chalky marl, partly indurated at the surface,
outcrops at the Holman ITouse 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. } NE. } sec. 30 southward
to the extreme south end of the chalk area, in the SE. 2 SW. £ sec. 32.

Excellent exposures of the chalk occur in and near the road in the
SW. 1 SW. { sec. 32. (See analysis 3, p. 112.) The chief difference
between this and the other samples of the purer chalk analyzed is

that it contains much more clay. The only perceptible physical

difference, however, is that it is a little harder.
A rather large exposure of white chalk, of beds near the top of the
formation, appears on Col. Henry Hawkins’s place, in the NW. %
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sec. 33. About one-fourth mile southeast of the house, in the SE.-}
NW. % sec. 33, the top of the true chalk and the base of the succeed-
ing chalky marl are 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.

Whate Cliffs area.—The chalk exposed in the White Cliffs area occu-
pies parts of secs. 25, 26, 35, and 36, T. 11 S., R. 29 W., and secs. 30
and 31, T. 11 S., R. 28 W, covering an area of about 600 acres.

A large part of the chalk of the area is covered by a thin mantle
of gravel and sand. In places this gravel may be several feet thick,
but it is believed that it will nowhere interfere seriously with the
removal of the chalk. The chalk is also concealed in places, espe-
cially near the border of the area, by its own residual soil, contain-
ing scattered pebbles or a very thin layer of gravel.

The most noteworthy exposure of chalk in southwestern Arkansas
occurs 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 cliff down to the water level is 115 feet, and
about 15 feet of chalk is exposed at a higher level by the road which
leads from the cement works. The following is a detailed section,
beginning at the top of the chalk and marl in the cliff:

Section at White Cliffs Landing.

1. Massive creamy-white chalk, in beds from a foot 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

examinution, and the stratification planes are not clearly defined except

upon partial weathering of the rock. (See analyses 7, 8, and 9, p. 112). .. 60
2. Massive dull bluish-white siliceous chalk. Slightly harder than the pure

chalk of 1, practically without indication of bedding, and because of its

hardness projects in a steep bench overhanging the less chalky beds

below. Containsnearly twice asmuch silicaasl. (Seeanalysis6.) Occurs

in the bench beneath the quarry and passes to the level of the river bottom

near the clay pit south of the works. Outcrops also near the middle of the

bluffs north of the cliffs, spreading out at the surface in the cultivated fields

a mile southeast of the village of White Cliffs............................ 25
3. Massive, very siliceous dull-blue argillaceous chalk marl. Contains more

than twice as much sand and nearly three times as much clay as 2. Very

friable; weathers in recesses beneath the siliceous chalk................. 8
4. Bluish sandy, chalky marl, containing great numbers of the fossil shell

Gryphea vesicularis. Except for the abundant fossils this rock would be

Feet.

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...........oooiii i, 35
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The lower 30 to 35 feet of the white chalk of 1 is freshly exposed in
the quarry. The top of the bluish-white chalk of 2 forms the bench
beneath the quarry and occurs at the base of the bluff southeast of the
landing. The sandy chalk members 3, 4, and 5 rise gradually north-

ward from the lower part of the cliff and are found in the highland.

between Whitecliffs and Brownstown.

One-half mile west of Dr. Coats’s house, in the NW. 1 sec. 23, T.
11 S, R. 29 W., bed 4 is exposed at the top of the bluff. Below it
the following section is well shown in deep gullies down to the level
of the valley:

Section of marl below the Annona chalk. Foot
est.
1. Sandy, chalky marl. Dull bluish when not weathered, becoming grayish

or whitish yellow after long exposure. 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 \

bed 5, at the base of the cliff at White Cliffs Landing..................... 60
2. Blue clay marl. Contains some large oysters as above; has less hme and

muchmore clay than 1.........oo .o . 30
3. Dark-blue gritty greensand marl. Contains scattered smooth round pebbles

of black and white quartz an 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 in
the NW. % sec. 35. The sandy marl bed, here about 100 feet above
the river, is at water level at the cliff. This mar] bed with the asso-
ciated marls and chalks above, which are conformable with it, dips
toward the southeast at the rate of about 50 feet to the 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 estimated to be nearly 50 feet to the
mile toward the southeast.

