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LETTER OF TRANSMITTAL

GroLoGIcAL SURVEY oF GEORGIA,
ATLaNTA, SEPTEMBER 1, 1951.

To His Excellency, RicaarD B. RUsSsELL, JR., Governor and President
of the Advisory Board of the Geological Survey of Georgia.

Str: I have the honor to transmit herewith for publication the
report of Mr. Richard W. Smith, Assistant State Geologist, on the
Shales and Brick Clays of Georgia. This report is the fourth report
published by the State Geological Survey on the ceramic materials of
the State. The first report, published in 1898, was confined entirely
to the Cretaceous clays of south Georgia, the second report included
not only the Cretaceous clays of south Georgia but gave a general de-
scription of the clays of the entire State, the third report was confined
solely to the sedimentary clays of the Coastal Plain, including not only
the Cretaceous clays but also the Eocene clays of the Tertiary age,
whereas this report is confined to the shales and the brick clays of the
entire State.

- The large amount of information brought together in this report
will be of great assistance in the expansion of the heavy clay products
industry of Georgia that will accompany the industrial growth of the
South. ;

Very respectfully yours,
S. W. McCaLuzg,

State Geologist.
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PREFACE

Two reports on the clays of Georgia were issued prior to 1926 by the
Georgia Geological Survey. Bulletin 6, A Preliminary Report on a
Part of the Clays of Georgia by Dr. Geo. E. Ladd, issued in 1898, was
concerned only with the sedimentary kaolins along the Fall Line.
Bulletin 18, A Second Report on the Clay Deposits of Georgia by J. O.
Veatch, issued in 1909, was a comprehensive report on all the clay re-
sources of the State and did much towards furthering their utilization.

Since Veatch’s report was issued, the clay mining and working in-
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dustries of Georgia have shown a remarkable progress. The pro-
- duction of sedimentary kaolin from Middle Georgia for filler, white
ware, and refractory uses was in 1927 over five times that of 1909.
The brick and tile industry using the alluvial clays of Middle Georgia
has greatly increased. The shales of Northwest Georgia have found
an extensive use in the manufacture of brick, tile, and sewer pipe. The
increasing interest in the industry has lead to the discovery of many
deposits unknown at the time of Veatch’s investigation. The need of
a new detailed survey of the clay resources of the State was imperative.

~ The writer began his investigation of the clays of the State in July,
1926. 'The field seasons of 1926 and 1927 were spent in Middle and
South Georgia simultaneously investigating the kaolins, bauxites,
brick clays, and fullers earths. The ceramic tests on the kaolin and
bauxite clay samples collected were made by the writer in the winters
of 1926—27 and 1927-28 at the Ceramic Laboratory of the Georgia
School of Technology. The mass of data on these sedimentary kaolins
and bauxitic clays alone was so great that it was written up and pub-
lished in 1929 ‘45 Bulletin 44, The Sedimentary Kaolins of the Coastal
Plain of Georgia.

The writer spent the summer and fall of 1929 and the spring of 1930
investigating the shales of Northwest Geprgia. The ceramic tests on
the shale samples, together with the brick clay samples previously
collected from Middle and South Georgia, were made in the winter of
1929-30 and the summer and fall of 1930 at the Ceramic Laboratory
of the Georgia School of Technology under the direction of Dr. A. V.
Henry, Director of the Department of Ceramics. During a part of
the time the writer was assisted by one of the ceramic students. All
of the chemical analyses that accompany the laboratory tests were
made by Dr. Edgar Everhart, Acting Chemist of the Georgia Geological
Survey.

This report has been written for two very different types of readers:
the average man who is interested in the mineral resources of Georgia
or who is interested in the possible uses and value of one of the de-
posits described in this report, and the ceramist or heavy clay product
manufacturer who is thinking of locating a plant in Georgia and wishes
accurate information as to the location and character of the raw ma-
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terials he needs for his particular product. The average man will not
understand all of the detaned property descriptions and ceramic tests
without a careful study of the introductory sections of the report,
particularly those on Properties_of Clays and Uses of Red-firing Shales
and Clays. The ceramist or heavy clay product manufacturer will
find the basic facts that he desires, along with much explanatory matter
that has long been familiar to him, and will make his own interpretation
of the data given. Neither should fail to read the concluding chapter
on the Future of the Industry.

The writer wishes to acknowledge his thanks to Mr. S. W. McCallie,
State Geologist of Georgla, for criticism and advise; to Dr. A. V. Henry,
Prof. W. H. Vaughan, and the other members of the Ceramic De-
partment of the Georgia School of Technology, who eooperated so
willingly in the laboratory work and gave much valuable advice during
the writing of the report; to Katherine Cox Smith for measuring the
colors of the test bars and for preparing the drawings of Figures 5-25;
to Mr. J. M. Mallory, General Industrial Agent of the Central of
Georgla Railway for assistance and information; to the Munsell Color
Company, Inc., Baltimore, Md., for criticism of the description of their
color system and for the use of the electrotypes for Figures 1 and 2;
to Mr. Julius Rink, Mr. J. L. Rowland of LaFayette and Mr. J. DA
Dobbins of Cassandra for freely giving of their time in showing the
writer the shale deposits of Walker County; to the secretaries of the
Chambers of Commerce of Rome, Macon, Augusta, and Columbus for
valuable publicity and assistance; to the newspaper editors in all the
counties visited for publicity; to the managers and suberintenden’ts of
all of the shale and clay pits and brick, tﬂe, and sewer pipe plants
visited for their help and courtesy; and to the many citizens without
whose interest and cooperation the investigation would not have been
a suceess.

Richard W. Smith,

Assistant State Geologist.

tlanta, Georgia, September 1, 19381.
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SHALES AND BRICK CLAYS
OF GEORGIA

HISTORY OF THE INDUSTRY

The first brick used in the colony of Georgia were brought from
England. Esxamples of these brick may be seen today in some of the
colonial houses of Savannah and Augusta. The “Old Pink House”
in Savannah, built for James Habersham in 1789; the “Owens House”
on Oglethorpe Avenue, built in 1812 or 1815; and the outhouses of the
“Read House” at 118 East State Street are built of English brick.!?
The brick in the “Old Clayton Home on Greene Street, Augusta,
and in the wall around St. Paul’s churchyard are reputed to have been
brought from England.

The first brick manufactured in Georgia were probably made at
Ebenezer on the Savannah River in Effingham County. According
to Veatch?:

“A colony of Salzburgers settled here in 1733 and in 1769 built a brick church,
the bricks being made at this locality, which is at the present time in a state of toler-
able preservation and is still used for religious services. The brick are a dark red,
a little larger than standard size, and quite sandy and porous.”

Building brick were often made on the larger plantations in the early
days. An annular pit about three feet deep and eight to fifteen feet
in diameter was dug near a deposit of swamp or bottom-land clay on -
the plantation. A revolving post in the center of the pit supported
one end of a pole that passed through the center of a disk-shaped stone,
like a mill-stone. A mule fastened to the other end of the pole served
as power for making the stone travel around the pit, tempering the
clay to the consistency of paste. The bricks were fashioned in hand-
made molds, air dried, laid in the form of a rough rectangular kiln,
and fired with wood fires.

Permanent brick works were probably soon established where there
were deposits of alluvial clays near the larger settlements. One of
Ehlelse old brick works near Savannah has recently been described? as
ollows:

“Henry McAlpin, a native of Scotland, heir of a ‘goodly inheritance,” well educa-
ed, came from Charleston, South Carolina, to Savannah about 1805. Soon after
his arrival at Savannah, he began to purchase adjoining tracts of land in its vicin-
ity, and these in entirety became the planatation known as the Hermitage'—the
original name of the plot whereon is now the ruins of his mansion and where his
railroad was located. He stocked the plantation with horses and slaves and with
the assistance of these, constructed a brick manufacturing plant for the purpose

1Personal correspondence with J. M. Mallory, Savannah, Ga.

2Veatch, J. O., Second report on the clay deposits of Georgia: Georgia Geol.
Survey Bull. 18, p. 322, 1909.

3Colquitt, Dolores Boisfeullet, America’s first railroad was built in Jan., 1820
at Hermitage Plantation here, Savannah Morning News, Dec. 1, 1929,
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?f uiil'iz}i;ng a stratum of clay found on the premises which proved admirably suited
or bricks.

“The railroad built by McAlpin in January, 1820, ran between the kilns of this
brick manufactory which was located about fifty feet away from the bank of the
Savannah River and three hundred -yards south of the present mansion ruins at
the ‘Hermitage.” Its purpose was to transport from kiln to kiln a large frame house,
fifty-one by forty-five feet with a nearly square pitched roof which was used to
cover a kiln while it was being filled with green or unburned brick, and removed
when the kiln was fired. This house was carried on the railroad by an enormous,
strong, four-wheeled truck set upon flanged iron rails.

“% * * Horses were doubtless the motive power used for McAlpin’s railroad,
for it is known that he kept snany of these animals, and besides; at the time of the
building of his railroad, the steam locomotive was unknown. * * *

“The manufacturing proved a success, turning out, over a period of about half
a century, gréat quantities of bricks noted for their size’ and durability, and they
are, what are known today as ‘Savannah gray brick.” These went into the con-
struction of buildings, many of which are in existence, erected in this city during
its thriving commercial era preceding the Civil War. The old culverts of the
Central of Georgia Railway are built of Hermitage’ bricks.”

Mallory*® states in regard to these culverts:

“* * * the culverts or viaducts under our railroad, just as you leave Savannah
were built of these brick. One of the viaducts was completed in 1852 and the other
in 1859. - Both are in splendid coridition and have served the heavier motive power
and equipment which have been added throughout the years.”

