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PREFACE

The writer desires to present in this report the results of his re-
searches on the lime and cement materials of North Georgia, and after

careful consideration of all the conditions pertaining to their com-
mercial development to make known for what purposes these materials
can best be used. .

All the literature at the writer’'s command has been made use of in
preparing that portion of the report which deals with limestones and
cements, their manufacture, uses, etc. The geology of the Appalachian
Valley and the Cumberland Plateau is discussed in more detail than is
usual in an economic report. An intimate knowledge of the geology
of this area was essential in order to fully comprehend the possibilities
of the undeveloped deposits. - Every outcrop of limestone of any com-
mercial importance, together with the associated shales, has been sam-

“pled and analyses have been made. Especial care was taken not only
to locate definitely on a topographic map the position of the section,
but to describe carefuly each lithologic unit, and to show in the sections

described the character of the unit corresponding to any analysis.
The maps accompanying this report show the distribution of the

lime and cement materials in the Piedmont Plateau, the‘AAppalachian
Mountains, the Appalachian Valley, and the Cumberland Plateau,
along with the definite location of more than 350 samples which were
analyzed by Dr. Edgar Everhart, chemist of the Geological Survey
of Georgia. .

The discussion of the lime and cement materials by’ districts or by
lesser physiographic and geologic subdivisions is usually preferable
to the geologist; however, the description of individual localities by
counties makes the information in this report more accessible to the
property owners, for which reason this report has been arranged to
conform with other reports issued by the Survey.
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LIMESTONE AND CEMENT MATERIALS OF
NORTH GEORGIA

LIMESTONE, CLAYS, SHALES AND SLATES

LIMESTONES

ORIGIN

Lime (calcium) occurs originally in the igneous rocks of the earth’s
crust, where it is found in combination with a great number of sub-
stances and is an important constituent in a large number of rock-
making minerals. Lime never occurs in nature as such, but always
in combination with other comstituents as carbonate, sulphate, silicate,
phosphate, etc. On account of its ease of combination there are a
great number of rock-making minerals containing a large percentage
of lime.

By the action of water and the acids of the atmosphere and lithos-
phere, lime is dissolved. The analyses of river waters show them to
contain a considerable amount of carbonic acid. This holds the lime
in solution and it is carried by the rivers to the sea where limestones

- (carbonates of lime with varying amounts of impurities) are formed,
either from the accumulation and ultimate consolidation of the fossil
remains of organisms which secrete lime or from the chemical pre-
cipitation of lime from solution. '

The limestones of North Georgia are all of marine origin. They
may be divided, for convenience of description, into five distinct types,
namely: high-calcium limestones, magnesian limestones, argillaceous
limestones, dolomites, and high-calcium or dolomitic marbles. The
differences in these calcium and magnesium carbonates are due some-
times to conditions of deposition depending on their origin, either
from the accumulation of organic remains, deposition due to chemical
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precipitation, by the admixture of argﬂlaceous sed1ments or to sub- .
sequent causes.

PHYSICAL CHARACTER

Limestones show wide differences in physical character. The
physical character is usually a criterion of the chemical composition.

Limestones vary in color from pure white to black, depending on
differences in chemical composition. The amorphous and semicrystal-
line limestones are usually light gray to bluish gray in color, or
‘variegated. In the h1gh1y crystalline limestones the impurities may

“be crystallized and segregated in bands or the coloring matter may be
uniformly disseminated tﬁroughou‘c or irr‘egulariy distributed.

Limestones vary in texture from amorphous and semi-crystalline’
to crystalline. Variation in dens1ty and absorptlon propert1es are due
largely to differences in texture.

Limestones vary in hardness, specific gravity and compactness from
the unconsolidated shell marls to the crystalline marbles. Many va-
rieties of limestone are named on the basis of chemical composition,
as high-caléium, magnesian, dolomitic, etc. Special names are also

“ gi'veh “because of their structure or most abundant accessory con-
stituent, as argillaceous, chalky, silicecus, bituminous, oblitic, and
pisolitic; and still others are named from certain predominant fossils
as crinoidal, coralline, and formaniferal.

CHEMICAL CHARACTER

The chemical compos1t1on of a pure limestone is expressed by the
formula, CaCO, (calc1um carbonate) or CaO (calcmm oxide) 56 per
cent. -+ CO,, (carbon dioxide) 44 per cent. Limestones seldom occur
without the presence of other constituents. Calcium carbonate is the
most abundant constituént, and a rock must contain at least 50 per
cent. calcium carbonate to be termed a limestone. Silica, magnesia,
alumina, the alkalies, etc., occur in less abundance in the limestones
and are usually referred to as impurities or accessories. While a very
pure limestone is valuable, especially for certain metallurgical and
chemical purposes, it is often the accessory comstituents or impurities
that make the limestone equally as valuable.
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The classification of limestones depends largely on their chemical
composition. A limestone very high in calcium carbonate with a small
percentage of impurities is known as a high-calcium limestone, while
limestone containing more than five per cent. of magnesium carbonate
is known as a magnesian limestone. When 30 per cent. or more of
magnesium carbonate occurs it is known as a dolomite, and when the
alumina and silica range from 15 to 20 per cent. the rock is termed
an argillaceous limestone. Marble, travertine, calcareous tufa, etc.,
may have the identical chemical composition of a very pure limestone;
however, they are distinguished by their phys1ca1 propertles and mnot
by the1r chemmal composition.

USES OF LIMESTONES AND LIMES

MzerAaLLURGICAL USES

- Liming of furnaces~—Dolomite is used in basic open-hearth furnaces
to repair the scorification of the hearth due to the action of the slag.
The furnace structure consists of an outer lining of common brick
with an inner permanent lining of magnesite brick, which may be from
two to three feet in thickness, and upon this the crushed basic dolomite
is tamped. Calcination of the dolomite and the ‘scorification of the
hearth, due to the slag, causes the dclomite to be gradually received into
the slag and become a part of it, thus adding to the basicity of the slag;
however, its assistance is not very great. The stone must be as low
in silica, iron and aluminum oxides as possible‘, so that these acid
~ acting substances will not form sufficient fusible compounds with the
bases to lower the refractory properties, and lessen its resistant power
to the corrosive action of the furnace burden. The stone for this
purpose should approach as closely as possible a theoretical dolomite,
so that the content of magnesia may be high. The higher the content
of lime the greater the danger of the disintegration of the lining when
the furnace is cooled down, as lime oxide slakes readily, while mag-
nesium oxide is more difficult to slake.
Blast furnace flux.—~High-calcium limestones and dolomitic lime-
stones or dolomites are used for blast furnace flux In the Pittsburgh
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district and in the East a high-calcium fluxing store is extensively
-used, while in the South dolomite is more generally used as the
fluxing stone. - -

The value of limestones and dolomites for fluxing depends on the .
quantity of the impurities—silica, alumina, sulphur, and phosphorus—
present, and the preference for a limestone or a dolomite depends
largely on the chemical composition of the ore used. The function of
the fluxing stone is to furnish the bases (lime and magnesia) to combine
with the acidic impurities of the ore and coke. As the primary object,
therefore, is to flux the acid impurities it is desirable to secure a lime-
stone or dolomite as free from these impurities as possible, Fluxing
stones are sometimes used containing as much as 10 per cent. of silica
and alumina; however, those in general use run less than 2 per cent.
Sulphur and phosphorus are almost always present; however, they
occur in such small amounts that they are not considered in estimating
‘the value of a fluxing stone, except in the manufacture of Bessemer
_iron, in which case the content of phosphorus in the fluxing stone
should be less than 0.1 per cenk.

The factors determining the character of the fluxing stone most
desirable depends on the chemical composition of the ore and the
character of the product desired. While limestones possess certain
-advantages, dolomites also have equal advantages, and, after all, furnace
practice In a particular district best determines the character of the
fluxing stone to be used.. 5

Following” are some of the properties of calcium and magnesium
as fluxes: |

The smaller atomic weight of magnesium (40 as compared with 56 for
ealeium) enables it to combine with a larger proportion of acids than caleium
to form a slag of a given formula. For example, MgSiO; consists of 40 per
cent. MgO and 60 per cent. Si0,; while CaSiO; consists of 48.28 per cent. CaO
and 51.72 per cent. 8i0,. This is almost exactly offset by the smaller percent-
age of MgO in MgCO,, 47.62 as compared with 56 per cent. CaO in CaCO, One .
pound of MgCO, will convert .2867 pounds of SiO, to MgS8iO,; whereas one
pound of CaCO, will convert .2896 pounds of 8i0O, to CaSiO,. .

Matthews and Grasty, The Limegtones of Mai'yland: Vol. VIII, pt. 3, 1910,
p. 240. '



LIMESTONES, CLAYS, SHALES AND SLATES 5

Theoretically, a greater quantity of fuel is required to melt a mag-
nesian slag than a lime slag, as the specific heat of magnesia is greater
than that of lime. Furnace practice in the Birmingham district, how-
ever, indicates that the fuel consumption is not higher. In this district
an enormous amount of slag is carried in the furnace, and when lime
" is used as a flux the furnace “slips” and “hangs,” while a magnesia
slag is more fluid and the furnace works smooth and regular.

Magnesia is said to have less affinity for sulphur than lime'
While the lime may be essential with ores high in sulphur, the hard
and soft red hematites of the South are practically free from sulphur
and the hard calcareous ores, which constitute the greater portion of
the furnace burden, furnish sufficient lime to take care of the sulphur
in the coke.

The physical conditions essential for the fluxing stone are: (1) the
stone must be crushed small enough to pass a four-inch ring and
remain on a two-inch ring; (2) the stone must be free from dust.

Fluxing stones used in the production of steel.—Limestones are
used in the manufacture of steel in the basic open-hearth process. By
the use of limestone, the fluxing of the silica and the alumina takes
place, the manganese, carbon, and practically all of the phosphorus and
a large portion of the sulphur is removed.

In a letter to the writer, Mr. C. H. Elliott, Superintendent of the
Open-Hearth and Bloomington Mill Department, Atlanta Steel Com-
pany, says: |

For limestone, the specification is simple: as low in silica as possible, also
iron and aluminum oxide and magnesium carbonate, and as high in. ecaleium
carbonate as possible. In other words, as pure a calcium carbonate as one can
conveniently and economically secure.

Dolomite is used to repair the scorification of the hearth due to the action
of the slag. As the dolomite is also received into the slag as it is worn away
and dissolved by the slag and becomes a part of it, it adds to the basicity of
the slag, but its assistance is not very great. The specification for dolomite
is the same as that for limestone. One would like as mear a theoretical dolo-
mite as possible.

In the limestomes we try to avoid and reject all samples running under
92 per cent. calecium earbonate, as the presence of more than 3 per cent. SiO,
or 4 per cent. MgCO, makes the stone undesirable. The silica is undesir-

1Hoffman, iron and steel.
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able because it lowers the efficiency of the flux for removing the silicon and
phosphorus from the molten metal and the magmnesia, because it makes the
glag too refractory and therefore réquiring too much heat to reduce it to a
fluid state.

Southern pig iron is high in phosphorus, ranging from .50 to 1.40 per
cent., and to remove this relalively large amount of phosphorus requires a
slag of 20 per cent. silica or less. If the silica exists in the slag to a greater
extent than 20 per cent., the removal of the phosphorus is very uncertain.

The following analyses show the chemical character of the dolomites
and limestones used in the asic open-hearth process by the Atlanta

Steel Company™
Analyses of Dolomites and Lzmestones Used by the Atlanta Steel Co.

o ) . . : Al503
Dolomites and Limestones Si0z | and. |CaCOs | MgCOs
\ ~ [Fe203
Dolomite from~— R .
Shook & Fletcher, Birmingham, Ala ________ .96 .57 1 52.82 | 45.51

Birmingham Realty Co., Birmingham, Ala ._| .82 | 1.06| 53.71 | 44.91
Birmingham Realty Co., Bifmingham, Ala .| 2.72 | 1.74 | 51.19 | 45.61
Ladd Lime & Stone Co., Cartersville, Ga_._.| .68 | 1.62 | 52.97 | 44.99
Limestone from—
Chickamaugs Quarrying & Construction ,
Company, Chattanooga, Tenn.____.___.. 2.18| .72195.24 |  1.86
American Chemical Manufacturing Co...... 1.32 .84 9513

Copper smelting—A great deal has been written about the com-
position of copper slags; however, very little information is available
regarding the bases, that is, ferrous oxide, manganous oxide, lime,
magnesia, barite, alumina, zinc oxide, etc, which are among the
principal slag forming substances dealt with in copper smelting, Of
the above, only the calcareous materials, lime and magnesia, will be
discussed. | ,

Limestone and dolomite are both used in copper smelters to add
- sufficient basic flux so that the acid silica content of the slag will not
reach a maximum of more than 40 per cent. While it is entirely
practicable to make slags which contain more than 40 per cent. of
silica, it is not the general practice. The formation temperature and

1Analyses furmished by Mr. C. H. Elliott, Atla,nté. Steel Co.
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the flowing temperature of a slag depends to a large extent upon the
chemical composition of the base present. Very pure high-calcium
limestones are used in nearly all copper smelters; however, a dolomite
was used with considerable success at the Golden Reward plant, Dead-
wood, North Dakota, by Franklin P. Carpenterl. The materials used
consisted of siliceous gold ores containing only a trace of sulphur,
pyrite and pyrrhotite; later, this was replaced by siliceous pyritic con-
centrates from Homestake. The principal basic flux was a dolomitic
limestone. ‘The dolomitic limestone was preferred to pure limestone
and Mr. Carpenter® says: '

Nothing like a scientific attempt has ever been made to determine the
formsation-point of our slags, hence I ean not say that they were less fusible
than they would have been with all lime and no magmnesia. They did seem
"more liquid, and certainly less magnesian limestone was required for the
same work. This was due, of course, to the lower combined weight of mag-
nesia. .

. Peters® says, in regard to the replacement of lime by magnesia:

All experiments with which I am acquainted indicate that the replace-
ment of lime by maguesia causes a moderate rise in the formation temperature

until about three-fourths of the lime has been replaced, beyond which limit
the temperature rises with great rapidity.

Some interesting observations were made by Hoffman* which are
referred to under the discussion of the use of limestone in the metal-
lurgy of lead. _

Fulton and Knitzen® are of the opinion that “some magnesia up to
8 or 10 per cent. replacing lime is desirable, owing to its greater silica
saturating power and the lesser specific gravity of the resultant slag.”

The physical and mechanical conditions of ore in the blast furnace
is of very considerable importance in the smelting process. The many
difficulties which may result from the “fines” can be largely overcome
by some method of consolidation of “fines” into lumps. No material

iCarpenter, Franklin P., Pyritic Smelting in the Black Hills: Trans. Amer.
inst. Min. Eng.,, Vol. XXX, 1906, pp. 764-777.

?Ibid, p. 773.

3Peters, E. D., Footnote, Mineral Industry, 1909, p. 246.

“Trans. Amer. Inst. Min. Eng, Vol. XXIX, 1900, p. 642.

5Fulton, Chas. H., and Knitzen, Theodore A., Sulphide Smelting at the Na-
tional Smelter of the Horse Shoe Mining Co., Rapid City, S. Dak.: Trans. Amer.
Inst. Min. Eng., Vol. XXXV, 1905, p. 329,
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has been more frequently used for this purpose than freshly burned
lime. The lime is slaked with considerable water and the resulting
milk of liine thoroughly incorporated with the ore until the entire
mass is like a thick mortar. The amount of lime necessary for the
consolidation of the “fines” varies according to the physical condition
of the ore, the amount of sulphates present, etc.; however, it is usually
from 5 to 12 per cent. Sometimes it is fed into the furance in the
form of partially dried mud or made into balls’and heated thoroughly
dry and hard. The addition of lime is in almost all cases favorable to
subsequent fusion. On account of the ease of consolidation, its general
availability, fluxing qualities, and cheapness, it is regarded as the most
~useful substance.knowh for the consohdatmn of “ﬁnes

Lead smelting—The value of lime in the smeltmg of galena (PbS)
‘was not recognized until 1907, - Previous to this time, limestone or

dolomite was added in the smelting of lead only in the reverberatory
kprocess for the mechanical effect of st1ffen1ng the charge ; however, it
was observed that when the limestone was added the charge became
glowing, so that it was khown that its addition had a chémical as well
as a physical effect. ’

In 1897, Huntington and Haberlein pattentéd a process of oxidiz-
ing galena by forcing air under pressure through a mixture of galena
and lime or limestone and it became established as a successful and
economic process in 1905.

At the present time, three methods of oxidizing galena by the
addition of limestone or gypsum are carried out on a commercial scale,
" and are known as lime roasting or “pot roastin g”‘ (1) the Huntington-
Haberlein process’; (2) The Carrmchael Bradford -process and (3)
the Solvesberg process®.

The chemical effect of the addition of the lime in the various pro—
cesses has been discussed by many workers and the more important
papers have been published in book form by Ingalls.

Glass manufacture—Limestone has an important use in the manu-

*Eng. & Min. Jour., Vol LXXX, 1905, p. 106.
?Ingalls, Eng. & Min. Jour.,, Vol. LXXXI, 1806, p. 9.
sMin. Mag., Vol. XII, 1905, p. 391.
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facture of glass. Both high-calcium and dolomitic limestones are
used and it depends on the character of the finished product as to just
what the specifications of the chemical composition of the stone shall be.
The function of lime and magnesia is to act as a flux and to combine
with the silica to form a silicate. Burchard® says, “magnesia, which
is more apt to be introduced into glass materials through limestone
than through sand, is troublesome because it renders the batch less
fusible.” - While magnesia may‘ be objectionable in the manufacture
of certain kinds of glass, considerable quantities of calcined dolomite
are used in the manufacture of flint and plate glass.

Glass may be divided into four general classes, namely, plate,
window, green bottle, and flint. When limestone is used in the form
of carbonate, it is ground fine enough to pass a twenty-mesh sieve or
finer. After first crushing the limestone, it is usually ground by rock-
emory mills or by a mill of the impact pulverizer type.

CremIcaL Uses
Sodium carbonate.—The Le Blanc? process of manufacturing sodium
~ carbonate is as follows: After sodium sulphate (Na,SO,) has been
formed by the action of sulphuric acid (stOé) with sodium chloride
(NaC1l) at a high temperature, limestone and coal or charcoal is added
and calcined in a reducing flame. Sodium sulphate (NaSO,) 4 carbon
(2C) + limestone (CaCO,) ==sodium carbonate (Na,CO,)4- lime
sulphide (CaS)- carbon dioxide (2CO,).

The carbon dioxide passes off into the air and the sodium carbonate
is separated from the sulphide of lime by leaching with water at a
moderate temperature for the sulphide of lime is practically insoluble
in water.

The Solvay process with calcium chloride as a by-product is as
follows: Carbon dioxide is passed into a solution of sodium chloride
saturated with ammonia. Under certain conditions the reaction is as
follows: Salt (NaCl)-} ammonia (NH,)-+ water (H,O)-} carbon
dioxide (CO,)=sodium bi-carbonate (NaHCO,)+ ammonium chlo-

1Burchard, E. F.; Bull. U. 8. Geol. Survey, No. 285; pp. 458-454.
2Encye. Britan., Vol. XXIT, p. 242.
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ride (NH,C1). The sodium bi-carbonate being less soluble than the
accompanying compounds is separated by filtering. The solution con-
taining ammonium chloride ‘is treated with calcined limestone. The
ammonium gas is liberated and used again in the process, while calcium’
chloride and sodium chloride are both contained in the waste liquor
and the calcium chloride is obtained by crystallization.

Calcium chloride—The three important methods of manufacture
of calcium chloride (chiloride of lime, muriate of lime, bleaching pow-.
der) are: (1) as a by-product in the manufacture of sodium carbonate
by the solvay process. (In this process more than sufficient is made
to supply the demand): (2) slaked lime is placed in leaden vats and
treated with chlorine gas; (3) dissolving limestone in dilute hydro-
chloric acid. Calcium chloride crystalizes out when the solution is
-concentrated by evaporation.

Calcium chloride is used largely as a disinfectant. When it is
heated to redness on platinum it looses practically all of its water and
s used as a dehydrating agent.

Calcium carbide—This is prepared in the electric furnace by fusing
lime oxide and carbon in the form of coke or charcoal. It is used in
the manufacture of acetylene gas and cyan amid.

Cyan amid, or “lime nitrogen,” is manufactured by passing nitrogen
gas, which is obtained from liquid air, over calcium carbide. It is an
important fertilizer. y

Caleium witrate—Ground, I1mestone is an important constituent in
the manufacture of calcium nitrate, which is used so extensively as a
fertilizer., Calcium carbonate or lime is treated with nitric acid.
Ground limestone is also used as a fertilizer filler,

" Dyed textiles—Ground limestone is used to neutralize the acid
condition of dyed textiles. .

Carbomic acid gas—The simplest method of obtaining carbonic
acid ;gas consists in the calcination of 'magnesite, which is almost pure
magnesium carbonate (MgCO;). When magnesite is not available, dolo-
mites are often used. The calcination of calcium carbonate (CaCO,)
will furnish a considerable quantity of carbonic acid gas; however, the
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heat required to calcine the calcium carbonate is much higher than
that required of magnesium carbonate. ‘

The dolomitic marbles of Pickens County, Georgia, are used by
the Pratt Laboratory of Atlanta in the production of a commercial
carbonic acid gas, in the manufacture of epsom salts and gypsum.

Other chemical uses.—Ijime is also used in the manufacture of
caustic soda, acetic acid, in the purification of gas and “water, in the
manufacture of Bordeaux mixture, etc.

CrRUSHED LIMESTONE

Road Metal.—1Iimestone for use as road metal should be thoroughly
compact and consolidated. The semi-crystalline and highly siliceous
limestones possess the greatest resistance to wear. Iimestones possess
high cementing qualities and the fines and screenings, when used as a
top dressing, fill the empty spaces and give the essential qualities of a
good road surface, namely, hardness and smoothness. It is important
to know the cementing qualities of the dust produéed by any road
metal. The consolidated crypto-crystalline and crystalline limestones
of North Georgia, and the cherts associated with some of these lime-
stones, are the most important materials used for road metal in that
part of the State. They all possess good wearing and cementing
qualities. |

Ballast—1In the past, limestones of most any character have been
used for ballast without any serious consideration regarding the prop-
erties considered today as essential. Iimestones are extensively used
for ballast on account of the ease with which they can be tamped
under the sleepers, their cementing properties, and the cheapness with
which they can be quarried and crushed when compared with other
stone suitable for this purpose. The stone should be crushed so that -
it will pass a two and one-half inch and lodge on a three-quarter inch
ring. ‘The stone can be packed very tightly under the sleepers, and
should be dressed with “fines” or screenings to occupy the large num-
ber of spaces between the stone. Most any variety of calcareous stone
may be used for dressing, the purpose of which is to form a more
compact mass attained through the filling of the empty spaces. The
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siliceous and semi-crystalline limestone as well as the holo-crystalline
marbles of Georgia possess a high crushing strength making them
eminently suitable for use as ballast.

Concrete—Limestone crushed for use in concrete should be free
from excessive amounts of dust and should vary somewhat in size
and shape to assist in close packing. It should all pass a one-quarter
inch ririg. The crushed stone is mixed with cement and sand and the
‘value of the stone depends on its strength, durability, size, shape, etc.
The limestones and dolomites of North Georgia, with the exception
of those of extremely argillaceous character, can be used for concrete
construction. : -

Flooring. —~L1mestones and dolomites. Wh1ch possess a fine crys-
talline texture and take a good polish are crushed and mixed with
‘white Portland cement for flooring. : :

The Cambrian fine crystalline white dolomitic marble of Fannin,
Gilmer, Pickens, and Cherokee counties are entirely suitable for this
use. At the present time they are only being developed in Pickens
county. Tle preparation of the stone is as follows:

The rock is fed into a crusheér and the crushed roek is passed over
screens to separate the dust. It is then fed into a.gyratory crusher
- where it is broken into many sizes. It is put on the market in sizes
1, 2, 8, etc,, No. 1 passing through 34-inch; No. 2, over 3%4-inch; and
No. 3, over l4-inch ring. A

' BuipiNg STONES

The most important calcareous rocks quarried in Georgia and used'
for bu11d1ng purposes are the white and vari-colored crystallme Cam-
brian marbles' of Pickens County’. Marbles also occur in Fannin,
Gilmer, and Cherokee counties. _

The Cambrian limestones of the Appalachian Valley are seldom
used for building on account of the clayey impurities present and the
-usual large amount of secondary calcite developed in stringers through-
- out the limestone.

The Knox dolomite of Cambro-Ordovician age has not been used

MeCallie, 8. W., The Marbles of Georgia: Bull. Geol. Survey of Gé.. No. 1, 1907.
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except for local purposes. The high cost of quarrying this heavy
bedded and massive limestone will probably prevent its use as a build-
ing stone.

The Chickamauga limestones of Ordovician age are the only lime-
stones of the Appalachian Valley region of Georgia that have been
widely used for building. At Chickamauga, Walker County, the lime-
stones of the Chickamauga formation have been pretty extensively
quarried for trimmings, door steps, foundations, curbing, construction
of buildings, and by the United States Government in culvert con-
struction on National roads in the vicinity of Chattanooga. All sizes
of stone can be obtained in the same quarry, due to the variation in
thickness of the bedding and the numerous joints developed perpen-
dicular to stratification. The limestone splits parallel to the bedding
and along these joint planes. The Silurian limestones (Rockwood
formation) are always thin bedded and never available for building
purposes. _

The Floyd and Bangor formations of Mississippian (Lower Car-
boniferous) age contain the most important and promising building
stone of northwest Georgia. The limestones of the Floyd formation
seldom exceed 100 feet in thickness, while those of the Bangdr forma-
tion sometimes reach a thickness of 800 or 900 feet. These limestones
contain odlitic, crinoidal, and crystalline beds. The geologic conditions
nearness to markets, railroad facilities, and general favorable conditions
of quarrying are often such as to make these limestones of economic
value, | '

MoRTARS AND PLASTERS

Both high-calcium and dolomitic limes are used in preparing mor-
tars and plasters. The fact that slaked lime mixed with sand hardens
when exposed to the atmosphere, together with the ease of preparation,
plasticity and adhesive properties, makes it valuable for use, both in
interior and exterior construction. The sand prevents shrinkage and
indirectly causes a greater strength by aiding the mass in the absorp-
tion of carbon dioxide by the lime, forming the carbonate.

Hydrated lime is now extensively used as a mixture with natural
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and Portland cement for use as mortar. When lime is added up to
30 per cent. it adds strength to the cement and makes it more im-
pervious. .

All limes used with sand for mortars and plasters should be thor-
oughly slaked. If the lime is'not thoroughly slaked it will contain
some quicklime and the absorption of moisture by the quicklime causes
the mortar or plaster to expand and crack.

: AGRICULTURAL PURPOSES

High-calcium. and magnesium limes are preferable for agricultural
purposes. High-calcium limes are used ‘on soils containing consid-
erable magnesia, while the magnesium limes are more suitable for
soils free of this constituent. Argillaceous limes are only used when
high-calcium and magnesium linies ate not available, fof the agricul-
turist desires the greatest percentage of calcareous materials possible
in the stone to perform the chemical and physical functions in a soil
already containing sufficient silica and alumina.

- Chewmical function of lime —Phosphoric acid, potash, and lime are
‘the principal constitiients in the- soil that need constant replacement.
When lime is applied to the soil it unites with silica and alumina,
which are the two most abundant soil constituents, and also with other
soil substances. Lime makes potash available for plants, and it reacts
 with the inert compounds of iron and alumina, which may be combined
with phosphoric acid and causes the phosphorus to become. available
for plant food. It also reacts with organic compounds and manures
and liberates ammonia and neutralizes organic acids which result from
organic decomposition.

Physical effect—The physical effect of lime on the soil which is
largely due to chemical reactions that have taken place between lime
and certain soil constituents, is often of as much value to the plant as
the indirect effect of fertilization due to the liberation of plant food.
The physical characteristics of soil such as texture, porosity, character -
of soil particles, which -increases or decreases the capillarity, etc., are
of considerable importance in determining the value of soils for agri-
cultural purposes. '

[y
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Lime reduces the plasticity of clayey soils and makes the clay more
porous and through a greater porosity it promotes nitrification. Lime
furthermore on sandy soils, by chemical combination, forms silicates
and performs the function of a cementing material, bringing the soil
particles closer together, thus diminishing the porosity of the sandy soil.

It is especially desired to emphasize the fact that residual soils
derived from limestone are usually as much in need of lime as those
derived from sandstones, shales, or crystalline rocks. This can best
be brought to the attention of the agriculturist by the analyses of a
calcareous rock and a soil derived from it, copies of which are here

. given:

Analyses of Knox Dolomite" and Soils in the Vicinity of Cave Springs,

Georgia.
Constituents determined. | Knox Soils.
dolomite. '
‘Caleium carbonate (CaCO3) oo oo . ~52.05 } 01 to 2.00 '
Magnesium carbonate MgCOs)_ - . ._.__.__.] 86.32 ’
» Alumina, (A1203) - 2.68 }6 00 to 16.00
Tron oxide (Fe208) - oo 2.10 |/ RO
Silica (8102) - oo oo e 6.47 60.00 to 80.00 .

In the process of tock disintegration, the calcareous matter is dis-
solved out of the rocks and is carried away in solution, thus forming
soils by the accumulation of silica and alumina with a small percentage
of other constituents. It is necessary to apply lime so that it will be
uniformly distributed in the soil, in order to perform the physical and
chemical functions above mentioned.

Amount of lime to be used—The number of bushels of lime to be
used per acre and the frequency of application depend on the character
of the soil. A number of interesting results were brought out at the
Maryland Agricultural Experiment Station and presented in their
Bulletin No. 110, p. 9. The results of their experimental work shows

iSpencer, J. W., Paleozoic Group of Georgia: Geol. Survey of Ga., 1893.
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that, all things taken into consideration, annual application of twenty
bushels of lime to the acre is proportionally niore effective than 50 to
60 bushels, |
' LITHOGRAPHIC STONE
Lithographic stone is a fine grained, homogeneous limestone of
uniform chemical composition. It may vary in color, which is not
such an impof’taﬁt factor as constant physical character. The litho-
graphic stones in practical use contain a low percentage of magnesia.
The effect of acid on calcium and magnesium is so different that if the
stone contains any considerable amount of magnesia it can not be
evenly etched. ‘
The followinig chemical analyses show the variation in chemical
" character of some lithographic stones': _
Analyses of Lithographic Stones.

Constituents determined. - | Branden- |Solenhofen | Mitchell
. butg, Ky.| Bavaria. | Co., Iowa.

S

Insolublé in hydrochloric acid—

Silica (Si02)-—- oo 3.15 1.1 .78
- Alumina and iron oxide_ (A1203+4Fe203) .45 .22 tr.
g Lithe (CaO) oo .09 tr. | ..