Saline Landing area.—The chalk of the Saline Landing area
extends with practically continuous exposure from the chalk bluff at
Saline Landing, in the S. § sec. 35, T. 11 S., R. 28 W, to sec. 14, T.
11 S, R. 27 W., and is about 7 miles in length and one-third mile in
width. (See Pl. II1.)

The base of the chalk is not exposed in this area, though the lower
sandy member outcrops in secs. 21 and 22, toward the source of Plum
Creek, in the border of the creek bottom, within less than a mile of
the exposure of fossiliferous blue marl outcropping 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
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in the chalky barren hill slopes near the Columbus Mineral Springs
road, in the south side of sec. 14, T. 11 S., R. 27 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. (See Pl. III.)

The chalk bluff at Saline Landing rises 20 feet above low water
and is about 300 feet long. When visited by Taff the river was at
flood, and less than 10 feet of the bluff was exposed, showing a white,
massive rock, without distinct bedding planes, with the upper 5 feet
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 shows that this chalk is
nearly the same as the lower sandy member of the Annona chalk, and
suggests that it is in the lower part of the chalk formation of the
Whitecliffs area. (Compare analyses 6 and 10, p. 112.)

The chalk has been quarried for building stone near the top of the
formation in the northwest corner of the NE. + SW. 4 sec. 30, T. 11 S.,
R.27 W. Analysis 11 (p. 112) is of fresh chalk from this quarry and
shows it to be of nearly the same composition as that near the top of
the chalk at White Cliffs.

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
30 feet of chalk mar] into an overlying blue-clay marl, which is
continuous for 175 feet to the base of the ““Saratoga’ chalk member
of the Marlbrook marl. The middle portion of this chalk is exposed
in the large'mound, surrounded by the bottom land of Plum Creek,
in the center of the SE. ¥ SW. 1 sec. 21, T. 11 S,, R. 27 W., on
J. E. Johnson’s place. Here also the chalk has been quarrled giving
fresh exposures of the rock. Analysis of fresh chalk taken from this
quarry is nearly the same as that from the quarry of the White Cliffs
Cement Works. (See analysis 12, p. 112.) The lower sandy member
is freshly exposed in the head of the large drainage ditch near the
middle of the west side of the SW. 3 NW. } sec. 22, T. 11 S,
R.27W. (Compare analyses 6 and 14.) The upper and purer chalk
member is well exposed in the ditches and chalk barrens on the lower
ridge across the SW. ; NE. § sec. 22, T. 11 S,, R. 27 W.



106 PORTLAND CEMENT MATERIALS OF UNITED STATES,

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

N ‘‘SARATOGA” CHALK MEMBER OF MARLBROOK MARL.

Distribution and character—The ‘“Saratoga’ chalk lies nearly 200
feet above the Annona chalk, above clayey beds belonging to the Marl-
brook marl. It isalso overlain by marl beds belonging to the Marl-
brook, of which it thus forms the intermediate member. It has a
maximum thickness of about 50 feet where complete sections have
been found. The nature of the deposit varies only slightly from top
to bottom and shows but little change 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’ chalk member is not known in this region west of West,
Saline River, because of erosion and of concealment by late Tertiary
gravel and sand in the highlands and by Pleistocene alluvium and
silt in the lowland and river bottoms.

General section of the ““ Saratoga” chalk. :
Feet.
1. Chalky rock continuing upward from 2. Becomes more séndy through im-
perceptible grades to limy greensand at the top of the member. Analyses
from the chalk near the central part of this division show it to contain
from 40 to 50 per cent of S1liCA. ..ottt 20-30
2. Generally even-textured chalky marl, which contains less sand than the
higher beds. Analysis shows it to contain about 31 per cent of siliceous
matter. The sand is perceptibly finer and the rock is more chalky in ap-
pearance than in other parts of the member............................ 10-15
3. Sandy clayey chalk, containing great numbers of the fossil oyster Gryphza
vesicularis. These fossils are found in the marls some distance both above
and below this member, but in no other bed of rock jn this region have
they been found in such abundance. In natural exposures the chalk
weathers from about them so that they generally almost cover the surface
of the ground or are scattered in the soil. This shell bed at the base of the
member is very characteristic and easily recognizable. It outcrops at the
north border of the ‘‘Saratoga” chalk member and throughout its extent.. 3-5