Another early brick plant was the Delaigle Brick Yards in Augusta,
established in 1808 by Nicholas de 1'Aigle, a French refugee, who came
to this country in 1804, and about whom many legends still exist.
This plant was sold in 1868 to Dennis Hallahan, who operated it for
many years. The following description of the plant is by M. J. Halla-
han, ? son of the owner and for many years superintendent of the busi-
ness.

“The outfit, consisting of a mule and six men, could manufacture 7,000 green
brick 2 day.” * * - * The.day (alluvial from the flood:plain. of ‘the Savannah
river) was dutnped into a ‘pug” mill and mixed into a dough. The ‘pug’ mill was a
large cylindrical vat into which fitted a pulverizer, or what could be termed a dasher,
which turned and sometimes acted as a plunger in pulverizing the clay. It turned
by means of a long pole, which protruded theréfrom, that turned around accord-
ing to the pace set by a walking mule. ¢ ‘ ’

“After being sufficiently pulverized, the soft dough was put away into molds at
the mill and toted to the drying section a few yards away. - Two. bricks were mould-
ed and laid out to dry at the same time. The molds were turned botfem up and
Wifhbexpkert hands, the laborer lifted the molds without making an imprint on the
soft brick.

“This was the first step in manufacturing hand-made brick. As the brick dried
on one side and then the other, they were set on end, on edge, and, as they hard-
ened, other brick were stacked upon them, leaving enough room for the air to cir-
culate. At times a heavy rain came up and washed the stacks of green brick to
the ground. :

“In those days it-took a week to run off a kiln of brick. The kiln was constructed
much simpler than the present ones and was big enough to turn.out tons upon tons
of the product. No means of equalizing the heat so as burn brick at the top and
bottom of the kiln at the same degree was then used. This resulted in three grades
of brick. Those stacked in the center of the kiln were the most beautiful * * *
and the durability excellent. The upper layer did not receive the full benefit of
the heat, resulting in a softer and most undependable brick. This product sold

iMallory, J. M., Gen. Industrial Agent, Cent. of Ga. Ry., letter to writer,
Jan. 51, 1931.

’From interview by Jack Bates, courtesy of the Augusta Chamber of Com-
merce.
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cheapest and was used for inside comstruction. The bricks stacked next to the fire
were overheateéd, giving the product a dark, purplisk hue. These were used in
the rear of the less-seen sections of structures. However, they were durable.

“The season for making brick extended from March 1 to the middle of October.
Some seasons not more than one or two kilns were run off. At most, one 2 month.
The Delaigle yards sold brick over a wide range of territory. Often the product
was used as ballast in ships plying North and South as means of shipping. * * *
The dwelling on Greene Street in Augusta, known as the Jobn D. Twiggs place
was the summer home of Nicholas de I’Aigle and was constructed of the finest speci-
men of the Delaigle plant.”

Brick plants were also early established at Macon, Columbus, Mil-
ledgeville, Atlanta, and other centers of population. By 1888 the
industry was well established, as shown by the following figures col-
lected by the U. S. Geological Survey!:

Brick production of Georgia in 1888

Albany.. 3,000,000
Atlanta —— 22,000,000
Augusta.. 15,000,000
Columbus 12,000,000
Dublin........ 1,500,000
Fort Gaines - 500,000
Macon ; 25 ,000,000
Milledgeville_.... . 1,600,000
Rome 15,000,000

Total 95,600,000

The shale deposits of Northwest Georgia were not used for the manu-
facture of brick until 1905. The Rome Brick Company, now the Rome
Plant of the B. Mifflin Hood Brick Company (see page 112), used a
mixture of Conasauga shale and alluvial clay to manufacture common
and pressed brick. Soon after this the Legg Brothers Company, now
the Calhoun Plant of the B. Mifflin Hood Brick Company (see page
212), at Calhoun used Conasauga shale for the manufacture of face
brick.

Vitrified paving brick were first made at Campanja, about 20 miles
west of Augusta, by the Georgia Vitrified Brick Company (see page
285) in 1902.

The first commercial manufacture of sewer pipe in Georgia was at
Stevens Pottery in Baldwin County in the late sixties or early seventies.
W. P. Stapler, president of the former Stevens, Inc., states?:

“Mr. Henry Stevens of Cornwall, England, came to Georgia in the fiftes. He
bought a large tract of land at what is now known as Stevens Pottery for the tim-
ber. This timber was sawed and kaolin was discovered on this land. He sent back

to England and imported some potters, and in 1861 began the manufacture of jugs,
jardinleres, vases, urns, etc.

“He operated the property until his death; at which time Mr. W. C. Stevens,
his eldest son, and Mr. J. H. Stevens, his second son, took over the management
of Stevens Pottery. They continued making the potteries and added to this line,
flower pots and sewer pipe. A hollow tree was rounded out with a smooth plunger
attached and through this the mud was forced out into a hollow pipe, and the col-
lars were put on by hand. * * *

“In about 1900 the pottery business was discontinued and the pottery section
of the plant was devoted to the manufacture of fire brick. In the meantime, the
zewe; pipe business had been extended until it was the largest portion of the pro-

uction.

Day, D. T., U. S. Geol. Survey Mineral Resources, 1888, p. 558, 1890.

*Stapler, W. P., personal correspondence with the writer, 1928.
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“In 1916 fire destroyed the fire brick or pottery plant. A large new plant was
rebuilt * * * and equipped solely for the production of fire brick. Since that time,
both Mr. W. C. and g/l H. Stevens have died, but the fire brick business has
mcreased to the extent that n 1926, we discontinued the manufacture of sewer
pipe.
 The manufacture of heavy clay products is now one of the most
important industries in Georgia dependent on mineral resources, as
shown by the following table of production statistics:

Production of Heavy Clay Products in Georgiat

Product l ' 1528 1927 1926

Common brick:

Nwumber establishments... ... ‘ 13 14 14

Thousands 149,002 175,232 227,218

Value -|$  1,216,910|$ 1,405,268|$ 1,885,416
Face brick:

Number establishments....oooooooeee. 6 - 6 6

Thousands.. 24,902| 26,557 34 256

Value.... $ 346,188($ 382,027|$ 562,413
H allow: brick, Terra cotta, Flue lining: ‘

Number establishments.......c...... 5 4 4

Tons : 10,738 10,617 13,054

Value $ 556,310($ 459,445|% 646,486
Hollow building tile: ‘

Number establishments ... 6 6 7

Tons... '. 115,720 89,411 158,967

Value ) $ 596,179{% ’ 475,605]$ 902,421
Roofing hlz, Dram [zle

Number establishments. .............. .6 4 5

Squares i 7,184 7,184 16,193

Tons 2,651 2,538 3,849

Value.. $ 106,089{$ 106,914|% 242,171
Paving blocks, Fire brick, Segment

ocks:
Number establishments............_.... 6 5 11
- Thousands.... 13,460 25,000 20,355

Tons.... . 600

Value.ooooeoo. $ 315,089!$ 608,784!% 574,980
Sewer pipe, chimney pipe and tops:

Number estabhshments .................. 8 7 6

Tons... 41,068 92,826 98,180

Valne 3 492,819i$ 1,407,364|$ 1,115,106
Wall coping: 4

Number establishments 3

Tons... a a 693

Value...._....... a .a $ 8,702

Total Value & $ 3630,441|3 4,853942)$ 5,957,486

“Not given separately, but value included in total.
éIncludes value of miscellaneous products not given separately above.

1From Mineral Resources, U. S. Bureaun Mines, 1926, etc.
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PROPERTIES OF CLAYS:

Clay may be defined as “an earthy or stony mineral aggregate con-
sisting essentially of hydrous silicates of alumina, plastic when suffi-
01ently pulverized and wetted, rigid when dry, and vitreous when fired
at a sufficiently high temperature.’?

CLASSIFICATION OF CLAYS

Clays may be classified according to their origin, chemical and phys-
ical properties, or uses. The first classification is, perhaps, of most
interest to the geologist, the second and third, which are related, to
the technologist or ceramist.

An example of a classification according to origin is the following
by Ries,® modified slightly by the writer:

Ries’s Classification

A. Residual clays. Formed in place by rock alteration due to various
agents, of either surface or deep-seated origin.

I. Those formed by surface weathering, the processes involving
solution, disintegration, or decomposition of silicates.

(2) Primary kaolins, white in color and usually white
ring.
Parent Rock Shape

Granite, Pegmatite, Rhy- Blankets; tabular steeply
olite, Limestone, Shale, dipping masses; pockets
Feldspathic Quartzite, or lenses.
Gneiss, Schist, etc.

{b) Ferruginous clays, derived from different kinds of
rocks. Red and buff firing. (Ex. Residual clays of

Georgia derived from schist and gpeiss.)

II. White residual clays formed by the action of ascending waters
possibly of igneous orlgm

{a) Formed by rising carbomated waters.
() Formed by sulphate solutions.

III. Residual days formed by action of downward moving sulphate
solutions.

IV. White residual clays formed by replacements, due to action of
waters supposedly of meteoric origin.

B. Colluvial clays, representing deposits formed by wash from the foregoing
and of either refractory or non-refractory character.

iMuch of the information in this section was obtained from:
Ries, H., Clays; their occurence, properties, and uses: 3d ed., 1927.
Veatch, } 0., Second report on the clay deposits of Georgxa Georgia Geol.
Survey Bull. 18, 1909.
Stout, Wilbur, and others, Coal-formation clays of Ohic: Ohio Geol. Survey
4th ser., Bull. 26, 1923
*Standard definition. The standards report for the American Ceramic Society
for 1928: Am. Ceramic Soc. Jour., vol. 11, p. 347, 1928.
*Ries, H. Op. cit., pp. 36-37.
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C. Transported clays.
I. Deposited in water.

(2) Marine clays or shales. Deposits often of great extent.
(Georgia shales) White-firmg clays. (Sedimentary
kaolins, ball clays)

Fire clays or siales, buff-firing.
Impure claysorshales.  f Calcareous.
\ Non-calcareous.