Magnesia (MgO) oo ool el | . ’ ————_
Soluble in:hydrochloric acid— ’

Aluming (AleOs) .o ien .18 .28 .12
Ferrous oxide (FeO) . oo oo : .31 C.260 | L.
Magnesia (Mg0) - - i 6.75 .56 .07,
Lime (CaO) - oo oo 44.76 53.80 54.91
Soda (Na2O) oo e e | .13 07 |- .18
Potash (KsO)_______ e e -
Humuws_ .. _.______.__ i e e en e RN 11
Hygroscopie water (H2O) . ... ... .41 23 | ...
Water of composition (H20) .o ... .. __ .47 .69 .35
Carbon anhydride. (CO2).. ... .____. 43.06 42.69 43.16
Sulphuric anhydride (SOa) oo oo oo .| ool ] il ’ tr.

- Total .o Lo _.__. 1 99.71 99.90 | 99.68

Mechanical admixtures of silica and alumina are objectionable, as

Hoen, A. B., Iowa Geological Survey, Vol. XIII, 1902, p. 846.
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they leave a roughened surface when the limestone is etched. Calcite
in veins or distributed irregularly throughout the stone is also objec-
tionable. A cross section perpendicular to the plane of stratification
shows the character of the texture. The hardness required to suit the
engraver is best determined by the engraver himself. Absorption and
specific gravity tests are important.

Lithographic stone is not confined to any geologic formation, but
may be found in any sedimentary rocks where the conditions of sedi-
mentation were satisfied.

PapER MANUFACTURE

Paper is largely manufactured from two types of material: (1)
straw, rags, etc.; or (2) wood pulp. In the manufacture of paper
from straw and rags, lime oxide is used to dissolve any fatty impurities
which may be present. The lime oxide should be derived from a high-
calcium limestone, ’

In the manufacture of paper from wood pulp, there are two im-
portant methods of reducing the wood to pulp: (1) the soda process;
and (2) the sulphite process. High-calcium lime is used in the former
process while dolomitic lime is used in the latter.

LEATHER MANUFACTURE

High-calcium lime, low in silica, alumina and iron, is preferable in
the tanning process of hides and skins. Lime in solution as “milk of
lime” is used to remove the flesh adhering to the skins, to loosen the
hair, and to soften and swell the hides for the further processes to
which they are subjected.

Suear MANUFACTURE

Calcium oxide in solution in the form of “milk of lime,” used in
the manufacture ot; sugar, must be derived from a high-calcium lime-
stone, low in silica, alumina, and iron, and especially low in magnesia.
Magnesia forms a soluble compound with sugar, while calcium forms
an insoluble tricalcium sucrate which may be separated by filtering and
later when carbon dioxide gas is passed into solution it is broken down

into calcium carbonate and a solution of sugar.
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MANUFACTURE OF GLUE

In the manufacture of glue, organic animal refuse is:treated with
unslaked or lime hydrate in the form of “milk of lime” to remove the
oils, flesh, and blood, and to disintegrate the tissues and to soiten the
marrow. SR

SoAp AND CANDLES e

High-caleium limes with a small qu‘a,r,-lgtity;»-;o{fﬁ:ma‘gnesia are used
with sodium carbonate to reduce it to caustic soda -which is used with
fats to form soap. By the addition of sulphuric acid the free organic
acids are separated and are used in the manufacture of candles.

GROUND LIMESTONE '

-4 gmcultwal purposes —Ground limestone is used to perform the
same. functions in soils as burnt lime.. The chemical ‘activity of the
ground limestone will depend on the degree of fineness of the par-
ticles. For agricultural purposes they are usually ground to a fineness
of 60 to 70 mesh. Ground limestone can be applied at any season of
the year. It can be equally distributed on or into the soil and the
“burning,” which may result from the excess of slaked lime due to the
crude method of distributing it upon the surface, is not likerlﬁr to occur.

Lime is also used largely for many purposes which have ‘not been
mentioned above. Among the more important uses are: the manu-
facture of sand-lime brick, slag cement, poftery, hydrating agents,
‘d1s1nfect1ng compounds etc.

BURNIN G oF LII\IESTONES

The high-calcium, magnesium and dolomitic limes are all produced
in the same general way, namely, by the decarbonation of limestone.
The character of the resultant product depends largely on the -chemical
' compoéition of the calcined rock. High-argillaceous limestones are
seldom used for lime, but more especially in the manufacture of the
complex cements. The chemical reactions which take place in the
‘birning of each variety will be discussed under the classification of
limes. In the manufacture of quicklime, the carbon dioxide must be
driven from the limestone, the water in the limestone must be
evaporated and the stone must be heated to its dissociation temperature.
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The dissociation temperature varies for each variety of limestone and
also in two limestones of the same chemical composition, due to differ-
ences in texture, hardness, compactness, etc. Water is often added in
the burning process forming when heated steam, which, in association
with the carbon dioxide given off by the limestone, still further aids
in the dissociation of the stome.

The types of kilns most used today in burning limestone are the
intermittent and the continuous kilns which are here described.

INTERMITTENT KILNS

Intermittent kilns are vertical with mixed feed. After the kiln is
charged, burned, and cooled, the lime is drawn. While this method
of manufacture is still in use in the rural districts in some localities, it
is regarded today as distinctly primitive.

ContiNvOUs KiLNg
In all of the continuous kilns, the burnt lime is withdrawn from
- below while the limestone is added at the top and there is no interrup-.

tion in the production, unless so desired by the operator. These kilns
are of four types: (1) vertical kilns with mixed feed; (2) vertical
kilns with separate feed; (3) ring or chamber kilns; (4) rotary kilns.

Vertical kilns with mized feed—These are of many types, and on
account of their ease of comstruction they are usually made in the |
vicinity in which the lime is manufactured. They vary from square or
bottle-shaped stone kilns to those made of iron or steel plates and lined
in the interior with fire-brick. The feeding of the kiln takes place
from the top where first a layer of coal and then a layer of limestone
is added and so on alternately and continuously, or at regular intervals.
A fire is started at the bottom and as it works its way up, the limestone
is calcined and is drawn at the bottom. The manufacture of lime by
this process has the following advantages: (1) construction is cheaper
than separate feed kilns or chamber or ring kilns; (2) less amount of
fuel is necessary to burn the lime; (3) the yield is larger for the same
size of kiln. The lime is usually of lower grade however than that
which is burnt in separate feed kilns, due to admixture of ash and
clinker with lime.
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Vertical kilns with separate.feed.—In these kilns the hot fuel
gasses, only, come in contact with the limestone, which is fed in at the
top while the fuel which consists of coal or wood, is fed into fire boxes
which are usually set into the walls of stone kilns, while in the more
modern iron and steel kilns, the fuel is burnt in horizontal furnaces
from two to four in number built out from the kiln above the drawmg
pan. Producer gas is also used.

- Ring or chamber kilns—The Hoffman kiln® is the best known type
of the ring or chamber kiln, and while it has been used extensively in
Germany for the manufacture of linie as well as Portland cement and
brick, it has not come into use in this country. The fuel consumption
is low in comparison with the vertical kﬂn however, it requires skilled
labor for each operation.

Rotary Eilns—The New York lime company at Natural Bridge,
N. Y., was the first company in this country to carry on the successful
manufacture of lime in the rotary kiln. This method of manufacture
festlts in 4 lime which is superior in many ways to lime burned in the
{rertioal kiln and many difficulties of burning are done away with. The
foIIOV\ﬁng referenices are cited for those interested in the manufacture
of lime in the rotary kiln: '

Rock Produects, Vol. IV, No. 1, p. 35.

Fraseh, Mineral Industry, Vol: VII, p. 491.

Spackman, Henry O., Rock Produets, Vol. IV, No.-2; p. 38.

Rock Produets, Vol. IV, No. 5, P 45,

Fusn Usep v Live BURNING '

The two: pr1nc1pa1 materials used in Georgia for lime burning are
.wood and coal. Wood is best suited technically. With good wood,
more lime, as a rule, can be produced than with coal; however, the
cost of wood today is usually slightly greater per ton of lime produced.

Coal is gradually replacing wood for the burning of limestone, due
to the scarcity and high cost of wood in most localities. With the
modern appliances for burning coal the many objections to its use
which formerly existed are done away with.

The cost of burning depends on: (1) the chemical character of

Frasch, Mineral Industry, Vol. VII, p. 491.
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the limestone, whether high-calcium, dolomitic, or argillaceous; (2)
the physical character of the rock, nature of crystallinity, texture,
degree of consolidation, etc.; (3) the kind of fuel used, quality, and
cost; (4) the skill of.the burners.

Few lime burners keep any accurate account of the amount of fuel
consumed per ton of lime. Statistics are not available on the cost of
production of lime in this State; however, for those interested in the
character of fuels used in other states and the cost of production, the
following references are cited:

1905—Grimsley, &. P., Clays, Limestones, Cements: W. Va. Geol. Survey,
Vol. ITI, 1905, pp. 360-368 and 383-384.

1906—Orton, Edward, and Pepple, Samunel Vernom, Limestones, Lime
and Sand-lime Brick: Geol. Survey of Ohio, 4th ser. Bulls. 4 and 5, 1906, pp.
201-293.

1907—Eckel, Edwin C., Cements, Limes and Plasters: 1907, pp. 98-112.

1907—Buehler, H. A., The Lime and Cement Resources of Missouri: Mo.
Bureau of Geology & Mines, Vol. VI, 2nd ser., 1907, pp. 37-43.

CLASSIFICATION OF COMMON LIMES

The common limes are classified, according to their chemical com-
position, as follows: high-calcium limes, magnesian limes, dolomitic
limes, dolomites, and argillaceous limes.

HIGH-CALCIUM LIMES

When limestones contain less than 5 per cent. of magnesium car-
bonate and a small percentage of other impurities they produce, when
decarbonated, a high-calcium lime. The chemical changes which take
place in a theoretically pure limestone in the burning process are the
following :

Limestone (CaCO,)- heat = quicklime (CaQ)-- carbon dioxide
(CO,). |

If the quicklime is exposed to the atmosphere it will absorb water
and form hydrated calcium oxide (Ca(OH),). The same result can
be had by the addition of water: CaO -+ H,0=Ca(OH),. After
the lime has “slaked” and is further exposed to the atmosphere it
takes up carbon dioxide (CO,) and the chemical reaction may be
expressed as follows:

Calcium hydrate (Ca(OH),) - carbon dioxide (CO,) = calcium
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* carbonate (CaCQ®,) - water (H,0), thus the calcium oxide by com-
bination with the carbon dioxide of the air returns to the carbonate and
the water evaporates into the air. High-calcium limes are known to
the mixer as “strong limes,” on account of the fact that they will carry
more sand than other limes. A theoretically pure limestone carries 56
parts by weight of calcium oxide (CaO) and 44 parts by weight of
carbon dioxide (CO,), and if we assume that decarbonation is com-
plete we may express the result as follows:

100 pounds calcium carbonate. (CaCO,)-- heat=>56 pounds of
quicklime (CaO)+ 44 pounds of carbon dioxide (CO,).

MAGNESIAN LIMES A

When a limestone contains more than 5 per cent. and less than 30
per cent. of magnesium carbonate it produces, when burnt, a magnesian
lime. The carbon dioxide 1s driven off precisely as in. a theoretically
pure high-calcium lime ; however, there are some differences in burning
and usually less heat is required for decarbonation.

DOLOMITIC LIMES AND DOLOMITES

Most of the commercial limes carrying magnesia approach the com-
position of a dolomite. When a dolomife is calcined, the amount of
calcium and magnesmm oxides in 100 pounds of dolomite can be
determmed and expressed in a commercial formula as follows:.

Calcium carbonate (CaCQOy,) 54.3 per cent.-+ Magnesium carbonate
(MgCO,) 45.7 per cent==a theoretical dolomite.

Calcium carbonate is made up of 56 per cent. calcium oxide (CaO)
and 44 per cent. carbon dioxide (CO,). If we now assume that decar-
bonation is complete, the loss of carbon dioxide on calcination, due to
,’;he calcium carbor_late, will be 54.3 X 44 ==28.9 per cent. cirbon diox-
ide (CO,), and the residue of calcium oxide due to the calcium car-
bonate will be 30.4 per cent.

Magnesium carbonate contains 48.0 per cent. magnesium oxide
(MgO) and 52. per cent. carbon dioxide (CO,), hence 45.7 X 52 =
23.7 carbon dioxide (CO,) and the residue of Magnesium oxide
(MgO), due to the magnesium carbonate, will be 22 per cent. The
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total composition of the original rock may be expressed as follows:

The original rock contains in 100 Ibs.______ 30.4 Ibs. CaO
B 220 * MgO
making a total of . —_______ S 524 7 CaO and

MgO contained in 100 Ibs. of dolomite.
ARGILLACEOUS LIMES

ILimestones high in silica and alumina are seldom burned for com-
mon lime, but are extensively used in the manufacture of complex
hydraulic cements. '

| HYDRATED LIMES

When quicklime is exposed to the atmosphere for any length of
time or if water is added the lime combines with the water to form
slaked or hydrated lime. The chemical reaction is as follows:

Lime (CaO) + water (H,O) =1lime hydrate (Ca(OH,).

It has been realized for many years that when quicklime (CaO)
is slaked by the ordinary laborer, too much or too little water is added
and an unsatisfactory product is likely to result. The quicklime gen-
erates heat on slaking, and if too little water is added “burning” is
- likely to occur, while too much water is equally as objectionable. It

is almost impossible for the day laborer to mix the quicklime and water
in the proper proportions. The results of a poorly mixed lime hydrate
may cause “pitting” and cracking of the mortar. Lime hydrate can
now be carefully manufactured and the unsatisfactory results mentioned
above done away with.
METHOD OF MANUFACTURE

(1) The carbon dioxide must be driven from the limestone as in
any ordinary process in the manufacture of quicklime (CaO). (2)
The quicklime must be ground to a fairly uniform small size. In some
plants it is crushed to about one inch while in others it is reduced to
one-half inch size or to a fine powder. (8) The ground quicklime
must be intimately mixed with sufficient water. There are a number
of methods used for hydrating the quicklime; however, the principal
object of them all is to thoroughly and intimately mix the quicklime
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and water. 'The amount of the water to be added depends on the
chemical character of the quicklime. Different amounts are added to
a high-calcium, a dolomitic or a high-magnesium lime, and the amount
to be added in each case is determined by experience. (4) Any un-
hydrated lumps or cores must be separated by screening from the fine
slaked lime. . v

The very fine hydrated lime is packed in bags and sold according
to the standards adopted by the hydrated lime manufacturers of the
 United States. The cost and equipment of a hydrated lime plant
depends on the character of the stone and the method of manufacture.

ADVANTAGES OF HYDRATED LIME

Hydrated lie is characterized by the following advantages: (1)
It will not air slake, for it has taken up already the necessary amount
of water of combination. It will therefore keep for a long time in
barrels, sacks, or paper bags. As it does not absorb water, there is
no danger of expansion which takes place in quicklime (CaO), due
to the absorption of water from the atrmosphere. It can be shipped by
water and tliere is no danger of heat being generated and consequent
fire. (2) Tt does not contain. grit or ‘“core”—this is separated by
screening. (3) “Popping” and cracking of mortars made with hydra-
ted lime are not so likely to occur as from lime-hydrate roughly pre-
pared. (4) It can be mixed uniformly with cement and is used for
the purpose of water-proofing the latter or to make a more easily
troweled mortar. ‘
‘ USES OF HYDRATED LIME

The more important uses of hydrated lime are: for purifying water,
washing boilers, iron moulding, agricultural purposes, cold water paints,
glass industry, a dry spray and in solution with sulphur for fruit t'r—ees,
etc. Hydrated lime mixed with natural cements and gypsum makes a
slow setting, but very hard, plaster. Hydrated lime added to and
ground with natural cement rock adds greatly to the strength of the
cement mortar?. By the addition of hydrated lime to Portland cement
__flgn—g_‘i:—neering News, Sept. 8, 1904, Vol. 62, p. 220.

?Bleininger, A V., The Manufacture of Hydraulic Cements: Geological Survey
of Ohio, Bull. 8, 4th ser., 1904, p. 191,
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mortars, better working properties, a greater density, and water-
proofing qualities are the result. Hydrated lime as a disinfectant is
equally as good as the quicklime. It can be put up in small packages
for sale and can be kept almost indefinitely. Hydrated lime is used
for many other purposes.

LITERATURE ON HYDRATED LIMEBE
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CLAYS, SHALES AND SLATES
CLAYS

OrIeIN

Clays consist of a heterogeneous mixture of rock constituents the
nature of which depends upon the character of the material from which
the clay is derived. Clays are all of secondary origin and are derived
from either igneous, metamorphic, or sedimentary rocks, resulting
from the disintegration of these rocks by the normal processes of
weathering and erosion. Clays may be either residual or transported.
Residual clays are those derived in sify from the underlying rocks.
Transported clays consist of stream, glacial, lacustrian, marine, and
estuarine deposits.
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: PHYSICAL: CHARACTER : B
The residual clays, resulting from the decomposition of igneous,
.metamorphic and sedimentary rocks, are seldom uniform in their physi-
cal. character and usually contain fragments of siliceous nodules, con-
cretions, etc., which may be interspersed throughout the original rocks.
The transported clays which consist of stream deposits vary from fine
to coai‘se—.grained clays, but are seldom uniform over a sufficient thick-
ness for economic.use in the manufacture of cement.
CrEMICAL CHARACTER
The residual and transported stream clays of North Georgia and
the consolidated shales and slates may all be of similar-chemical char-
acter. However, some chemical constituent usually predominates and
they may be classified as siliceous, aluminous, ferrugmous and car-
bonaceous. - o
SHALES AND SLATES
Or16IN
Shales consist of fine muds or clays which have been -at some time
deposited in water and have been subsequently sub]ected to pressure
and consolidated into rocks, possessing characteristic cleavage or other
structures. The pressure was due either to the weight of the over-
lying rock formed by subsequent deposition, to forces to which these
rocks were subjected during mountain forming periods of the earth’s
crust, or to both of these causes combined. Under further pressure
and increased temperature the character and structure of the shale
were altered, chemical changes took place, the rock underwent a re-
crystallization, perfect cleavage and fissility developed and the shales
were changed into slates.
’ - PEYSICAL CHARACTER
Shales vary in color from cream and white to black, depending on
the presence or absence of carbonaceous matter and variations in chemi-
cal composition. ;
In texture, the shales vary from fine-grained, close, compact, con-
solidated clays to semi-crystalline and crystalline slates. Shales are
characterized by their fissile nature which is usually parallel to the

-
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original bedding while the cleavage of a slate may be at any angle to
the stratification. The weathering of shales is often a criterion of their
chemical composition. Shales weather splintery, hackly, pisolitic-like,
etc. Argillaceous shales usually break down at once, on exposure; to
clays, while the more siliceous varieties weather hackly or splintery,
and when they are highly crystalline, as in commercial slates, they
retain their fissile character when exposed to the weather for a long
period of time.

Slates are quite deficient in plasticity, while shales are usually some-
what deficient; however, shales which have been superficially disinte-
grated by weathering agencies often contain sufficient plasticity for the
manufacture of brick of superior quality.

CeemMicalL. CHARACTER

The chemical composition of shales varies between rather wide
limits. Silica and alumina are the most abundant constituents present,
while lime, magnesia, manganese, iron, titanium, and the alkalies are
present in smaller amounts. The term shale signifies no specific chem-
ical composition ; however, as a geologic term it signifies fineness and
~uniformity of composition over a unit of uniform lithologic similarity.

CLASSIFICATION OF SHALES

Shales may be described as ssiliceous, aluminous, ferruginous, cal-
careous, and carbonaceous.

Siliceous shales.—Distinctly siliceous shales of extremely fine grain
are rare. They represent the transition stage between the formation
of normal shales and sandstones. -

Aluminous shales.—Shales with a relatively high content of alumina
in comparison to silica are referred to as aluminous shales.

Ferruginous shales—Unweathered shales usually contain iron in
the form of ferrous carbonate which gives to the shale a dark gray to
bluish gray color; the carbonate bLecomes oxidized in the weathered
shale to the ferric oxide, which gives the shale a reddish or brownish
appearance. Iron may occur as ferrous carbonate in the form of con-
cretions. When the concretions occur in large quantity or in such a
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i

state that they can not be economically separated the shale becomes
worthless for most commercial purposes. Iron isi liable to occur in the
form of iron sulphide (iron pyrite) and it is equally as objectionable
~as ;’eh',e concretions above mentioned. The iron sulphide is oxidized in
the weathered shale to the sulphate and gives a somewhat mottled yel-
low color to the shales.

Calcareous shales~——Shalesscarrying more than 5 per cent. of lime
are usually referred to.as calcareous. Shales which rest conformably
upon limestone and thin bedded shales interstratified with limestones
are usually calcareouq. A shale may owe its content of lime both to
organic and inorganic agencies. ’

Carbonaceous shales—These shales are characterized by the pres-
ence of carbonaceous matter which may vary from a trace to at least
14 per cent. The shalé is dark brown to black in color and where the
content of iron is high the color is often green.
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THE - RELATION OF HYDRAULIC LIMES, NATURAL AND
PORTLAND CEMENTS

Hydraulic limes, natural cement and Portland cement differ from
one another in physical and chemical character. Their peculiar char-
acteristics are due as much to their physical condition, resulting from
a definite process 6f manufacture, as to their chemical composition.
Matthews and Grasty' comment as follows on the classification of these

compounds :

Nearly all formulas have supposed that cements and hydraulic limes owe
their hydraulic properties to definite chemical compounds. The most recent
investigations which have been made upon this class of materials tend to
prove that they are not definite compounds, but what are known to physical
chemists as solid solutions, and are similar in character to blast furnace slags,
steel and alloys. It would seem better, therefore, to classify these compounds.
aceording to their physical properties and method of manufacture, rather than
according to their chemical characteristies. Sueh a classification would be
.the following: : '

1. Common lime: Limes made by burning relatively pure limestones,
which, when mixed with water, slake and show no hydrulic prop-

erties.

Hydraulic limes: Limes made by burring impure limestones at a low
temperature which slake with water, but which show hydraulic
properties. '

3. Natural cements: Cements which are made by burning impure limes-
stones at a low temperature (insufficient to wvitrify) which do not
slake with water, but require to be ground in order to convert them
into a hydraulic cement.

4. Portland cement: Hydraulic cements which are made by heating to
incipient vitrification a mixture of argillaceous and ealeareous sub-
stances, which product does not slake with water, but upon grind-
ing forms an energetic hydraulic cement.

5. Puzzolan cement: Cements which are formed by incorporating slaked

lime with a finely ground slag or volednic ash.

o

1The Limestones of Maryland, with s;;ecial reference to their use in the manu-
facture of cement: Special Publication Md. Geol. Survey, Vol. VIII, pt. 3, 1910,

pp. 270-271.
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The hydraulic limes are burned at a low temperature so that the
resultant material will contain sufficient free lime to slake the entire
_clinker when water is added. Thé raw materials used in the manu-
facture of natural cements are burned to a higher temperature than
the hydraulic limes, that is, to a temperature of.900-1,000 degrees cen-
tigrade, so that the carbon dioxide.is driven off and the calcium and
magnesium oxides combine with the argillaceous ingredients. The
natural cements which contain a low content of argillaceous material
are more nearly like the hydraulic limes, while those with a high con-
tent - of silica and alumma more closely approach a Portland cement.
The fine grmdmg and burning of Portland cement mixtures to incipient
‘vitrification, followed by the fine grinding of the clinker, results in a
cement ehtirely distinct from the hydraulic limes and natural cements.
Portland cements set slower than natural cements and attain a higher
tensile and crushmg strength.

HYDRAULIC LIMES
- Hydraulic limes occupy afn intermediate position‘betvveen‘ what are
known as simple limes, which show no hydraulic properties, and the
complex cements, which are eminently hydraulic.

Hydraulic limes are made by burning siliceous or argillaceous lime-
stones and at times a magnesian limestone (in the manufacture of
feebly hydraulic limes) at a moderate temperature. While the raw
materials used in the manufacture of hydraulic limes occur in this
country, but little has been manufactured; however, a considerable
quantity of hydraulié lime (including Grappier cements) is imported
annually. Its characteristic light color, due to the low content of iron
and soluble salts, has made it valuable, especially in interior work. The
white cements which ire now being manufactured in the United States
are taking the place of the foreign hydraulic limes. ‘

- The hydraulic limes have been classified by Eckel" as: (1) eminently
hydraulic limes; and (2) feebly hydraulic limes. |

1@eckel, BEdwin C., Cements, Limes and Plasters, 1907.
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EMINENTLY HyprAULIC LIMES

Raw materials—The more important constituents of the limestones
used in actual practice vary between the following limits:

Per Cent.
Caleium ecarbonate (CaCOg). ..., 39— 45
Silica (Si02) +vvvvvvennnn.. O 18 —17
Alumina (ALOz) ..ot i 1
Ferric OXide (Fe:0g) - nnvereannseeannennnnnns ( 0=3

The calcined stone must satisfy the following conditions: (1) it
must contain sufficient free lime to slake the entire clinker when water
is added. (2) Just sufficient free lime should be present to effect the
disintegration of the clinker. (8) Free silica and alumina should not
be present in the clinker. |

Grappier cements—These cements are made by the fine grinding
‘of the underburned and overburned material resulting in the manu-
facture of eminently hydraulic limes. Lafarge non-staining cement
made in France is a2 well known Grappier cement.

FepeLy Hypravric LIMES
" Raw materials.—The more important constituents of the limestones
used in actual practice vary between the following limits:

: Per Cent.
Lime and Magnesia (CaO--MgO)................. 45 — 48
Magnesia (MgO) ...t e 0—36
Silica (Si0,) +viiiiiii i i e e 5— 8§
© Alumina (ALOs) cviii i i 1 i 7
Ferric Oxide (Fe,05) ..cvvvvvnn. .. [ S

The calcined stone contains a large excess of free lime, reducing
the hydraulic property to almost nil.

Selenitic lime—The feebly hydraulic limes form the base for the
manufacture of selenitic limes, often known as Scott’s cement, which
consist primarily of lime (CaO) plus a small amount of sulphur

trioxide (SO,). .
BURNING OF HYDRAULIC LIMES
Hydraulic limes are burned in kilns similar to the types used in
the manufacture of simple limes. The argillaceous character of the
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rock necessitates a higher temperature in the kiln for complete decar-
bonation than a common high-calcium oy dolomitic limestone.

THE EVOLUTION OF CEMENTS

It has been recognized since very early times that the product
resulting from the burning of limestone when mixed with sand and
water Woﬁld pro&uce an ordinary lime mortar. Lime mortar, however,
would ‘not harden under water. A material was needed for construc-
tion ‘Which. would harden under water as well as in air and such a
material now known as - “natural cement” was used by the ancient
Egyptians, the Greeks, and the Romans. Cummings® says:

The faet is, that the history of natural rock cement reaches so far back
into the early ages, tha} it is impossible to learn precisely the date of its first
fabrication. But we do know that the ancient Egyptians made natural cement
four thousand years ago which would set and harden under water. The Ro-
mans over two thousand years ago made most excellent natural cement, and
uséd it in enormous quantities for sewers, water pipes, bathing founrta,ms, piers;

‘breakwaters, aqueduets, ete.

Many American writers have stated that the pyramids of Egypt
were built of cement. In a letter from Athens, Greece, to the writer,
‘Dr. D. M. Robinson? says:

« The pyramids of Hgypt have no cement. They are built of bloeks of
native stone and the whole was covered with slabs of marble. The covering
was long ago removed.

John Aspdin of Leeds, England, originated the name “Portland
” which he applied to the resulting product made from lime-
~ stone and clay after burning and grinding. This material, when it
hardened, so closely resembled the stone from Portland, England, that
“he called it Portland cement. While the name Portland cement has
remained, it is today a very different material from the cement made
by Aspdin. It is generally thought that Aspdin made nothing more
than an artificial Roman cement. Portland cement of today is a pro-
duct; not an invention. It has been produced as the result of years of
arduous investigations and has reached its present stage of perfection

cement,

through the normal process of evolution from the simple to the complex.

Cummings, Urizh, American Cements, 1898, p. 13,
Professor of Greek, American School of Classical Studiés, Athens, 1909-1910.
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About the year 1818, a great deal of canal construction was going
on in the United States and the engineers in charge were on the look-
out for a material which would produce a natural cement.- Canvas
White, an engineer, found a natural cement rock near Chittenango,
Madison County, New York, from which he manufactured a hydraulic
cement used in the construction of the Erie canal. 'This marks the
beginning of the cement industry in the United States. Natural cement
was found in many other localities soon after this discovery was made
by White.

At the time Aspdin made his so-called Portland cement in England
in 1824, it had not been recognized that burning the material to incipi-
ent vitrification was essential. It is not known definitely at just what
time it was recognized as essential for a Portland cement, however, it
was known prior to 1859.

In 1875 the Coplay Cement Company, of Coplay, Penn., which
company was at that time nianufacturing a natural cement, was able
through the experimental work of their President, David O. Saylor,
to manufacture the first Portland cement made in this country. ,

Between the years 1875 and 1883, there was little advance in the
manufacture of cements in America. Time was necessary to put the
American cements on an equal footing with the Furopean Portlands.
Since 1890 the increase has been phenominal and the production and
growth of natural and Portland cement in the United States can best
be seen in the accompanying table No. 1.

NATURAL CEMENTS

Natural, Roman, and Rosendale cements are all derived from the
same class of raw materials and the same general process of manu-
facture is used in their preparation. In the discussion which follows,
they are all included under the general term natural cements.

Natural cements consist of those materials resulting from the burn-
ing and subsequent grinding of an argillaceous limestone containing
natural compounds or mixtures of those compounds which, when com-
bined, possess hydraulic properties. Natural cements are often referred
to as hvdraulic cements. All lime cements are hydraulic.
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Raw MATERIALS

The raw materials used in the manufacture of natural cements may
be found throughout the sedimentary rocks from the Cambrian to the
Recent, and they are widely distributed geographically, The raw
materials contain from 15 to 30 or 40 per cent. of argillaceous material
which combines with the lime, and also with the magnesia when pres-
ent, to give the cement its hydraulic properties. Magnesia is not an
objectionable constituent in a natural cement. It hydrates readily when
it is calcined at a temperature below 1,000 degrees centigrade, while a
highly burned rock containing a high content of magnesia hydrates
slowly. The magnesia acts like lime combining with the argillaceous
constituents to form silicatesk and aluminates. In the table below,
analyses are presented of natural cement rocks from the more impor-
tant localities in the Southern States.