The ‘‘Saratoga’’ member is massive, dull bluish, sandy, and chalky.
Exposures do not usually show distinct bedded structure, though a
slight variation in weathered surfaces may indicate the dip of the

rock. As the rock weathers it changes in color from dull blue to.

grayish and creamy white. Its hardness and general physical ap-
pearance are almost identically the same as those of the lower sandy
member of the Annona chalk. It breaks in rudely conchoidal
flakes and crumbles at the tap of the hammer. Small pieces of the

~
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fresh rock may be broken by the hand and crumbled to dust between
the fingers, but not without some difficulty.

Washington area.—The rock section is well exposed in the Wash-
ington area, as illustrated in the section below:

Section north of Saratoga.
Feet.

1. Surficial deposit of fine yellow sand, extending from the level of Saratoga
down to the “Saratoga” chalk member, about...........cco..ooeiiii.l.. '40
2. “Saratoga” chalk member of Marlbrook marl exposed in brink of hill north
and east of Saratoga and in knob one-half mile north of Saratoga, lower
bedsof themember...... ... .. . . .. 20
3. Limy blue-clay marl (Marlbrook marl)........... . ..o oL 175
Exposed around the base of the hill at Saratoga; in the cultivated lands
14 miles north of the town it becomes gradually more chalky downward
from the top to its contact with the chalk marl below.
4. Bluish friable chalk marl (Marlbrook marl)....... ... .. ... ... .. ..... 20-30
Gradation bed from the blue marl above to the purer chalk below.
5. White Annona chalk in the Saline Landing area.

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

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

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

The shell bed at the base of the member is exposed at the edge of
the highland near the Columbus-Albrook road, a mile northwest of
Columbus. The same bed is exposed also at the crest of the highland
a mile north of the town. The chalk marl highest in the member

occurs in the cultivated fields between the outcrop of the shell bed -

and the town.

From near Columbus eastward to the end of the member in the
Washington area the whole of the ‘‘Saratoga” crops out or is covered
only lightly by soil. Throughout this extent the basal shell bed is
almost contimiously exposed, except in the very bottoms of the
valleys, and may be easily distinguished through the open fields by
the abundant shells weathering upon its surface.

Between Columbus and the railroad north of Washington the out-
crop of the chalky marl is not more than 30 feet thick, and usually
10 to 20 feet of the lower part was all that was exposed
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The overlying greensand marl is more friable than the ‘‘Saratoga”
chalk, and its soil descends and conceals the contact between the
two as well as the upper part of the latter. A section of the ‘‘Sara-
toga” chalk 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.” It is 10 feet deep and about 300
feet long. The marl in this cut, which was originally blue, is weath-
ered to a creamy yellow to a depth of about 8 feet. It is transected
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 to a depth of several inches. The fresh marl is
friable when dry and plastic when wet. It has a very fine texture
and contains scarcely perceptible grit, yet analysis shows it to con-
tain 43 per cent of silica and 6.5 per cent of clay. (See analysis 15,
p. 113.) Nearly 40 per cent of this silica is in the f01m of impalpable
sand.

The shell bed, the base of the ‘‘Saratoga,” is exposed in the field
southwest of this railroad cut. The middle cut is one-third 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 sufficiently clear to determine the degree of dip.
Ditches above the south end of the cut expose about 25 feet of chalk
marl above that at the railroad, making the whole section of rock
exposed at this place nearly 40 feet. Very little change in the
nature of the rock could be noted. The fresh chalk rock near the
center of the middle cut, from the lower and more chalky part of the
member, 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. (See analysis 16, p. 113.)

One-half mile south of the middle cut and a few hundred feet north
of the south cut the top of the “Saratoga’ is exposed in a ditch at
the railroad. The sandy marl 1n this exposure is but little above the
chalky marl at the top of the exposure opposite the middle cut. It
is massive, dull 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 10we1 part of the greensand marl which overlies the
“Saratoga.” 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 (analysis
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17, p. 113). It is very sandy, containing 75.77 per cent of silica and
5.72 per cent of lime. Similar greensand marl, estimated to be more
than 100 feet thick, occurs between this cut and Washington.