(b) Lacustrine clays. (Deposited in lakes or swamps.)
Fire clays or shales. .
Impure clays or shales, red-firing.
Calcareous clays, usually of surface character.

(c) Flood:plain clays.
Usually impure and sandy. (Alluvial brick-clays of
Georgia.)

(d) Estuarine clays. (Deposited in estuaries.)
Mostly impure and finely laminated.

{e) Deltaclays.

II. Glacial clays, found in the drift, and often stony.
May be either red or cream-firing.

III. Wind-formed deposits. (Some loess.).
IV. Chemical deposits. (Some flint-clays.)

Other classifications are based on physical properties or uses. One
of the best of these i1s that of Parmelee,! based on both the phys-
ical properties and uses of ¢lays.

A shale is a thinly stratified, consolidated sedimentary clay, origi-
nally of marine or lacustrine origin, with well marked cleavage parallel
to the bedding. Fine grinding or weathering of a shale will restore
more or less of the plasticity and other characteristics of the original
clay. Further metamorphism of a shale by heat and pressure results
in slate, in which form fine grinding produces little or no plasticity.

CHEMICAL PROPERTIES

Clay, in its simplest form, would consist entirely of hydrated alumi-
num silicate, such as kaolinite or allied minerals. Since clays are formed
from the decomposition of the earth’s crust, simple clays are rarely
ever found. All clays contain more or less accessory constituents in
addition to the hydrated silicates of aluminum. The quantity of ac-
cessory constituents varies greatly in different clays; ranging from a few
per cent in the case of some of the sedimentary kaolins to 50 or more
per cent in the case of some of the brick and other clays of common
occurrence. All the constituents of clay influence its behavior in one
way or another, their effect often being noticeable when only small
amounts are present. The various accessory constituents in clay have
different properties. Most of them “promote fusion, but some are far
more active than others. A few are influential also in the development
of colors. In a general way, the finer the accessory minerals and the
more evenly they are distributed in the clay, the greater their effect

Parmelee, C. W., and Schroyer, C. R., Further investigations of Illinois fire
clays: Illinois Geol. Survey Bull. 38, pp. 278-280, 1922
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in producing changes. The chemical analysis of a clay may give some
indication of its properties, but its value 1s limited because it does not
show the exact minerals in which the elements are combined, the fine-
ness of the grains, and other factors upon which the physical prop-
erties depend. The influence of the various components usually found
in clays can perhaps best be discussed individually.

SILICA

Silica is present in clay in two forms, namely, uncombined as silica
or quartz, and in silicates. The uncombined silica is usually quartz,
but fint, chalcedony, or hydrous silica may be present. The silicates
may be kaolinite or other hydrous aluminum silicates, micas, feld-
spars, glauconite, hornblende, garnet, ete. _

In the chemical analyses accompanying this report, the free and the
combined silica are reported together. Probably over half of the silica
found in the shales i1s free silica.

ALUMINA

Most of the alumina found in clays is in combination with silica, as
a silicate. Kaolinite (89.8 per cent alumina) and other hydrous alumi-
num silicates account for most of this, but some of the alumina may
be present as feldspar, mica, and other silicates. The average aluminsa
content of the shales and brick clays of Georgia, as shown by the chem-
ical analyses that accompany this report, is about 20 per cent, slightly
more than half of the amount in theoretically “pure clay.”

IRON

Iron may be present in clays in the form of: Ilimonite or other
yvellow and brown hydrous iron oxides; hematite, the red iron
oxide (Fe,0:); magnetite, the black iron oxide (FeO.); py-
rite or ‘“fool’'s gold” (FeS.), siderite (FeCQOs), and glauconite, a
green hydrated silicate of potash and iron. Most of the accompany-
ing chemical analyses report the iron as ferric oxide, Fe,Os, although
in some of the analyses the ferrous oxide, FeQO, has been separately
determined. The common ferrous minerals found in clays are pyrite
(FeS:) and siderite (FeCO:).

The iron oxides have both a coloring action and a fluxing action.
In general, clay containing less than 1 per cent ferric oxide fires white;
from 1 to 2 per cent fires to a light cream-color; and increasing amounts
over 2 per cent fire to cream, buff, and red colors. However, the color
to which a clay will fire cannot accurately be predicated from the a-
mount of ferric oxide shown by the chemical analysis. The color and
depth of shade probably depend upon: (1) the amount of iron in the
clay; (2) the minerals or chemical combination in which the iron is
present; (3) the size of the particles; (4) the presence of other minerals
that may influence the color; (5) the temperature of firing; (6) the de-
gree of fusion; and (7) the condition of the kiln atmosphere. For ex-
ample, two of the shales sampled for this report had 5.26 per cent ferric
oxide (dry basis). At cone 3 one fired to a light brownish-red and
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the other to a good red. The fluxing action of iron oxide probably de-
pends upon similar factors.

The iron oxide content of the samples of shales and brick clays of
Georgla ranged from 2.65 per cent to 14.05 per cent, with an average
of about 7.00 per cent.

TITANIUM

Titanium is an element which is very common in clays, usually n
the form of rutile (Ti0,), but occasionally as titanite (CaTiSiO; and
ilmenite (FeTi0Q;). These minerals are usually in the form of very
mintte crystals or needles, visible only with the aid of a microscope.

Titanium seems to have both a fluxing and a coloring action. Even
very small amounts will lower the vitrification point of a clay and in-
crease the coloring action of other coloring agents present.

The shales and brick clays of Georgia usually contain less than one
per cent of titanium dioxide.

ALKALIES

The alkalies commonly present in clays include soda (Na,0) and
potash (K,0). Several common minerals may serve as sources of these
alkalies, but probably most of it is furnished by feldspar and mica.

The alkalies are considered to be the most powerful fluzing agent
that clay contains. They serve, in ‘firing, to bind the particles to-
gether in a dense, hard body, permitting the ware to be fired at a
lower temperature. Alkalies alone seem to exert little or no coloring
influence on the fired clay, although in some instances.potash appears
to deepen the color of a ferruginous clay in firing.

The alluvial clays of Georgia generally contain less than one per
eent of soda or potash. The average of 43 analyses of typical shales
showed 1.06 per cent soda (Na,0) and 1.60 per cent potash (K,0).

LIME

Lime is found in many clays, and in the low-grade ones may be pres-

ent in large quantities. Quite a number of minerals may serve as
sources of lime in clays, but all fall into one of the three following
groups: :
1. Carbonates: calcite (CaCQO;), dolomite (CaMg (CO,),). Lime
in this form if finely divided has a marked fluxing action, shortens the
vitrification range, increases porosity, and decreases the coloring ac-
tion of iron. .

2. Silicates: some feldspars, garnets, and amphiboles. The effect
of these is much less pronounced than that of lime carbonate. They
serve as fluxes, but do not cause a rapid softening of the clay.

8. Sulphates: gypsum. Gypsum, when found iu clay, has probably
been formed by sulphuric acid, liberated by the decomposition of iron
pyrite, acting on lime carbonate. On firing, the chemically combined
water is first driven off, then the gypsum decomposes with the evolution
of sulphur trioxide (SO;), often causing swelling or blistering of the
ware. : :
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The shale deposfcs of Georgia, espec1ahy those of the Conasauga
and Red Mountain formatlons, often contain lime carbonate in the
form of irregular lenses and horses of limestone, interbedded layers
and thin partings of limestone, and layers of shale containing more
or less lime in the form of calcite crystals and lime carbonate noduies
The Limestone is easﬂy recognized. The limy shale often has a light-
blue cast. In either case the presence of lime carbonate can be “de-
tected by testing with dilute acid. The majority of the chemical analy-
ses of the samples collected for this report show no lime.

The alluvial clays often show very small amounts of lime, probably
in the form of small nodules of lime camonam Experience with these
clays bas shown that this lime seldom causes trouble in the manufae-
turing processes.

MAGNESIA

Magnesia (MgQO) rarely occurs in clay in larger guantities than one
per cent. When. present, its source may be any one of several classes
of compounds, that is silicates, carbonates, and sulphates. Silicates,
such as the black mica or biotite, are probably the most important
source. Biotite decomppses readily, and, its chemical combination
being thus destroyed, the magnesia is set free, probably in the form
of a soluble compound, which may be retained in the pores of the clay.
Magnesia acts as a flux, making the clay soften slowly.

The shales and alluwa,l clays of Georg1a all contain small amounts
of magnesia, ranging from a trace to 1.94 per cent. The average is
less than half of one per cent.

SULPEUR

Many clays contain at least a2 trace of sulphur, and some of them
show appreciable quantities. It may be present as:

1. Sulphate, such as gypsum (CaS0.2H.0), epsomite (MgSO,.7H.O),
or melanterite (FeS0,7H.O).

2. Sulphide, as pyrite (FeS,).

Sulphur in any form is one of the most detrimental impurities in
clays, as its compounds are instrumental in scumming, lowering of
fusion point, bloating of body, and blistering.

Less than half of the shales and alluvial clays sampled contained
even traces of sulphur, and the average is only a fraction of one per
cent.

PHOSPHORIC ACID

Phosphorus, or the phosphoric acid radical, P.0;, is common in
small quantities in clays. It may be present in the form of the phos-
phate of lime, the phosphate of iron, or even other phosphates. Its
effect in small quantities is not known, but in sufficient quantities
it may act as a flux at moderate temperatures.

Nearly all of the shales and alluvial clays of Georgia contain at least
traces of P.0;, but of those sampled the maximum (an alluvial clay)
was only 0.64 per cent.
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WATER IN CLAY

Water is present in clays as free water and chemically combined
water.

Free water: 'This includes that which is held in the pores of the
clay by capillarity and surface tension. It may include water of plas-
ticity; shrinkage water, and pore water.

Water of plasticity is that which is driven off when the clay is dried
from a condition of maximum plasticity to 110°C.