* COMPOSITION
The wide range of the composition of natural cements is due to
‘difﬁere’nces in the character of the raw materials; in the methods of
burning, and in thé temperature attained, all of which cause differences
in the chemical combination of the constituents and in their physical
properties. '
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Analyses of Natural Cement Rocks in the Southern States

Sle |2 |9~
] =8 o
o Mg 183IE3E
- —_~ T + = - Ir] 3 =
Locafion. o e @ & E&IBZ S
522102 889 zR sz SeEQinR . B
SESISd  RIEBEIESESIERIE0 g%
B ES EBIEL PE|EE|EB|E | pM 20|
Z < & 23 (= % & | B |8 &
Maryland._iCumberland! . __|24.7416 74| 6.3023.41| 4.09/6.18!2.22 R 22.901. . __
. — ,
Maryland_Hancock?_ _____ 19.81) 7.85] 2.4135.76) 2.18/ ____| .- __| oo |aoo__ 31.74
. [N ——
Maryland_[Antietam3__._.__15.97] 7.59 23.72(15.60| _._|0.71) .. ._|._... 34.82
e :
Virginia... Balecony Falls®__[17.30 6.18 1.6229.5418.05| - ___ | ____|_ oo io.... 84.17
’ 74 ' : e
West | IShepherdstown® [15.89] 5.58) 1.00552.74/19.06/4.92(0.81(6.12/_____
Virgma | \cedar CLff6. .._127.8611.71 .7240.7418.95/1.80| .___ | ____|.____ —__lo.85
- [
Kentucky. Louisville? _____| 9.69] 2.77} 1.9529.0915.69 ____ | .| o] . 40.14
———— .
Georgia_._,Cement8_____ _.. 5.28 2.62 30.6017.25/ ._.. 10.02|/0.04} 3.83|__.______ :
Georgia. .. |Rossville®__ .___ 6.52] 0.96 |47.98 1.25’---- —eeo| tr. | 2.58 40.71
Georgia_ . _{Rossville?0_____ 22.93] 4.16 '33.80/-0.45 .___|0.03/0.02/10.43 28.18
1Eckel, B C., Cements, Limes and Plasters, 1907, p. 2086.
2Ibid.
3Ibid, p. 213.
4Thid, p. 212.

5Grimsley, Geo. P., Clays, Limestones, Cements W. Va. Geol. Survey, Vol
III, 1905, p. 500. )

6Thid, p. 508. ‘

7‘Crown Brand,” Hansdale Mill, New Albany Cement Co. Analysis by W. A.
Noyes, quoted by Siebenthal, 25th Ann. Rept.,, Ind. Dept. Geol. & Nat. Res., pp.

380-3886.
SFrom strata of dolomitic limestone used at the present time.

sLimestone.
wArgillaceous limestone locally known as ‘“‘cement rock.”’
?and  are burnt separately, then mizxed and ground to produce a natural

cement.
In the following table are presented analyses of the natural cements
at the more important localities in the Southern states:
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Analyses of Natural Cements in the Southern States
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West Virginia [Shepherdstown5 [33.42(10.04| 6.00{32.79 9.59} 0.50.___.|.____|____
‘West Virginia {Cedar CLffé ... _27.8611.71] 2.72140.74(13.95 1.830{._ .__|.____ 0.85
N~—
Kentucky .. _|Louisville”______ 21.10| 7.50  |44.40, 7.00| .80|_.__. 11.181.16
—t— e e
Georgia. . ...- Cement8_______ 22.58| 7.23| 3.35/48.1815.00.____|._._.| 3.66
Georgia. .- Cement®_______ 19.60, 11.60 |[48.96018.14| ___ | . __|.___|.___
Georgia.._ ._..Rossville!0_____ 25.89 6.20] 1.9934.090 1.59]. ___[ 0.50_._ | ___

1Daw, A. W., Amnalyst, Min. Ind., Vol. 6, D. 96.
2Cummings, TUriah, American, Cements;, 1898, p. 86, Round Top hydraulic
cement. :
sRichardson, C., Analyst, Brickbuilder, Vol. 6, p. 229.
‘Cummings, TUriah, American Cements, 1898, p. 36, James River hydraulic
cement.
- 8Ibid, p. 35, Shepherdstown hydraulic cement.
sAttix, J. C., Analyst, W. Va. ‘Geol. Survey, Vol. III, 1905, p. 508. ’
"Mineral Industry, Vol I, p. 50.
8Cummings, Uriah, American Cements, 1898, p. 35.
*Bowron, W. M., Analyst, Eckel, H. C., Cements, Limes & Plasters, 1907, p. 253.
10Clark, C. M., Analyst, Supplied by Chickamauga Cement Co.

_ MANUFACTURE

Winning the vaw materials—The raw materials are quarried in open
pits or mined. The majority of the materials used in the manufacture
of natural cements, with the exception of those in the Lehigh district
‘of Pennsylvania and New Jersey, occur in beds six to eight feet in
thickness, and on account of the structural conditions and the usual
considerable thickness of overlying rocks, are most economically secured
by mining.

The argillaceous limestone should be broken into pieces of ap-
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proximately the same dimensions. The more satisfactory method is to
pass the rock through crushers, When the rock is fed into the kiln in
uniform sizes a better utilization of the kiln space is secured and a
greater uniformity of burning results. When materials of different
size are fed into the kiln the smaller masses will be overburned before
the larger ones are thoroughly calcined. v

Types of kilns—Argillaceous limestones used in the manufacture
of natural cements can be burnt either in vertical continuous feed kilns
or in rotary kilns similar to those used in the manufacture of Portland
cement. The general type is the vertical continuous feed kiln much
like the ordinary lime kiln, but usually larger. The average size
consists of a vertical cylinder ten feet in diameter and 24 feet high,
the lower seven feet is funnel shaped, tapering to three feet in diameter
and narrowing to a neck through which the calcined rock is drawn.
The coal, which consists of either an anthracite or a high grade bitumin-
ous variety, is either fed into the kilns with the argillacous limestone
or in alternate layers. This method of adding the fuel necessarily
causes irregularity in burning, and the raw materials in close contact
with the fuel will- probably be overburnt before the limestone that is
not in direct contact with it .is thoroughly calcined. This difficulty -
could be overcome and the quality of the cement greatly improved by
burning the fuel in furnaces arranged at the bottom and around the
vertical kilns. . '

Burning.—The changes which take place in burning an argillaceous
limestone consist first in the driving off of carbon dioxide from the
calcium and magnesium carbonates and the combination of the resulting
calcium and magnesium oxides with the argillaceous materials to form
silicates. Magnesium carbonates decompose at a lower temperature
than calcium carbonates. Investigations on the temperature of burning
of raw materials for natural cements were carried on by Bleininger®

and he came to the following conclusions:
The best temperature for burning calcareons Roman cements is 1,000
degrees C. Below this temperature hydraulicity is not fully developed, above

iBleininger, Albert Victor, Manufacture of Hydraulic Cements: Geol. Survey of
Ohio, 4th ser., Bull. 3, pp. 184, 185.
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it a nom-hydraulic compound is evidently produced; whether on going still

. h1gher hydra,uhcﬂ,y is restored has mot been determined, but ‘seems doubt-

The proper burning tempera,ture of dolomitic Roman cements is about 950
degrees C., and should be lower rather than higher.

Natural cement rock in the Lehigh district is crushed to a pea size
or smaller and burned in the rotary kiln. The length of burning is
considerably shorter than the time required to burn the rock in the
upright kiln. The clinker is burned unifcﬁr:_fnly and as a result there is
no underburned or overburned rock, and after the clinker is crushed
and .pullverized’it results in a superior quality of cement.

Crushing and grinding—The calcined “cement rock,” as it comes
from the vertical kilns, consists of hard and soft material. These
materials are separated, and at some plants the hard calcined rock is
discarded while at others the soit clinker is thrown away.

The calcined rock. first. undergoes a preliminary grinding. The
vertical cracker known as the coffee mill is the type which has been
most used in the past. The finely ground dust passes through screens
and is conveyed to the packing house while the coarser. material is
carried to the mill for fine grinding. 'The buhrstone and the rock
emery mills were the type in general use for fine grinding until the
last decade.

'The more progressive manufacturers of natural cement today crush
the calcined rock in a disintegrater or Kent mill and then paés ittoa
tube mill for the fine grinding. The advantages of the tube mill are:
(1) fineness of the product, usually 90 to 95 per cent. through a 100-
mesh sieve; (2) its large capacity; (3) no screening necessary; (4)
repair of mill and wear of pebbles very small; (5) eliminating the
troublesome attention required in‘the dressing of stones which is nec-
essary in the buhrstone and rock emefy mills.

Until the last decade the grinding of calcined cement rock was
seldom carried further than 95 per cent. through a 50-mesh sieve. The
- manufacturer now realizes that fine grinding has the effect of increas-
ing the sand-carrying capacity of the cement, making its strength test
greater in mortars and the cement more sound.
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THE NATURE OF PORTLAND CEMENT

In the beginning of the modern practice of the manufacture of
cements it was observed that limestones containing argillaceous matter
possessed hydraulic properties when calcined. The early makers of
cement attributed the hydraulic properties to the presence of the clay.

The French were the first to investigate extensively the nature of
cements and while there were also many other works in Germany,
England, Russia, United States, and elsewhere, it is only possible here
to give a brief summary of a few of the more important investigations.

Vical made known the results of his investigations in 1818; how-
ever, his experiments were confined chiefly. to hydraulic lime and
puzzolan.

Le Chatelier" was the first to make a mineralogical (microscopic)
examination into the nature of Portland cement. He considered tri-
calcium silicate (3CaQ.Si0O,) the active element of cements, and found
also what he considered to be tricalcium aluminate.

Richardson in 1902 illustrated the crystalline character of Portland
cement by means of micro-photographs and came to the conclusion
that it is a solid solution. In 1904’ after carrying on the most extensive
microscopic investigation yet attempted, he arrived at the conclusion
that cement clinker consists of two solid solutions, i. e., tricalcium
aluminate (3Ca0.A1,0,) dissolved in tricalcium silicate (3Ca0.SiO,)
and dicalcium aluminate (2Ca0.A1,0,) dissolved in dicalcium silicate
(2Ca0.8i0,). |

W. B. and S. B. Newberry®, making a study of synthetic compounds,
agreed with Le Chatelier that tricalcium silicate (3Ca0.Si0,) was the
active element in cements; however, they considered the alumina pres-
ent as dicalcium aluminate (2Ca0.A1,0,).

Day and Shepherd® of the Geophysical Laboratory of the Carnegie
Institute were the first to study the synthetic silicates both by the aid
of petrologic and physico-chemical methods. They first carefully

1Annales des Mines, 1887.

zPapers, Ass’'n Amer. Portland Cement M’f'rs, June 15, 1904.

3The Constitution of Hydraulic Cement: Jour. Soc. Chem. Inds., Vol. XVI, XI.
‘The Lime Silica Series of Minerals: Jour. Am. Chem. Soc., Vol. XXVIIL. No.

9, Sept. 1906, pp. 1089-1114.
. &
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studied lime (CaQ) and silica (SiO,) separately. They observed that
calcium oxide is so refractory that with the present pyrometers it is
not possible to make a satisfactory determination of its melting point.
“They succeeded by direct experiment upon pure silica in establishing
the fact that tridymite and not quartz is the stable crystalline form of
silica for all temperatures above 1,000 degrees. The further study of
silica established many important facts. Having investigated the two
component minerals of the lime-silica series thesr began the study of
their relation to each other in mixtures of various proportions., After
extensive chemical and microscopic work these investigators were able
to reach a conclusion that tricalcium silicate (8Ca0.SiO,) does not
exist. Their remarks concerning the former belief that it was the

important constituent of Portland cement are as follows':

A moment’s consideration should suggest that there is no real necessity
for assuming the existence of the tricalecium silicate in order to explain the
‘riature of Portland cement. It is a system of .at least three components with
a great number of pOSBlbﬂl‘bleS The real-difficulty appears. to have been
that erystalized lime is relatively inert and does not readily give the reactions
common to ordlnary lime, consequently the tests which were thought to dem-
onstrafqe the absence of frée lime in these preparations have proved very mis
leading. For example, we have found that crystals of lime are but very
slowly attacked by water (See page 1,094). Amnother argument which is freely -
dffered, that there can be no free lime present ‘‘because if free lime is added
the cement dusts spontaneously’’ is obvious fallacy. Free lime does not cause
. the dusting and if it did the fact that the addition of free lime caused dust-

ing would be no proof that none was present.

In the microscopic sections studied, every preparatlon contammg
more than 65 per cent. CaQ (orthosilicate composition) an excess of
free lime could always be -poslitivdy identified. The tricalcium silicate
composition was fused and cooled in vatrious ways and free lime was
always found present in quant1ty and further examlnatmn of sections
made by other workers always showed free lime present so they were
forced to the conclusmn that no tricalcium s111cate ex1sted

Burchard says?:

"¢¢The most 1mportant'pi1reiy scientific studies of the conmstitution of Port-
land cement clinker have been carried on during the last few years by Day,

Ibid, note 8, pp. 1106-1107.
2The Cement Industry in the United States in 1910: Advance Chapter from
Mineral' Resources of the United States, 1911.
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Wright, Shepperd, and Rankin in the Carnegie Geophysical Laboratories,
‘Washington, D. C* In the more recent work it has been found that a small
addition of alumina brings out the tricaleic silicate, but it appears to have
peculiar properties and limitations. For instance, the tricaleic silicate has
been found to be. unstable at its melting temperature and for some degree
below, so that a melt of this compound invariably erystalizes on cooling to
orthosilicate and lime. In the presence of alumina, or even alone, if held for
a sufficient time at temperatures in the vicinity of 1,800° the orthosilicate and
lime ‘combine to form a new compound with new and independent properties,
homogeneous within the limits above noted. As the result of about 800 ob-
servations, it has been concluded by these investigators that tricalecic silicate
belongs to that class of compounds which form by reaction between the solid
components, but which decompose before the melting temperature is reached;
that is, they are wholly unstable in contaet with the melt. The reaction is,
therefore, reversible and would be expressed as follows: 3CaO.8i0, 7=2Ca0.
8i0, -+ CaO. :
PORTLAND CEMENT

Portland cement is derived from an artificial mixture of calcareous
and argillaceous materials consisting essentially of lime, silica, alumina,
and iron oxide, which, when brought together in certain definite pro-
portions, finely ground, and burnt to incipient vitrification, result in a
fused mass known as clinker, which when pulverized to a fine powder
has the property of setting under water and attaining a high com-
pressive and tensile strength.

RAW MATERIALS .
The following raw materials are used in the manufacture of Port-
land cement:
Calcareous materials Argillaceous materials
High-calcium limestones or mar- Clays, shales, or slates
bles Clays
High-calcium limestone with ar- Slags
gillaceous limestone
Marls
Limestones
" 1Day, A.‘L., Shepherd, E. S., and Wright, F. E., The lime.silica series of min-
erals: Am. Jour. Sci., 4th ser., Vol. 22, October, 1906, pp. 265-802. Shepherd, E. S,
Rankin, G. A., and Wright, . E., The binary systems of alumina with silica, lime,
and magnesia: Am. Jour. Sci., 4th ser., Vol. 28, October, 1909, pp. 293.333. Shep-
herd, E. S., and Ramnkin, G. A., Preliminary report on the Ternary system CaOAl,-

0,810,. A study of the comstitution of Portland cement clinker, with optical study
by F. B. Wright: Jour. Ind. and Eng. Chem., April,"1911, pp. 211-227. '
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The essential ingredients used in the manufacture of Portland
cements are all found combined with one another and with other con-
stituents in calcareous ot argillaceous materials. While the essential
constituents all occur in nature in the uncombined state, with the ex-
ception of lime, they are never used commercially in the uncombined
form, except in small quantities’ when the raw materials are deficient
to some slight extent in any one of the essential elements.

The raw materials from which Portland cement may be made in
North Georgia are, chiefly: (1) High-calcilim limestones or marble
and clays, shales or slates; and (2) high-calcium limestone and argilla-
ceous limestone. ‘ ) L

Calcium carbonate, which is the source of the lime, is the predomi-
nafing constituent in the calcareous materials, while silica and alumina
form the chief constituents of the clays, shales or slates. Iron oxide
is aiways present in both the calcareous and argillaceous materials and
greatly facilitate their fluxing in the kiln; however, in the manufac-
ture of a white Portland cement iron is not desirable and the alkalies
are used to promote the fluxing. ' |

CALCAREOUS MATERIALS

The calcareous materials should satisfy the following physical and
chemical conditions: '

1. 'The lithologic character of the calcareous materials should be
uniform over a unit of sufficient thickness for economic development.

2. Concretions of iron in any form; uncombined silica in the form
of chert, flint, quartz veins, or when combined in the minerals tremolite
and diopside, is seriously objectionable.

3. It is always essential that the magnesia content be low, so that
after the argillaceous material has been added the total quantity of
magnesia does not exceed 5 per cent. The magnésia content of lime-
stone varies from a fraction of one per cent. to the trtie dolomites. It
is one of the most important factors to be taken into consideration in
the location of the calcareous materials.

. 4. 'The argillaceous ‘content consisting of silica and alumina should
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not be in sufficient quantity to interfere with the desired silica-alumina
ratio in the finished product.

5. To obtain a white Portland cement the percentage of ferric
oxide in the calcareous material must not exceed 0.2 per cent.

6. The alkalies are usually contained in very small amount in the
high-calcium and argillaceous limestones and need not be considered;
however, they are sometimes present in objectionable quantity in the
marls.

7. 'The sulphur content should not exceed .5 per cent.

8. The phosphorus content seldom needs to be considered, except
in the marls. It should not exceed .02 per cent.

High-calcium limestones-—High-calcium limestones may be holo-
crystalline or crypto-crystalline in their physical character. The holo-
crystalline limestones contain a very high percentage of calcium car-
bonate and are usually low in impurities. ‘The holo-crystalline lime-
stones, or marbles are usually massive and often the recrystallization
has been so complete that all traces of the original bedding have been
obliterated.

The crypto-crystalline limestones in places occur in massive beds
and are usually extremely dense. They are most abundant in the
Appalachian Valley region, and are an important source of lime for
the manufacture of Portland cement. The content of calcium car-
bonate is usually lower than in the holo-crystalline limestones with a
greater percentage of impurities, consisting chiefly of silica, alumina,
~and iron oxide, while they are frequently associated with beds con-
taining much magnesium carbonate.

Argillaceous limestones.—The argillaceous limestones are usually
dense, non-crystalline in physical character and high in clayey impuri-
ties. When the silica, alumina, and iron oxide consist of 20 to 25
per cent. and the calcium carbonate consists of about 75 per cent. of
the rock, it is then known as an argillaceous limestone. The argillace-
ous limestones form the most important source of both the calcareous
and argillaceous materials used in the manufacture of Portland cement
in the United States. The argillaceous materials are supplied in these
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_rocks and for this reason they are often classified with the argillaceous
-rocks; however, the high content of calcium carbonate places them

-among the limestones. It is usually necessary to. add a small per-
centage of very high-calcium limestone to these argillaceous limestones
in order to procure a suitable mix for Portland cement, although they
are also the most important source of the calcareous materials.

Marls—The marls are extensively used in the manufacture of
Portland cement. High-calcium marls and argillaceous marls are’
usually well suited for making cement and are generally characterized
by a low content of magnesia. The marls are seldom consolidated and
the first cost of crushing is unnecessary, As marls are not found in
North Georgia they will not be further discussed.

ARGILLACEOUS MATERIALS

- The argﬂlace@us ‘materials should satisfy: tlie following phys1ca1 and
chémical conditions:

1. The lithologic character ‘of the argillaceous matetial should be
_uniform’ over a sufficient thickness‘for economiic development.

2. Concretions of iron in any form, uncombined silic_a in the form

‘and-qiiartzoveingsdre seriot +
. 3. The silica content shotild be from 66 to 70 per cent Argisllgi-
“ceotis materials deficient in’ silica cafi-be usediwith free silica in sthe
form of pure finely ground sandstone; however, it is always most
deégirable tor add the silica in combined form.

4. Tt is always essential that the magnesia content be low so that
the comibined mix of calcareous and argillaceous material does not
exceed b per cent.

5. Iti the manufacture of a white Portland cement the clay must
besufficiently-—low it ferric -oxide : (Fe;O,) so that the combined
material contains less than 0.5 per cent. '

6. 'The content of stilphur should not exceed 0.5 per cent.

The following telation of the chemical 1ngred1ents of the argilla-
¢eots material is preferable: - ’ SR

The ratio of the silica to the alumina should range between 8 to 1 -
and 4 to 1. 'The sum of silica and alumina should not exceed 86 per
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cent. The sum of the alumina and iron oxide should not be more
than one-half the silica. The closer the sum of the alumina and iron
oxide approaches one-third the silica the better.

The presence of iron oxide (Fe,O,) is desirable in the manufacture
of the gray cements to facilitate the fluxing ; however, it should not be
in such quantity as to cause the iron oxide (Fe,O,) content of the
finished product to exceed 4 per cent.

The argillaceoué materials consist of clays, shales and slates and
may all be of similar chemical composition, but differing in their
. physical characteristics.

Clays.—The residual clays of North Georgia are seldom suitable
for use in the manufacture of Portland cement. The residual clays
in the Appalachian Valley region, which are derived from high-calcium
limestones and shales, may be of sufficient thickness locally to be
available.

Shales and slates—The-shales and slates consist of fine-grained,
consolidated muds and usually contain less than 5 per cent. of calcium
carbonate. Shales and slates used in the manufacture of cements are
known as normal shales and slates when they contain less than 5 per
cent. of calcium carbonate, while they are known as calcareous shales
and slates when they contain more than this amount of calcareous
material.

CHEMICAL INGREDIENTS

The more important and essential chemical constituents, which
compose the mixture in the manufacture of Portland cement, are lime,
silica, alumina, and iron, while the less important or accessory con-.
stituents are magnesia, the alkalies, sulphur, water, carbon dioxide,
and at times the following substances: phosphorus pentoxide, titanic
oxide, strontium oxide, ferrous oxide, and manganous oxide, all of
which occur in such small quantity that they can be neglected.

The chemical analyses of a cement alone does not give us any
information regarding the combinations in which the chemical elements
occur in the cement. T'wo cements containing essentially the same
chemical analysis may differ to a very considerable extent in their
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e
.

physical properties. Definite proportions of the essential ingredients
are necessary to produce a Portland cement that will satisfy the standard
physical tests.
CHEMICAL INTERPRETATION

In order to obtain a conception of the nature of Portland cement it
is necessary to be familiar with the chemical constituents of which it
is composed. The more important elements contained in cements,
their symbols and atomic weights are given in the following table’:

Symbols and Atomic Weights of Elements

Element Symbol Atomic Weight
Hydrogen_.__ ... oo _.. . H 1.01
Oxygen_ .. __. ._..__. 0 16.00
Silieon . oo e e Si 28.40
Alominum . ... ____ Al 27.10
Iron___________________ Fe _ 55.90
Caleitm __ - ______ Ca . 40.10
Magnesium o o .. — oo - Mg - © 24.36
Carbon._ . _____ . . ______ C 12.00
Sulphur________ . _____ 8 o 32.06

The analyses of the raw materials and cements are always given
in the.form in which these elements are combined.
The more important compounds which constitute a Portland cement

mixture are:

Caleium carbonaté (CaCOy)
Magnegium carbonate (MgCO;)

Silica _ (810,)
Alumina (ALOs)
Oxide of iron (Fe,0y)
Alkalies (Na,0, K;0)

The chemical interpretation of these compounds is as follows: -

The molecular weight of any of these compounds is equal to the
sum of the atomic weight of the elements constituting the compound.
The percentage of any element contained in the compound is obtained
by adding the atomic weights and dividing the result into the atomic

1Jones, Harry C., Hlements of Inorganic Chemistry, 1908, pp. 121-122.
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weight of any one element. For example, take calcium carbonate
(CaCQO,), which may be considered as made up of lime (CaO) and
carbon dioxide (CO,) :
One atom of Ca has an atomic weight of . _________ 40.1
One atom of C has an atomic weight of .______________ 12.0
Three atoms of O have an atomic weight of 3 XX 16 or_. 48.0
‘The moleeular weight of the calcium carbonate is equal to the sum
of the atomic weights of the elements constituting the compound. The
molecular weight of the lime (CaO) equals the sum of the automic
weights of its elements, that is, 56.1. In order to obtain the percentage
of any one element in a compound divide the atomic weight of that
element by the sum of the elements contained in the compound. For
instance :
Ca has a molecular weight of 40.1
O has a molecular weight of 16.0 } 06.1
Percentage of calcium (Ca) in lime (CaO), 40.1=561=7T14
Percentage of oxygen (O) in lime (CaO), 16.0 +—56.1 =285
If the percentage of lime (CaO) is given and the percentage of
calcium carbonate (CoCO,) is desired divide the percentage of lime
(CaO) by .56 and if the calcium carbonate (CaCO,) is given and the
lime (CaO) is desired multiply the percentage of calcium carbonate
(CaCO,) by .56. '
CaLcuLATION OF CEMENT MIXTURES
In calculating mixtures of calcareous and argillaceous materials
for the first time it is necessary to rely entirely on the chemical analyses
of the untried materials. It has not yet been found possible to scien-
tifically express the composition of Portland cement in a mathematical
- formula, so it is therefore impossible to arrive at a definite conclusion
as to just what the ultimate analyses of the cement of any local raw
materials should be except through experiment. It is possible to
arrive at a close approximation to the ultimate composition of the
cement by the use of a formula (3Ca0.SiO, 4 2Ca0.A1,0,) pre-
sented by Prof. Newberry for the constitution of Portland cement. In -
Prof. Newberry’s calculation the percentage of iron oxide is added to
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the percentage of alumina, the total being considered 'as alumina, while
he does not take into account the magnesia. Eckel presents a formula
which differs from Newberry’s only in the fact that the magnesia and
the iron are allowed for. The various steps in the proportioning of a
cement mixture as given by Eckel are:

Operation 1. Multiply the percentage of silica in the clayey material by
2.8, the percentage of alumina by 11, and the percentage of iron oxide by 0.7;
add the products; subtract from the sim thus obtained the percentage of lime
oxide in the clayey matberial plus-1.4°times the percentage of magnesm and eall
the resulf n.

Operation 2. Multiply the percentage of siliea in the calcareous material
by 2.8; the percentage of alumina by 1.1, and the-percentage of iron oxide by
0.7;° add the produets and subtract the sum from the percentage of lime oxide
plus 1.4 times the percentage of magnes1a in the calcareous material, calling
the result .

Oeration 3. Divide n by m. The quotient will be the number of parts
of caleareous material required for one part of clayey material.

Examplé. - Assuming that mateérials of the following comp051t10n are in
use the operatlon would be as follows:

: ‘ ~ Clay Limestone
Silica (8i0,) - ' - 622 24
-Alumina (A1LO;) ' 16.1 2.0
 Perric. oxide (Fe,0) S48 0.3
Lime (Ca0) - 1.8 50.2
‘Magtiesia (MgO) L 1.5
Sulphur trioxide (SOj) ST 0.6
Alkalies (Na,0, K;0) 0:8 - 0.4
‘Water, carbon dioxide, ete.  12.2 _ 42.6
Operation 1, clay: -
~ Siliea X 2.8 = 62.2 X 2.8 =— 17416
Aluming, X 1.1 =161 X 11 = 17.71
Iron oxide X 0.7.= 42 X 0.7 = 294
. 194.81
Lime = . X 10= 16 X lLuvu= 1.60
_ Magnesia X l4= 12 X 14 = 1.68
3.28
‘ 19481—328*"19153:11 o
Opera,tmn 2, limestone:
' Silica X 28 = 24 X 28 = 672
. Alumins, X 11 =.20 X 11 = 220 .
Iron oxide X 0.7= 03 X 0.7 = 0.21

‘1Cements, Limes and Plasters, 1907, pp. 8982-393.
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AN OUTCROP OF WHITE MURPHY MARBLE AT THE PERSEVERENCE QUARRY, 2 MILES EAST OF JASPER,
PICKENS COUNTY, GEORGIA
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Lime X 1.0 = 50.2 X 1.0 = 50.20
Magnesia X 1l4 = 15 X 14 = 210
_ 52.30
52.30 — 9.13 = 43.17 = m.
Operation 3: ‘
n 43.17 part of clay by weight.

— = — 4.44 parts of limestone to be used for each
m 191.53
It must be recollected that the value given by the above formula repre-
sents the highest amount of lime theoretically possible under the best possible
conditions of fine grinding :and thorough burning. Even in the best run plants
these conditions cannot be attained in practice, and in a frial run either in a
test kiln or in actual plant it is foolish to attempt to reach this limit. The
limestone shown by the formula should therefore be reduced in order to get
safe results. A reduction of 10 per cent. will probably be satisfactory. In
the example given above this would work out as follows:
4,44 — parts of limestone (to 1 of elay) allowed by formuls -
0.44 — 10 per cent. reduction for safety. ‘

4.00 = parts of limestone (to 1 of clay) to be actually used.

TRANSPORTATION FACILITIES AND MARKETS
The first essential specification in the location of a Portland cement
plant is that it shall have adequate transportation facilities. A plant
should be located if possible either on a water route and a railroad or
in close proximity to two railroads. A location with respect to an
adequate market is another essential factor. !

CONDITIONS AFFECTING DEVELOPMENT

Determination of quality.—In the search for raw materials suitable
for the manufacture of a Portland cement it is desired to secure beds
of definite and uniform chemical composition over lithologic units of
sufficient thickness to be economically available. Limestones and dolo-
mites cover wide areas and are often of great thickness. Limestones
containing more than 5 to 6 per cent. of magnesia can not be success-
fully used in the manufacture of a Portland cement. The relative
content of magnesia in the calcareous rocks can be told with considera-
ble accuracy in the field. Dolomites and dolomitic limestones carn
always be detected in the field by the fact that when they are treated
~ with dilute hydrochloric acid they effervesce with difficulty. Magne-
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sian limestones containing from 5 to 15 per cent. of magnesia effer-
vesce more slowly than the high-calcium limestones. When high-
calcitim limestones are treated with dilute hydrochloric acid they are
entirely dissolved.

In the search for a limestone available for a cement, it is first
desirable to select a section where the limestone is best expdsed in the
formation and to make a careful study of the character of each lith-
ologic uni* and to collect samples for chemical analyses from every
inch of each unit. The physical character of the calcareous rock is
usually a criterion of the chemical composition and when a thorough
knowledge of the whole formation is obtained any definite bed can be
recognized when exposed ‘and its chemical composition known with
sufficient accuracy to justify a careful sampling for a definite accurate
knowledge of the rock at ary point.