From the railroad eastward to the end of the member 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.—Okolona area is in the southwestern part of Clark
County, south and east of Okolona, between the bottom lands of
Antoine and Terre Noire creeks.

The “Saratoga’ chalk at the crest of the ridge south of Okolona
is 50 to 150 feet above the Jowland to the west and south. The crest
of this ridge slopes southward with the dip of the rock, which 1s'
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
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 is exposed near the crest of the escarpment
north of the Okolona-Dobyville road, from the east side of sec. 30,
T. 8 S, R. 21 W., to the edge of the Terre Noire bottom, 14 miles
east of Dobyville.

The marl near the middle of the ‘“Saratoga’ member is well exposed
toward the top of the ridge at the forks of the road, 1% miles south of
Okolona. In physical appearance this rock is the same as that at the
middle of the member in the vicinity of Washington. It is massive
and dull blue on fresh exposure and weathers to shades of drab or
light yellow. It contains nearly 43 per cent of silica and 49 per cent
of calcium carbonate. (See analysis 19, p. 113.) -

Two and one-half miles south of Okolona and one-fourth mile
west of the road, on the Mat Hardin place, deep gullies expose the
lower 20 feet of the ‘“Saratoga’ member as well as the blue marl
below. The Gryphaza vesicularis zone is well marked, but the fossils
are & little less abundant than in the Washington area, 20 miles
farther west. In the lower 10 feet of the member the chalk-marl is
finer in texture and more chalky than in the higher beds. The
silica is nearly 10 per cent less than in the marl near the middle of -
the member. (See analysis 21, p. 113.)

Numerous other exposures of the lower part of the member occur
in the gullies and slopes of the hill on the west side of the ridge, where



110 PORTLAND CEMENT MATERIALS OF UNITED STATES.

the land was once cultivated. The top of the ““Saratoga” member
passes beneath the bottom land of Little Missouri River, about 3
miles south of Okolona.

Five miles south of Okolona the greensand marl above the “Sara-
toga’ chalk member forms the bluffs from the level of the Little
Missouri bottom up to the top of the ridge.

About 20 feet of the middle portion-of the member is exposed in
the Okolona-Garden road a mile east of Okolona.

In the high rolling country east of Okolona the ““Saratoga’ member
is generally concealed beneath its own soil or beneath sand of Neo-
cene age.

The lower beds of the chalk outerop 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’ member is exposed in an old field.

The following section shows the character of the ‘“Saratoga’ mem-

ber at Dobyville:
: Section at Dobywville.

Feet
1. Gravel, reddish and yellow stratified clays. ............... .. .. .. ..... 20
2. Bluemarl. oo 15

3. Dull-bluish chalky marl. Slightly indurated at the top. Contains numer-
ous casts of bivalve shells and gastropods. Calcareous sandstone at the top
becoming more chalky downward until the lower part of the chalky marl
is found to be the same as that occurring south of Okolona and in the Wash-
3T 11D 35
4. Even-textured chalk-marl with Gryphsa vesicularis shells at the base. Con-
tains more chalk than the beds above and has finer texture. In places,
also, very fine particles of greensand were noted disseminated through the
10T o 15

5. Fine-textured blue clay marl; the upper part of the 150 to 200 feet of blue
marl (lower part of Marlbrook marl), which lies between the Annona chalk
and the ““Saratoga” chalk member.

From the vicinity of Okolona eastward, the outcrop of the “Sara-
toga” member descends gradually from the brink of the escarpment
to the level of thé river bottom, nearly 2 miles east of Dobyville.

Deciper area—The next known occurrence of the “Saratoga”
chalk member east of Okolona 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 outcrops in the middle and lower slopes of the valley near
the Arkadelphia-Dobyville and Arkadelphia-Hollywood roads. (See
Pl II1.)

Near the center of sec. 28, T. 7 S. R 20 W., on the Bozeman place,
one-third mile northeast of the house, about 30 feet of the ““Saratoga”
member is exposed, as follows:

Y
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Section of the ““Saratoga” chalk at the Bozeman place.