Shrinkage water is that portion of the water of plasticity which is
driven off up to the point where shrinkage ceases.

Pore water is that portion of the water of plasticity which is driven
off from the point where shrinkage ceases until the clay has reached
approximately constant weight at 110°C.

The water of plasticity is therefore equal to the sum of the shrinkage
and pore water.

The samples collected and tested by the writer were all rather thor-
oughly air-dried before the chemical analyses were made. The mois-
ture determined was therefore usually less than 1 per cent and rep-
resented only a portion of the pore water. In order that the analyses
given in the report may be directly compared, they have all been re-
calculated on a dry basis, eliminating the free water.

Chemically combined water: Chemically combined water is
that which occurs in the clay in chemical combination, the water of
crystallization of the hydrous minerals. That which is combined in
hydrous aluminum silicates passes off chiefly between 400°C. and 600°C.
Muscovite loses its water between 500°C. and 700°C., and hydrous
iron oxides dehydrate between 150°C. and 350°C.

In the analyses accompanying this report, the chemically combined
water is reported in the Loss on Ignition. Loss on ignition also in-
cludes any carbon dioxide, sulphur, and organic matter which may be
present in the clay.

PHYSICAL PROPERTIES OF CLAYS

The physical properties of a clay in the raw or green state, and its
reactions to the forming and firing processes necessary to produce
clay ware of any sort, are, to a large extent, the deciding factors in
determining the value of the clay and the uses to which it is best suited.
A knowledge of these properties and the tests by which they are de-
termined is essential to a correct understanding of the descriptions
and tests given in a subsequent part of this report. In this descrip-
tion emphasis has been placed upon the most important physical prop-
erties of the shales and brick clays of Georgia.

PROPERTIES IN THE RAW STATE
GRINDING

Shale, being a rock form of clay, must be ground before it can be
tempered with water to a plastic condition and formed into clay prod-
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ucts. The ease of grinding of shales varies considerably. Some are
soft and readily crush into flaky fragments which in turn grind readily
to a powder. Others are brittle and grind to a powder with little diffi-
culty. But some shales, especially those that are slightly metamor-
phosed, are tough and require long grinding.

The alluvial clays require no grinding to develop plasticity. In
many cases, however, a prehmmary crushing 1s advisable to break up
lumps and to insure a uniform mixture of the materials.

SLAEKING

The slaking of clays is the property they have, when dry, of crumbl-
ing and disintegrating into a pulverulent mass When immersed in an
excess of water. The time required for this varies {from a few minutes
in the case of soft porous clays to several weeks for tough shales, and
some may be incompletely disintegrated even after that. In slaking,
the water first fills the pore spaces of the clay; then the particles of clay
are entirely surrounded by a film of water, being separated from each
other by the thickness of the film, thus causing an increase in the volume
of the clay. In an excess of water, the clay grains become so far sepa-
rated from each other that the clay mass crumbles. The process seems
to be entirely physical and it is doubtful if any disintegration is due
to chemical action, as in the slaking of quick lime.

The slaking property is one of some practical importance, as easily
slaking clays temper more readily when worked. A number of the
Georgia shales, especially if but little weathered, are slow slaking.
This can be overcome, to a cobsiderable extent, by fine grinding, long
pugging, the use of hot water, or the use of certain electrolytes.

PLASTICITY

Plasticity may be defined as the property which many clays possess
of changing form under pressure, without rupturing, which form they
retain when the pressure ceases, it being understood that the amount
of pressure required, and the degree of deformation possible, will vary
with the material.

A number of theories have been advanced in explanation of this
property, but clay technologists are not yet fully agreed upon the
cause. Probably the most widely accepted theory at the present time
is the colloid theory, which assumes that clay grains of non-plastic
character are surrounded by a film of colloidal material. This colloidal
material, which may vary in its composition, is in a film of water. This
mixture has properties of a viscous fluid. The colloidal fluid acts as
a cementing film which holds the mass together and gives the material
properties which are intermediate between those of a solid and a liquid.
It is probable, however, that plasticity is due not to one but to several
causes.

No practical method has been devised for measuring plasticity,
and the loose terms used to describe it are of little value for compara-
tive purposes. The description of plasticity is a matter of judgment
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and will vary with the individual Very ﬁne-gramed plastic clays are
commonly described as “fat” or “sticky’’, while coarse—gramed sandy
clays, or those lacking in plastmlty, are termed ‘‘short” or ‘lean.”
The water of plasticity is not a measure of plasticity, but of the amount
of water necessary to develop maximum plasticity in a clay.

Plasticity generally bears a relation to the air shrinkage and drying
qualities of clays. Those clays which are most plastic generally have
the highest drying shrinkage and are more erly to Warp and crack
in drying. Clays.used in the manufacture of heavy clay products
must have sufficient plasticity to form without eracking in the mold-
ing processes. More plasticity is required to form complicated shapes
such as structural and roofing tile and sewer pipe than to form brick.

Alluvial clays generally have a good plasticity. The plasticity of
the shales ranges from good for the soft and the weathered shales to
poor for the hard unweathered and the metamorphosed shales. The
residual cla;ys derived from the weathering of gneiss and schist are
usually ‘short” or lacking in plasticity.

STRENGTH

The air-dried or “‘green” strength of a clay is a very important prop-
erty in the manufacture of clay products. A good green strength
enables them to be handled and to resist shocks before firing without
serious loss from breakage.

The strength of a dry clay may be determined by the transverse,
tension, or compression tests. Formerly the tensile strength was the
property commonly determined, but now the transverse strength
test is usually employed because it gives more uniform results.

The transverse strength is the resistance which a bar of clay offers
to a load applied at right angles to its length. The test is made by
molding the clay into a bar which is thoroughly dried, supported on
two knife-edges, and broken by slowly increased weight applied to a
knife-edge on the upper surface. From the weight required to break
the bar, the cross-section of the bar, and the distance between the sup-
ports, the green modulus of rupture is calculated. This is a factor of
the transverse strength expressed in pounds per square inch or in cor-
responding metric units.

In general a clay having a good plasticity will also have a high green
modulus of rupture. For example the average green modulus of rup-
ture for seven typical Floyd shales, which develop a good plasticity,
was 190.5 pounds per square inch; while the average for 14 typical
shales from the Red Mountain formation, which usually have a rather
grainy and poor plasticity, was 109.2 pounds per square inch. Some
shales, however, which have a rather poor plasticity develop a sur-
prisingly high green strength. On the other hand, some very plastie
alluvial clays tend to laminate when extruded through a die, and
these laminations are a cause of low green strength.

The average green modulus of rupture of 42 typical shales, eliminat-
ing those which were weathered almost to a clay and those which had
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been partly metamorphosed to a slate, was 109.2 pounds per square
inch. The average green modulus of rupture of nine samples of the
Fall Line alluvial clays was 430.2 pounds per square inch.

DRYING SHRINKAGE

The diminution in volume of clay, due to the loss by evaporation
of the water used in developing plasticity, is termed air shrinkage
or drying shrinkage. The drying shrinkage of a clay may be expressed
either in terms of its length (linear drying shrinkage) or in terms of its
volume (volume drying shrinkage). It depends upon such factors as
the texture of the clay and the amount of colloidal material it comn-
tains, the amount of water used to develop maximum plasticity, and
the rate and method of drying.

A knowledge of the drying shrinkage of a clay is important for the
production of exact and uniform sizes of clay ware. A high drying
shrinkage can often be counteracted by the addition of sandy materials
or grog. These in addition make the mixture more porous, facilitat-
ing the drying, permitting the water to escape more readily, and reduc-

the danger from warping and cracking.

The shales of Georgia have a drying shrinkage averaging about
8.5 per cent. The Fall Line alluvial clays, as might be expected from
their greater plasticity, have a drying shrinkage averaging about 8.8
per cent for the samples tested.

FIRED PROPERTIES

FIRING SHRINXKAGE

All clays shrink during some stage of the firing, even thouch they
may expand slightly at certain temperatures. The firing shr mkage,
like the drying shrinkage, varies within wide limits, the amount de-
pending largely on the texture and fusibility, and to a less extent on
the quantity of volatile elements, such as combined water, organic
matter, and carbon dioxide. After the volatile elements have been
driven off, the clay is left more or less porous, in addition to its porosity
caused by the grains not fitting closely together. As fusion begins,
the pore spaces are closed up by the gradual melt;ng of the constituent
grains of the clay, thereby causing a gradual, but not always uniform,
shrinkage in volume, until the point “of vitrification is reached, when
the mass approaches a homogeneous and non-porous condition. Be-
yond vitrification there may be expansion due to the volatilization
of the clay. Expansion sometimes takes place before vitrification in
- clays containing an excess of silica, due to the change in crystal form
of the silica grains from alpha to beta quartz and, to a less extent, a
permanent conversion to crystoballite or tridymite and other forms.

Either the linear or volume firing shrinkage at any temperature
or cone (see page 16) may be determined. It may be expressed in
terms of the plastic volume or length or in terms of the dry volume
or length. The total shrinkage is the sum of the drying shrinkage and
the firing shrinkage, provided both are expressed in the same terms.
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In the manufacture of clay ware it is important to obtain as low a
firing shrinkage as possible in order to prevent cracking and warp-
age and to maintain uniformity of size. This may be done by mixing
clays, or by the addition of materials such as sand or siliceous clays
that in themselves have no firing shrinkage within the firing range
of the ware.

ABSORPTION AND POROSITY

. he defined ag tha vols £ o
The porosity of a clay may be defined as the volume of pore-space

between the clay particles, expressed in percentages of the total ap-
parent volume of the clay, and depends upon the shape and size of the
particles making up the mass. There are two types of pores in fired
clays, open and closed. The volume of the latter cannot be directly
measured. Thus there are two types of porosity; true porosity, which
represents the volume of the open plus the closed pores; and apparent
porosity, which represents the volume of the open pores only.