- In the search for argillaceous materials it is also essential to be
familiar with the relation of lithology to chemical character. 'The
magnesia content in the argillaceous ‘materials is usually low and the
most important factors to be taken into comsideration are the silica-
alumina ratie; the-content of iron; and the physi‘c‘-'ali character of the
argillaceous material.-

Determénation of quantity—The determination of the quantity of
raw materials is an essential factor in the location of a Portland cement
plant. A plant should not be built unless there is sufficient raw
material present to supply a mill with a capacity of 2,000 barrels a
day for at least 25 years. The term so often used “the indications are
that :the materials are inexhaustible” is sufficient proof that the author
of such a statement knows but little of the occurrence of these materials.
What is desired are the facts, and nothing but the facts should be
considered concerning raw materials.

The horizontal length and width of the outcrop and the depth to

~ which it can be commercially won can be easily ascertained. The num-
‘ber of cubic feet of stone can be obtained by multiplying these values,

which, multiplied by the weight of one cubic foot of the material in
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pounds, divided by 2,000 (2,000 pounds to the ton) will give the availa-
ble tonnage.

_ Relation to topography and drainage.—The location of the plant in
its relation to topography and drainage has an important bearing on
the cost of manufacture of the cement. If the quarries of the calcareous
and argillaceous materials are so situated that the raw materials can
reach the plant and pass through each process to the final bagging and
packing by means of a gravity system, it is needless to say it can be
done at considerable less cost than at the mill where the raw materials
are raised from below water level to the mill, and raised and reraised
through the many procesées to which it is necessary to pass the raw
. materials. Quarries located above water level can be drained with ease
and thorough drainage greatly facilitates the quarrying of the rock in
wet weather. ’

Owerburden.—The thickness and character of the overbufden, if
present, should be carefully ascertained. The writer has seen quarries
started where in a very short time the amount of the overburden will
reach a thickness, due to the dip of the rocks, that will prevent the
commercial winning of the raw materials.

Location with respect to fuel supply—A Portland cement plant
must be located in the close proximity to a fuel supply. The fuel con=
sumption represents one of the largest items in the cost of manufacture.
Great water-power developments may furnish power for the operation |
of the machinery; however, it will be necessary to use coal as a fuel
in the burning of the raw materials in the rotary kiln. While the high-
carbon coals, that is, anthracites and semi-bituminous coals, give higher
temperatures than the bituminous coals they are not as satisfactory as
the bituminous coals for use in the rotary kiln. When the high-carbon
coals are pulverized and blown into the kiln combustion takes place
more slowly than when pulverized bituminous coal is used.

The specifications for a coal to be used in the rotary kiln for the
burning of the raw materials to incipient vitrification are as follows:

1. 'The volatile matter should be high, preferably between 30 and
40 per cent., so that the maximum temperature is produced in the
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rotary kiln about 10 feet from the lower end of the kiln. When the
maximum temperature occurs too far-from the lower end of the kiln
it causes “ringing” and it makes it difficult fof the burner to watch the
vitrification of the clinker, through a knowledge of which he regulates
the burning.

2. 'The ﬁxed carbon should preferably range between 50 and 60
per cent.

i

3. 'The lower the content of sulphur in the coal the better. When
the content of sulphtir is more than 1 per cent. it is liable to cause
many - difficulties. . ' '

4. The lower the content of ash the better. A high content of
ash ﬁot only decreases the heating p’éWer of the coal, but a considerable
portlon of the ash is contained in the cement mixture, and thus ash in
excess contammates the ﬁn1shed cement.

COALS AGCESS]ZBLE TO NORTH GEORGIA
Chattanooga dzstmct —The coals avaﬂable for use in the manu-
facture of P@rtland cement in North Georg1a .can be obtained from
the Chattanooga dlstnct contammg portions of the three-states of
Georgia, Alabaii - e -
. Hayes deﬁnes the 11m1ts of the Chattanooga district as follows

The Chattanooga distriet includes the territory from the Emory River
ard a short distance into northern Georgia and Alabama. It includes
wariée basin, which is a portion of the Cumberland Plateau, the Walden
basin, sepaiated from the Cumberland Plateau .on the west by Sequatchie
Valley, -and. the- Lookout .basin, ‘which oeeup1es the northern portion of the
.Lookout Mount,am syneline.

’

Analyses of_ coals .from the Tennessee portion of the Chattanooga
district® are given below..

ifayes, C. W., 22nd Ann. Rept. U. S. Geol. Strvey, Pt. III, 1002, pp. 234.
28hiflett, R. A., Mineral Resoufces of Tennesses for 1909, pp. 35-36.
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Chemical Analyses of Coals from Tennessee Portion of Chattanooga

District
2 = i o)
County and Operating | Name of ] 2 2 5 3 5
= = oS 2R w =
Company Coal £ gS5 2¢g = 5 =
BB | 4 2] &

BLEDSOE COUNTY-— ins. |per ct.per ct.[per ct.per ct.per ct.

& Atpontley Coal Co..__[Sewanee_._._. 34 63.57) 28.17) 7.10, 1.61 1.15

CUMBERLAND COUNTY—

E Clear Creek Coal Co__[Isoline . _____ 44) 53.86| 42.20, 2.21| 1.73 1.47
Fall Creek Colliers..__{Upper Sewanee 50 63.70 30.76] 4.82/ 0.72 0.40
Renfro Coal & Coke CoSewanee._...__ 42 68.27) 28.32| 2.32| 1.03 0.06
Waldensia C’l. & C. Co{Upper Sewanee 42-60| 64.50 29.55 5.50| 0.45 0.54

GRUNDY COUNTY—

Flat Branch Coal Co-_-Sewanee____ .. 34| 66.80 24.57| 7.43] 1.200 0.66
Nunely Ridge Coal Co Sewsnee____.. 36| 61.68 29.73| 7.65| 1.04______
Sewanee Fuel & Iron CojSewanee....__ 30/ 59.88 31.32| 7.50| 1.30| 0.85
Ten. Consol’d Coal ColSewanee_...._ 42| 61.68 29.73| 7.65 1.04 .. ____

HAMILTON COUNTY— :
Montlake Coal Co____Ne. 10._.___. 36| 64.92 26.34] 8.74--.._. 0.84
New Soddy Coal Co. » _

BigS)_ ..o eo..No. 9. _______ 300 61.22 27.40) 10.11| 1.27] 0.47
New Soddy Coal Co. : T
(Soddy) e No. 7. ... 27} 60.44) 29,18 7.16] 2.100 1.12
Sale Creek Coal Co___No.2____.___ 421 60.29| 31.27| 7.02] 1.42| 0.60
MARION COUNTY— : :
Battle Creek C'1 & C CoBattle Creek__124-312| 59.77| 34.74 5.12] 0.02 0.17
New Etna Coal Co__. . Kelly________ 321 73.12 20.26; 4.70__.___| ____.
Nunley Ridge Coal Co [Sewanee_.____ 48 61.68 29.73| 7.65 1.19 0.73
Ten. Consol’d Coal Co|Sewanee.____. 36 60.60 30.30] 6.000 1.04 _ _ _._

RHEA COUNTY—

Fox Coal Co. 1____._. No.2__._____ 240 60.57) 84.23 3.77 1.43 0.51
Fox Coal Co. 2_..____ No.5._______ 30 60.24 28.97) 9.45 1.34 0.82
Dayton Coal & Iron CoRichland_.__. 22 59.20| 31.00] 12.40_____.} (.99

ROANE COUNTY— :

Roane Iron Co_.._._. Sewanee__._ .. 54°53.76 30.13| 15.96/.. ____ 0.61

SEQUATCHIE COUNTY— ‘ _
Southern Steel Co_..._ Sewanee__.._. 48 58.85 29.50 10.55 1.10, 0.86

WHITE COUNTY—

Bon Air Coal & Iron Co
. Ravenscroft, Mine_.Bon Air__ ._ __ 36/ 57.00 37.00; 4.90; 1.10/._____
- Bon Air Coal & Iron Co :
Bon Air, Mine _ .. ._No.3__._.__._ 54| 57.50 33.00| 7.50___.__ 2.00
Clifty Creek Coal Co._[Sewanee______ 48| oo
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Georgia Coals—The commercial coal deposits of Georgia occur
only in Sand and Lookout mountains in Walker, Chattooga and Dade
counties.

Lookout and Sand mountains structurally consist of shallow syn-
clines separated by the Lookout Valley anticline. The base of these
mountains consists of the Bangor limestones immediately above which
occurs the Lookout sandstones and shales. The coals worked in the
vicinity of Coal City in Sand Mountain occur in what are known as

" the lower coal measures, that is, in the Lookout sandstones and shales. -
The Walden formation lies stratigraphically immediately above the
Lookout formation and carries the Sewanee coal. Only a compara-

- tively small remnant of this formation remains on Lookout Mountain

and forms what is locally known as Round Mountain.

Chemical Analyses of the More Zm{zoﬁdﬁﬁﬁaa‘l&% of Georgia

w
Name of /| Location of “g’: gl o8 5 g Analyst or
Coal Mine : =t |5 ,,_é 14 ) authority
=] S = = Q
SIETIET| 43 |8
Suwanee! |Durham, Walker ) - Gustave Bedell,
| County. ... .[-—.._ 79.100(16.030| 4.810/0..360{0. 007, * Chattanooga,
Sewanee? |[Durham, Walker, A. 8. Hewitt,
. County. - - - - 0.615(75.956121.011| 1.9400.470|.___.| New York.
Tatum3__.{Reck Creek N. P. Pratt
'Gulch, Walker| Laboratory,
‘County.. . - . .{1.020{75.980[20.850| 1.440/0.7600.007, Atlanta.
~ Rising Rising Fawa, : A. S. Hewitt,
 Fawnt_.| Dade County_|-.... 75.756/19.046| 4.84000.786/0.002) New York.
Raccoon® |Cole City, Dadel - N. P. Pratt
County-— .. 1.150/50. 12024 .850(13.880(1.510|. .. ..| Laboratory,
. Atlants.

iSpencer, J. W., Geology of the Paleozoic Group of Georgia and Resources
Geol. Survey of Ga., 1893, p. 258. i ;

. Tbid, p. 258.
sMcCallie, 8 W., Coal Deposits of Georgia: Geol. Survey of Ga. Bull. 12, 1904,
p. 42,

tAverage of three analyses, Spencer, J. W., Geology of the Paleozoic Group of
Georgia and Resources: Geol. Survey of Ga., 1893, p. 250.

tMcCallie, S. W., Coal Deposits of Georgia: Bull, Geol. Survey of Georgia No.
12, 1904, p. 90.
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Correlation of the coal beds of Georgia with one another and with
the coal beds occuring in similar formations in Tennessee and Ala-
bama have been attempted on lithologic grounds by many workers;
however, they have hardly been more than conjectures. Prof. S. W.
McCallie, in speaking of the correlation of the Georgia coals aptly

remarks’: ,

The only solution to the question of correlating the coal seams of the
upper coal measures of Lookout Mountain with the coal seams elsewhere, seems
to lie in the paleontological evidence furnished by the associated shales. Many
of these shales teem with plant remains, which, if properly studied, would, no
doubt, furnish valuable aid in correlating the various coal seams of Sand and
Lookout mountains. Until such evidence is obtained mno correlating, of any
scientific value, is likely to be worked out.

Analyses of Coals of Georgia by Dr. William Henry Emerson?

Carbon Hydrogen | Water Sulphur | Nitrogen Agh
1 2 3 4 5 6
I 85.75 4.63 .88 .79 1.44 3.17
II 86.97 4.44 1.06 .62 1.25 2.00
Ii1 79.41 4.60 .93 .88 1.39 9.05
v 85.07 4.48 77 .88 1.50 3.42
A% 84.32 4.72 1.21 .78 1.66 4.20
Calculated | Colori- Differ- | Difference Heating val- Fixed carbon,
heating meter ence per cent. | ue per gram and moist-
value of combust'n| wure, free
7 8 9 10 11 12
I 8.366 8.415 — 49 — .6 8.770 79.1
IT 8.351 8:409 — 58 — .7 8.675 78.4
111 7.821 7.763 + 58 -+ .7 8.624 75.3
v 8.234 8.290 — 56 — .7 8.653 78.0
v 8.292 8.211 -+ 81 -+~ 1.0 8.680 78.1

I. Lump coal, Durham Mine, Walker County.
II. 8. T. Carson’s property, Walker County. Vein 120 feet below Durham.
III. S.T. Carson’s property, Walker County. Vein 180 feet below Durham.
IV. Washed coal, Durham Mine. ‘
V. TUnwashed coal, Lookout Coal & Coke Co., Walker County.
The last two columns show that all these coals belong to the same class,
the differences not being greater than those that might arise in coal from the

1Coal Deposits of Georgia: Georgia Geological Survey Bull. No. 12, 1904, pp.

112-1138. )
zContained in report by S. W. McCallie, Geological Survey of Georgia, Bull.

No. 12, 1904, pp. 116-117.
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same mine from difference of sample combined with experimental errors. They
fall .in. the lower part of the sem1~b1tum1nous class, whose heating value, ac-
cordmg to Prof. Wm. Kent, ranges from 8,666 to 8,888 calores, and whose
fixed car¥bon ranges from 75 to 85 per cent.?
WINNING THE RAW MATERIALS

The winning of the raw materials is one of the most important
factors to be taken into consideration in the cost of cement manu-
facture and one which has probably been most ne-g’lect“ed In North
Georg1a the'raw materials can only be economiically’ woti by open quar-
rying. It is most desirable to locate the quarries on ‘the hillside in
order to secure a long working face, to facilitate the drainage of the
quarry so that wet weather will not interfere with quarrying and to
‘make it possible to convey the raw materials to the mill by means of
gravity. It is seldom poss1b1e to secure both the limestone and the
shale in such an ideal pos1t1on however if the two materials are not
in immediate proximity it is most desirable to locate the mill, prov1ded
all other conditions are satisfactory, at the soutce of the 11emstone as
about three or four parts of limestone are used. to one part of shale.

The quarrymg -consists first of str1ppmg the overburden if such
oceurs, Wh1ch in North Georgia, usually condists

al ‘or trans-
hentical char-
; W1th the
quarry stone. The method of working the quarry depends on the local
topographic and geologic conditions. ILimestone quarries are usually
best Worked in one or more benches. After the drilling and blasting

ported clays more or less heterogeneous in phys al an

acter; “in ‘order to prevent the contamination of

of the rock froth place the more massive rock is sledged or reblasted
and thén loaded éither by hand or stéam shovel into carts or small cars
and taken to the stone house. VVhen a quarty is worked to a con-
siderable depth below water level or some distance from the mill the
raw material may be lifted from the quarry and conveyed to the mill
by means of an aerial tram. In the quarrymg of s ale ‘where it is
physically homogeneous over a sufficient thickness, steam shovels are
far rioré satisfactory than in the winning of lifmestone.

1Emeérson, William H., in Coal Deposits of Georgia: Geol Survey of Georgia,
Bull. No. 12, 1904, pp. 116-117.
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PrOCESS OF MANUFACTURE

Limestone.—The limestone first undergoes a preliminary crushing,
which results in a stone of about two inches in diameter. The stone
necessary for the day’s run passes directly to the rotary driers, while
the excess of crushed stone should pass to storage bins having a ten
days to two weeks capacity in order to provide for the night’s run and
to supply the mill in case of any break-down in the stone house. The
driers both for limestone and shale, if located close to the kilns, can
utilize the ‘waste heat from the kilns and save the additional expense of
fuel for drying the raw materials. When the limestone leaves the
driers it should be conveyed to storage bins with at least a twenty-four
hour capacity, so that the mill will be supplied with stone in case of
any delay in the drying. The limestone then passes to the mills for
preliminary grinding, from which it is conveyed to a storage bin.

Shale—~The shales first undergo a preliminary crushing and are
co-nveyéd, like the limestone, to storage and driers and thence to the
mills for preliminary grinding, from which it is conveyed to a storage
bin. | , .

Mixture of limestone and shale—The ground limestone and shale
‘at this point in the process of manufacture are drawn from the storage
" bins in the proper proportions as determined by the chemist and thor-
oughly mixed. The mix can be made by alternate drawing of portions
of the calcareous and argillaceous materials or by the use of automatic
mixing machines. The mix is then conveyed to the pulverizing ma-
chines, from which it passes to the kilns where it is burned to incipient
vitrification and passes out of the slightly inclined rotary kilns as
clinker and is conveyed either to cylindrical coolers or direct to the
clinker pile, where it is exposed to the atmosphere and allowed to
season and soften. The cool and seasoned clinker is conveyed to the
finishing house. The clinker now undergoes a preliminary grinding,
the gypsum to retard the set is added and then the ground clinker
must be pulverized. After the process of the fine grinding is complete
the cement passes to the stock house where it is stored and seasoned
and then packed in bags ready for shipment.
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 Hinrs IN CONSTRUCTION -:0F PLANTS

1. Eath grmdmg uhit shotild have its storage bin with at least a
twenty-four kot cipacity.

2. Each kiln should be provided with a storage bin with at least
- a twenty-fodr cipacity. '

3. 'The limestonss of North Georgia available for the manufacture
of ‘cemenit aré hird cottipact sethi‘crystalline fo crystalline in physical
chardcter and require a heavy machme for their grmdmg and -pulver-
izing.

4. Sufficient grinding machinery to provide for an ample capac1tv
should be installed, so that the mills can turn out considerable more
material than is ordinarily required of them.

5. In order to acqulre the greatest efﬁc1ency all machines which
operate togethér in” c: He ‘process' should have their

o ofit &
power derived from the samie source.

ild be s¢ stibdivided that any machine may be
cut out withéut stoppitig the opération of other machines.

6. The power shot

SLAG- OR" PUZZOLAN CN 1

it i

The raw materials from Wh1ch the slag or Puzzolan cements is
made in this country consist of blast—furnace slag anid h1gh—calc1um
-hmestone The analyses of the slag must be constantly made so that
the proper cémerit m1xture can be made up e1ther before or after the

fter the mixture of the raw

The s~pec1ﬁcat1ons for | blast—furnace slag are as follows :

Silica (SlOz) e iimeeea ey . 22 to 30. per ceut.
Aluming and ir6n ox1de (AlJOB, Fe,0)... 11 to 16 ¢ s
Time (CA0) v.vuviivrerrnrenennanion.. 40 £6,52 ¢ ©
Magnesia (MgO) .ivviveiiviieninnnn. less than ¢ ¢ ¢
Alkalies (N2,0, KoO) vvvvvvninnunnenn less than 1.5 ¢¢ ¢¢
 Loss by ignition ......oveiane.. lIess than 2.5 to 7.5 ¢¢ ¢

Mathews and Grasty, Limestones of Maryland, with special reference to their
use in the manufacture of lime and cement: Special Publication Marylarnd Geol.
Survey, Vol. VIII, Pt. 8, 1910, p. 825,
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OXYCOHLORIDE CEMENTS
_'The raw materials from which these cements are derived consist ’
of magnesite from which the carbon dioxide (CO,) is driven off and
the resulting magnesia is treated with a solution of magnesium chloride
(MgC1,) of 25 to 30 degrees Baume. This cement has been used in ’
considerable quantity in the past year for interior work, that is, for
walls and flooring. When it is mixed with crushed stone and used
for flooring it results in a very hard and durable floor. The cement
is quick setting, and attains a very considerable compressive and ten-
sile strength, exceeding that of Portland cement. By the addition of
various pigments it can be placed on the market in any color.

HISTORY OF CEMENT DEVELOPMENT IN THE SOUTHERN STATES

Natural cement rock was found in the Southern States in 1829 at
Louisville, Ky., and at Shepherdstown, W. Va. In 1836 cement rock

~was discovered at Cumberland, Md., and in 1837 A. B. McFarlan, a
contractor of Washington, D. C, found cement rock at Round Top,
Md., on the north bank of the Potomac River. In 1848 the TJames
River cement works were established at Balcony Falls, Va., by H. O.
Locher. In 1850 cement rock was found at Cement, Bartow County,
Ga., by the Rev. Chas. W. Howard, of Charleston, S. C. A second
plant was established at Rossville, Ga., in 1901.

In the early history of the natural cement industry in this country
the large production was primarily due to canal construction. About
the year 1890 Portland cement, a more complex hydraulic cement
began to largely supplant natural cement for use in mammoth con-

- struction work where great strength and soundness are required.

The first Portland cement mill established in the South was. the
Virginia Portland Cement Company, at Fordwick, Va., in 1900. Dur-
ing the following year, the Southern Cement Company, North Bir-
mingham, Ala., began the manufacture of Portland cement from granu-
lated slag and hydrated lime. Three plants were put into operation
during 1903 : the Buckhorn Portland Cement Company, in West Vir-
ginia; the Southern States Portland Cement Company, in Georgia;
and the Texas Portland Cement Company, in Texas. In 1904 the only
plant in Kentucky was constructed.
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The production of Portland iceinerit -iffthé Seithern States prior
to 1906 was practically negligible. The Standdrd “Pottland Cetient
Company, in Alabama, was completed in the year 1906, and diring
this year seven mills produced 1,804,643 barrels, cOnétituting 8.9 per
cent. of the total output in the United States. During 1907 the Dixie
Portland Cement Company of Tennessee and the Dewey Portland
Cement ‘Compatty of Oklahoma were established. In 1907 eight plants
of the-Southetn States produced 1,814,470 barrels, or ‘8.7 per cent. of
the tofalroutput. In 1908, the Security Cement and Lime Company in
Maryland, and the Oklahoma Portland Cement Company in Oklahoma,
began operations, and eleven plants of the Southern States produced

2,204,840 barrels, or 4.3 per cent. of .the total output. During 1908,
the Southern States Portland Cement Company in Texas was con-
structed, and in, (this year twelve: plants produced 3,811,498 barrels,
Const1tut1ng 6.1 per cent. of the total output. The follovvmg year, the
Atlantic and-Gulf Portland ‘Cement Company in Alabama, the South-
western Cement Company in Texas,. and the Norfolk Portland Cement
Corporation in V1rg1n1a all began o«pera’aons so that in 1910 fifteen

the C11nchﬁe1d Portland Cement Corporatmn n Tennes ‘_,,_e the Pled-
mont Portland Cement Company in Georgia, and the ChoctaW Port-

land- Cement Company in Oklahoma, were all completed durmg 1911.
The total output for this year is not now available. ' :

The present capacity of the Southern mills, togethér with the con-
templated increase in capacity during 1912, will give the Southern
mills a daﬂy capacity of 44,880 barrels, or an annual capacity of more
than 16,000,000 barrels.: _

- The Portland cement plants of the Southern States at present are
as follows: -Maryland, two plants; Virginia, two; West Virginia, one;
Kentucky, one; Tennessee, two; Georgia, two; Alabama, three; Okla-
homa, three; and Texas, four. Missouri has four plants. The de-
-scription of these several plants i in the different states are given below.



HYDRAULIC LIMES, NATURAL AND PORTLAND CEMENTS 61

A
-
75 000000
II
70000000 /
.[l
o
65000000 / l}‘\‘
AR
60000.000 . ha
, / N
Y
BS 000.000 ], &
Sk
5S4 000000 : J\"\A d
| a7 w
45000 000 _gf iy
L0 000 000 | L
jy O
{y }
35000000 q ‘ N
] , N {\)
/
30 000 000 0// .- g
k N
. Qu _&_
25000000 A .
[/ K
¥ N
- 2Qo00 000 AV N\
y N
’"S 000 000 ?\\/# e
3 N
/0 000 co0 : - LAY/ \S
: 7074 5;.:20_4-/41/ TSE QA | A
sl 1" TN
500&000 - /// \\ \7__ el Y \Vd
A TR
i ,’/ - g L -
Y P N
N B Y N * 9 ND G
o Q%&)&mmm§g§gé§gsgggg§§§

71G. 1.—TABLE SHOWING PRODUCTION OF NATURAL AND PORTLAND CEMENTS IN
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MARYLAND

Security Cement and Lime Company' —This plant is located at
Security, Md. The planf was completed and put into operation with
its present daily capacity of 800 barrels during the summer of 1908.
It was constructed by the Maryland Portland Cement Company, which -
company combined in the fall of 1909 with the Berkley Lime Company
of West Virginia to form the present corporation. This new company .
is increasing the daily capacity of the plant to 2,400 barrels. The
brand is “Securlty

The raw materials consist of the 11mestones of the Conococheague
formation of Cambrian age and the Martmsburg shale of Ordovician
age. .
- Analyses of the Row Materials and Cement, Security, Maryland

Constltuents Limestone ' ‘S‘wﬁéle’ S Cement

Slhca (SlOz)_____-__“.___._-‘ 7.06). 6.04) 5.62|| 62.60| 63:91| 59.74) 21.72
1.08 1.96| 1.21||'21.25 18.73 22.63| 7.66
1.01f .62 .81 5.23 8.11 3.16] 2.50
49.14) 48.88 49.78/| .36 none| .73/ 62.91
1.70) 1.74) 1.58) ..94 1.83 2.43 2.30

: wodb st Tl 1 a8
773 I

40.02] 39.30| 46.96) .

100.01) 98.54| 99.96| 90.38 99.99] 96.42| 98.57

Tidewater Portland Cement Company—The plant of this company
is located at Union Bridge, Md., within 45 miles of tidewater. It was
completed and put into operation during the fall of 1911. It consists
of a mill with 4 daily capacity of 2,400 barrels of gray. Portland and
600 barrels of white Portland cemént. The lime’ plant has a daily
capa(:lty of 60 tons of common lime and hydrated lime. ,

The limestones used by this plant occur in the Loudon formatlon
of Lower Cambrian age, while the argillaceous material is a slate
which is an altered volcanic rock correlated with the Catacton schist.
T'his volcanic slate shows a composition rather low in silica, so that

iMathews, Edward, and Grasty, J. S., The Limestonés of Maryland, with spe-

cial reference to their use in the manufacture of Lime and Cement: Md. Geol
Survey, Special Pub., Vol. VIII, pt. 8, 1910. . )
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the ratio of silica to alumina falls below 2 to 1. 'This deficiency of
silica may be obviated by the utilization of the Newark shales of
Triassic age which occur within a quarter of a mile of the plant’.

" Analyses® of Limestones, Union Bridge, Maryland

Silica ($02)-- - wooooooo 4.46 1.40 6.40 1.73 0.28 1.26/ 1.08
Alumina (A1208)-- - .- bl o2 e 56 20
Ferric oxide (Fe203)_ - __ ' ' o ' 24 .36 ’

Lime (C80)- - -~ - n oo 51.94 53.75 51.04| 53.45 54.45 54.35 54.89
Magnesia (Mg0)--._ .- .. 1.100 1.06 .65 1.08 1.34 .64 .46
Tgnition .- _ooeoooo 42.03) 43.41 40.84| 43.19) 44.27 43.41 43.63

100.051 99.86] 99.55100.00{100.58{100.02 100.26
Calcium carbonate (CaCO3s)_.| 92.75 95.98! 91.14 95.45' 97.238! 97.05 98.01

Analyses of Shales and Clinker, Unton: Bridge, Maryland

Constituents Shale Gray White
clinker clinker
Silica (S8102)ec oo 58.00| 52.74 54.54 19.94 22.12
Alumina (AloOsg)_ .. __._.__| 22.28 23.44 24.24 7.57 7.56
Ferric oxide (FeaOs) - oo.__ 8.40 11.30| 9.80 3.45 .28
Lime (CaO) .o 420 .20 .85 65.58 64.10
Magnesia (MgO) oo .__. 2.06] 2.33 1.78 1.69 . 1.03
Sulphur trioxide (803) oo ocoo| coooo| cniml| oo .26 .21
s crtes SUNS ISUN I R .62 74
| 91.16/ 90.01i 91.21 99.11 : 96.04

VIRGINTA

Virginia Portland Cement Company®.—The plant of the Virginia
Portland Cement Company is situated at Fordwick, Va. It was estab-
lished in June, 1900. The plant has a daily capacity of 3,000 barrels.
The brand is “Old Dominion.” |

The raw materials consist of the Lewistown limetsone and the
Romney shale, both of Devonian age.

iInformation concerning the geology furnished by Dr. J. 8. Grasty, Asst. State
Geologist of Virginia. :

2Mathews, E. B., and Grasty, J. 8., The Limestones of Maryland, with special

reference to their use in the manufacture of lime and cement: Md. Geol. Survey,
Vol. VIII, Pt. 8, 19160.

3Data supplied‘ by Virginia Portland Cement Company, R. J. Hawn, Super-
intendent.
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Amnalyses of Raw Materials and C ement, Fordwick, Virginia

Constituents Limestone Shale Cement

C-3395 C-3325 _ ‘
Silica (SiO2) o e 4.40 56.92 21.60
Aluming (Al2Og) oo } . o4 { 17.83 6.85
Ferric oxide (Fea038) m oo ce i e oo ) 4.79 2.53
Pyrites (F682) e e - e | 1.22 e e
Lime (Ca0) oo oo o lL 51.20 4.30- 62.18
Magnema MEO) e 2.93 3.62 2.90
Water, alkalies, organic matter, ete__. ... 40.53 7.80 , 3.94
100.00 96.48 100.00
ualcmm carbonate (CaCOg)ue .o - .. - 91.44 7.82 ' ...

Norfolk Portland Cement Corporation' —The plant of the Norfolk
Portland Cement Corporation is located on the south branch of the
Elizibeth River opposite the United States Navy Yard near Norfolk.
‘The plant is a subsidiary company of the American Cement Company,
Phﬂadelphla Penn., and was buﬂt during the _year 1910. The brand

s “Giant.”

The Taw matenals cons1st of marls and clays T.he

1s roccur in

: The raw rnatenals are transported to th ‘jplant by barges_
from “'P1geon Creek, a tribtitary of James River, 22 miles distant. The
- clay barik is situated just above Smithfield, while the marl beds occur
on the opp051te side of the creek between Smithfield and Battery Park.

. Analyses of Row Materials.and Cement, Norfolk, szrgmm

Constituents . - M arl - Clay Cement
S (5L 0T T S _b 12.88 |- 65.06 | . 24.36
Alumina (A1203) oo 3.31 - 19.21 4.98
Ferric oxide (FesOsg) oo oL 3.81 6.59 5.42
Lime (Ca0) - —mcom s ommmmmcm o 44.00 1.06 62.81
Magnesia, (MgO)- oo .57 .82 .64
Sulphuri;rlomde (SOs)_____; _____________ e [ I
Tptittion .o ... 35.30 7.14 .51
/
99.37 | 99.88 98.72

iData supplied by Dr. J. S. Grasty, Asst. State Geologist' of Virginia.
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WEST VIRGINIA :
Buckhorn Portland Cement Company—The mill of the Buckhorn
Portland Cement Company is located at Manheim, W. Va, Operations
‘'were begun in the year 1903 with an average daily capacity of 800
barrels. ‘The Alpha Portland Cement Company secured this mill early
in the year 1909 and has since increased the daily capacity of the mill
to 1,500 barrels. The brand is “Alpha.”
The raw materials consist of the Greenbriar limestone of Lower
Carboniferous (Mississippian) age and shales of the same age. Quar-
ternary clays are found along the river flats; however, these clays are

not at present used in the mix.