1. Sandy soil to the top of the ridge. Feet.
2. Chalky marl, more sandy than 3. The sandy element in this marl increases
in quantity upward. ... ... Ll 10-15

3. Even-textured blue chalk marl. Contains a sprinkling of fine- greensand.

The same in all respects as the lower 15 feet of the member at Dobyville

and Okolona. Contains about 30 per cent of sand and 61 per cent of chalk.

(See <nalysis 24, P. 113) s niinnieiet et eee i cia e 15
4. Gryphsa vesicularis zone, shell marl. Limits 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.................o. ... .. 1-2
5. The blue marl from the Gryphaa vesicularis zone downward; exposed....... 15

At one place one-fifth mile northeast and at another 500 feet east
of the Bozeman house the chalky marls occur higher in the member
and are still more sandy than that of No. 2 in the section. 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, partly indurated, and contains numerous casts
of fossils similar to those found near the top of the member at Doby-
ville. The exposures are just below the springs which flow from the
base of the stratified yellow sands and blue clays. They show about
10 feet of marl overlain by about 10 feet of interstratified sand and
clay, followed by an overwashed yellow sandy soil to the top of the
hill, 40 feet above.

One-fourth mile southeast of Mount Bethel Church, near the north-
east corner of sec. 33, T. 7 S, R. 20 W, beds similar to those east of
the Bozeman house are exposed. 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 below the crest of the hill.

The chalky sand of the upper part of the “Saratoga’ member is
exposed on the Arkadelpbia-Okolona road, on the west bank of Big
Deciper Creek, near the middle of sec. 34, T 78, R. 20 W,, as well
as in the bluff 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 kind of interstratified
sand and clay.

Twenty feet of the even-textured lower and more chalky division
of the “Saratoga’ member 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 member. The Gry-
phaea vesicularis zone, with underlying blue marl, outcrops a few feet
above the creek bottom.

One-half mile above the road, on the Wright place, the lower 30 feet
of the “Saratoga” member is exposed in the gullies at the west side of
the creek bottom. The lower 10 to 15 feet of the marl is identically
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the same as that found at the road and on the Bozeman place west of
Big Deciper Creek. (See analysis 26, p. 113.) The basal division of
the member, containing the same indurated shell bed, outcrops about
10 feet above the creek bottom; below it is the blue marl. Yellow
sandy clays overlie the chalky marl here, as in the exposures noted
on Big Deciper Creek.

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

0

ANALYSES.

The following table gives analyses by chemists of the United States
Geological Survey of chalk and chalk marl from the Cretaceous beds
of southwestern Arkansas:

. Analyses of chalk and chalk marl from southwestern Arkansas.

)

1 2 3 4 5 6 7 8 9 10 11 12 13

Silica (8i0;) and in-
solublee........... 6.15| 25.13( 8.53| 7.32) 27.28] 12.67| 6.83; 7.86] 7.97| 14.68 4.91) 7.35| 34.76
Ferric oxideand alu- :
mina (Fe;03 and <
ALO3) .. .cviiunnn. 5.79| 3.90| 1.22[ 1.26| .5.00, 1.93| .95 1.30] 1.09} 2.15 .93 1.06| 5.18
Lime (Ca0)......... 46.81) 35.81| 48.50| 49.94] 34.81| 45.56( 50.41 49.55| 49, 64| 45.03| 51.78| 49.66( 29, 10
Magnesia (MgO)..... .33 .61] .38 .32 .61 .43[ .22| .28 .35 .44 .300 .34 .71
Equal to lime car-
onate (CaCOy)....| 83.60| 64.32 86.60| 89.17| 62.15| 81.35| 90.01| 88.48] 88.64 79.40| 92.46] 83.67| 51.95
Equal to ma, esium .
carbona.teal![g(‘oa) .69( 1.28( .78] .67] 1.28) .90 .46 .38 .73 .92 .63 .71f -1.49

@ “Insoluble” refers toinsoluble in HCL. The other columns refer to the soluble portions only.