Absorption is a measure of the apparent porosity represented by the
quantity of water a unit weight of the body will take up.

Absorption in a fired clay decreases as the firing continues and the
firing shrinkage decreases the volume of the pore space, approach-
ing zero as the clay approaches vitrification. It has an important
bearing upon the strength of a fired clay body, its behavior as an ab-
sorbent, and its resistance to weathering, shock, abrasion, erosion, and
discoloring agents.

FIRED STRENGTH

The fired strength of heavy c¢lay products is an important measure
of their durability. The transverse strength is most commonly mea-
sured, as described above under green strength, using fired bars instead
of the air-dried bars. It is expressed as the fired modulus of rupture
in pounds per square inch or in corresponding metric units.

As clay ware is fired to increasingly higher temperatures up to the
point of vitrification, the fired strength increases gradually but not
always uniformly. The strength of ware fired beyond the vitrification
point often decreases, due to the formation of a brittle, glassy struc-
ture. '

COLOR

The color of fired clay ware is largely due to iron oxide, although
other factors enter in so that the color to which a clay will fire cannot
be determined from the amount of iron oxide shown in the chemical
analysis. The colors which a fired clay may show depend upon:

1. The quantity and surface factor of iron oxide contained in the
clay. Usually at least four or five per cent of iron oxide is necessary
to give a good red color to the fired clay. Other conditions being equal,
increasing amounts of iron tend to deepen the red color.

2. The other constituents of the clay accompanying the iron. The
presence of lime in small quantities often prevents the development
of a good red color in the fired clay. An excess of alumina sometimes
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appears to form compounds with the iron that give the fired clay a
yellow color. Certain fluxes, such as potash, appear to deepen the red
color of ferruginous clays.

8. The composition of the fire-gases during the firing. Oxidizing
conditions are necessary te produce a good red color in firing a ferru-
ginous clay. Lack of oxygen or the presence of sulphur dioxide atmos-
phere, especially during the period when the water of crystallization
1s being driven off, often reduces the iron oxide from the ferric to the
ferrous condition with the production of complex iron silicates which
give the vitrified clay a black color and sometimes cause bloating,

4. The degree of wvitrification. The vitrification of ferruginous
clays progressively darkens their red color and often changes it to
brown, green, or black, due to the formation of ferrous silicate.

5. The temperature at which the clay is fired. The red color of
ferruginous clays becomes deeper as higher temperatures are reached,
due to increased oxidation.

WARPAGE AND CRACKING

Warpage and cracking in a fired clay body are due primarily to un-
equal shrinkage during either or both the drying and the firing stages.
Such conditicns are very difficult to avoid with clays having a high
shrinkage. The shales of northwest Georgia showed but little warpage.
The test bars of the Fall Line alluvial clays showed slightly more warp-
age, with the exception of those containing enough sandy material
to reduce the shrinkage and warpage. Some of the highly plastic re-
sidual and alluvial clays of South Georgia showed considerable warp-
age and, in a few cases, were badly cracked.

SCUMMING

The appearance of a white coating on the surface of heavy clay
products following drying, firing, or even after use, is known to the
clay worker as scum. Scumming is due to the presence of water-
soluble salts, usually sulphates of lime and magnesia, derived from
the clay itself, from the tempering water, from the action of kiln gases,
or even, when the scum appears after use, from the mortar or from
absorbed ground water. The term ejfflorescence is sometimes used
to designate those accumulations of soluble salts upon the surface
which have been brought there in solution and deposited when the
water evaporated. The term scum would therefore be restricted to
those deposits of soluble salts formed by the action of gases upon the
wares during drying and firing.

A few of the shales and clays tested for this report showed traces of
scumming, or more properly effiorescence. This scum was probably
formed from soluble salts contained within the shale or clay. It is not
definitely known how much soluble matter is permissible in a clay
without danger of its forming a white coating, but it i1s probable that
less than 0.1 per cent may cause trouble.



16 GEOLOGICAL SURVEY OF GEORGIA

FIRING RANGE

The process of vitrification of a clay is usually a gradual one. Im-
mediately after a clay has been dehydrated it shows its maximum
porosity. As the temperature is raised, some of the clay particles
begin to soften by fusion, binding the mass together. As the tem-
perature continues to rise, more of the mass becomes softened, and more
of the clay body goes into solution so that the composition of the sof-
tened portion changes. It will be seen, therefore, that while in the
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tween the grains, these will be gradually filled by fused matemal provid-
ed there is a sufficient quantity of it.

We may recognize three stages in the vitrification process as follows:

1. Imcipient vitrification, in which just enough of the clay material
has softened to stick the mass together.

2. Complete vitrification, at which point the interspaces are filled
with fused material, the mass, however, being still able to support
its own weight without distortion.

8. Fusion at which point the body has softened so that it no longer

will withstand the pressure of its own weight without deformation.

The ideal conditions desired in a clay to be used for the manufac-
ture of heavy clay products are for a long range in temperature be-
tween the incipient vitrification and the complete vitrification, and
‘particularly for only a slight increase in shrinkage ‘and:strength and
decrease in absorption during that latter part of this stage. It is al-
most impossible to control the temperature in firing wire so that it
will be equal in all parts of the kiln. - Therefore, if there is but slight
change in the shrinkage, strength, and absorption of the ‘ware during
the last stage of the firing, the ‘chances are better for obtaining ware
of uniform properties from all portions of the kiln. This range of tem-
perature, or rather heat treatment, between the time when the ware
begins to have the desired properties and the stage of complete vitri-
fication is called the firing range of the clay. The firing range can
be expressed in terms of temperature. Better yet, as the results de-
pend upon the effects of temperature plus the time of firing, or heat
treatment, it may be expressed in terms of standard pyrometric cones.

Standard pyrometric cones are pyrometric measures of heat treat-
ment in the form of a series of cones, made from ceramic materials,
. and carefully compounded so as to soften or deform in progressive
order. They do not definitely measure temperature, but the com-
bined effect of temperature and time or conditions of heat treatment.
They were first established by Seger and are often called Seger cones.
The series of American standard pyrometric cones with their end points
- as determined by Fairchild and Peters' is given in the following table:

lFairi:gglg, C. 0., and Peters, M. F., Amer. Ceramic Soc. Jour. vol. 9, p. 738,
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End Points of American Standard Pyrometric Cones

End Point (heated in air)
Cone No. Heated at 20°C. per hour Heated at 150°C. per hour

°C. °F. °C. °F.

022 585 1085 605 1121
021 595 1103 - 615 1138
020 625 1157 650 1202
019 630 1166 660 , 1220
018 670 1238 720 1328
017 720 1328 770 1418
016 735 1355 795 1463
015 770 1418 805 1481
014 795 1463 830 1526
013 825 1517 860 1580
012 840 1544 875 1607
011 875 - 1607 905 1661
010 890 1634 895 1643
09 930 . 1706 330 1706
08 945 1733 850 1742
07 975 1787 990 1814
06 1005 1841 . 1015 1859
05 1030 1886 1040 1904
04 1050 1922 1060 1940
03 1080 1976 1115 2039
02 1095 2003 1125 2057
(1)1 1110 . 2030 13145 2093
i 1125 2057 1160 2120

2 1135 2075 1165 2129

3 1145 2063 1170 2138

4 1165 2129 1190 2174

5 1180 2156 1205 2201

6 1190 2174 1230 2246

7 1210 2210 1250 2282

8 1225 2237 1260 2300

9 1250 2282 1285 2345
10 1260 2300 1305 2381
11 1285 2345 1325 24317
12 1310 2390 1335 2435
13 1350 2462 1350 2462
14 1390 2534 1400 2552
15 1410 2570 1435 2615
16 1450 2642 1465 2669
17 1465 2669 1475 2687
18 1485 2705 1490 2714
19 1515 2759 1520 2768
20 1520 2768 1530 2786

Heated at 100°C. per hour
23 1580 2876
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End Points of American Standard Pyrometric Cones

—Continued.
End Point (heated in air)
Cone No. Heated in Arsen furnace Heated at 100°C. per hour
at 600° per hour.
°C. °F, °C. °F,

26 1595 2903
27 1605 . 2921
28 1615 2939
29 1640 2984
30 1650 3002
31 1680 3056
32 - 1700 3092
33 1745 3173
34 1755 3191 1760 3200
35 1775 3227 1785 3245
36 1810 3290 1810 3290
37 1830 3326 1820 3308
38 1850 3362 1835 3335
39 1865 3389

40 1885 3425

41 1970 3578

42 2015 3659

Standard pyrometric cones are used in firing clay ware or test pieces
by embedding a series of three or more different cones in a vertical or
slightly inclined position in a plastic clay base, and placing them ad-
jacent to the ware. As the temperature rises, the cones, in order, soften
and bend over. The end point is when the tip just touches the base,
when the cone is said to be ‘“‘down.” They are widely used in the firing
of all types of clay ware, sometimes as the only means of measuring
the heat treatment, and sometimes to supplement the use of pyro-
meters.

The shales of Northwest Georgia generally have a long firing range.
The samples of typical shales from the Conasauga, Floyd, and Red
Mountain formations collected for this report had an average firing
range of six to seven cones. The samples of the Fall Line alluvial
clays had an even longer firing range.
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FIELD AND LABORATORY METHODS FOR
THIS REPORT

FIELD METHODS

The investigation of the shales and brick clays of Georgia was of
necessity limited by the large area that had to be covered in a short
time. The producing plants and the principal outcrops within reason-
able distance from transportation were visited. Many of these de-
posits were located through publicity in the newspapers, often in co-
operation with the local chambers of commerce.