Analyses” of Raw Materials and Cement, Manheim, West Virginia

Constituents Limestone Shale Clay Cement
Silica (8102) o ccmccccccceeeo . '12.84 54.22 60.42 22.82

. Aluming (A1203)_____'_ __________ }
Ferric oxide (Fes08) - - - oo 4.34 29.36 19.30 . 9.14
Lime (Ca0) - oo 44.60 .61 2.10 61.24
Magnesia (MgO)__ .. oo oooo__ 1.21 . .97 2.00 1.80
Sulphur trioxide (SOs)- ..o oo | . | .. 1.56
Ignition_ ____ . ______ B 7 ¢ ) S U
100.00 85.16 83.82 96.56

KENTUCKY

Kosmos Portland Cement C ompany.—The mill of the Kosmos
Portland Cement Cdmpany is located at Kosmosdale, Ky. The plant
was established in the year 1904, and has an average daily capacity of
1,500 barrels. The company is now engaged in enlarging the plant to
an avérage daily capacity of 3,000 barrels.

. The raw materials? consist of the Genevieve limestone of Lower
Carboniferous (Mississippian) age and residual clays derived from
the upper Waverly formation of the same age.
| 1Anaiyses furnished by G. S. Brown, 2nd Vice-President, Alpha Portland Ce-

ment Company.
?Data supplied by Prof. Arthur M. Miller, Lexington, Ky.
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Analyses® of Raw Materials and Cement, Kosmosdale, Kentucky

Constituents . Limestone Clay -|Raw mix Cement
Silica (Si02) - o e ae 1.50. | 67.30 |- 15.00 22 .45
Alimina (A1503) oo . } ,

" Ferric oxide (Fe203) _____________ -85_’ \23 .60 . 5.20 8.55
Lime (Ca0) e o oo . - 53.50 .60 42 .50 63.40
Magnesia (MgO)ee ..o .o 100 |- .80 1.30 2.00
Sulphur triexide (80s).-— - .o oo [ 1.202 1.152 1.50
Alkglies (Na20,K20)-.o .- .. I R T Sl .60
Igmtlon _________________________ 43.15 6.50 34.85 | 1.50

100.00 100.00 .100.00 100.00

TENNESSEE

Digxie Portland Cement Company. —The plant of the Dixie Portland
Cement Company is located at Richard City, Tenn. The plant began
" operations Novembér 1, 1907. The brand is “Royal.”

The ultimate daily 'capac1ty of the plant is between 6,000 and 7,000
‘barrels while the average daily output at the present time is about
4,000 barrels. - The raw materials consist of the Bangor limestones and
Pennington shales, both of lower Carboniferousv (Mississippian) age.

Analyses® of Ra,w Materials, Raw Mw and C ement, Richard Czty,

. Tennessee
Constituents / Lime- Blue Red Raw Ce-

" | stone shale shale mix ment
Silica, (S102)___________-___-_-_'__ 2.70 ] 52.78 | 67.02 | 13.78 | 22.00
Aluming (A12038) - coc oo } v '
Feiric oxide’ (Fes03) - - .. . .80 | 28.16 | 20.46 5.70 | 9.92
Lime (CaO)._._-. e e 52.30 2.56 1.41 | 42.18| 63.16
Magnesia (Mg0)__-owoemeoooo 1.16 3.32 2,36 1.99| 2.97
Sulphur trioxide (SOa) _____________________________ R 1.41
Tgnition. o oo e 42.75 | 11.38 | - 8.85 | 35.69 1.26

99.71 | 98.20 | 100.10 | 99.34 | 100.72

Clinchfield Portland Cement Corporation.—The plant of the Clinch-
field Portland Cement Corporation is located at Kingsport, Tenn. The

iAnalyses supplied by Mr. C. M. Dugan, Jr., Gen. Mgr., Kosmos Portland Ce-

" ment Co.

2By difference.

3Analyses furnished by Mr. J H. Guenther, Chief Chemist, Dixie Portland Ce-
ment Company.
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mill was completed and put into operation June 1, 1911, with an output
of 1,200 barrels daily. This output will shortly be increased to 3,000
barrels per day. The brand is “Clinchfield.”

The raw materials® consist of limestone and shale. The limestone
is obtained from the Chickamauga formation and the shales from the
Athens formation, both of which are of Ordovician age.

Analyses® of Raw Materials, Mix, and Cement, Kingsport, Tennessee

Constituents Limestone Shale [Uncalcined | Cement
' mixture

Silica (Si02) .. __ 0.58 63.39 14.40 21.82
Alumina (A1203) __________ S, }

Ferric oxide (Fe203) - __ | .86 27.08 6.98 10.70

Lime (CaO) o o oo 54.87 .26 42 .56 63.31

Magnesia (MgO)_ ... _____ .81 1.87 .92 1.21

Sulphur trioxide (SOs)._.___.___. none none none 1.50

Tgnition . ... 43.04 6.20 35.08 .66

' 100.16 | 98.80 99.84 99.20

GEORGIA

Southern States Portland Cement Company.—The plant of the
Southern States Portland Cement Company is located about 114 miles
directly north of Rockmart, Polk County, Ga. The company was
organized by H. F. Vandeventer in 1903. The average daily capacity
of the mill is 1,200 barrels. The brand is “Southern States.”

The materials used in the manufacture of cement are obtained from
the Chickamauga limestone and the Rockmart shale and slate. Both
formations are of Ordovician age.

Analyses® of Raw Materials and Cement, Rockmart, Georgia

Constituents Limestone Shale Cement
IR (5710 1) 1.62 60.01 21.21
Aluming (A120s8) - o com . } ‘ 21.88 .
Ferric oxide (Fe20s) - - - - ... 1.25 3.85 11.24
Time (CaO) - - e 53.22 2.32 61.82
Magnesia (MgO).. oo __ 1.30 . 1.36 2.73
Sulphur trioxide (8O3)ccoooooocoo| oo | ola-- 1.66
Ignition____ . ______ IR 42.37 6.53 1.21

99.76 95.95 99.87 -

Pata furnished by .Prof. C. H. Gordon, Tenn. Geol. Survey.

2Analyses furnished by Mr. S. Henry Harrison, Gen’l Mgr., Clinchfield Portland
Cement Corporation.

2Analyses furnished by Mr. J. L. Mack, Chemist, Southern States Portland
Cement Company. '
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Piedwmont Portg(md Cement Company—~—The plant of the Piedmont
Portland Cement Company is located at Portland, Polk County, Ga.
The company began operations in the spring of 1911. “The daily
capacity of the mill is 500 barrels.. The brand is “Piedmont.”

The materials used in the manufacture of cement are obtained

from the Chickamauga limestone and the Rockmart shale and slate,
both of Ordovician age. ‘

Aunalysest of Raw Materials and Cement, Portland, Georgia

Constituents Limestone Shale Cement

Silica (S102) - o me oo 2.06 50.26 | - 23.02
Alumina (A12038) .o __._.__. e 1.71 2}.38 9.94
Ferric oxide (Fe208) oo v .33 7.02 | __.._
Lime (Ca,O)____. _____________________ 51.71 , .42 60.93
Magnesia (MgO)-eoeoomo oo 1.82 2.30 3.72
Sulphur trioxide (808) oo o} el | eae 1.81
Tgnition ... " 42.06 6.19 1.07
99.69 96.57 100.89

AT, ABAMA

.Sauthem Cemem‘ Compcmy —The plant of the Southern Cement
' Company is Tocated ‘at North- l1rm1ngham Ala,; and was- esta.bhshed
in the year 1901. , _

The raw materials? consist of granulated furnace slag and hydrated
11me. This company makes a Portland cement, “Alabama” brand, and
also what they term a semi-Portland, “Magnolia” brand.

Aﬂalyses of the Slag and Portiand Cewment, North Birmingham,

Alabama.
_ Constituents - Slag Cement

Silica (Si02). --—-- S | 3240 - | 3000
Alumi‘na (Al203) i 14.60 13.20
Ferric oxide (FesOs) - o oo oo oo 75
Lime (C80) - - oo oo 50.37 © 52.00°
Magnesia MgO0) oo 1.77 1.2F
Sulphur trioxide (S08) wccecmcem oo oz. .86 1.00
Tgnition. . oo ool e m 1.80

100.00 100.00

1Analyses furnished by Mr. W. 8. Davis, Supt., Piedmont Portland Cement
Company.

.2Dgta supplied by Mr. Harold R. Sa.nson, Gen, Megr., Southern Cement Co.
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Standard Portland Cement Company—The plant of the Standard
Portland Cement Company, established in 1906, is located at Leeds,
Ala. The daily capacity of the plant is 1,250 barrels. The brand is

“Standard.” )
The raw materials® consist of the Trenton limestone of Ordovician

age and the lower Carboniferous (Mississippian) shales. Free sand-

stone is also added.

Analyses® of Raw Materials and Cement, Leeds, Alabama

Constituents Limestone | Shale | Sandstone | Cement
Siliea (Si02). o __ .| 7 182 56.81 | 94.02 23.56
Alumina (AleOg) . 1.10 21.94 3.08 6.52
Ferric Oxide (Fea0s) oo oo ) 8.13 .40 2.60
Lime (CaO) oo 53.15 1.76 1.66 63.16
Magnesia (MgO) oo 124 222 . 1.64
Sulphur Trioxide 8Os) ooooo oo e L 1.71

Ignition oo .. 42.89 7.68 1.02 .. __
100.20 98.54 | 100.18 90.19

Atlantic and Gulf Portland Cewment Com}mny.———The plant of the
Atlantic and Gulf Portland Cement Company is located at Ragland,

Amnalyses® of Raw Materials and Cement, Ragland, Alabama

Constituents___.____- Limestone Shale Mix / Cement
Silica (Si02) oo oo 1.60| 3.30 63.80| 60.24 13.70| 14.69] 22.07 22.30
Alumina (Al2O3) ______. < { 19.03| 21.10 }6 o 6 6.48 7.11
Ferric oxide (Fe20s)-. --- -781.22 7.97 8.38 (%3 '36{2.64 2.99
Lime (Ca0) oo 52.38| 51.23mone .20| 42.29 41.00| 62.89| 62.82
Meagnesia (MgO) .o .- 1.85 1.78 1.37, 1.88 1.86 1.79] 2.77| 2.57
Sulphur trioxide (SOs) oo ommlm oo 1.36) 1.46
Tgnition_ oo 42.84| 42.64| 6.86| 7.64|35.00/ 35.64] 1.05 .92

99.45100.17/ 99.03| 99.44/ 99.17| 99.98[100. 26/100.17

1PData furnished by Dr. W. F. Prouty, Asst. State Geologist of Alabama.
2Data furnished by Mr. 1. E. Mallery, Chemist of the Standard Portland Ce-
ment Company.

3Analyses furnished by Mr. Clarence N. Wiley, Gen. Mgr.,, Atlantic and Gulf
Portland Cement Company. Made by Pittsburgh Testing Lab., Birmingham, Ala.



70 ‘ +  GEOLOGICAL SURVEY OF GEORGIA

Ala. The company began producing cement June 6, 1910. The brand
is “Coosa.” o ( _

The average daily capacity of the plant is 2,400 barrels. The
capac1ty of the plant will be 1ncreased to 3,000 barrels during the
coming year. ' |

The raw materials consist of the Chickamauga limestones of Ordovi-
cian age and the shales of the upper Carboniferous (Pennsylvanian).

Alabama Portland Cement Company.—The plant of the Alabama
Pertland Cement Company is located near Demopolis, Ala. This plant
was not in operation during 1911. The raw materials consist of the
Selma chalk of Cretaceous age and the residual clays.

Mobile Portland Cement and Coal Company’—The Mobile Port-
land Cement and Coal Company planned to establish a plant at old
St. Stephens Bluff on the Tombighee River, and to ufilize the St. Ste-
* phens limestone. The plans have never materialized, probably due to
the fact that several locks, which are i the process of construction
between Demopolis and the coal fields, are not yet completed, and the
.plant could not be regularly supplied under the present conditions with
fuel.. » -

. . OKLAHOMA

Dewey Portland Cement Compony’—The plant of the Dewey
Portland Cement Company is located at the town of Dewey, in Wash-
ington County, four miles north of Bartletsville, on spur tracks run-
ning from the Atchison, Topeka & Sante Fe, and the Missouri, Kansas
& Texas railroads. ‘The main office is at Kansas City, Mo. The plant
began operations in 1907 with a capac1ty of 3,000 barrels per day.
The brand is “Dewey.”

The raw materials consist of the Dewey limestorie of middle Penn-
sylvanian age and shales of the same age, which lie immediately above
the Dewey limestone. '

iData. furnished by Dr. Wm. F. Prouf&, Asst. State Geologist, Alabama Geo.
logical Survey.

2Data, furnished by Dr. Wm. F. Prou’cy, Asst State Geologist, Alabama Ceo-
logical Survey. .
8Data furnished by Prof. Chas, N. Gould Director, Oklahoma Geological Survey.



HYDRAULIC LIMES, NATURAL AND PORTLAND CEMENTS 71

Analyses* of Raw Materials and Cement, Dewey, Oklahoma

Argil- High
Constituents laceous Calicum Shale Raw mix| Cement
" |Limestone] Limestone
Silica (SiO2) - ___ 11.92 1.40 83.04 14.96 | 22.98
Alumina (A120s)_ oo _________ 6.45 02 { 7.20) 3.60 | 5.88
Ferric oxide (Fe203) ..o ______ . 2.79 1.80 2.79
Lime (CaO) o ___ 44.24 54.65 1.90] 42.58 | 65.33
Magnesia (MgO) .- _._______ 1.23 tr. tr. .98 1.70
Sulphur trioxide (SOs) .. - | oo 1.
Ignition__ . _____.____._ 36.29 43.29 4.76) 36.16 |-__.____
100.13 100.26 99.78) 100.08 | 100.01

Oklahoma Portland Cement Company’—The plant of the Okla-
homa Portland Cement Company is located one mile southwest of the
town of Ada, Okla. The plant began operations during 1907. The
mill has a capacity of 3,000 barrels per day. The brand is “O. K.”

The raw materials consist of limestone from the top of the Viola
formation of Ordovician age and the Sylvan shale of Silurian age.

Analyses of Raw Materials and Cement, Ada, Oklahoma

] Constituents Limestone | Shale [Cement

Silica (S102) - <o ool 0.42 42.30 | 22.04
Alumina (AleOa) oo . .71 12.56 7.10
Ferric oxide (FeaOs) oo e oo oo .10 - 5.92 3.12
Lime (CaO) oo __ e 55.08 12.86 | 62.00
Magnesia (MgO) oo oo oo .28 5.50 2.40
Sulphur trioxide (8Os) - e
Tenition. oo oo ... 43.11 18.11 2.06
99.70 97.25 | 98.72

Choctaw Portland Cement Works*—The plant of the Choctaw
Portland Cement Works is located 124 miles south of Hartshorn,

1analyses by R. P. Chamberlain, Chief Chemist, Dewey Portland Cement Co.

2Data furnished by Prof. Chas. N. Gould, Director,

Survey.

3Data furnished by Prof. Chas. N. Gould, Director,

Survey.

Oklahoma Geological

Oklahoma Geological
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- Okla., on a spur track of the Chicago, Rock Island & Pacific Railroad.
The Choctaw Portland Cement Works was organized in July, '1909,
and the plant began operations in the fall of 1911 with a capacity of
1,500 barrels. The brand is “Elephant.”

The calcareous material consists of the Wapanucka limestone of
lower Pennsylvanian age. The shale is obtained from a bed just
beneath the limestone and is of the same age.

Analyses1 of Raw M atemals and C emem Ha/rtsh,om OFklahoma

Constituents Limestone Shale Cement

Silics (Si02) amoce e e 1.10 55.50 | 22.85
Alumina (A1203) . oo .. J .60 19.25

Ferric oxide (FeaOs) - oo oo .10 7.65 | (10-31
Lime (Ca0) - e o oo '54.70, | 5.60 | 63.28
Magnesia (MgO) _______f________’_-___\‘ __________ , 1.10 .60 1.57
Alkalies (N220,K20) .. __ _-.__._. [ SN z 96 |
Sulphirr trioxide (8O0s)in oo v S S IS - URN (N 7' 1.47
Ignition . 42,00 10.00 |_.______

©99.60 | 100.36 | 99.48

TEXAS ,

Alamo Cement C ompany.—The works of the Alamno Cement Com-
pany are located at San Antonio, Texas. The plant was established in
1879 and incorporated in 1880. , .

 'The raw materials? consist of the Fagle Ford argillaceous lme-
stones and shale of the Black Prairie series of upper Cretaceous age.
'The materials are mixed in the desired proportion.

Analysis® of Cement, San Antonio, Texas

Lime (Ca0) ...vivevivnns. A 61.82

Aluming (ALO:) . vieriiii ittt \ 13.60
Ferric oxide (FesOp) -.ovvvvrennneiiiiiniiiiinnen f »

CLime (C0) ... 61.82

Miagnesia (MgO) ........cocvivinen. [ .58

' Sulphur trioxide (Sl()s) ....... et .82
Ignition . ..ol e ‘

99.82

iAnalyses of limestone and shale by the Kansas City Testing Laboratory, and
the analysis of the cement by the Engineering Dept. of Cornell University.

2Data furnished by Dr. Wm. B. Phillips, Bureau of Hconomic Geology, Uni-
versity of Texas.

Data supplied by Mr. Charles Baldus, Algmo Cement Company.
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Texas Portland Cement Company.—The plant of the Texas Port-
land Cement Company is located at Dallas, Texas. The original Texas
Portland Cement Company, of which the present company is the suc-
cessor, was established in 1903 and a mill was located 4% miles west
of Dallas. In 1907 the old plant was abandoned and a new modern
mill was built about 200 yards east of the old mill. The plant has a
daily capacity of about 3,000 barrels. The brand is “Lone Star.”

The raw materials?, consisting of limestone and shale, are obtained
from the Eagle Ford strata of the Austin Chalk, Gulf series of upper

Cretaceous age.

Analyses? of Raw Materials and Cement, Dallas, Texas

Constituents Limestone | Shale | Cement

Siliea (Si02) oo oo oo oo 8.98 54.80 | 20.72
Aluming (AlsOg) oo o 4.66 22.80 8.15
Ferric oxide (Fe203) - oo 2.31 5.70 3.60
Lime (Ca0) oo oo 46.20 3.20 | 63.18
Magnesia (MgO) - .. .56 1.25 .75
Sulphur trioxide (SOs) - - . .50 1.63
Tgnition o ___ S 36.14 11.66 1.80

98.85 99.91 | 99.83

Southwestern States Portland Cement Company—The plant of the
Southwestern States Portland Cement Company is located at Eagle
Ford, Texas. Operations were begun. July 4, 1909. The brand is
“Trinity.” The average daily capacity of the plant is from 2,500 to
3,000 barrels.

The raw materials® consist of limestones and shales of the Eagle

Ford formation of upper Cretaceous age.

Data furnished by Dr. Wm. B. Phillips, Bureau of Hconomic Geology, Uni-

versity of Texas.
2Analyses furnished by Mr. L. L. Griffity, Gen. Supt., Texas Portland Cement

Company.
3Data furnished by Dr. Wm. B. Phillips, Bureau of Economic Geology, Uni-

versity of Texas.
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Analyses* of the Row Materials and Cement, Eagle Ford, Texas

Constituents - Limeéstone | Shale [Cement

Sitica ($102) - —mmm oo 6.82 | 59.87 | 20.80
Aluming (Al208) v com oo 3.03 _17.70 7.44
Ferric oxide (FeaO3) - oo . 1.45 5.50 .40
Lime (Ca0) - oo oo oo 48.40 2.26 | 64.12
Magnesia (MgO) oo _noo - SR SR 120 | 1.15 .95
Sulphur trioxide (808) oo oo e e 1.51
Tenition o e 88.80 | 11.80 |_.._____
99.70 08.28 | 95.22

Southwestern Portland Cement Company® —The plant of the South-
western Portland Cement Company is located at El Paso, Texas. The
company began operations in February, 1910, and began shipment
March, 1910. The brand is “El Toro.” The average daily capacity
of the plant is 1,200 barrels. ’

The raw materials are taken from the Comanche series of Cre-
taceous age. ’

Analyses of Raw Materials and Cement, El Paso, Texas

Constituents Caleeraous Argillaceous Cement
materials materials

Silica (8102).-._-._._-—._{ 5.01 8.94 [22.28 24.35 |17.66 23,39 23.14 23.40
Alumina (A1303)._-__ }2.33 3.98 | 8.68 | 8.44 | 6.85 | 8.67 | 8.40 { 5.47

" Ferric oxide (Fe20s) R T A A PUPUO
Lime (Ca0)or oo 50.47/48.05 [37.23 (36.78 39.59 63.99 (63.18 | 64.20
Magnesia (Mg0). .| .99/ 1.11 | .92 [1.60 | 1.16 { 2.07 | 2.06 | 1.83
Sulphur trioxide (SOs) e el U89 Lo 170 | 1.67 1.37
Ignition__.__._____.___ 41.20138.56 (30.79 {28.00 {33.14 .87 .29 .40
100.00/100. 64 99 90 100 06'98.40 100.69'98.74 | 96.67

1Ana.lyses furnished by Mr. M. M. Ludlow, Chemist, Southwestern States Port-
iand Cement Company.

2Data furnished by Mr. O. J. Binford, Secretary, Southwestenn Portland Ce-
ment Company.



PHYSIOGRAPHY, STRUCTURE AND GEOLOGY OF
NORTH GEORGIA

PHYSIOGRAPHY

North Georgia is divided into four physiographic provinces
known as the Piedmont Plateau, the Appalachian Mountains, the
the Appalachian Valley, and the Cumberland Plateau.

PIEDMONT PLATEATU

This plateau lies between the Coastal Plain on the. southeast
and the Appalachian Mountains on the northwest. The southeast-
ern boundary is known as the Fall Line, which is an irregular line
extending from Augusta. through Milledgeville and Macon to
Columbus. The western boundary is not so well defined as the
eastern boundary, but follows a sinuous line extending in a general
southwest direction along the eastern base of the Blue Ridge from
the South Carolina-Georgia line near Toccoa to the vicinity- south
of Cartersville, Bartow county. The plateau is characterized by
an undulating plain which slopes gently from its western border,
where it attains an altitude of about 1,200 feet, to the southeast
where the elevation along the Fall Line is from 300 to 500 feet.

APPALACHIAN MOUNTAINS
These mountains are bounded on the southeast by the Piedmont
Plateau and on the west by the great Appalachian Valley. They
consist of an eastern range of mountains generally known as the
Blue Ridge and a western series known as the Unaka Range, com-
prising the Cohutta Mountains in Georgia. The Blue Ridge and
the Unaka are separated by a series of mountains and high valleys.

APPALACHIAN VALLEY
This great valley lies between the highlands of the Appalachian
" Mountains on the east and the Cumberland Plateau on the west.
It is made up of a series of ridges and minor valleys which run in
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an approximately parallel direction, Three types of ridges are
found in the area. The Indian mountain type, which extends from
Alabama into Georgia, is made up of conglomerate and quartzite.
The resistant character of these materials cause them to withstand
erosion to a greater extent than the other types, so that they are
characterized by a greater altitude. The second type, consists of
such ridges as Taylor and Gaylor, and Chattooga and Dirtseller
mountains, which extend in a general parallel direction with their
crests almost perfectly horizontal and more even than the Indian
mountain type. A third type consists of a large number of low
elevations rising sometimes several hundred feet above the valley
level.
CUMBERLAND PLATEAU

The Cumberland -Plateau forms only a comparatively narrow
area in the extreme northwest portion of the State. The belt is
characterized by abrupt escarpments and flat top table lands. The
easternmost of the narrow plateaus is Lookout Mountain, which
terminates in a high abrupt point at Chattanooga. Sand Moun-
tain-is the southward continuation of Walden Ridge and consti-
tutes the western portion of the Cumberland Plateau area in
Georgia. It extends to the southwest into Alabama and to the -

northeast into Tennessee.
STRUCTURE

The physiographic provinces which have been described above
are all characterized by distinct types of structure, so that they
are structural as well as physiographic subdivisions.

- PIEDMONT PLATEAU .

The structure of the Piedmont Plateau is extremely complicated.

It contains great areas of holo-crystalline igneous rocks and also

holo-crystalline metamorphic rocks of sedimentary origin, all usu-
ally much folded and contorted.

APPALACHIAN MOUNTAINS :
The structure of the Appalachian Mountains is similar to that

which characterizes the great Appalachian Valley. The rocks are
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intimately folded and faulted, the general trend of the folds being
northeast and southwest, which corresponds to the general direc-
tion of the faults. The force which produced the folding and fault-
ing acted in a direction at right angles to the folds and came from
the southeast as is indicated by the overturned folds to the north-
west and the prevailing steep dips to the southeast. Regional
mé’_camorphi:sm is a characteristic of the Appalachian Mountain
belt and has been due in many cases to intrusions of igneous rocks.
The more intense metamorphism to which these rocks have been
subjected has developed minerals characteristic of metamorphic
rocks and a cleavage or tendency to split has developed across the

strata.
APPALACHIAN VALLEY

““The rocks of the Appalach1an Valley ustally dip at h1gh angles.
Théy have been compressed into folds having 2 general northeast
and southwest trend. These rocks have béen faulted in many
places, the displacements running approximately parallel to one
another and usually pa_rallel to the folds. The main force which
catiset the fétul”ci'hg and folding came from the southeast, ‘as is in-
dicated by the overturned folds to the northwest. The fault
pl’anes; as well as the predominating dip to the southeast, also in-
dicate the direction of this force. In the eastern portion of the
| great Appalachian Valley, where the materials have been subjected
to intense. pressure, the finer-grained’ rocks, like the shales, have
been largely recrystallized, and in the rearrangement of the. constit-
uents during recrystallization they have assured distinct cleavage.

GUMBERLA-ND PLATEAU
The rocks of the Cumberland Plateau occupy shallow synchnes
and have been disturbed but little from their original almost hori-
zontal position, North Georgia has been subjected many times
to horizontal compressions, elevations, and the degrading effects
of sub-areal erosion. '
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GEOLOGY

The four physiographic provinces which comprise North Geor-
gia all differ in the character of their rocks. The Piedmont Plateau
contains the oldest rocks in the State and as we proceed westward
crossing the Appalachian Mountains, the Appalachian Valley, and
the Cumberland Plateau, we traverse strata that become succes-
sively younger in geologic age. ‘

PIEDMONT PLATEAU

This plateau is made up largely of holo-crystalline and semi-
crystalline rocks of both igneous and sedimentary origin and rocks
so completely metamorphosed that all traces of their former origin
have been obliterated. '

The holo-crystalline igneous rocks consist primariily of granites,
gneisses and schists cut by a series of younger basic eruptives made
up largely of diabases and diorites. Belts of basic ferro-magnesian
silicates are found traversing the State in a general northeast and
southwest direction. They have been classed as eruptive rocks
by K.ing.1 ,

The rocks of undoubted sedimentary origin consist of conglom-
erates, quartzites, slates and limestones, while many of the schists asso-
ciated with these sedimentary rocks are thought to be of the same origin.
Dynamic and metamorphic agencies have been so great and have
extended over such a long period of time in the Piedmont Platean
that the diorites and many of the granites have taken on a gneissoid
structure ; shales have changed into slates, which in turn have been
metamorphosed into phyllites; sandstones have been consolidated
into quartzites; and both igneous and sedimentary rocks have been
changed into schists.

The rocks have a prevailing dip to the southeast throughout
the plateau and the dip varies usually from thirty to ninety de-
grees. The general direction of the strike is N. 20° to 30° E.

1King, Francis P., A Preliminary Report on the Corundum Deposits of Georgia:
Bull. Geol. Survey of Ga. No. 2, 1894, p. 71. '
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APPALACHIAN II\IOUNTAIN.S.

These mountains consist of crystalline rocks of igneous origin,
such as granite and diorite, associated with crystalline  schists
which are in part derived from igneous and in part from sediment-
ary rocks, together with undoubted sedimentary rocks, such as quart-
zites, concrlomerates slates, marbles, and limestones, all of which have
been more or less altered by heat and pressure. The i igneous rocks are
more prominent in the east and southeastern portion of the belt, while
the metamorphosed clastics prevail to the west.

. MURPHY MARELE
The Murphy marble of Cambrian age is the only formation in-
the Appalachian Mountams of Georgla containing calcareous ma-
terials of commercial 1mportance This formation is an extension
of the Murphy marbles of North Carolina, so named by Keith.*
Areal distribution—These calcareous rocks enter the extreme
_northeast corrier of Fannin County in two almost parallel lines of
outcrops separated by a fault. They continue to the southwest,
traversmg Gilmer, Pickens, and Cherokee count1es, sometimes .oc-
currmg along a''single belt and agam occupying. two belts. The
' exposurels are often widely separated due to the fact that these
rocks are in places concealed by the overlymg formations.
Lithologic chardcter—The calcareous rocks differ both in physi-
cal and chemical character. The physical character of the Murphy

" ‘marble is largely due to dlfferences in degree of metamorphismi,

résulting from pressure, folding, faulting, etc, The three pro-
‘néunced types of stone ‘are: high-caleium, holo-crystalline and
coarsely crystalline marbles, fine crystalline magnesiaﬁ marbles;
and fine-grained, largely crystalline, blue limestones. The com-
mercial marbles are all high-calcium and holo-crystalline.” The im-
pur1t1es originally contained in these marbles have crystalhzed out
in the form of graphite, hematite, mica, tremolite, and a few other
minerals. The magnesian marbles are all finely crystalline. Trem-

1Ke1th Arthur, Nantahala folio (No. 148), Geol. Atlas U. 8., U. 8. Geol. Sur-
vey, 1907.
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olite and talc have developed, especially along planes which appear
to be identical with planes of stratification; and other impurities,
as mica, pyrite, etc., are also contained in the magnesian stone.
Slipping has taken place, as shown by striations on the silicates.
The blue limestones are partly crystalline and few secondary min-
erals have been developed in them.

Paleontology—Prof, S. W. McCallie,! says:

Some yvears ago when making a study of the marbles of the State, the
writer discovered, in the marbles of Turniptown Creek valley, what appeared
to be imperfectly preserved fossils. The material was submitted to Prof.
Charles D. Walcott, Director of the U. 8. Geologieal Survey, who, upon exami-
nation, stated that the specimens appeared te contain organic remains; but
what they were he was unable to state, further than that they suggested sec-
tions of gastropod shells.