Rocky Comfort area:
1. SW.1 SW. 4 sec. 32, T. 12 8,, R. 32 W,, 2 miles southwest of Rocky Comfort. White chalk near
the middie of the Annona chalk.
2, NE. 1 NE, £ sec. 30, T. 12 S., R. 32 W., 2 miles west of Rocky Comfort. The chalky marl imme-
diately helow the white chalk.
3. Rocky Comfort, Little River County, Ark,, near northeast corner of NE. § sec. 2, T. 125, R. 32 W,,
from lower middle part of the Annona chalk.
4, Same locality as 3, from the lower part of the ‘Annona chalk.
Whlte Clltfs area:
E.1 NE. { sec. 35, T, 11 8., R. 29 W, top of the lower sandy marl bed beneath the white chalk.
6 ChalL bluff, White Cliffs Landmg near the middle of the bluff in the lower part of the white chalk.
. Chalk bluﬁ White Cliffs Landmg, 15 feet above the base of the purer white chalk,
8 Chalk bluff, 'White Cliffs Landing, White chalk 10 feet below the top of the cliff.
9. Cement work<: White Cliffs Landing. Average of the lower 35 feet of the purer white chalk in the
quarry at the cement works.
Saline Landing are:
10. Saline andmg, Howard County, Ark., sec. 35, T. 11 8., R. 28 W., from the middle of the chalk

bluff.

11. Northwest corner of NE. 1+ SW. } sec. 30, T. 11 8., R. 27 W. White chalk from very near the top
of the Annona chalk.

12. Near the center of the SE.  SW. $sec. 21, T. 11 8., R. 27 W., from near the middle of the white

chal
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.
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Analyses of chalk and chalk marl from southwestern Arkansas—Continued.

14 15 16 17 18 19 20 21 22 23 24 25 26

Rilica (Si02) and in-

_solubloa........... 12.65| 43.09| 31.900| 75.77| 30.68| 43.72 35. 16| 31.05| 31.01] 36.17| 32.26| 30.84] 30.29
Ferric oxide and alu-

mina (Fey03 and .

AlzOg)....ooennnn 1.66| 6.55] 2.35 5.46] 4.91] 2.76| 2.85] 3.46( 2.93| 5.37 7.05| 3.73| 3.3l
Lime (Ca0)......... 45,85| 22.77) 40.57| 5.72| 32.60] 27.95| 32.75| 32. 18] 34.63| 29.16| 17.24| 34,31 34.77
Magnesia (MgO)..... .49 .92 .59 .91 .48 .42} .43 .69 .50 .48| .63| .60/ .55

Equal to lime car-
bonate (CaC03)....| 81.87} 40.65| 72.41) 10.21] 58.22| 49.90| 58.48| 57.41] 61.83| 52.06] 30.78] 61.26] 62.08
Equal to magnesium
carhonategMgCOa) 1.020 1.93| 1.231 191 1.00 .83 .90 1.44 1.05| 1.00] 1.32} 1.26| 1.15

o ““Insoluble’’ rofers to insoluble in HCL. The other columus refer to the soluble portions only.

Saline Landing area—Continued.
14. Near the center of the east side of the SW. 3} NW. % sec. 22, T. 11 8., R, 27 W, from the lower
part of the whito chalk.
‘Washington area:
15. North cut on the railroad, about 3 miles north of Washin%(ton, Ark. Chalky blue marl 40 feet below
the base of the ¢ Saratoga’’ chalk member of Marlbrook mar.
16. Middle cut on the milroadl about 2 miles north of Washington, Ark., from the center of the cut
in the lower smrt; of the ¢ Samtogﬂ” chalk member of Maribrook marl.
17. South cut on the railroad, about 2 miles north of Washington, Ark., from the greensand marl in
the center of the cut.
18, SE. 1 sec. 25, T. 10 S., R. 25 W, head of Morisett ditch, from bluish chalky marl, about 150 feet
helow the ¢ Saratoga’’ chalk member of Marlbrook marl.
Okolona area:
19. F%rks gf r0a<li, 14 miles south of Okolona, Ark., from middle of ““Saratoga’’ chalk member of Marl-
rook marl,
20. SE. % sec. 4, T. 9 8., R. 22 W, about % mile southwest of Okolona, from sandy marl bed at base
of the Annona chalk,
21. 2} miles south of Okolona, on the Mat. Hardin plage, from the lower 15 feet of the ‘‘Saratoga’
chalk member of Marlbrook marl, .
22, Same locality as 21.. ‘“Saratoga’’ chalk member 16 feet above the base.
23. SE, § sec. 4, T. 9 8., R..22 W, about 1} miles south of Okolona, yellowish chalky marl about mid-
Deci way between the Annona chaik and “Saratoga’’ chalk member of Marlbrook marl.
eciper area:
24. J. L. Bozeman’s place, 3 mile northeast of the house, in the NW. % sec. 28, T. 7 8., R. 20 W,
from the bluish chalky marl 4 feet below the base of the ‘‘Saratoga’ chalk member.
25, Samo locality as 24, from ¢ Saratoga’’ chalk member 10 feet above the hase. '
26. Litltale Deaip%r Creek at Okolona-Arkadelphia road, from ‘Saratoga’’ chalk member about 10 feet
ahove the base.