The natural outcrops and the mining pits were examined and de-
scribed, together with all the factors that would influence the commer-
cial value of the deposit. No prospecting could be attempted because
of limited time and money. Favorably located outcrops that were
approximately representative of the deposit, and were not obviously
unfit for use, were sampled. Wherever possible a 25-pound groove
sample of the entire thickness of the outcrop was taken. Many out-
crops, however, were such that a grab sample taken at intervals along
the outcrop was considered more representative than a groove sample.
In both cases the surface of the outcrop was cleaned before taking the
sample. The following samples were collected: 84 shales and as-
sociated clays from North Georgia, 10 Fall Line alluvial clays, 9 South
Georgia alluvial and residual clays, and 9 weathered SChIStS from just
north of the Fall Line in Middle Georgia.

It will be observed that many more shale samples were collected
than of alluvial clays. This is due primarily to the fact that the shales,
because of their mode of occurrence, give rise to numerous natural
outcrops, while the alluvial clays are concealed as stream valley de-
posits which are generally covered with a layer of overburden and can
be examined only by prospecting.

LABORATORY METHODS

The large number of samples and the limitations of time and funds
necessarily himited the tests that could be made to those most essential.
Yet they show certain characteristics of the clays that will determine
the line that further investigation should take. Thorough prospecting
and further laboratory and plant tests on representative samples should
be carried on before money is invested in a plant to manufacture heavy
clay products from any of these clays.

The chemical analyses were made by Dr. Edgar Everhart, Acting
Chemist of the Georgla Geological Survey, except when otherwise
specified. The physical and pyro-chemical tests were made by the
writer at the Ceramic Laboratory of the Georgia School of Technology
under the direction of Dr. A. V. Henry, the director of the Ceramic
Department. The methods followed were suggested by Prof. W. H.
Vaughan, Associate Professor of Ceramics. The writer was assisted
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in some of the testing by one of the Junior Ceramic students. The
Munsell color measurements were made by Katharine Cox Smith.

The tests, which are described in detail below, were designed to de-
termine as far as possible the firing range of the clay and its suitability
for the manufacture of heavy clay products. The tests followed as
closely as possible the methods recommended by the American Ceramic
Society.: The errors in the results, some of which are apparent from
a study of the shrinkage, absorption, and strength curves given in
the report, are due primarily to two causes: (1) Erxvors in firing due
to unequal heat distribution in the kiln and occasional reducing condi-
tion of the kiln atmosphere; and (2) Errors due to an insufficient num-
ber of test bars because of lack of clay or breakage in handling.

PREPARATION

Each sample was dried for about 24 hours at 80°C. and then ground
to pass a 16 mesh screen. Notes were taken of the ease of grinding of
the material and of the ground color. The ground material was then
tempered with sufficient water to make plastic, wedged on a damp
cloth to remove air bubhles and to make uniform, wrapped in a damp
cloth, and placed in a humidor over night to age. Notes were taken
of the rapidity of slaking and of the plasticity of the tempered clay.

The plastic clay, after aging over night, was extruded in two columns
throigh a Mueller roll-press and wire-cut into test bars approximately
1 1/16 by 1 1/16 by 6 inches when plastic. Notes were taken on the
molding behavior of the clay. As soon as possible after forming, the
bars were numbered and stamped with a marker making two lines
exactly 10 centimeters apart. Forty or more such bars were made
from each sample, whenever possible. A number of the shale samples,
as is noted in the tests, required more aging before they had sufficient
plasticity to form good bars by this method. Several samples of shales
and residual clays never acquiréd sufficient plasticity to form test
bars with the Mueller roll-press. Test bars were formed from some
of these by hand in steel molds, but a few samples had to be discarded
without making further tests.

WATER OF PLASTICITY

The plastic weight of five of the test bars was determined as soon
as possible after forming the bars. After drying at room temperature
to leather hardness, the bars were dried for five hours at 75°C. and then
for three hours at 110°C., and allowed to cool to room temperature in
a dessicator. The bars were again weighed after cooling. The differ-
ence between the plastic weight and the dry weight, divided by the
dry weight, times 100, gave the percentage of water of plasticity. From
this the amount of water necessary to temper a given weight of dry
clay ean be determined.

IAm. Ceramic Soc. Jour. Vol. 11, 1928.
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GREEN MODULUS OF RUPTURE

Ten of the test bars, including the five on which the water of plastic-
ity was determined, were dried as described above and used for the
green modulus of rupture tests. The bar to be broken was supported
on two knife edges 5 inches apart. Another knife-edge rested on the
middle of the bar equi-distant from the two supports and a bucket
was hung from it. Water was permitted to flow uniformly into the
bucket until the weight broke the bar. The width and depth of the
bar at the point of fracture were than measured and the weight of the
bucket plus the water was determined. The modulus of rupture was
calculated from the formula:

8P1
M= ——
2bd:

M = modulus of rupture in pounds per square inch.
P = breaking load in pounds.

1 = length between knife-edges in inches.

b = breadth of bar in inches.

d = depth of bar in inches.

LINEAR DRYING SERINEAGE

The remaining 30 bars were dried as described above. After cooling,
the distance between the marks on the bars was measured in centi-
meters. The difference between this length and 10 centimeters, which
was the plastic length between the marks, divided by 10 centimeters,
times 100, gave the percentage of linear drying shrinkage based on
the plastic length.

FIRING

Separate firings were made to cones 06, 04, 02, 1, 8 and 5 in a rec-
tangular laboratory gas-fired, down-draft kiln. Five bars of each
sample were fired to each cone. Less than five bars were used in a
few cases due to breakage or lack of material. The bars were stacked
on the checker work bottom of the kiln in alternate rows with about
half an inch space between each bar in a row. Care was taken not to
place all of the bars of one sample together. For example, in the cone
06 firing, all of the No. 1 bars were placed in the kiln, then all of the
No. 2 bars, etc.

The heat was controlled by an electrical pyrometer with the thermo-
couple about midway of the back of the kiln. During the last three
or four hours of the firing, standard pyrometric cones (see page 16) at
the front top and bottom of the kiln were also used. The firings averaged
about 17 hours, and were made according to the following schedule:
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Firing Schedule

First 4 hours =200°F.—700°F.;

Next 2 hours =700°F.—900°F.;

Next 5 hours =900°F.—1200°F. ; followed by

Increase of 200°F. an hour until two hours before the first cone (two before
the cone fired to) is expected down; followed by

Increase of 100°F. an hour until the first cone (fwo before the cone fired o)
is down, followed by

Holding temperature nearly uniform to soak the last two cones down. This

should distribute the heat uniformly throughout the mass of test bars in
the kiln.

Firing Data

Length of Highest
Cone Firing in Temperature Remarks
Hours Recorded
06 18 1880°F. Good heat distribution.
04 1714 1920°F. | Good heat distribution.
Slightly reducing conditions.
02 14 1920°F. Cones came down close together.
Poor heat distribution.
Reducing conditions.
1 1614 1980°F. Top of kiln slightly overfired.
3 18 2020°F. Poor heat distribution.
Slightly reducing conditions.
5 . 1614 2060°F. Bottom of kiln slightly overfired.

FIRING SHRINEKAGE

After the bars had cooled, the length between the marks was meas-
ured in centimeters. The difference between the dry length and the
fired length, divided by the dry length, times 100, gave the percentage
of linear firing shrinkage in terms of dry length. The difference be-
tween the plastic length and the fired length, divided by the plastic
length, times 100, gave the percentage of total linear shrinkage in
terms of the plastic length.

ABSORPTION

After measuring for the firing shrinkage, the test bars were weighed
to an accuracy of 0.1 grams. They were then placed in water and
boiled for two hours and cooled to room temperature while submersed
in the water. Each bar was then wiped free of surplus water with
a damp cloth and again weighed to an accuracy of 0.1 grams. The
difference between the wet weight and the dry weight, divided by the
dry weight, times 100, gave the percentage of absorption.
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WARPAGE AND SCUMMING

The test bars were carefully examined and any warpage or scum-
ming noted.
FIRED MODULUS OF RUPTURE

The modulus of rupture of the fired bars was determined in much
the same way as the green modulus of rupture, except that the testing
was done on a Rhiele transverse strength machine. The data recorded
and the formula used for calculating the modulus of rupture were
the same as given above.

COLOR

The fired bars were laid out on a table in order and the fired cclors
noted. In cases of variation of the color of test bars of the same samplé
fired to the same cone, due to unequal heat distribution in the kiln or
to the action of kiln gases, the color corresponding to an average of
the several bars was recorded.

In addition, the colors, or the average colors, were measured by
comparison with the Munsell Book of Color,* a scientific arrangement
of color charts according to hue, value, and chroma, with a simple
method of notation of all colors. Color, according to the Munsell
system, has three qualities: '

1. Hue is that quality of color by which we distinguish red from .
yellow, yellow from green, green from blue, etc. It is the first charac-
teristic of color that the eye detects. The five principal hues, accord-
ing to the Munsell system are Red, Yellow, Green, Blue and Purple, and
are indicated by their first initials, R for red, Y for yellow, etc. These
are subdivided into 20 hues and intermediate hues, Red (R), Red
Yellow-Red (R-YR), Yellow-Red (YR), Yellow-Red Yellow (YR-Y),
Yellow (Y), ete.; and may be farther subdivided numerically as shown
in Figure 1.

Figure 1. Diagram of the Hue Circle with the Munsell hue notation.

1_Munsell Book of Color, Abridged Ed., Universal Color Standards, Inc,
Baltimore, 1929.
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2. Value is the visual measure of the variable light-strength of
color, in other words, the lightness or darkness of a color. Pure white
is the lightest color we can see. Pure black is so dark that no color
can be seen in it. But between the two can be distinguished various
degrees of light-strength, ranging from the darkest gray just above
black to the lightest gray just below white, and chromatic colors can
also be seen at these various intermediate levels of light-strength.
The Munsell system divides colors into 10 intermediate values repre-
-senting equal visual steps and grading from the darkest, indicated by
the numeral 1, to the lightest, indicated by the numeral 9. Theoretical
pure black is indicated by the numeral 0, and theoretical pure white
by the numeral 10. Therefore 5 represents the middle value.