APPALACHIAN VALLEY AND CUMBERLAND PLATEAU
CAMBRIAN

The Cambrian rocks of Georgia consist of sandstones, quart-
zites, conglomerates, shales, slates, dolomites, limestones, and
marbles. To the east of what Héyes terms the Cartersville fault,
the Cambrian rocks have suffered far greater metamorphism, due
to more intense diastraphic movements than those rocks of the
same age lying to the west of this fault in the great Appalachian
Valley. ' ' '

The lower Cambrian quartzites and conglomerates of the Appa-
lachian Valley appear to be of continental origin. The transgres-
sion ‘of the sea in early Cambrian time was gradual and the argil-
laceous beds contained in the Beaver limestone indicate compara-~
tively shallow water conditions. The upper part of the lower Cam-
brian, consisting of the sandstones and shales of the Rome forma-
tion, contain ripple marks which are evidence of their shallow water
origin.

During Connasauga or middle Cambrian time in Georgia, the
interior sea transgressed over a wide area, and while shallow

MeCallie, S. W., Marbles of Georgia, Bull. Geol. Survey of Ga. No. 1, 2nd
edition, 1907, p. 34. ’
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waters continued to exist they were deeper than the waters of
lower Cambrian time. Limestones and argillaceous muds were
deposited. B .

The gradual submergence, which took place in the southern
Appalachian region in the middle Cambrian, continued and be-
came more pronounced in the upper Cambrian during which time
the marine waters of the southern Appalachian sea’ reached their
greatest depth.

~ The dpper Cambrian, consisting of the lower 600-700 feet of
the Knox dolomite, lies apparently conformable upon the Connasauga
formation.

" The three d1v1s1ons of the Cambrian are charactérized by three
genera of trilobites: the lower Carnbn-an, or Georgian, by Olonel-
lus; the middle Cambtian, or Arcadian, by Poradoxides, in the At-
lantic basin, and by Oleonides in the Appalachian region south of
the Champlain Valley; and the upper Cambrian, or Saratogan, by
Dikelocephalus. Schuchert® says: “In the lower Cambrian, or Geor-
gian, from Labrador to Alabama the life: represented 1is essentially that
of the Olosellus. thomsons fauna.”

WEISNER ‘QUARTZITE

The Weisner quartz1te is of lower Cambrian age. The strati-
graphic relation of this formation to adjacent formations of known
lower Cambrian age has furnished the evidence for placing it
among the lower Cambrian rocks.

Areal distribution—The Weisner. quartzite is found ifi two im-
portant areas in Georgia. It forms Indian Mountain, the north-
east portion of which extends from Alabama into the northwest-
ern portion of Polk County, Ga. On account of the resistant na-
ture of the quartzite, which lafgely compo.ses this formation, it
always gives rise to marked topographic features, as in the case of -
Indian Mountain, which reaches an alt1tude of more than 1,950
feet,

/

© 18chuchert, -Chas., Discussion of Continental Seas: Bull. Geol. Soc. of Amer.,
Vol. 20, 1910, pp. 447-464.
1Bull. Geol.. Soc. of Amer.,, Vol. 20, 1910, p. 517.
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AN EXPOSURE OF WEISNER QUARTZITE ALONG THE WESTERN & ATLANTIC RAILROAD, AT THE IRON BRIDGE OVER THE ETOWAH
RIVER, 1 MILE EAST OF CARTERSVILLE, GEORGIA, SHOWING THE CRUSHING AND FOLDING OF THE QUARTZITE
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Just east of Cartersville, the Weisner quartzite extends in a
general north and south direction for about fifteen miles and in
places reaches a maximum width of three miles.

Lithologic character—Hayes' says:

It consists chiefly of fine-grained vitreous quartzite, although it also
contains some beds of fine conglomerate and probably considerable beds of
siliceous shales. The latter, however, are usunally concealed by the abundant
‘“debris’’ from the quartzite beds, which fend to break up into angular frag-
ments when exposed to atmospheric conditions.

The thickness of this formation is probably 2,000 to 3,000 feet and may
be considerably more; but it cannot be determined because of the intense
folding whieh its beds have undergome and the absence of satisfactory
exposures.? ’ ‘

The Weisner formation occurs in the form of a massive lense
varying- greatly in thickness over a small area. The coarser ele-
ments of the formation occur in a series of lenses interbedded with
the finer grained rocks and vary considerably in thickness. The
beds of conglomerate often contain numerous angular feldspar frag-
ments showing that the material composing the conglomerate was
derived in part from granite. The angular character of the frag-
ments shows that they were not far removed from their original
source. The above enumerated facts, together with the general
absence of fossils, are evidence against the marine origin of the forma-
tion and point to delta deposits as suggested by Hayes.

Paleontology~—Prof. S. W. McCallie found in this formation at
a point near Cartersville what appeared to be the remains of bra-
chiopods, corals, etc.; however, none have been found sufficiently

preserved to be determined.

BEAVER LIMESTONE

The Beaver limestone lies stratigraphically immediately above
the Weisner quartzite and is of lower Cambrian age. Hayes® esti-
mates the thickness oi this formation at not less than 800 to 1,200

feet.

.1Hayes, C. W., Geological Relations of the Iron Ores in the Cartersville Dis-
trict, Georgia: Am. Ins. Min. Eng., Vol. XXX, 1901, p. 404.

2Ibid, p. 410.

30p. cit., p. 406.
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Areal distribution.—The Beaver limestone occupies a narrow
belt to the west of the Weisner quartzite in the Cartersville dis-
trict and extends from a point about three miles south of Carters-
ville to the northeast for about 18 miles. In addition to this belt
it underlies a broad level valley extending southward from Grass-
dale to the vicinity of Ladds Mountain.
~ Another area extends along the southeast side of Indian Moun-

tain from the Georgia-Alabama line to the vicinity of Oredell.

' Lithologic character.—Wherever the formation is present in Geor-
gia it is largely concealed and valley-forming. . The few exposures that
occur show it to be a semi-crystalline, gray, dolomitic limestone con-

‘taining in places considerable chert, while again it is somewhat argil- .
laceous in character. ‘ - '

The formation is usually overlain by a mantle of deep red resi-
dual clay containing chert derived from the dolomitic limestone
and quartzite fragments derived from the Weisner quartzite.

Paleontology—No- fossils have been found in this formation to
the writer’s knowledgé.

| - APISON SHALE

The Apison shale succeeds the Beaver limestone in the geologic
column and is overlain by the Rome formation. Hayes' estimates.
the thickness of this shale in Georgia at not less than 1,000 feet.
On account of the rather intense folding and faulting it is impossi-
ble to measure its exact thickness, g )

Areal distribution.—The Apison shale enters Georgia from Ten-
nessee at a point about two miles east of White Oak Mountain
and covers a lenticular-like belt extending in a southwest direction
to a point two miles east of Ringgold. Another small lenticular
shaped area is found in the southwestern portion of Whitfield
County. ; }

Lithologic character—The formation consists of argillaceous
- shales with alternating bands of red, purple, green and yellow.

iHayes, C. W., Ringgold folio (No. 2), Geol. Atlag T. S.,, U. 8. Geol. Survey,
1894.
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Paleontology—As far as known no fossils have been found in
this formation in Georgia.

ROME FORMATION

The Rome sandstones and shales occupy a position immediately
above the Beaver limestone in the Cartersville district, while they
lie above the Apison shale wherever these shales are found. .
Hayes® estimates the thickness of this formation at from 3,000 to
4,000 feet.

Areal distribution—The Rome sandstones and shales occupy
three areas in the Appalachian Valley region of Georgia. ’

The most northwestern area occupied by the Rome formation
extends in a southwest direction from the Georgia-Tennessee line
at a point about 2 miles east of White Oak Mountain to a point
about 114 miles southwest of Villanow. A wedge-shaped area of
Knox dolomite separates the Rome formation into two narrow belts
in the northern part of this area

" The Rome formation is most typically exposed in the central
area which extends in a general northeast direction from a point
just north of the Floyd-Polk county line at the Georgia-Alabama
line through Rome and into the Dalton area to the northeast.

The eastern area occupies~ a belt intimately associated with the
Connasauga formation to the north of Cartersville.

Lithologic character—The Rome formation of the northwestern
area consists of interbedded sandstomes and shales in the lower
portion, while the upper portion consists of argillaceous and sili-
ceous shales.. The sandstones are reddish, brown and purple in
color, while the shales are brown, reddish and olive green.

The formation of the central belt consists of interstratified thin
beds of fine-grained sandstones and siliceous shales, and contains
thin-bedded red sandstones at the base of the formation, while at
the top there is a heavy bed of light-gray sandstone.

In the area to the northeast of Rome, the formation is largely

Hayes, C. W., Ringgold and Rome folios (Nos. 2 and 78), Geol. Atlas U. 8.,
U. S. Geol. Survey, 1894 and 1902.
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made up of shales. The alternate bands of vari-tolored sand-stones
and shales and the usual brilliant coloring of these bands is a strik-
ing peculiarity of this formation.. The sandstones interbedded with
the shales cause this formation to bé more resistant to erosion than
the overlying Connasauga, and as a consequence give rise to a
series of hills both to the northeast and southwest of Rome which
are characteristic topographic features of the formation.
Paleontology—Lingula (?) were found in a glauconitic sand-
. stone by Prof. S. W. McCallie in the Rome sandstone at a point
about two and one-half miles east of Ringgold. '

CONNASAUGA. SEALES AND LIMESTON'ES

The - Connasauga formation of middle Cambman age varies in
thickness between 1 500 and 2, 000 Teet, and consists -essentially of
shales with interstratified limestones which in places reach a thick-
ness of 150 feet.

Az%e,a,l distribution.—The Connasauga formation extends across
the State in the western portion of the greas. Appilachian Valley,

_ llntnar w, areas, while in the; Cogsa Valley southwest of
‘Roime and in the: Vea'stern porti'on of the Appalach1an Valley it oc-
cuypies broad areas. ‘ :

The most western belt of the Connasauga enters the State just
west of Graysville, forming Peavine and Chattoega valleys and ex-
tends in a southwest direction across the State into Alabama.

. A narrow belt extends in a southwest direction from a point on

Cane Creek north of Trion forming the Vailéy‘ traversed by the
Central of Georgia Railway and extending into Alabaﬁla. Irregu-
lar lense-like areas also occur in the vicinity of “the Alabama line,

In the Coosa Valley southwest of Rome the Connasauga forms
a wide valley known as the “Flatwoods.” This formation extends
both to the northeast and southwest of- Rome. It occupies a com-
paratively broad valley to the northeast of Rome extending into

iHayes, C. 'W., Ringgold folio (No. 2), Geol, Atlas T. 8., U. 8. Geol. Survey,
1894. . )
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the valley east of Dalton. The formation extends to the southwest
of Rome into Alabama and forms irregular, long, narrow areas
along the Georgia-Alabama line.

A very narrow belt extends from the northwest corner of the
Catoosa-Whitfield county line to the southwest through Tunnel
Hill into East Armuchee Valley, reaching a point about four miles
southwest of Villanow.

In the Cartersville and Dalton areas the formation occupies
broad valleys and is intimately associated with the sandstones and
shales of the Rome formation.
| Lithologic character—The shales of the Connasauga formation
are alWays fine-grained extremely argillaceous rocks and olive
green to yellowish-green in color. At the base of the formation
thin bedded limestones interstratified with shales are usually pres-
ent, succeeded by olive green to yellowish-green shales with lime-
stones of considerable thickness at the top of the series.

The limestones vary in physical and chemical character over
wide limits. Some of the limestones have an odlitic-like structure.’
The oblitic limestones and those of the dark blue color are high in cal-
cium, The gray limestones usually contain intercalated clayey
impurities which are conspicuous on the weathered surface of the
rock. In places the gray rock is crystalline and resembles some-
what the Knox dolomite, but it never contains the chert so charac-
teristic of the upper Knox. The limestones are nearly always
characterized by secondary calcite veins. In the crushing to which
these rocks were subjected by earth movements, the shales readily
adjusted themselves by folding, while the limestones, being more
rigid, were fractured. The openings thus produced were subse-
quently filled with calcite deposited by percolating waters contain-
ing lime in solution, derived from the same formation. In the
Coosa Valley flat and rounded siliceous concretions are found which
sometimes contain trilobites. When the limestones reach their maxi-
mum thickness in this formation they form low ridges, while the
general argillaceous and calcareous character of the formation causes

it to be valley-forming. -



90 GEOLOGICAL SURVEY OF GEORGIA

Paleontology.—The Connasauga férmation contains the most
“abundant fauna of the Cambrian rocks in Georgia. Spencer' says:

These shales of the Coosa Valley comtain fossils which from & point three
miles southwest of Rome, C. D. Waleott has determined as belonging to the
genus Oleonides, and consequently belong to the middle Cambrian series.
% % % % The ghale ridges (which contain some sandstone) to the east of the
hasin below Rome apparently belong to a position beneath the shales to the

west as well as to the east of them, owing to the Oostanaula fault upon their
western side,

The shale ridges to which Spencer refers as containing some
sandstones are ﬁndoubtedly the sandstones and shales of the Rome
formation. The fact that the genus Oleonides was found in the
shales above the sandstones and in the Coosa Valley leaves little
doubt that the Oleonides came from the Cannasauga shales.

Spences again says:’

In the northern suburb of Rome, from arenaceous shales and elays above
the sandstones, fossils of the genus Bathyuriscus were found, and from the
sandstones Afinelid remains. * * ¥ On the eastern side of and above the
sandstone ridges; seven milés south of Rome, a bed of limestone intercalated
with sghales, contains Bathyuriseus and Ptychoparia and species of Orthis all
'*belongmg to middle Cambrian fauna.

The sandstones to which- Spencer again refers are the sand-
{ of the Romie formation and’ from hig description there is
some¢ doubt as to whether Bathyuriscus- was found in the upper
shiales of the Rome formation or in the Cannasauga however, the

Stot

faiina which he describes as coming from a bed of limestone inter-
calated with shales is undoubtedly Connasauga. Oleonides curticei
(,W‘alcptt') occurs in the siliceous concretions in the Connasauga
formation. '

‘The limestones of the Connasauga are in places made up largely
of the remains of trilobites and a small fossil (concretion-like),
which is thought to be Girvanella, occurs in the Connasauga lime-
stone near the base of Cedar Ridge east of Dalton,

‘Spencer, J. W, ’I‘he Paleozoic Group of Georgia: Bull. Geol. Survey of Ga.,

1893, p. 88.
2Ibid, p. 40. .
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CaMBRO-ORDOVICIAN

EKNOX DOLGMITE

The Knox dolomite of Cambro-Ordovician age lies immediatély
above the shales and limestone of the Connasauga formation. It
attains a thickness of from 4,000 to 5,000 feet and consists of heavy
bedded and massive partially crystalline dolomite.

Areal distribution.—The formation forms a broad area occupying
Missionary Ridge and extending from the Georgia-Tennessee line
dividing into narrower belts as it approaches the Alabama line.

The Knox dolomite forms narrow irregular areas between Taylor
Ridge on the west and the series of mountains on the east known as
Johns, Horn, and Chattoogata mountains.

Fast and southeast of Rome the Knox dolomite forms a great valley
area with no well defined ridges, while long narrow ridges are charac-
teristic of the formation in the western portion of the Appalachian
Valley region. The formation extends to the southwest to the vicinity
of the Alabama line and covers a broad area extending to the northeast.
It turns to the north in the vicinity of Cartersville and narrows out
in the northern portion of Gordon County.

In the northeastern portion of the great Appalachian Valley, the
Knox dolomite extends from the Georgia-Tennessee line in four some-
what broad areas to the south, becoming wedge-shaped at their southern
extremities.

Lithologic character—The formation is characterized by low nar-
row ridges and broad valleys, depending on the local structure and the
physical character of the beds exposed. The lower 500 to 700 feet of
this formation in Alabama, Georgia, and Tennessee is known to be of
upper Cambrian age and differs from the overlying portion of the
Knox in the general absence of chert.

 In Alabama the lower 500-600 feet of the Knox dolomite has been
separated from the upper portion of the formation by Butts® and called

IBull. 400, U. S. Geol. Survey, 1910, p. 14.
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the Ketona dolomite, on account of its great economic importance and
its difference in lithologie character from the upper part of the forma-
tion. In Tennessee and Georgia the lower 500 to 700 feet are prac-
tically -freé from chert and might here also be termed the Ketona
dolomite ; however, it could not be separated from the overlying Knox
- dolomite areally. No attempt has been made in Georgia to recognize
any of the subdivisions of this formation. According to Ulrich, the
upper limit of the Cambrian is drawn at the top of the main cherty
tiass of the Knox dolomite as exhibited in “Copper ridge.” The base
of the upper Cambrian or Ozarkic of Ulrich begins “with the lower
non-cherty member of the Knox.” ' '

The lower portion of the formation is characterized by heavy and
massive beds of gray largely crystalline- dolomite without chert, while
the upper beds are characterized: by a considerable abundance of chert
in thé form of layers and nodules. " In theé eastérn portion of the area
the ‘dolomite contains some sandy beds in the upper part of the forma-
tion.

Paleontology—In the lower portion of the Knox dolomite fossils
have been’ found which show that it is of upper Cambrlan age, Whﬂe
in the upper portion the fauna shows it fo'be of lower Ordovician’ age.

Inthe railroad cut about one mile south of Cleveland, Tenn., the
lower port1on of the Knox dolomite is exposed and carries Prychopama
and other Cambrian fossils’

ORDOVICIAN

" Theé rocks of the Ordov1c1an in Georg1a consist of dolomites, lime-
stones, and shales. .

At the beginning of Ordovician time in Georgia the great marine
transgres§ion occurring in upper Cambrian time comtintied and the
Knox dolomite which was deposited represents the lower Ordovician.
in part. ‘

At the close of the lower Ordovician: or Canadic (Ulrxch) period a
general regressive: movement of the sea covering -the Appalachian

1Spencer, J. W., Paleozoic Group of Georgia: Geol. Survey of Georgia, 1893,
p. 41, :
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Valley region took place. The elevation of the continent and a hiatus
of great extent is shown by the extensive unconformity between the
Knox dolomite and the Chickamauga formation. TUlrich and Schu-
chert, in their “Paleozoic Seas and Barriers” have advanced the idea
that during Ordovician time the Appalachian Valley was divided
longitudinally into several narrow basins which were more or less
separated from one another, thus accounting for the observed differ-
ences in sedimentation and life characterizing the several areas,

The lower Ordovician or Canadic (Ulrich) period {followed the
upper Cambrian or Ozarkic (Ulrich) period in the Southern Appa-
lachians with a gradual change in fauna. Little is known of the fauna -
of the upper Knox dolomite in the Southern Appalachian Valley.

During middle Ordovician time the southern type of fauna was
in general the Stones River typé. The Atlantic fauna mingled in
middle and later Chazy times, as shown by the occurrence of Maclurea
-magma, a well known species of the Atlantic Mid-Chazy period.

The upper Ordovician is represented in part in the upper portion
of the Chickamauga formation.

CHICKAMAUGA FORMATION

The Chickamauga formation, representing both middle and, in part,
upper Ordovician time in Georgia, consists of all the rocks lying be-
tween the Knox dolomite below and the Rockwood formation above.
This formation consists of two distinct types of rocks differing both in
lithologic and faunal character. These sediments were deposited in
basins separated by a barrier of Knox dolomite, and the basins ex-
tended much farther than the limits of Georgia; however, they may
be termed in Georgia the western and the eastern basins. The rocks
of the Chickamauga formation to the west of the Oostanaula River
were laid down in the western basin and several long narrow areas in
the northeastern portion of the Appalachian Valley region of Georgia
also belong to this basin. The rocks of the western basin consist of
interbedded limestones and shales and in piaces consist essentially of
limestones.
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The eastern basin was narrow and probably extended some distance
te the southwest into Alabama. It covered the area in the vicinity and
‘to the south of Cedartown, and in the Rockmart region it covered the
aréa now: occupied by the Chickamauga limestone and the Rockmart
shale, and in all probability extended seme distance to the east.

The formation' reaches a thickneds of 1,800 feet in the western
basin, and in the easterti basin the limestones reach a thickness of
probably 200 feet, while the shdles may be 2,500 to 3,000 feet' in
thickness. ,

Areal distribution.—The Chickamauga formation forms long nar-
“row areas when the dip of the rocks is inclined at a high angle, while
it forms long broad valleys when the crests of gently dipping anticlines
are exposed. ' »

* | The most weStern belt occupies the crest of a broad anticline and
extends from the viciniity of Wildwood in a sotthwest direction along
the valley of Lookout Creek to within two miles of the Alabama line.
" A small *V”-shaped area extends from the Tennessee line in the
vicinity of Chattanooga to a point about four miiles to the south.

A long -narrow area extends from a point about two miles south
of the Ténnessee line. into the sotithera extrem1ty of McLamore Cove.
It occupies both the east and west sidés of the va"ey of this cove and"

exténds down the valley of Chickamau ""a Greek "to' the north into
Tennessee The formation follows around the norf" ast end of Pigeon
B i1 and octupies a narrow area in the valley to the east of Pigeon
anid’ Lookout mountains.

" Andther area occupies the southeast and southwest sides of Dirt-
seller Moumtdin and extends to the north where it narrows to a point
a‘Bot‘It three triiles northwest of Trion. It occupies the western flanks
of” Ta“ylo‘r and Gaylor ridges; Simms, Heath, Turmp, john Horn and
Chattoogata mouritains and some intermediate areas.

In the northeastern pottion of the Appalach1an Valley in Georgia
three ‘long narrow areas of the Ch1ckamauga formation are found.
The fitst area underlies the valley at Dalton and extends several miles

Hayes, C. W., Rome folio (No. 78), Geol. Atlas U. 8., U. S. Geol. Survey, 1902.
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to the north and south of the town. The second area enters the State
from Tennessee at a point about one mile east of Red Ore and extends
about eight miles to the southwest. The third area enters the State
in the extreme northeastern portion of the Appalachian Valley and
extends to the south to the vicinity of Loughbridge.

The Chickamauga formation in the eastern basin has been divided
by Hayes' into the Chickamauga limestones and the Rockmart
shales. Limestones occupy the valley in the vicinity of Cedartown and
extend several miles to the south. The main belt of limestones and
shales extends from the vicinity of Hightower Mill in Polk County to
* the northeast and occupy the broad valley to the north of Rockmart,
becoming narrower to the northeast and extending to the vicinity of
Stilesboro.

Lithologic character—The Chickamauga formation shows such
wide differences in its lithologic character, both in a direction parallel
to the strike and across the same in the western basin that it is found
necessary to describe the outcrops in some detail. _

The formation in Lookout Valley consists of a hard, flaggy, blue
limestone, carrving an abundant fauna. The eastern base of Lookout
and Pigeon mountains and in the Chickamauga Valley the formation
consists largely of thin-bedded blue limestones with some beds of
earthy, purple, and dove-colored limestone. The earthy beds are more
numerous towards the east and the formation increases in thickness in
that direction. In the area extending from. the Georgia-Alabama line,
both on the east and west sides of Dirtseller Mountain and extending
in a northeast direction to a point several miles northwest of Summer-
ville, the formation comsists of mottled earthy limestones and inter-
bedded variegated shales. The base of the formation in the south-
western portion of this belt contains a conglomerate consisting of
cherty fragments which were derived from the Knox dolomite. The
fragments are scmewhat water worn and are imbedded in a calcareous
mud.

The western side of Taylor Ridge, Simms Ridge, Gaylor Ridge, -

10p cit.
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Turnip, Horsleg, Chattoogata, Horn, ;énd John mountains, the forma-
tion is largely of argillaceous character consisting of interbedded
earthy limestones and variegated shales.

The rocks of the Chickamauga formation to the east.of the Oosta-
naula River outcrop in the vicinity of Cedartown and Rockmart. The
Chickamauga formation in the eastern basin consists of two distinct
members. The lower portion has been termed the Chickamauga lime-
stone by Hayes and the upper portion the Rockmart shales and slates.

CHICKAMAUGA LIMESTONE

The Chickamauga limestone is separated from the Knox dolomité
below and from the Rockmart shale and slate above by unconformities.
It consists of from 100 to 200 feet of thin and heavy bedded, fine
grained, h1gh~calc1um 11rnestone interbedded W1'ch gray to grayish-
blue magnesmm 11mestone The dark blue h1gh-ca1c1um beds pre-
‘dominate in the lower port1on of the formation while the upper beds
contain a greater number of magnesian beds.

ROCKMART SHALES AND SLATES

oreat thickness. THe
_ f"_bls k shales and slates,
' Weathermg often to olive green and yellowl The Tower portion of the

for‘ ation is remarkably uniform in its 11tholog1c -character, while the

; kimart foriration
formation cons1sts largely of dark blie

upp r‘:portlon is more variable, containing h1ghly ferruginous sand-
stones cherty limestones, and conglomerates

Paleontolo oYy .—The rocks of the Chickamauga formation of the
western basin contain an abundant fauna. Below are given some of
the more abundan’c fossﬂs observed by the writer.

v,

Corals ) Peleycepods

Bryozoa. ) , Gastropods

Braehiopods ~ Cephalopods
Camerotoechia Sp- ' Gon\ioceras anceps (Hall)

~ Plectambonites sericeous (Sowerby) Trilobites
Rafinesquina alternata (Conrad) Ostracods
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The Chickamauga limestones of the eastern basin are practically
barren of fossils. The Rockmart shales have never been carefully
searched for fossils.

SILURIAN

At the close of the Ordovician time there was almost a complete
emergence of the Appalachian Valley area which was followed by the
Niagara transgression. The deposits of the Silurian in Georgia are
mainly clastics consisting of shales and sandstones with an occasional
bed of interstratified limestone. These materials were derived from a
rejuvinated Appalachian land area to the east. The Rockwood forma-
tion, which is delimited by the Chickamauga formation below and the
Chattanooga black shales above, is separated from both of these forma-
tions by profound unconformaties. This formation constitutes all
that remains of the Silurian deposits of Georgia. The eastern sandy
phase of the Rockwood formation represents near shore deposits of
shallow water origin which gradually merge to the west into deeper .
water deposits, consisting of shales and some interstratified limestones.
As far east as Taylor Ridge the iron ore contains marine fossils in
abundance. The deposits in the western part of the Appalachian
Valley area were deposited in deeper waters than those to the east.-
The waters were all comparatively shallow during lower Silurian time
in Georgia. |

ROCEWCOD FORMATION

The Rockwood formation in Georgia attains a thickness of 600 to
1,600 feet and represents the Clinton of New York and possibly more.
The formation consists of sandstones and shales with some conglomer-
ates in the eastern area and some interstratified limestones in the
western area. It contains the most important commercial iron ores
of the Southern Appalachians. ,

Areal distribution—The Rockwood formation extends across the
western portion of the Appalachian Vélley in long narrow belts. The
formation is characterized by differences both in its character of
topography and lithology to the west of Taylor Ridge and to the east
of and including Taylor Ridge. The region to the west of Taylor
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Ridge has been termed the western area and ‘the region including
Taylor Ridge and .the mountains to the east have been designated the
eastern area.

The western area contains five distinct belts. The first belt extends
from the Tennessee line in the valley of Lookout Creek in a southwest’
direction oc‘cupying the ridges on both sides of the valley, coalescing
and terminating at a pomt about one mile southwest of the Alabama
line.’ : ' g

The second: belt occupies the valley of. ;]’Ohns-ohs Crook, and forms
ridges on both sides of the valley extending to the: southwest into
Alabama.

The third belt borders a “V”-shaped area of the Chickamauga
formation extending from the Tennessee line south of Chattanooga
for about nine miles. | .

The foutth- b‘eL‘c‘:‘\oecupie~s a narrow ridge dlong the eastern base of
Lookout Mountain and extends parallel to the mountain into the
southern portiom of McLamore Cove, where. it turns to the northeast
and follows the western base of Pigeon Mountain esicircling its north-
east end. It extends to the southwest parallehng the..eastern base of
Pigeor-and Lodkout+ Fastl
SHinbone R1dge ; »- :

The fifth belt occup1e5/ D1rtseller ‘Mountain and e\:tends to the
southvvest into Alabamia. :

alotip what"is*known as

The eastern area occupies the crest of high mountains in the great
' Appalachijan Valley and forms irregular areas on the eastérn side of
thesé mountains. In the mountains forming the extreme eastern belt
the sandstones are so prominerit and cover so much of the formation
that they have been mapped as a separate member by Hayes. The
formation occupies the crest of Wtiite Odk Mountais and 'T»ayIOr Ridge
and a considerable portion along the eastern sides of these mountains.
It occupies considerable portions of Simms Mountain, Gaylor Ridge,
Heath Mountain, Turnip Mountain, Lavender Mountain, Horseleg
Mountain, Turkey Mountain, John Mountain, Horn Mountain. and
Chattoogata Mountain.
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Lathologic character—The Rockwood formation conmsists of sand-
stones and shales with some conglomerates in the eastern area and
some interbedded limestones in the western area. It has a thickness
of about 600 feet in the western area, while it attains a thickness of
1,600 in the eastern area. '

The formation to the west of T aylor Ridge consists essentially of
olive green and yellowish-green shales with thin beds of interstratified
fine grained brown sandstones, while in the valley of Lookout Creek
some thin beds of interstratified limestones occur. A heavy bed of
* sandstone usually forms the base of the formation. This sandstone is
often absent in the western area and in places it is so unconsolidated
that it does not result in an important topographic feature.

The formation to the west of and including Taylor Ridge consists
essentially of brown and red sandstones and interstratified yellowish-
green and olive green shales. To the east of the mountains which
make up and extend parallel to the Chattoogata Mountain the forma-
tion has been divided by Hayes® into three parts. The lower portion
of the formation consists of thin bedded purple sandstones with some
vellow sandy shales. The middle portion consists of heavy bedded
sandstones with some interstratified shales and with coarse sandstone
and conglomerate from 50 to 75 feet thick, forming the sharp crests
of the ridges. The upper portion of the formation consists of yellow
shales and coarse sandstones.

Paleontology.—Below are given some of the more abundant fossile

‘observed by the writer.

Corals Pelecypods
Brachiopods Gastropods
('emarotoechia sp. Trilobites
Pentamerous sp. Crinoids

Schizophoria sp.

180 "Haves, C. W., Ringgold folio (No. 2), Geol. Atlas 1. S., U. S. Genl Survey
. v,
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+

DEvoNiAN 4

The rocks which constitute the Devonian in Georgia are made up
of cherts, sandstones and shales.