TERTIARY AND CARBONIFEROUS CLAYS AND SHALES.

The information below on clays is from a publication on cement
materials of southwest Arkansas, by Dr. Branner. (See p. 116.)

None of the surface clays found in the immediate vicinity of the
chalk deposits can be depended upon. They are, as a rule, too sandy,
and are not of uniform composition. Reference is here made espe-
cially to the sandy clays overlapping the chalk beds to the north and
east of Rocky Comfort, to the clays of the bottom lands south and
west of Whitecliffs, and to those south, north, and west of the chalk
exposures at Saline Landing. Fortunately the Tertiary rocks which
overlap the Cretaceous to the south and east contain an abundance of
excellent clays, some of which are utilized for the manufacture of
pottery at Benton and Malvern (Perla switch). Many other deposits
occur on and near the railway about Arkadelphia, Malvern, between
Malvern and Benton, between Benton and Bryant, at Olsens switch,
and at Mabelvale. At Little Rock extensive beds of both clays and
clay shales exist, and-beds of shale may be found along the line of the
Little Rock and Fort Smith road to Fort Smith and beyond.

48834°—Bull. 522—13——38
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All the Tertiary clays at Benton, Bryant, Olsens switch, Mabelvale,
and Little Rock lie nearly horizontal, dipping gently toward the south-
east. In many places they can be had by stripping off a few feet of
post-Tertiary gravel and soil; but in other places the covering is too
thick, and the clays can be obtained only by a system of drifts.

On account of the geographic relations to the chalk beds, only clays
convenijent to railway transportation along the St. Louis, Iron Moun-
tain & Southern Railway southwest of Little Rock need be here dis-
cussed. Should a factory be located west of Little Rock, the Car-
boniferous clay shales would have to be used. Of these there is no
lack between Little Rock and Fort Smith. '

At Little Rock two general classes of clays are 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 Car-
boniferous 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. 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, are not available for
cement manufacture, partly because they are too sandy but also
because they are not homogeneous. The pink clay of Argenta con-
tains more than 83 per cent of silica.

The Carboniferous clay shales are well exposed in the railway 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.

The following analyses of representative samples show the com-
position of the clays. Where the percentage of sand is given the
analyses represent washed clay.

Analyses of shales and clays from Arkansas.

Carboniferous shales.

Silica (8i03)

Alumina (Al:03)..
Iron oxide (FezQ3)
Lime (CaO).......

Soda (Nag0).........
Potash (K20)........
4207

. Clay shale from railroad cut at south end of upper bridge, Little Rock.
Decayed shale from Iron Mountain railroad cut at crossing of Mount Ida road, Little Rock.
Clay shale from Nigger Hill, Fort Smith.
From Harding & Boucher’s quarry, Fort Smith.
. Clay shale from Round Mountain, White County, scc. 6, T. 5§ N., R. 10 W.
From Clarksville, east of collefe.
. From SE. $ SW. { sec. 31, T. I0N,, R. 23 W.
From NW. }sec. 23, T.1N., R. 13 W,

ONB B WO
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Analyses of shales and clays from Arkansas—Continued.

Tertlary clays.