8. Chroma is the measure of the degree of color-strength in a color,
or the brightness or dullness of a color. Two colors may be the same
in Hue and the same in Value, and yet be different in color-strength.
One may be a light bright red and the other a light grayish-red. Chroma
is measured in steps graduated from Neutral Gray out to the strongest
Chroma obtained in any hue at any given level of Value. These steps
are numbered from Neutral Gray toward the Maximum Chroma.

To sum up then, color has three properties, Hue, Value, and Chroma,
each of which must be given before a color can be described. Hue is
the name of a color, Value is the lightness or darkness of a color, and
Chroma is the brightness or dullness of a color. The Munsell notation
indicating these three properties gives them in the following order,
H-V/C; H naming the Hue, V, above and to the left of the line, giving
the numerical Value, and C, below and to the right of the line, giving
the numerical Chroma. Thus R-YR-5/4 indicates a Red Yellow-
Red hue of the 5th value and the 4th chroma.

Figure 2. Diagram showing Hue, Value, and Chroma in their relation to
each other.
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These three dimensions of color can best be represented as the color
sphere shown in Figure 2. The top pole of the color spheret is White,
the bottom pole Black, and the axis is the graduated scale of Neutral
Grays, representing the different Values. The circular band represents
the hues in their proper sequence. The paths pointing outward from
the center show the steps of Chroma, increasing in strength as in-
dicated by the numerals.

The colors of the fired test bars were measured by comparing them
with the Munsell color charts. Most of the colors were of Red Yellow-
Red (R-YR) or Yellow-Red (YR) hues, although some were between
these two hues or between these and the Red or Yellow-Red Yellow
and were estimated and indicated by the numerical method of in-
dicating the hue (see Figure 1). In the laboratory tests given in this
report, the Munsell notation of the fired colors of the test bars follow
the usual color names. The actual color of the bar, or a close approx-
Imation, can be seen by consulting a Munsell Book of Color.

FIRING RANGE

The firing range of the shale or clay was determined, in consulta-
tion with Dr. Henry and Prof. Vaughan, by a comparisen of the fired
color, the hardness, the total shrinkage, the absorption, and the fired
modulus of rupture. In general, it is that portion of the period be-
tween incipient vitrification and fusion in which commercial colors
are devemped and there are but slight changes in the total shrinkage,
the absorption, and the fired modulus of rupture. The lower limit is
marked by too light colors and a high absorption. The upper limit is
marked by too dark cclors, and often an increase in the absorption and
2 decrease in the shrinkage and the modulus of rupture, due to bloat-
ing and the formation of a glassy and vesicular structure.

CORRELATION OF LABORATORY TESTS AND
PLANT PRACTICE

Little or nothing has been published on the relation between physical
and pyro-chemical tests made on a clay in the laboratory and the same
properties determined on heavy clay products made from that clay in
a commercial plant. The principal variables that may cause a differ-
ence in the properties are:

1. Method of grinding. Clay or shale samples for laboratory test—
ing are ground rapidly, usually in a roll-crusher and for purposes of
umformfty are usually screened to a definite size. In plant practice
the grinding is usually done slowly in a dry pan and the clay may or
may not be screened. Particle size has a marked effect on the phys-
ical and pyrochemical properties of the fired ware.

2. The tempering and pugging of the laboratory sample is usually
done by hand and is often not as thorough as the tempering and pug-
ging action of the wet pan, pug mill, or brick machine of the commer-
cial plant.

1The 413 scientifically correct color samples found on the charts in the Book

of Color are definite points in this color sphere separated from each other
by equi-distant steps of Hue, Value and Chroma.
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8. The method of formation of the test bars and of the commercial
ware is quite different. The test bars are usually formed by hand in
steel molds or by extrusion from a small laboratory machine, and the
pressures obtained are usually much lower than those developed in
the stiff-mud brick machine commonly used to form commercial heavy
clay products. This difference in the intimacy of contact of the par-
ticles probably has a considerable effect on the properties tested.

4. The test bars are commonly fired rather rapidly in small masses
in a laboratory kiln, while the commercial ware is fired more slowly
in large masses. Similar results are probably obtained at lower tem-
peratures in a commereial kiln than in a laboratory kiln.

Vaughn! has recently made a series of tests along this line at the
Ceramic Laboratory of the Georgia School of Technology and at the
Daisy, Tennessee plant of the B. Mifflin Hood Company. Two
clays were tested. Test bars were made of samples prepared by the
usual laboratory methods by both the slop-mold and the Mueller labora-
tory roll-press methods of forming bars. Half of these were fired in
the laboratory kiln and the other half in a commercial kiln. Another
set of test bars was prepared by extrusion through a special die on the
stiff-mud brick machine at the plant, and again part were fired in the
laboratory and a part at the plant. Still another set of test bars was
made by the laboratory methods of forming the bars from clay that
had been ground, tempered, pugged, and extruded as a column from
the brick machine, and again were fired in both the laboratory and
the commercial kilns. Certain tests were also made on commercial
tile that had-been formed in the usual way but part fired in the labora-
tory kiln and part in the commercial kiln.

The results of this experiment, while not including tests on enough
clays to be at all conclusive, are interesting in that they give an in-
dication of the correlation between laboratory tests and the properties
of commercial ware. The results obtained from the two clays checked
fairly closely with each other and also with a less complete test carried
on with a third clay at another plant. From the averages of these re-
sults the following factors were obtained for computing the proper-
ties of commercial ware from the laboratory tests, using test bars made
on the Mueller roll-press:

1. The drying shrinkages obtained in the laboratory were higher
than those of the commercial ware. The factor for dividing labora-
tory drying shrinkages to obtain plant drying shrinkages was 1.6.

2. The green strengths obtained in the laboratory were lower than
those obtained on the commercial ware. The factor for multiplying
the laboratory green modulus of rupture to obtain the green modulus
of rupture of the commercial ware was 2.17.

8. The laboratory total shrinkages were higher than the plant total
shrinkages. The factor for dividing the total shrinkage obtained in
the laboratory to get the total shrinkage of the commercial ware was
1.3.

Vaughn, W. H., personal communication.



USES 27

4. The absorptions of the laboratory test bars were higher than the
absorptions of the commercial ware. The factor for dividing the labora-
tory absorptions to obtain the plant absorptions was 1.4.

5. The laboratory fired strengths were lower than the fired strengths
of the plant products. The factor for multiplying the laboratory fired
modulus of rupture to obtain the modulus of rupture of the commer-
cial ware was-1.68.

It is to be hoped that experiments of this nature will be made on
many other clays and more authentic factors obtained.

USES OF RED FIRING SHALES AND CLAYS

Red-firing shales and clays are used in the manufacture of a number
of products, most of which come under the classification of heavy
clay products. These heavy clay products include building brick,
paving brick, structural tile, sewer pipe, drain tile, conduits, quarry
tile, roofing tile, chemical brick and acid rings. A general knowledge
of the raw materials used, the methods of manufacture, and the re-
quired specifications of these products is necessary to determine the
possible uses for the shale and clay deposits of Georgia described in
this report.

BUILDING BRICK

Building brick are fired clay blocks that may vary all the way from
wealk, porous, and crude, to strong, dense, and of attractive color and
finish. They are often divided into two classes: common brick, used
for backing and foundation purposes; and face brick, used on the ex-
terior or facing of walls. There are all graduations between brick
suited only for common brick and good quality face brick. In addi-
tion, face brick culls are often used for common brick and the better
quality common brick are often used for facing purposes. Therefore
these terms are now falling out of use and both common and face brick
are called building brick.

Alluvial clays, residual clays, and shales are all used in the manufac-
ture of building brick. In general, a clay or shale for this purpose
should have a laboratory green modulus of rupture of at least 70 pounds
per square inch in order that the green bricks may be handled without
too much breakage. The total laboratory linear shrinkage should be
less than 16 per cent. A shrinkage greater than this may give forma-
tion troubles such as laminations and difficulty in getting a uniform
size of the finished product, and is apt to cause excessive warpage
and cracking in drying. The maximum laboratory absorption allow-
able for the best facing brick is 9 per cent, although a higher absorp-
tion may be allowed in brick for foundation and backing purposes.
The minimum laboratory fired modulus of rupture allowable for facing -
brick is 1200 pounds per square inch, and for the best quality should
be more than 1500 pounds per square inch. However, satisfactory
bricks for backing purposes are often made from clays having a much
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lower fired strength. Whether or not fired strength is a criteria of
weathering resistance depends on the amount of laminations in the
bricks. The fired color of the clay must be pleasing if it is to be used
in the manufacture of brick for facing purposes. For backing pur-
poses the color is not as important, although light colors in completely
fired brick are often erroneously considered to be the result of under-
firing, and such brick have a considerable sales resistance to overcome.

The manufacture of building brick begins with the preparation and
tempering of the clay. Shale must be ground, generally in a dry pan,
and screened. Alluvial clays usually do not need grinding, but are
often put through a disintegrator to break up the lumps, and are some-
times screened. 'The addition of the water or “‘tempering” is done in
a wet pan, or a pug mill, or both in series. Building brick are usually
formed by the stiff-mud process, in which the clay is forced by an auger
through a die in the form of a continuous column which is automatically
cut off into the individual bricks. Face brick are usually side-cut, while
common brick are generally end-cut.

The brick are dried either by setting them on wooden pallets and
placing them in open-air drying sheds, or by setting them on cars which
travel slowly through tunnels which are heated by a coal fire or by
waste heat from the kilns.

The dried brick are fired in some type of kiln, the kind often de-
pending on the type of brick produced. Common brick are some-
times fired in kilns made of the green brick, or in up-draft scove kilns
in which the side walls are permanent and a temporary roof of fired
brick is laid over the green brick. The product made in these kilns is
not uniform either in color or degree of firing. ~The best grades of
building brick are fired in either periodic or continuous down-draft
kilns. The periodic kilns may be either rectangular or round The
continuous kilns are of two types: (1) in which the ware is stationary
and the fire progresses through the kiln, and (2) in which the fire 1s
stationary and the ware travels through it on tunne! cars.