During middle and upper Silurian time the Appalachian Valley
region of Georgia was raised into a land surface and a great period
of erosion followed. This widespread emergence continued into the
Devonian and was rore or less oscillatory during early Devonian
ti;n'e, ‘becoming more pronounced in late Devonian. While the sea was |
oscillatory in Lower Devonian time sandstones and cherts with some
shales, the remains of which now form the Armuchee chert, were
deposited. During Upper Devonian time a gradual transgression of
the Appalachian sea took place extending from the northeast to the
southwest. The Chattanooga black shale was deposited unconformably
upon the Armitichee chért in Georgia wherever that formation was
present, and when not, it was laid down upon the Rockwood formation
of Silurian age. The waters were shallow, and clastic deposits alonc
were formed. ‘

The fauna contained in the Devoman rocks of Georgla is sparse

ARMUCERS C‘.EIERT a

The Armuchee chert is th@ught by Hayes' to be equlvalent in age.
to the Frog Mountain sandstone ( Orlskany) which occurs in the
southwest corrier of the Rome quadrangle. Tts greatést thickriess in
Georgia is 40 feet?. .

Areal distribution—This formation occurs in a number of small
areas in the northwestern port1on of the Appalaclnan Valley. A small
nafrow area surrounds the northeastern and northwestern portions of
Horseleg Mountain and extends to the northeast to the vicinity of
West Rome. A third area occupies the center of Turkey Mountain,
extending in a northwest direction to a point just west of Crystal
Springs, where it turns to the west and extends to Taylor Ridge, and
" then to the north parallevling the east side of this ridge. It also occurs

1fiayes, C. W., Rome folio (No. 78), Geol. Atlas U. 8., U. 8. Geol. Survey, 1902.
“Tbid.
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in John and Horn mountains and extends for 10 or 15 miles to the
north of the southern terminus of John Mountain.

Lithologic character.—The formation consists primarily of bedded
chert and at times is made up of reddish-brown sandstone,

Paleontology—The Armuchee chert contains fossils of Oriskany
age, according to Hayes.

CHATTANOOGA BLACK SHALE

The Chattanooga black shale is all that is left of the Upper Devonian
deposits of Georgia. It seldom attains a thickness of more than 20
feet in this State,

Areal distribution.=~The black shale always occupies a long narrow
area, wherever it occurs, and lies upon the Armuchee chert of Lower
Devonian age; and when this formation is absent, it lies upon the
Rockwood formation of Silurian age.

Two ‘parallel belts extend down the valley of Lookout Creek into
Alabama. It encircles the Rockwood formation in Johnson Crook and
extends to the south in two parallel belts into Alabama. Another belt
extends from a point about four miles south of Chattanooga east of
Lookout Mountain to the southern extremity of McLamore Cove,
where it turns to the northeast and extends around the northeast point
of Pigeon Mountain and then parallels the eastern side of Pigeon and
Lookout mountains to the southwest. '

In the southwestern corner of Chattooga County, an irregular, nar-
row, sinuous area extends from the Alabama line to the northeast
along the southern portion of Gaylor Ridge. It surrounds the north-
east extension of Horseleg Mountain and occupies small areas just west
of Armuchee and in Turkey Mountain, and irregular and small areas
to the east of Taylor Ridge along the northeast end of Simms Moun-
tain, and in the southern portion of John and Horn mountains.

Lithologic character—The Chattanooga shale contains at times a
sandstone bed at the base of the formation which is of a dark gray
color, fine grained, fetid, and contains Lingula sp. often in abundance.
Above the sandstone occurs a jet black fissile, tough, bituminous shale

which generally contains grains and nodules of pyrite scattered through-

10p eit.
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out its mass and which occur at times in well defined layers. -The
upper portion of the formation usually consists of a blue or greenish
’clay-sha»le (':ontaining phosphatic concretions.

Paleomtology —The Chattanooga black shale contains, in Georgia,
Discina, ngula; Chonetes, Goniatites? etc., and resembles very closely
the type of fauna contained in the Gennessee of New York. It also
shows occasionally fragmentary remains of plants.

CARBONIFEROUS

The Carboniferous has been divided by geologists into the lower
and upper Carboniferous and these have been respectively termed the
Mississippian and Pennsylvanian. €

FISSISSIPPIAN

During the early part of M15°1ss1pp1an time the southern portion
of the Appalachlan Valley was marked by a continuation of the south-
eastern transgréssion of the sea that characterized the Upper Devonian.
~ The Chattanooga black shale of the Upper Devonian is overlain by the
. Fort Payne chert, above which lies the Bangor limestone in the western
portion of the Appalachlan region; Whlle in the Eastern area the Fort
Payre chert is 1111med1ate1y succeéded by the Floyd shales and lime-
stones. The Oxmoor saridstone appears to lie unconformably upon the
Floyd shale. |

-FORT PAYNE CHERT

The Fort Payne chert lies unconformably upon the Chattanooga,
black shale when that formation is present, and when it is abserit it
Tes unconformably upon the Rockwood formation of Silurian age. It
reaches a thickness of 200 feet.

Areal distribution.—The formation occupies narrow belts in the
western portion of the Appalachian Valley, while it covers wider areas
along the eastern side of Horn, John, and Chattoogata mountains. It
does not oceur in the eastern portion of the great Appalachian Valley
of Georgia. The formation occupies approximately two parallel belts
on bqth the eastern and western sides of the valley of Lookout Creek
and extends to the south into Alabama.
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A CUT ON TilE CHATTANOOGA SOUTHERN RAILROAD AT ESTELLE, WALKER COUNTY, GEORGIA, SHOWING SHALES AND SANDSTONES
ASSOCIATED WITH THE FOSSIL IRON ORES.
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A narrow area parallels the eastern side of L.oockout Mountain ex-
tending from the Tennessee line to the southern end of Mcl.amore
Cove, and thence to the northeast around Pigeon Mountain, paralleling
the east side of Pigeon and Lookout mountains.

On the east side of Taylor Ridge the formation occupies irregular
narrow belts and in the vicinity of Subligna the formation extends to
the northeast across the valley occupying a broad area. It continues
south of Taylor Ridge around Simms Mountain and entirely encircles
Lavender Mountain and the southern portion of Gaylor Ridge; and
also occupies a small area in Heath Mountain.

Another area extends from the vicinity of Huffmaker station in
Floyd County southwest to within a short distance of the Coosa River.
It completely surrounds Turkey Mountain and occupies both narrow
and broad irregular areas to the east of John, Horn, and Chattoogata
mountains. '

Lithologic character —The Fort Payne chert consists essentially of
siliceous limestone with layers and nodules of chert, which occur in
such abundance in places as to make up almost entirely this formation.
Along the extreme eastern outcrops, namely, to the east of Horseleg
Mountain and the Chattoogata range, the formation consists of heavy
bedded chert in a siliceous cement, while the upper portion of the
formation consists of a somewhat porous sandstone, originally calcare-
ous. West of Taylor Ridge, the lower portion of the formation con-
sists essentially of chert, while the upper portion becomes more calcare-
ous and gradually passes into the overlying Bangor limestone. The
chert of this formation is distinguished from that of the Knox dolomite
" by the usual great abundance of crinoid stems it contains.
P&Z@OMtology.—Crinoids, etc., often occur in great abundance.

FI.LOYD FORMATION

The Floyd formation lies stratigraphically immediately upon the
Fort Pavne chert. It attains a thickness of 1,200 to 2,000 feet™.
Areal distribution—The Floyd formation is not knmown to occur

Hayes, C. W., Rome folio (No. 78‘), Geol. Atlas U. 8., U. S. Geol. Survey, 1902.
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west of Taylor Ridge. ' The shales of the formation usually occupy
broad valleys, while the limestones as & rule form long, narrow, low
ridges. 'The formation enters the State just east of White Oak Moun-
tain and extends to the south to a point about three miles west of
‘Tunnel Hill. A canoe-shaped area occupies Houston Valley, and
another small area occurs in the vicinity of Gordon Spring.

A broad area occupies west Armucheée Valley and is separated from
the broad valley to the sotith by a belt of Fort Payne chert which
extends across-the valley to the northeast of Subligna and entirely
encircles Little Sand Mountain. '

A broad area occupies both Big and Little Texas valleys and ex-
tends to the ndrtheast occupying a great irregular-shaped valley and
thence torthe north on thé east side of John and Horn mountains.
It forms the great valley to the northwest of Rome. A small valley
area of the Floyd formation occurs on the west side of Gaylor Ridge
and extends to the southwest into Alabama. |

Lithologic character—The Floyd formation consists of shales with
some limestones which attain'a thickness of 100 to 150 feet. The
shales are black, browii, yellow, and dark blue in color and are in
places somewhat | arenaceotis. The liméstoties are heavy-bedded and
dark blue in color, containing some chert in th;e lower ‘part, while the
upper beds are somewhat siliceotts with some pure limestones. The
physical character of the limestone is so similar to those of the Bangor
formation that they can not be distinguished lithologically.

Paleontology~—The limestones and some of the arenaceous shales
are often highly fossiliferous. - Both Bryozoans and Brachiopods occur
at some points in great abundance.

OXMOOR SANDSTONE

After the deposition of those rocks which formed the Floyd forma-
tion, coarse sandstones and conglomerates were deposited, forming the
Oxmoor sandstones. The formation reaches a thickness of 600 feet.

 Areal distribution—~—The formation forms Judy Mountain and en-
tirely surrounds Rocky Mountain.

Lithologic character—The formation in Judy Mountain consists of

A
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a coarse sandstone and conglomerate, while the area that surrounds
Rocky Mountain consists of brown and white sandstones.

Paleontology.—Nothing is known regarding the fauna of these

beds. '
BANGOR FORMATION

The Bangor formation lies immediately above the Fort Payne Chert
in the western portion of the Appalachian Valley, while to the east it
lies immediately upon the Oxmoor sandstone. It occupies stratigraphic-
ally the same position in the western portion of the Appalachian Valley
that the Floyd formation occupies in the eastern portion. The forma-
tion, as described by Hayes?, includes both limestones and shales. These
limestones and shales have never been separated in Georgia, although
the line of division between these rocks is very sharp, and the great
variation in thickness of the limestones, as well as the shales, indicates
an unconformity at the top of the limestones and at the top of the
shales. The formation in Georgia reaches a thickness of 1,000 feet.

Areal distribution.—In the extreme norvthwest’ corner of the State .
the Bangor formation occupies the valley of Nickajack Creek. The
creek has cut into the Cumberland Plateau and has exposed the Bangor
formation which extends from the valley floor up the mountain sides
to the point where the Lookout sandstones form the bluff.

Along the west side of Sand Mountain and along the east and west

sides of Lookout and Pigeon mountains the Bangor formation reaches:
 from their base well up on the mountain sides and extends in long
pérallél belts across the State from Tennessee to Alabama. A small
area has been mapped by Hayes as the Bangor about three miles north-
west of Ringgold. Another area occupies the eastern and western
sides of Little Sand Mountain and the formation entirely encircles
Rocky Mountain.

Lithologic character—The Bangor formation, consisting of lime-
stones and shales, varies considerably in thickness within a small area.
In the valley of Nickajack Creek the lower portion of the formation
contains much nodular chert imbedded in a heavy-bedded dark bluish-

1Hayes, C. W., Rome folio (No. 78), Geol, Atlas U.' S, U. S. Geol. Survey, 1902.
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gray, high-calcium limestone, while the upper beds at this point are
largely concealed. Along the eastern side of Sand Mountain the Ban-
gor formation consists of limestones in the lower portion of the forma-
tion and they reach a thickness of 800 feet, while the shales in-the
upper -portion are largely concealed by the soil derived from these
shales and the float derived from the overlying formations. The lime-
stones of the Bangor formation in this area are only occasionally ex-
posed over the mountain side and contain a very considerable amount
of nodular chert imbedded in a heavy-bedded dark grayish-blue, high-
calcium limestone. ‘The limestone also contains many beds of inter-
stratified, fine-grained, dark-blue, magnes1an limestone. °
Along the western side of Lookout Mountain the lower portion of
the Bangor limestone contains a considerable amount of chet while
the upper portion is largely free from chert. The limestone also con-
tains some argillaceous and interstratified magnesiam limestone. The
shales aré¢ yellowish-green, red, carbonaceous, black, and brown.
The limestones along’the eastern side of Lookout Mountain near
the Tennessee ling avre‘veryr"thin and are succeeded by a considerable
thickness of shales (Pennington) which have been included in this
formation. As we proceed to the south the limestones become thicker.
Pigeon Mountain, which is a spur of Lookout Mountain, contains
the greatest thickness of the Bangor limestone in the Appalachian
Valley region of Georgia. At this point the limestones reach a thick-
ness of 900 feet, while they are overlain directly by the Lookout sand-
stones and shales. In the northern portion of the mountain the over-
lying formations have been entirely eroded away and have left the
Bangor limestones forming a mountain of 800 to 900 feet in height
without a covering. The Bangor limestones to the east of Lookout
Mountain is largely free of chert. The formation attains a thickness
in Little Sand Mountain of about 500 feet.
Paleontology—The limestones and shales of the Bangor formation
usually contain an abundant fauna. The following were observed by
the writer. |
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Corals Brachiopods
Crinoids o Productus, sp.
Blastoids Spirifer sp.
Pentamerites maccalliei Rhynchonella sp.
(Schuchert) Gastropods
Bryozoa Pleurotomoria sp.
Archimedes sp. Bellerophon sp.
| PENNSYLVANIAN

The upper Carboniferous or Pennsylvanian is represented in Georgia
by the Loookout sandstones and shales and the Walden sandstones and
shales. The upper line of division between the Mississippian and the
Pennsylvanian is marked throughout the greater part of the Southern
Appalachian region b.y an unconformity. At the close of upper Missis-
sippian time there was a general emergence of the Appalachian area,
erosion followed and shallow seas predominated during Pennsylvanian
time in which clastic sediments were deposited, consisting chiefly of
conglomerates sandstones and shales with some thin-bedded limestones.
Conditions were suitable for the deposition of coal deposits. The rocks
in Georgia are indicative of near shore and estuarine deposits, while
those rocks far to the west are indicative of'marine deposition.

LOOKOUT FORMATION

The Lookout formation lies unconformably upon the Bangor lime-
stones and shales and attains a thickness of from 400 to 500 feet in the
western portion of the Appalachian Valley region, while in the eastern
portion the remains of this formation are thinner. '

Areal distribution.—The formation occupies a small area in the
northern portion of Lookout Mountain south of Whiteside. A broad
area extends southwest of Whiteside, occupying the vicinity of Cole
City and extending to the south, forming the eastern bluffs of Sand
Mountain. The formation forms the bluffs both on the east and west
sides of Lookout Mountain and occupies the table land of Rocky and
Little Sand mountains.

Lithologic character—The formation consists of sandstones, con-
glomerates and shales with some commercial coal. The lower portion
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2

of the formation is made up of sandstone above which occur interbedded
sandstones and shales succeeded by coarse sandstone and conglomerate.
The upper limit of the formation is at the top of a heavy bed of sand-
stone and conglomerate which forms the cliff along Lookout Mountain.

Paleontology—Little is known of the fauna of this formation in

Georgia. . | |
WALDEN SANDSTONE .

The Walden sandstone includes all those sandstones and shales
which lie above the Lookout formation in Georgia. T'he original thick-
ness of the Walden formation is not known for the upper portion of
the formation, which consists largely of shales, has been extensively
eroded. It»reaches' a maximum thickness of 930 feet in the Lookoyt
Mountain syncline. o R

Areal distribution—This formation is confined to the western por-
tion of the Appalachidn Valley region in the synclines of Sand and
Lookout mountains. o

Lithologic character—The formation is made up of sandstones,
conglomerates and shales with several beds of commercial coal.

Palzontology—Ferns and other-plant remains are common in dif-
ferent localities but so far they have not been studied in Georgia.



LIMESTONES AND CEMENT MATERIALS OF THE PIEDMONT
PLATEAU AND APPALACHIAN MOUNTAIN AREAS
IN GEORGIA

PIEDMONT PLATEAU
GEOLOGY

Magnesian limestones are found in the Piedmont Plateau area of
Georgia in Stephens, Habersham, Hall, and Gwinnett counties. These
limestones, which are an extension of the Oconee County limestones of
South Carolina, enter Georgia at the mouth of Panther Creek in
Stephens County. They extend up Panther Creek in a southwest direc-
tion, and outcrop at different points on both the north and south sides
of the creek. . | '

The limestones enter Habersham County at the mouth of Little
Panther Creek, where they turn still more to the southwest and outcrop
along the south side of Little Panther Creek. From this point they
extend for about one-fourth mile up the southwest fork of Devil’s Den
Creek, where they finally become concealed by the overlying schist.

A small outcrop of limestone is found in Hall County about one
mile east of Sulphur Springs station, near the public road leading to
White Sulphur Springs. Another exposure of magnesian limestone
occupies a more extensive area just southeast of Gainesville. A third
exposure in Hall County occurs within the corporate limits of Flowery
Branch, where it appears in a branch just east of the big spring.

The occurrence of limestone is reported by S. P. Jones, former
assistant State geologist of Georgia, in Gwinnett County south of

Suwanee. S
_ 'The several outcroppings of limestone above referred to apparently
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all belong to the same formation, which is correlated with similar lime-
stones of Cambrian age in South Carolina.

DESCRIPTION OF INDIVIDUAL LOCALITIES
StePHENS COUNTY
Omne mile west of the mouth of Panther Creek—Magnesian lime-
stone is exposed over a stratigraphic thickness of 21 feet along the
north side of Panther Creek at a point about one mile west of its mouth.
The limestone is gray and massive and is both overlain and underlain .
by schist. The base of the limestone is not exposed at this point. This
stone can orily be won by mining, on account of the presence of the
overlying schist. 'The strike is N. 40° E., the dip 40° S. E. The stone
can best be used for concrete and road metal. The high content of
magnesia is objectionable for use in the manufactiiré of Portland cement.
The followmg analyses shows the compos1t1on of an average sample
taken over the entire exposure

Amzlyses of Limestone ffrom Pamther Cyeek

(Sample No. 1)

CLdme (Ca0) i e e i 27.10
Mna nesm (MgO) Ceeeee EEREEE TR RR P 16.16

: 40

Fernc oxtde +(Fes0s) oovvnivrniiininnnnn e e 1.32
_Sulphur trioxide (89) ..oeviiiiiin feesiieians - .02
Phosphorus pentomde (PaOs) vt i .02
Qarbon dioxide (CO,) and organle matter........ ‘... 38.65
Siliea (Bi0) .vovrrviriiiiii i i e 16.33
100.00

Haserseam CoUuNTY

Omne-fourth mille south of the mouth of Little Panther Creek—A
grayish-blue massive magnesian limestone is exposed over a -strati-
graphic thickness of 61 feet along the southeast side of Little Panther
Creek and at a point about one-fourth mile south of its mouth. The
strike is N. 70° E.,; the dip 20° SE. _

The stone carries some pyrite. 'The high percentage of magnesia
makes it ob]ect1onable for use in the manufactire of Portland cement,
and 11:s high content of silica renders it undesirable for agricultural
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purposes. The stone will make an entirely satisfactory lime for mor-
tars and plasters, and can also be used for road metal, ballast and
concrete. )

The following analysis shows the composition of an average sample
taken over the entire exposure:

Analysis of Limestone, from One-Fourth Mile South of the Mouth
of Panther Creek (Sample No. 2)

Lime (Ca0O) ........... et 27.04
Magnesia (MgO) ...t i e 15.22
Alumina (ALO;) .o e .75
Ferric oxide (FedOs) ovveniiiiininiinin i, 2.05
Sulphur trioxide (8Os) ...ttt .08
Phosphorus pentoxide (P:O5) evvviiniinninnenn.. .05
Carbon dioxide (CO,) and organic matter............ 37.43
Silica (SI02) vttrvetrt it 17.38
100.00

“Billy Walker” quarry—The “Billy Walker” quarry is located on
the property of W. L. Walker about 214 miles southwest of the mouth
of Panther Creek along the southeast side of the Turnerville public
road. The rock is a gray, massive, magnesian limestone. Lime has
been burned at this point for local use for more than 30 years. One
circular stone kiln of the mixed feed type is in use. The kiln is 19
feet in height and 12 feet in diameter. ‘

The high percentage of magnesia contained in this stone renders it
objectionable for use in the manufacture of Portland cement and its
high siliceous content results in a rather low grade agricultural lime.
It is well suited, however, for mortars and plasters, concrete, road
metal and ballast. The strike is N. 65° E., and the dip 33° SE.

The following section, from top to bottom, shows the physical char-
acter of the rock exposed at this point:

. Section, “Billy Walker” Quarry, Habersham County

- Total
Sample | Unit Description of Units Thickness | Thickness
No. No. feet feet
3 Greern schist
2 Porous brown, argillaceous ssndstone e
originally caleareous and probably
fossiliferous____ . _________ 2 15
3 1 Gray and grayish-blue dolomite________ 13 ‘ 13
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The following analysis shows the average composition of the dolo-

mite exposure:

Analysis of Dolomate from “Billy Walker” Quarry
(Sample No. 3; Upit No. 1)

TAME (0BO) +nrrvennnee e aeens 28.88
Magnesia (MgO) «vvvnrrrrernreirnmnaieeinneenens 18.88
Alumina (ALO;) . e e eiedesecre e .60
Perrie oxide (Fe,03) ......cvvo.n. e 1.20
Sulphur trioxide (80;) ...... [P Ceerraaeas .02
Phosphorus pentoxide (P:05). ...vvvvennniineinennn. .04
Carbon dioxide (CO,) and organic matter............ 44.64
Silica (S105) «iveernieniar i 5.74

100.00

Haur CouNTy

Quarries of C. L. Deal Marufacturing C ompa%y.-—Thé quarries of
the C. L. Deal Manufacturing Company are located about two miles
south of Gainesville near the Southern Railroad. |

The magnesian limestone is overlain and underlain by a schist. The
schist which formerly overlaid the limestone has been removed by
erosion. The base-of the formation is nowhere exposed. The strike'
is N. 77° E,., and the dip is 10° to 20° N'W. '

The physical character of the magnesian limestone found at the
Deal quarries is shown in the following sections. The. limestone has
been somewhat concealed by the falling‘ in of residual soil at quarry
No. 1, s0 that no section of this quarry is given.

- Section of Quarry- No. 2, C. L. Deal Manufacturing Company, Near
Gainesville, Hall County

' . Total
Sample | Unit . Thickness | Thickness
No. | No. Description of Units feet feet,
3 Residual material .. ..o __________ 10 45
2 Siliceous limestone. ... ________ - 10 35
"4 1 Grayish-white and gray limestone_______ - 25 - 25
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Section of Quarry No. 3, C. L. Deal Manufacturing Company, Near
Gainesville, Hall County

Total
Sample | Unit. - Description of Units Thickness Thickness
No. No. feet fest
2 Residual overburden________________ __ 10 70
5 1 | Gray and grayish-white limestone (pari-
ly concealed—about 25 feet exposed) 60 60

CONDITIONS AFFEGTING DEVELOPMENT

. The quarry openings have been made in the hillsides at poihts where
the greatest horizontal and vertical exposure of the rock could be
secured. The tonnage of the limestone above the general level of the
valley could be determined; however, as the base of the formation is
nowhere exposed it is not known just how thick the formation is at
this point, and consequently the total amount of rock available could
not be determined without some prospecting. There is sufficient lime-
stone occupying a broad area to supply the material for an extenisve
lime and crushed stone plant for a number of years. It-is most im-
portant to know at what points quarries can be located where the over-
burden of residual material and leached limestone is thin so that the

stone can be won at a reasonable cost.

DEVELOPMENT
Limestone has been quarried and burnt into lime on the C. L.
Deal Manufacturing Company’s property since 1864. There are twc
stone kilns now in use 25 feet in height and 8 feet in diameter at the
bottom and 6 feet at the top. Each kiln is provided with two firing
boxes at a point about 6 feet above the draw box. The kilns are fired
with wood and have a total capacity of about 200 barrels in twenty-
four hours. The limestone can best be used for commercial lime, ballast,
road metal, and concrete. ’ |
The following analyses show the composition of the limestone ex-

posed in quarries 2 and 3:
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Analyses of Limestone from. Quarries 2 and. 3, the C. L. Deal Manu-

facturing Company, Near Gainesville

QUArry NO. oo e 2 3
Sample NOw oo 4 5
Unit Nowe e oo e 1 1
Lime (CaO) e e i m e S S e e 28.00 | 30.02
Magnesia (MgO) -acen- e e 16,06 | 17.08
Aluymina (AlgO8)- oo . .80 .60
Ferric oxide (FeaOs) ol . 1.25 1.70
Sulphur trioxide (8O3)__ - _._. e e tr. .02
Phosphorus pentoxide (P2O0s) —uo ool __. .04 ..06
Carbon dioxide (COgz)-and organie matter ____________________ 39.65 | 42.79
Silict ($102) o oo S e -14.20 |  6.83
100.00 | 100.00

Flowery Bramch.—Argillaceots, Vma’gnesi"an limestone is exposed
‘over not more than ten stratigraphic feet along the valley of Flowery
‘Btanch in the town of the same name about 200 feet north of the big

spring. ‘The stone is too high inh magnesia to be of any value for use
in the manufactire of Portland céiment. The high cofitetit of silica
‘makes it objectionable for lime, éven locally.. The stone might be used
for road raterial. _ S

The following analysis shows the composi;cion of an average sample

taken over the entire exposure:

" Analysis of Limestone from Flowery Branch
(Sample No. 6)

c Lime (Ca0) teriiiiiiii i e e 29.72
Magnesia (Mg0O) ............ein e it 8.48
Alumina (ALO;) ... tiiieiiiiiiinrrisoecnrcasansnasa 35
Ferric oxide (Fe,03) ..... Feeerieiaiieniceneseeese. 120
Sulphur trioxide (805) ..vviveieiiiiiinieivrananans . .03
Phosphorus pentoxide (Py0s) «v.vvevnvvrrecarnesnnn. .03
Carbon dioxide (-COZ) and. organic matter............ 33.32

Silica (8i0.) ...o.vviiiiiernnnn, PPN eeseeaeeans 26.87

100.00
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APPALACHIAN MOUNTAINS

The only calcareous material of the Appalachian Mountain area of
Georgia suitable for lime and cements are the Murphy Marbles, which
extend from the Georgia-North Carolina line near Culberson, southward
through Fannin, Gilmer, Pickens, and Cherokee counties.

FANNIN COUNTY
GeoLoGY

The Murphy Marbles enter Fannin County from North Carolina in
the extreme northeast corner of the county along two parailel belts
separated by a fault. |

The most eastern belt of marble outcrops near the headwaters of
Hamestring Creek and extends to the southwest, occupying the valley
immediately west of High Top Mountain. The marble is again exposed
along the valley of Cutcane Creek and extends from the headwaters of
this creek to the junction of Cutcane and Tempton creeks. One mile
east of Blue Ridge occasional outcrops of marble occur along Weaver
Creek. _

Marble occupies the narrow valley along Rapier Mill Creek in the
vicinity of Sweet Gum post office. It follows this valley to the south-
west and is exposed at Arp Spring. The marbles are again exposed in
the valley of Young Stone Creek near Coles crossing.

ilarble was exposed in the excavation work made in the construc-
tion of the bridge three-fourths mile southwest of Mineral Bluff at the
point where the Louisville & Nashville railroad crosses Toccoa River.
Another small exposure of marble occurs one mile southwest of Blue
Ridge on the county poorhouse farm. o

The marbles of Fannin County are all finely crystailine and contain
many impurities which consist largelv of the silicates, tremolite and
talc. These minerals are best developed along the planes of schistosity.
which apparently correspond to the bedding planes.

The predominating color of the marble,is white; however, some
flesh-colored and dark-gray and black banded marbles also occur.

The Murphv marble in this countv is seldom exposed for more
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than several stratigraphic feet. It occupies the valley areas and is
usually overlain by a thick residual soil.

The marble of Fannin County is highly magnesian and cannot
therefore be used in the manufacture of Portland cement. They may,
however, be used in the manufacture of lime for local purposes and as
crushed rock for road metal and ballast.

DESCRIPTION OF INDIVIDUAL I,0CALITIES
Prof. S. W. McCallie, in his report on the marbles of Georgia, gives
two analyses of marbles in Fannin County. His description and analy-

ses are as follows:
One mile east of Mineral Bluff—Marble is found in a somewhat hilly
. section, close to the road leading to Morganton. It occurs here about five
feet below the surface at the foot of.a hill near a small stream where recently
it has been extensively prospected. Two excavations only a few yards apart,
each gbout 20 feet square and 10 feet deep, have been eut into the marble
by means of channeling miachines aid many large blocks have been taken out.
Some of these still remain above the exeavation, but most of them have been
used for making lime. The marble ffom ome of these openings has a very
 fine texture and a snow-white color, but mica occurs in some of the layers in
such abundance as to cause them to split quite easily along certain lines.
In the other-opening the marble seems to be sounder and of a darker color,
but it all‘contains both miea and hormblend.

e followmg analysis' shows the ¢hemical comp051t10n of the mar-
bles at this point. - .

Analyszs of M m’ble from One Mile East of Mineral Bluff
‘ (Sample No. T)

Lime (CaO) ...... S e 31.89

Magnesia (MgO) ........ S T 19.64

Alumina (ALOg) «..oovvvniiiiiii 1 74

Ferric oxide (Fe,0p) ....... e ettt eee e, S

Silica (8B102) vvvrivrini ittt e i oo 173

Loss om ignition .......... e e 46.00
- 100.00

The Dickey property>—While the workmen were engaged a few years
ago in making the excavation for the bridge piefs of the’Marietta and North
Georgia railroad at Toccoa River, marble was discovered near water level.
' Since then a large pit, about 30 feet square and 15 feet deep, has been dug

tAnalysis by Dr. W. H. Emerson.
2McCallie, 8. W., Marbles' of Georgia: Bull. Geol. Survey of Ga. No. 1, 1907,
pp. 41-42.
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just below the bridge, in order to expose the marble. As the bottom of the
pit lies below the surface of the river, and is usually covered with water,
it was found to be impracticable at the time of our visit to make an examina-
tion of the stone in situ. It was learned, however, that the marble at the
bottom of the opening was not a continuocus mass, but it appeared to be in
large boulders. * * ¥ ¥ Specimens of the stone contained numerous cutfers
and seams and is generally unsound. All the marble found at this place is
of a light color and a rather fine texture, and has comparatively few im-
purities.

The following analysis® shows the chemical composition of the
marble at this point:
Analysis of Limestone from the Dickey Property
(Sample No. 8)

Lime (Ca0) ....ciiiiiiiiiiiiiaan.. e 31.53
Magnesia (MgO) ..iiiii i i i 21.30
Aluminag (ALOg) oottt l 04
Ferric oxide (Fe,05) +ovvvvvnniiinann. e | :
Silica (B102) cviiriiniiit ittt e 10
Loss on ignition ......covviiiiiiiniiiiiiiiiaan, 47.26
100.43

GILMER COUNTY
GEOLOGY

The Murphy marble enters the northern portion of Gilmer County
along the valley of Rock Creek to the west of Cherry Log post office.
Marbel also occurs in the valley of Whitepath Creek and the valleys of
Big and Little Turniptown creeks near the Louisville & Nashville Rail-
road trestle. The marble is again exposed along the west side of Talona
Creek at Tioga station, and extends down this valley into Pickens
County.