Silica (8i08) .. oveiiiiiii i 63.07 | 72.44 | 69.95 | 71.09 | 65.27 | 64.38 | 63.19 | 64.49 67.90
Alumina (Al30g 8
Iron oxlde(Feg 4)

Lime (Ca0O) 23 18 Tr. 11 .81 111 78 31 05
Ma esia (MgO Tr Tr. 081....... 1.26 .80 [ 1.68 Tr 59

a (Nag0). 108 91| 1.18 81 .81 .42 1 L50| 1.82 38
l’otash (K3 L1510 1351 128 1.45| L10| 141 21 11 115
Water.... 7.07 | 539| 598 567 6.88| 6.95| 7.57| 811 6. 86

Titanic aci . (RPN (R (AU PR RN R N PR [ P

10 11 12 13 14 15 16 17

Silica (SiOg)..eneereinniiiii ... 48.34 | 62.34| 68.03! 63.20 | 76.33| 75.99 | 73.24 45.28
Alumina (Al305 ...} 34.58 | 20.63| 17.19 | 18.19| 16.04 | 16.12 | 19.61 37.39
Iron oxide (FesOs). 1.65 3.34 3.00 6. 45 1.24 1.35 1.04 1.71
11\4{1[!16 (Ca C(’R{O) rl81 17 1'3(% . 3; 1.33

agnesia 'r. .67 . . 4 .

Soda (Naj0) 12| 33| sa| iy |p @99|elds) e.78K
Pol.ash (K2 ) . 73 1.00 61 | el
‘Water.. . 12.94 9.34 6.31 |........ 2 (1 S DU 13.49
itanicacid. ... .ooei s 1.56 ) T¢I PR PR FPDRIN FOURPR FOTORP PRSPPI

¢ By difference.

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

2. Benton, Rodenbaugh, sec. 12, T.28., R. 15 W.

3. Benton, Herrick & avis’s bank.”

4, Benton, Henderson’s pit, upper bed.

5. Mabelvale, A. W. Norris’s well.

6. Olsen’s switch, “fuller’s clay.”’

7. “Fullersea.rth ” Alexander, SW. } SE. $sec. 8, T. 1 8., R. 13 W.

8. Benton, Woolsey s clay.

9. Ridgwood, SW. % NE. }sec 25, T.1Ns R. 12 W,

10. Benton, Howe’s ;iottery

11, Clayfrom sec.4,T.88 R IaW

12. Clay from sec. .5 T.88.,

13, Clay from 8. ;-sec 13, T, 2 S R 13 W.

14. John Foley’s, NJ“ ‘}SD isec 18, T. 13 8., R. 24 W.
15. Climax potter SE. } sec. 5 T.158., R.28 W.
16. Atchison’s, N ,}N 4 sec. 24, T 4 S R. 17 W.
17. Kaolin, sec. 36, T 1N R. 12 W. Tarpley’s.

PORTLAND CEMENT INDUSTRY IN ARKANSAS.

In 1895 a Portland cement plant was erected at Whitecliffs Landing,
on Little River, in southwestern Arkansas. This plant was designed
to use the Cretaceous chalk, which occurs in abundance at that
locality (pp. 103-104), mixed with clay dredged from the river-bottom
land. From such data as are now available it seems probable that
the use of a better clay would have helped the plant over some of its
earlier difficulties.

In the original plant four Johnson kilns were erected, and of course
a wet process was followed. Between technical difficulties and
litigation the company had a rather checkered existence. Periods of
idleness have alternated with reorganizations, and for several years
the plant has been inactive.
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PORTLAND CEMENT RESOURCES OF CALIFORNIA.
PORTLAND CEMENT MATERIALS.
GENERAL FEATURES.

Few extensive beds of limestone are found in California, but
numerous comparatively small areas occur, and many of these fur-
nish rock suitable for use as a Portland cement material.

Detailed mapping of California geology has been so fragmentary
that few generalizations can be drawn regarding the distribution of
limestones low in magnesia and otherwise suitable for use as Port-
land cement materials. Theé areas in which limestones are known

to occur are indicated on Plate IV, but it is practically certain that:

not all of the areas shown will yield material fit for Portland cement;
on the other hand deposits of good material probably exist which
do not appear on the map. :

In the following paragraphs data are presented concerning some
of the better-known areas of limestone. These are not necessarily
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