The marbles of Gilmer County are all fine, crystalline and compact,
with the exception of some coarse crystalline, high-calcium marbles
occurring in the lower portion of the formation at and near the Gilmer-
Pickens County line. - The marbles are usually white to gray in color,
fine to coarse crystalline with mica, tremolite, talc, etc., occurring as
impurities.

The magnesian marbles can not be used in the manufacture of

tAnalysis by Dr. W, H. Emerson.
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Portland cement. - The high-caltium marbles, however, are chemically
suitable for this purpose. The high-calcium stone may also be used
for fluxing, copper smelting, manufacture of lime, road metal, and
ballast. ‘The magnesian marbles may be used in the manufacture of
carbon dioxide, for crushed rock, flooring, and-also for road metal,
ballast, and the manufacture of lime.

DESGRIPTION OF INDIVIDUAL [,Q0ALITIES

Holt property 1—4011 the Holt farm, Whmh joins the Whitaker property,
marble outerops at various places about the junection of Big"and Little Turnlp-
“town creeks. Here the narrow valleys along the creeks become suddenly ex-
panded into a wide fertile bottom nearly surrounded by high hills. Near the
center of the bottom the marble outerops in the ereek at several places and is
said to be found underlying a number of acres in the immediate vieinity. A
small amount of stone has been quarried here to make lime, and at one place
a corner-stone was secured -for the school buﬂdmg at Ellijay, but otherwise
the deposit is undeveloped.

The following analysis® shows the chemical composition of the mar-
ble at this point: '
A%alyszs of Marble from the Holt Property
~ (Sample No. 9)

Lime (CaO) ...... SO 31.61

- Meagidtesia - (MgOY ........... O P e 21.06
Al._umma (AIZOS) e ettt l 78

Ferric oxide (FesOg) vvvvniiiiiiiiiiiin ., SRERE 5 e

Siliea (S105) vt e et e e 1.01

Loss on igmition ...:.:....... e iee et eaasin 46.49

100.95

North Georgia Marble Company.—The quar‘ry'of the North Georgia
Marble Company is located mat Tioga station, and on the west side of
Talona Creek. The quarry was first opened in 1907. ‘The entire output
is shipped to Copper Hill, Tenn., to be used in the copper ‘smelter.
The marble is white, finely crystalline and fakes a good i)olish. ~ Strati-
fication has been largely obliterated by pr-éssure and crystallization, so
that it may be possiblé to secure blocks of sufficient size for use as a
~‘commercial ornamental and building stone. '

*McCallie, 8. W., Marbles of Georgia: Bull. Geol. Survey of Ga. No. 1, 1907,
pp. 45-46. ‘ )
2Analysis by Dr. W. H. Emerson.
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The quarry is 275 feet in length, and is worked in a direction
parallel to the strike of the rock. Only a few stratigraphic feet of the
formation are exposed.

The following is a chemical analysis of marble from the quarry of
the North Georgia Marble Company :

Analysis of Marble, North Georgia Marble Company
(Sample No. 9a)?

Lime (Ca0) venriiv e 38.40
Magnesia (MgO) .. 14.07
Ferric oxide (FeOs) tovvrininininii i iiiiiianen.. 1.28
Sulphur trioxide (S0;) ...ovvviiiiii i, tr.
Phosphorus pentoxide (P.Os5) ........vivenieai... .02
Siliea (810:) it e e .80
Clay bases (Alumina, AlQ, and alkalies, Na,0, K,0) 12
Loss on ignitiom ......ovvniviniiiiiiiiiii., DU 45.62

100.21

PICKENS COUNTY
- GEOLOGY

The Murphy marbles form high bluffs at the Gilmer-Pickens
county line and occupy the valley of Talona Creek. They extend to
the south as far as the mouth of Fisher’s Creek. Fine grained, largely
crystalline, grayish-blue limestone is exposed in places along the north
bank of Fisher’s Creek between the mouth of this creek and its head-
waters. The marble outcrops at a point about two miles northeast of
Jasper in the valley of Longswamp Creek. The formation etxends to
the south, gradually becoming thinner and entirely disappearing at a
point about two miles south of the Perseverance quarries.

The marbles occupy the eastern portion of the valley of the east
branch of Longswamp Creek, and extend well up on the hillsides.
They occupy the vallev of Longswamp Creek in the vicinity of Tate
post office and follow the valley into Cherokee County.

The commercial marbles of Pickens County are all high-calcium
stones. Magnesian marbles occur, but they are not used in the trade
as marbles. They are utilized only for crushed-stone products, the

1Average sample for analysis furnished by Horace A. Field, Gen. Mgr.



120 : GEOLOGICAL SURVEY OF GEORGIA

manufacture of carbonic acid gas, and other purposes. The high-
calcium marbles are chemically suitable for use in the manufacture of
both a white and gray Portland cement, for fluxing purposes, manu-
facture of lime, road metal, ballast and concrete.
DESCRIPTION OF [NDIVIDUAL LOOALITIES
The King Marble Company.~The property of the King Marble
Company is located about three-fourths mile north of Whitestone sta-
tion, ditectly on the Louisville & Nashville railroad.
The rock is obtained from the lower portion of the formation and
 consists of both coarsely crystalline high-calcium and finely crystalline
high-magnesian stone. The magneéian matble has been altered in
“many places into magnesian silicates. The qudrry opening is in the
valley ; it was entlrely filled with water at the time of the writer’s visit.
On account of the association of the magnesian and the high-
calcium marble, this stone is not suitable for use in the manufacture of
Portland cement. .
The following analyses show the character of the stone at this point:

Analyses of Marble ﬁ'om King Marble Company’s Property

‘Sample* N0 e e S el 10t | 112
Lime (CaO).__________ ________ i S 53.00 [ 39.10
Magnesia, (MO) - - - \ 1.54 | 11.30
Alumina (AlsOg) oo . R S .
Ferric oxide (FeoOs) oo s o insomemcal i f 1.44 2.06
Sulphur trioxide (SO2) oo ... S, e e .00 .00
Phosphorus pentoxide (PzOs) ______________________________ tr. - tr.
Siliea (SiO2) - oo _ U AP SIP R 1.00 4.60
Loss-on-ignition ... 43.02 | 42.94
100.00 | 100.00

Detroit Marble Company~—The property of the Detroit Marble
Company is located between Whitestone station and the Pickens-
Gilmer county line, directly on the Louisville & Nashville railroad.

iCoarsely crystalline, high-calcium marble.
2Altered high-magnesian stone.
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The Murphy marble is exposed in the quarry over a stratigraphic
thickness of 30 feet. Beneath this lies ten feet of finely crystalline
white and grayish-white magnesian stone, which is largely concealed at
this point. Alteration of the stone has taken place along the bedding
planes into magnesian silicates. The above unit is underlain by coarsely
crystalline high-calcium marble. The Mﬁrphy marble is overlain by a
mica schist, but the base of the formation is not exposed. The strike
is N. 47° 'W. and the dip 28° NE.

After the rock is drilled and blasted from place, it is broken intc
‘convenient size for handling, loaded on wheelbarrows and wheeled to
the crusher. The stone is fed by hand or shovel into a small Blake
jaw-crusher. The crushed rock passes down a chute and over a fine
sieve which separates the stone from the dust and then over a three-
eighths inch screen. The rock which pasées over the screen is carried
by gravity to two small Allis Chalmers gyratory crushers. The
crushed stone passes through a combination screen with both round
‘and oblong openings; one-fourth inch ring gives size No. 1; three-
eighths inch ring gives No. 2; and one-half inch ring gives No. 3.

The stone is locally known with the trade as “\n'fhitestone.” It is
used, when crushed, primarily for flooring. The dust can be used in
the manufacture of carbonic acid gas, epsom salts, for agricultural and
many other purposes. ‘

The following analysis represents the composition of an average
sample taken over the upper 30 feet of the exposure:

Analysis of Marble from Detroit Marble Company Property
(Sample No. 12)

Lime (Cal) .. i et e 32.04
Magnesia (MgO) ...t 18.00
Alumina (ALO;) ......... et e e l 1.88
Ferric oxide. (FesOz) «vvviieinniimiiiininnnnannnns f :

Sulphur trioxide (80;) .....ooiiiiiiii i .00
Phosphorus pentoxide (P.0;) .....ooviiiiii.. tr.
Silica (8i0.) vovvrii i i e 4.73
Loss om dgmition .......... ... ... . il 43 35




122 GEOLOGICAL SURVEY OF GEORGIA

W hatestone Marble Company.—The property of the Whitestone
Marble Company is located at Whitestone, directly on the Louisville &
Nashville railroad. The Murphy marble at this point is a high-mag-
nesian stone, white to grayish-white and thin bedded. An alteration
of the marble into magnesian silicates has taken place, especially along
the bedding planes.  The strike is N. 32° W., and the dip is 15° NE.

The stone is drilled and shot from place ; then broken by sledge into
convenient size to be handled by theé miner and loaded on cars which
are hoisted along an incline to a small Gates crusher (No. 2). From
the crusher it is conveyed to rolls and thence to a pulverizer. The
white dust is sacked and shipped for the manufacture of carbonic acid
gas and epsom salts. Crushed stone is also sold for flooting, etc. The
high content of magnesia is objectionable in the manufacture of Port-
land cement. , S : -

Section from Top to Bottom, Quawy»‘ of Whitestone Marble Company

Sample | Unit ‘ ’ : _ Total
No. | No. Description of Units ‘ Thickness | Thickness

feet feet

13 | ‘4 1| Finely crystalline, gré.yiéh#ﬁvhite mag-
' | nesian marble. Thin seales of mag-
_ n_esian silicates oceur along the Hed-

ding planes_ o o ________. 12.5. 51.5
14 3 Same asunit 4 ._______ e v 6 . 39
15 | 2 Finely ecrystalline, white magnesian -

marble - with some alteration -into ,

magnesian silicates. . —.__._ [ R 18 33
16 1 Fine crystalline, white magnesian

marble____ o ___. 15 15

The following analyses show the composition of the units described
in the above section: ;
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A. ROCKMART SLATES. QUARRY OF THE ROCKMART SHALE B. MILL OF THE WHITESTONE MARBLE COMPANY, WHITE-
BRICK AND SLATE COMPANY, ROCKMART, POLK STONE, PICKENS COUNTY, GEORGIA, QUARRY LOCATED
COUNTY, GEORGIA IMMEDIATELY EAST OF THE MILL
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Analyses of Marble from W hitestone Marble Company

Sarmple No. o L 13 14 15 16
Unit NOw oo e 4 3 2 1
Lime (CaO) oo 34. 58 33.74 37.50-1 58.00
Magnesia MgO) oo ___ 1_ 15.80 | 16.65 | 15.60 | 17.94
Alumina (Al2Os) o . \ 1.4 1.40 1 1.16
Ferric oxide (FeeOs) oo ___ { 46 ) 38 ’
Sulphur trioxide (SOs) ___.___ e 0 '
. . .00 . .00
Phosphorus pentoxide (P2Os) oo ___ ir 0 81 br 0o b
Silica (8102) oo 406 6.15| 8.58| 3.24
Loss on ignition. oo 44.10 | 42.05 | 36.74 | 19.66
100.00 | 100.00 | 100.00 | 100.00

Crystal Marble Company—The property of the Crystal Marble
Company is situated on the east side of the Louisville & Nashville rail-
road 1,500 feet south of Whitestone.

' The marbles are exposed from the base of the overlying schist for’
36 feet, below which they are largely concealed by quarry waste. The
strike is N. 25° W., -and the dip 15° NE. .

The stone is blasted from place and broken by sledge to a size con-
venient to be handled by the quarryman. It is then loaded in wheel-
barrows and dumped into an incline gravity chute which carries it to
a small Gates crusher. The crushed stone is passed through a number

of screens and sold for flooring, etc.

Section from Top to Bottom, Quarry of Crystal Marble Company

Total
Sample | Unit Description of Units Thickness {Thickness
No. No. ' . feet feet '

17 3 Massive pink and white marble.._______ 17.6 84.7

18 2 Finely crystalline white marble with ,

' bluish and greenish cast.___________. 18.8 67.1

! 1 Concealed o ____.__ ; 48.3 48.3

L Railroad. ... ________ | 0.0 0.0
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The following analyses show the composition of the units exposed
in the above section:

Analyses of Marble from Crystal Marble Company

Sample No.._. .. | 17 18
Unib NO. oo e e 3 2
Lime (Ca0) - o oo . 41,42 34.30
Magnesia (MgO) - e 9.66 ) 17.02
Alumina. (-A-1203) B e A—————-.—-v ————————— e - 1 44: 1 96
Ferric oxids (Fe20s)._—--- S } ' '
Sulphur trioxide (SOs5) oo - .00 3.20
Phosphorus pentoxide (P20s) - oo __ tr. tr.
Silica (8102) w oo e 8.10 | 3.43
Loss on ignition .o ____________ e 39.38 | 40.09
‘100. 00 | 100.00

" Two miles northeast of Jasper—The Murphy marble is exposed
over a stratigraphic thickness of about 20 feet in an old quarry at a
point about two miles northeast of Jasper, along the east side of the
east fork of Longswamp Creek. The quarries were first opened in -
1884. The strike is N. 5° E., and the dip 877 SE.

The followmg analys1s of sample represents the average content of

Analyses of Marble, Two Miles N ortheast of Jasper

(Sample No. 19)
Limé (-Oa,O) et et aee e e e e, 32.74
Magnesia (MgO) ..... PP 16.75
- Aluming (ALO;)
Ferric oxide (Fe;0;)
Silphur trioxide (SOs) ............. ettty .00

D R O LR R S

Phosphorus pentomde (20 tr.
Silica (Bi0,) ..ovviviiiiiiiiin, e 5.60
Loss on ignitlon .....c.oiiiiiiiiinininininanonns 43.97

100.00

The Perseverance quarry—The Perseverance quarry is located about

134 miles east of Jasper on the east side of Longswamp Creek.
The upper portion of the Murphy marble is exposed, while the
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A. MURPHY MARBLE, DETROIT MARBLE COMPANY, WHITESTONE, GEORGIA

B. QUARRY OF THE GEORGIA MARBLE COMPANY, NEAR TATE, PICKENS COUNTY, GEORGIA
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middle and lower portions of the formation in the valley of Longswamp
Creek are seldom seen. The stone is white, finely crystalline, thin-
bedded, and highly magnesian. Brown mica (phlogopite) is the most
abundant accessory impurity. .In some of the beds leaching has taken
place and lime and magnesia have been carried away in solution in
underground waters leaving small caves.

The stratigraphic thickness of the Murphy marble at this point is
225 feet. The strike is N. 20° E., and the dip 22° S.E.

The following analysis represents an average sample taken over the
entire exposure: '

Analysis of Marble from the Perseverance Quarry
(Sample No. 20)

Lime (Ca0) ..ot i i it e 34.68
Magnesia (MgO) ....... ... oonen. et 16.10
Aluming (ALOs) ot i i e l 158
Ferric oxide (Fe0z) «vvvvrnniniiiiiininiiiiiannn, §
Sulphur trioxide (SOg) ...cvvviiiiiiiiiii ... .00
Phosphorus pentoxide (P.Op) ....c..c.ovvviiiiiiit, tr.
Bilica (S10,) vivviriiiii it e 3.05
Loss on ignition ....... ..ol 44.61
100.00

Georgia Marble Company—The quarries of the Georgia Marble
Company are located along the valley of Longswamp Creek in the
vicinity of Tate post office. -Quarries are also operated by this company
along the south bluff paralleling the east branch of Longswamp Creek
at a point about one-half mile west of Marble Hill post office.

The Murphy marble occupies a broad valley in the vicinity of Tate
post office, narrowing immediately to the south. Along the west side
of the valley the marbles are standing on end, that is, dipping at 90°.
Crystallization and recrystallization of the marbles in this vicinity have -
removed all traces of bedding : however, the bedding can be determined
from the relation of the marble to the adjacent schist.

The impurities originally contained in the formation have crys-
tallized out in the form of graphite, hematite, mica, etc. The graphite
interspersed throughout the white marble produces the “Creole,” while
the finely divided hematite results in the various shades of pink, known
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to the trade as “Etowah.” The marbles which occur along the valley
of the east branch of. Longswamp Creek are white. One-half mile
south of Tate post. office the strike is N. 45° W,, and the dip 72° SW. '
The marbles in addition to use as a building and monumental stone,
are. chemically suitable for use in the manufacture of both white and
gray Portland cement; in the manufacture of lime, both for structural
and agricultural purposes; for fluxing, etc.
 The following analyses show the composition of two samples which
were taken for an average of the gquarries of this company:

 Analyses of Marble from Georgia Marble Company

Sample N O o e 21 22
Lime (Ca0)_.._. i i 53.96 | 54.00
Magnesia (MgO). .. ______ VR 1.00 .89
" Alumina (AleOs)- oo ool SR
Ferric oxide (Fe203) ... Sy } 1.76 1.38
Sulphur trioxide (SOs) - o . el .00 .00
" Phosphorus pentoxide (P2Os) oo - ____ SR .02 tr.
Silica (S102). ~ -2 o . S 1.25 1.84
Loss on ignition . 42.01 | 41.89
100.00 | 100.00

Southern Marble Company—The quarries of the Southern Marble
" Company are located in the immediate vicinity of Marble Hill post
office along the bluffs which parallel the south side of the east branch
of Longswamp Creek. '
The Murphy marble occupies,the valley along the south side of the
~creek and extends often more than 100 feet up the bluff. It is a white,
coarsely crystalline and massive stone, containing few accessory im-
purities. The formation attainsa thickness of at least 200 stratigraphic
feét. The strike is N. 80° E., and the dip 20° SE.
- 'The following analysis represents the composition of an average
‘ sample of the Murphy marble taken over the entire exposure at Marble -

Hill:

A
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Analysis of Marble from Southern Marble Company
(Sample No. 23)

Lime (Cal) .ottt it i e e e 53 04
Magnesia (MgO) ...t e 1.00
Aluming (ALO;) oo e e l 139
Ferric oxide (FeOz) vvoivninnini i, )
Sulphur trioxide (SOz) ...vniviii i .00
Phosphorus pentoxide (P20;) .............. i .02
Silica (810.) uieiii i e e e 1.41
Loss on dignition ......oio il i 43.21
100.00

Amuicalola Marble Quarries—'The quarries of the Amicalola Marble
Company are located one mile south of Marble Hill post office in the
valley of a small tributary to the east fork of Longsvvémp Creek. The
marble is usually concealed by an overburden of material derived from
the adjacent formations. The stone is extremely white. The following
accessory minerals are found in certain portions of the formation:
tremolite, mica, and graphite, with some intrusive hornblende. The dip
is 15° SE. , .

Besides the use of this stone for commercial marble, it is of suitable
compositicn for use in the manufacture of both gray and white Port-
land cement, for fluxing purposes, lime, and many crushed stone
products.

The following analysis shows the average composition of this mar-
ble:

Analysis of Marble from the Amicalola Quarries
(Sample No. 24)

Lime (Cal) .ot e 52.18
Magnesia (MgO) ...... e e e e e 2.35
Alumina (ALO;) ..o 1 86
Ferric oxide (Fe.0;) e e f

Sulphur trioxide (SO;) ... .00
Phosphorus pentoxide (P.0;) .............. O tr.
Silica (S10.) v it e e 1.00
Loss om ignitionm .. ... oniinini i i 43.61

- 100.00
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CHEROKEE COUNTY
GEOLOGY V »

Occasional outcrops of Murphy marble have been observed in
Cherokee County along the valley of Longswamp Creek iinmediately
south of the Pickens-Cherokee county line. Outcrops also occur along
the continuation of this belt between Ballground and Canton. Several
miles west of Ballground and along Shatp Mountain Creek marble is
again exposed. It extends to the southwest and outcrops aiong Hickory
Log Creek. | .

The chemical and physical ‘character of the formation varies not
only in-a direction parallel to the strike of the rocks, but also from the
bottom to the top of the formation. The marbles are in places white .
and pink, coarsely crystalline, high-calciumn stones; again they are dark

colored, Bighly. siliceous and ‘micaceos or high-magnesian. They are
seldom- exposed over a thlckness of more than fifteen stratigraphic feet.
The. thickness of the formaticn probably never exceeds 150 feet and in

certain localities the formation thins down. toon’ly a few feet.

DESCRIP’.["ION oF INDIVIDUAL LOCALITIE}S

crystalline, mag-
] crops at intervals over a
strat1graphlc thickness of 15 ‘feet alotig -the “éast side of Lost Town
Creek at a point about seven miles northwest of Canton and about one-
Half #ilé north ‘of the junction of Lost Town and Shoal creeks. The
strike is N. 16° 'W., and the dip 20° NE.

The following analysis’ shows the composition of the stone at this
point :

' Analysis of Marble from Near Canton, Georgia

(Sample No. 25)

Lime (CaO) vooovviiiiiiiiiii e [ 24.07
Magnesia (MgO) .................................. 17.24
Alumina (ALOs) ...i.....vsn. eveebeee e 1
Perric oxide (Fe.05) +ovvverernnreieinnnns PR f 43
Siliea (8i05) ... eevnn.... ] 21.76
Lioss on igmition ....... ... ool 37.08
L
100.58

iMcCallie, S. W., Marbles of Georgia: Bull. Geol. Survey of Ga. No. 1, 1907,
p. 109. '
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LIMESTONES AND CEMENT MATERIALS OF THE APPA-
LACHIAN VALLEY AND CUMBERLAND PLATEAU
AREAS IN GEORGIA

POLK COUNTY
GEOLOGY

BeaveEr LIMESTONE

The Beaver limestone occurs at only one locality in Polk County,
namely, on the northeast end of Indian Mountain, where it extends
from the Georgia-Alabama line northeast to Oredell. The formation
has a total length of about three miles and an average width of about
three-fourths mile. The Beaver limestone is usually largely concealed
by residual material. The high percentage of magnesia prevents its
use in the manufacture of Portland cement, and its heavy overburden
interferes with the commercial winning of the stone for lime and for

crushed stone products.
Kxox DovomiTe

The Knox dolomite consists of heavy-bedded and massive, semi-
crystalline, gray dolomite, containing considerable chert above the lower
500 feet. The formation is seldom exposed in Polk County over any
considerable thickness. The extensive residual materials due to the
disintegrating Weatheﬂng agencies usually conceal the underlying rock.
There are but few exposures in Polk County of this formation which
could be commercially won for the burning of lime. TIts dolomitic
character makes it objectionable for use in the manufacture of Portland
cemént. Both the chert and the dolomite of this formation can best be

utilized in the construction of roads.
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CHICKAMAUGA FORMATION

The Chickamauga formation has been divided by Hayes" into two
members, the Chickamauga limestone, which is correlated with the
lower portion of the Chickamauga formation north of the Coosa Valley,
" and the Rockmart shdles and slates, which are considered to be the
" equivalent of the upper portion of the Chickamauga formation. These
rocks in Polk County présent wide differences in both the lithologic
character and fossil content from the Chickamauga formation north of
the Coosa Valley.

CHICKAMAUGA LIMESTONE

The Chickamauga limestone consists of dark-blue high-calcium lime-
stone in the lower portion ¢f the formation, succéeded by thin and
heavy beds of interstratified datrk blue, high-calcium, and light-gray to
bluish—gra,y m’agnesién limestone. The limestone sometimes attains a
thickness of 200 feet. The line of contact between the Chickamauga
limestone and the Knox dolomite has not been observed in this county.
The two formations are always separated by a band of red clay which
~marks the line of an unconformity between the two formations. ,
'F e‘h1gh—ca‘ cium beds of the Ch1ckamauga limestone, which occur
in, reater abundance in the lower portion of the formation are chemic-
ally suitable for use in ‘the manufacture of Portland cement.. Both
higli-calcium and magnesian beds occur in the fpper- portion ‘of the
fdrma-tion; however, the magnesian limestones predominate. On the
property of the Southern States Portland Cement Company, the lime-
stones dip at a considerable angle, so that the high-calcium beds can be
won by quarrymg in a direction parallel to the strike of the rock. In
other portions of the county where the Chickamauga limestone is found
many of the magnesian beds must be removed in order to procure the
higf—héc’ellcit1m- stone. The limestones make a good lime for building and
agricultural purposes, as well as for ballast, road metal, and concrete.
The beds which are low in silica and alumina are suitable for fluxing
pUrposes.

1Hayes, C. W., Rome folio (No. 78), Geol. Atlas T. S., U. S. Geol. Survey, 1902.
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A. ROCKMART SLATES. QUARRY OF THE BLACK DIAMOND SLATE COMPANY, ABOUT 2 MILES
NORTHEAST OF ROCKMART, POLK COUNTY, GEORGTA

B. ROCKMART SLATES. ARTIFICIAL CUT MADE BY SEABOARD RAILROAD IMMEDIATELY SOUTH
OF ROCKMART, POLK COUNTY, GEORGIA
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ROCKMART SHALES AND SLATES

The lower 1,600 feet of the Rockmart shales and slates consist
largely of dark-blue to black shales and slates weathering often to
olive-green or yellow and are remarkably uniform in lithologic charac-
ter. The upper 1,000 feet consist of coarse limestone conglomerates at
the base, succeeded by shales. In the upper portion of the formation
beds of cherty limestone and sandy shales occur. The shales have been
so changed by dynamic agencies that they have been metamorphosed
into slates in the lower portion of the formation. ‘These slates are well
suited for mixing with a high-calcium lime in the manufacture of Port-
land cement.

-. DESCRIPTION OF INDIVIDUAL LOCALITIES

Marble Hill (Map location 1 P).—Marble Hill is situated in the
town of Rockmart just south of the Southern Railway depot. The hill
received its name from the fact that the limestone which occurs at this
point was at one time thought to be marble. The remains of two lime
kilns and two quarries on the south side of the hill show that this lime-
stone was once quarried and burnt for commercial lime. The quarries
are both situated in the upper gray magnesian beds of the Chickamauga
limestone and are capped by the Rockmart shales and slates. The rocks
strike N. 15° E., and dip 40° SE.

Sectwn@of Quarry, Marble Hill, Polk County

Total
Sample | TUnit Description of Units Thickness | Thickness
No. No. ~ feet feet
26 6 Heavy - bedded, light blue limestone
with some interstratified, heavy
beds of gray limestone.________._____ 57.8 290.1
5 Concealed . ..o ____________
27 4 Dark blue, heavy-bedded limestone
with some. light-blue limestone in-
terbedded. - ___ 89.6 232.3
28 3 Dark-blue, heavy-bedded limestone
becoming somewhat argillaceous
at the t0p- oo __ 52.4 142.7
J 2 Light-blue, heavy-bedded limestone,
29 weathering to gray_ . ___________ 63.1 90.3
L 1 Light, grayish-blue, heavy-bedded .
limestone___ . ____ _________________ 27.2 27.2
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The following analyses show the character of the several beds of
limestone in the above section:

Analyses of Limestone from Marble Hill

Sample No._ ool oo e fellcn 26 27 ' 28 29
UDEE NO e eee et 6 4 3 | 281
Lime (Ca0) - e 44.64 | 43.58 |, 51.56 | 35.86
Magnesia (MgO) - o ool 8.08 7.04 2.36 | 15.26
Ferric oxide (Fe203)_ - oo . ___ .90 .64 .66 .64 .
Silphur trioxide (SO8) - ccocoooom e .00 00 - .00 .00 -
Phosphorus pentoxide (P2Os5) o ocooo_ 7= .01 .02 .01 .00
Silica (8102). oot 97 | 1.47| 1.24| 2.50,
Potash (K20) oo oo .20 .20 .15 .15
Soda (Na0).fe oo . .08 081 .15 .07
Clay bases oo oo oo .67 1.29 .63 .92
Toss on dgnition_ . ________________________ 44.45 | 45.68 | 43.24 | 44.60
100.00 | 100.00 ! 100.00 | 100.00

Ellis Davis and Sow, slate quarry (Map location 2 P).—The slate
quarry of Ellis Davis and Son is located in the southeastern portion of
the town of Rockmart. The quarry is developed at the base of the
Rockmart shales and slates, the undetlying -Chickamauga limestone
- being-exposed., At its; east end the quarry has a widthiof 160 feet in a
general northeast-southwest dirééﬁion, a l\éﬁngth of 20 feet in a direction
patallel to the strike of the rocks, and a-height of 70 feet: These shales
fulfill all the conditions for use in the manufacture of Portland cement.

An average sample of the slates was taken over theé entire quarry ex-
posure, an analysis of which is given below.

Analysis of Slate from Ellis Davis and Sow's Quarry
(Sample No. .30)

Moisture at 100° C. oiirvnnn ittt it 46
Loss on ignition ...t 6.34
Lime (Cal) .cvivviiiiiinin i, P .28
Magnesia (MgO) «.vviiiiii et et e i 2.60
Alumina (ALOg) .. .ovvvienn.... Aer e e 20.80
Ferric oxide (FeyOg) vevvivnniiennni i iiinnennn, 4.93
Manganese (MnO) ......c.coiiiiiiiiiiiiiinnnnn... 10
Potash (K,0) A 2.63
Soda (Nas0) ooiiiiii it ittt e e i iee e 1.40
Titanium dioxide (TiO) ..vvvv.n... J
Silica (810;) ..o i e 59.74
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Rockmart Shale Brick and Slate Company (Map location 3 P).—
The shale quarry of the Rockmart Shale Brick and Slate Company is
situated immediately east of the brick plant in the town of Rockmart
and at the base of the Rockmart shales and slates. The quarry is about
40 feet in width, several hundred feet in length, and between 10 and 30
feet in depth. The quarry can be developed both in a direction paraliel
to and across the strike of the rock. These shales are entirely suitable
for use in the manufacture of Portland cement _

An average sample of the whole quarry exposure was taken, an
analysis of which is given below:

Analysis of Shale from Rockmart Shale Brick and Slate Company
' (Sample No. 31)

Moisture at 100° C. ... ... .o .30
Loss on ignition .........ooiiiiiiiiiiiiiiiia., ... 5.20
Lime (CaO) .......... e e 10
Magnesia (MgO) ...t 40
Alumina (ALO:) .......... e 19.79
Ferric oxide (FesOp) «vvvrveniinii i 3.91
Manganese (MnO) ....... e et W .06
Potash (EoO) .ot i e 1.94
Soda (Na,0) oot i e e i 1.23
Titanium dioxide (Ti0,) ......ooiiiiiiiii .. .82
Silica (B10,) t ittt i e e e 66.32

100.07

Morgan Hills (Map location 4 P).—The upper portion of the
Chickamauga limestone is exposed in three separate hills about five
miles southwest of Rockmart. The exposures occur just south of the
road which parallels the southeast side of Uharlee Creek, on the prop- -
erty of G. W. Morgan, and extends from the c