The firing of a kiln of brick, whatever the type of the kiln, takes
place in several steps. The watersmoking period at the beginning
of the firing is that during which the moisture in the ware is driven off.
During this period it is necessary to raise the heat slowly, but with
sufficient draft to carry the water vapor out of the kiln.

Following the water smoking, the temperature of the kiln can be
raised fairly rapidly until the oxidation period begins at about 450°C.
or 842°F. This period may extend up to 950°C. or 1,742°F. With
clay containing considerable carbon, sulphur, and ferrous iron, the
temperature must be raised slowly during the oxidation period and an
abundance of air must be furnished to the kiln, in order that the
volatile substances such as carbon and sulphur may be oxidized and
driven off and the iron compounds in the clay oxidized to the red
ferric state. If the temperature is raised too rapidly or if the kiln
gases are reducing rather than oxidizing, the result will be a formation
of a black core in the ware, often accompanied with bloating and a
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glassy structure. The Georgia shalesand residual clays are relatively
low in carbon, sulphur, and ferrous iron and do not require a long
oxidation period.

The pertod during which the combined water is driven off begins and
ends at a little lower temperature than the oxidation period. Follow-
ing the end of the oxidation period, the kiln temperature can again
be raised fairly rapidly until the finishing temperature of the kiln is
approached. The last stage of the firing is a soaking period during
which the kiln is held at the same temperature or with a slight increase
of temperature in order that the heat distribution shall be as nearly
equal as possible throughout the entire mass of brick in the kiln.

A range of dark colors in face brick is often obtained by fiashing dur-
ing the soaking period. The brick are fired in the usual way with OXidJZ-
ing conditions to nearly the temperature required for finishing the firing.
The temperature is then dropped 66° to 100°F., the air supply is cut
down, and a reducing condition in the kiln obtained by firing with
such carbon and carbon dioxide producing fuels as slack coal, slack
coal and tar, slack coal and oil, sawdust and tar, refuse rubber, etec.
This is continued, alternately with oxidizing conditions, from one to
six hours, depending on the intensity of the flash-action desired. The
result is a formation of ferrous silicates and a deposition of carbon
on the surface of the ware, giving beautiful brownish-red, brown and
black colors to the brick.

The whole kiln cycle, including setting, firing, cooling, and draw-
ing, requires from two to four weeks. During the drawing the culls
are rejected, the commercial brick graded for color and imperfec-
tions, and stacked for storage or loaded for shipment. -

The American Society for Testing Materials has promulgated the
following standard specifications® for building brick made from clay
or shale:

Standard Specifications for Building Brick
A. S. T. M. Designation: (62-30

“1. These specifications cover brick made from clay or shale and properly burn-
ed, intended for use in brick masonry.
Puysicar ProrerTies AND TESTS
“2. (a) The bricks shall be classified as Grades A, B, and C on the basis of
the following requirements. The classification of any lo’c of bricks shall be de-
termined by the results of the tests for that requirement in which it is lowest, un-
less otherwise specified as provided in Section 8:

Compressive Strength Modulus of Rupture
(bricks flatwise), (bricks flatwise),

Name of 1b. per sq. in., mean gross area 1b. per sq. in., gross area
Grade Mean of Individual Mean of Individual
5 Tests Minimum 5 Tests Minimum

Grade A 4500 or over 3500 600 or over 400

Grade B 2500-4500 2000 450 or over 300

Grade C 1250-2500 1000 300 or over 200

Nore.—The above classifications are based on strength and do not necessarily
measure weather resistance.

1Am. Soc. Testing Mats., Standards, Pt. 11, pp. 166~167, 1930.
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(b) The tests shall be conducted in accordanmce with the Tentative
Methods of Testing Brick (Compression, Flexure and Absorption) (A. S. T. M.
Designation: C 67-30 T), of the American Society for Testing Materials.

“3. For the purpose of tests, bricks representative of the commercial product
ghall be selected by a competent person appointed by the purchaser, the place or
places of selection to be designated when the purchase order is placed. The manu-
facturer or seller shall furnish specimens for tests without charge. All bricks shall
be carefully examined and their condition noted before testing. For the purpose
of tests, not less than ten brick shall be required for each investigation. In general,
two samples of ten brick each shall be tested for each 100,000 bricks contained in
the lot under consideration; but where the total quantity exceeds 500,000 one sam-
ple of 10 brick from each 100,000 shall be tested. Additional representative sam-
ples may be taken at any time or place at the discretion of the purchaser.

Stanparp Sizes

““4, The standard sizes shall conform to the following dimensions, with a per-
missiblehvariation, plus or minus, of 1/16 in. in depth, 1/8 in. in width, and/ in.
in length:

Type Depth, in. | Width, in. | Length, in.
Common. brick 234 3% 8
Rough-face brick 214 , 334 8
Smooth-face brick 214 37/8 8

WOREMANSHIP AND FINISH

“5. When any particular surface appearance or uniformity is .desired, it shall
be as mutually agreed upon.

InspECTION AND REJECTION .

“6. Al brick_ shall comply with the following requirements for general prop-
erties under visual inspection: "

(a) They shall be free from cracks, warpage, stones, pebbles, or par-
ticles of lime that would affect their serviceability or strength.

1 (b) Bricks of Grades A and B, when struck together, shall give a ringing
sound. ‘

7. If the visual inspection, Section 6, appears to indicate inferior strength,
the brick may be rejected unless the physical tests show the quality or grade to
be as specified.

“8. At the option of the purchaser, acceptance may be based on the visual in-
spection requirements specified in Section 6 and the results of one of the strength
tests (compression or flexure) specified in Section 2. While the compression strength
is considered as generally giving the better basis for classification purposes, the
flexure test gives important information on the strength and proper manufactur-
ing details.” ’

. STRUCTURAL TILE

Structural tile or hollow tile are hollow building units made from
fired clay and are usually rectangular in cross-section and with one
or more parallel cells. In recent years they have found an ever in-
creasing use replacing backing brick in foundations, floors, and walls,
as fire-proofing inclosing steel framework, and as partitions in the in-
terior of buildings. The various forms of structural tile are described
by the American Society for Testing Materials! as follows:

IAm. Soc. Testing Mats., Standards, Pt. II, pp. 287-288, 1930,
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Standard Definitions of Terms Relating to Hollow Tile

“i. Hollow-Tile.—Hollow building units with parallel cells. Nore.-In the pres-
ent state of the art the term ‘hollow tile’, if used without a qualifying adjective,
is understood to mean clay hollow tile. The term ‘“terra cotta’, which is applied
to ornamental building units of burned clay, should not be used to designate hollow

tile.
“2. Load-Bearing Wall Tile.—Hollow tile for use as a load-bearing structural
unit in walls.

(a) Hollow Floor Tile—Hollow tile for use as a load-bearing structural
unit in floors.

(b) Foundation Tile—Hollow tile for use as a load-bearing structural
unit in foundations.

(c) Side-Construction Tile—Hollow tile designed to receive its principal
stress at right angles to the direction of its cells.

(@) End-Construction Tile—Hollow tile designed to receive its principal
stress parallel to the direction of its cells.

(e) Book-Tile.—Hollow tile with tongue and groove edges resembling a
book in shape.

(£) Salt-Glazed Tile—Clay hollow tile with a vitreous glaze on its sur-
faces produced by burning salt in the kiln at the temperature used in finishing the
burning. :

“5. Hollow Tile Fireproofing—Hollow file for use as 2 protection for struc-
tural members against fire.

(a) Split Tile.—Hollow tile which has been knifed parallel with its cells
in the process of manufacture for the purpose of separation into two equal units.

(b)  Partition Tile.—Hollow tile for use in building interior partitions, sub-
dividing areas into rooms or enclosing stairways or shafts, and carrying no
superimposed load. _

(¢) Furring Tile.—~Tile of suitable design for lining the inside of walls and
carrying Do superimposed load.

(d) Porous Hollow Tile~—~Clay hollow tile in which the natural porosity
of the clay has been increased by the admixture of other ingredients.

DesiernaTioN oF DIMENSIONS

“7. Length.—1In the case of hollow tile, that dimension measured between its
cut ends.

“8. Thickness—In the case of hollow tile, that dimension designed {o lie at
right angles to the face of the wall, floor, or other member in which it is used.

“9. Width.—In the case of hollow tile, that dimension measured at right angles
to the direction of its thickness and length.

Note.—In practice, the first dimension given represents thickness; the second,

width; the third, length.
Parts, OPENINGS AND SURFACE FEATURES
“10. Shell—In the case of hollow tile, the outer walls.
“11. Webs—In the case of hollow tile, the partitions dividing it into cells.

‘];12. Cells.—In the case of hollow tile, the openings parallel with its shell and
webs.

“13. Scoring.—In the case of hollow tile, the grooves formed in the exterior faces
of the shell to increase the bond of mortar, plaster, or stucco.”
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Alluvial clays and shales are both used in the manufacture of struc-
tural tile. Such clays should develop sufficient plasticity to flow
smoothly through the irregular shaped dies commonly used. In general,
they should show a laboratory green modulus of rupture of not less
than 100 pounds per square inch. The total linear shrinkage, deter-
mined in the laboratory, should not be more than 16 per cent. The
laboratory absorption within the vitrification range should be less
than 15 per cent for medium-fired tile and less than 10 per cent for
hard-fired tile. The laboratory fired modulus of rupture necessary
depends upon the load which will be applied to the commercial tile.
For hard-fired tile it should not be less than 1800 pounds per square
inch. The color to which the clay fires should be of little importance,
_ yet light colors in structural tile meet with sales resistance even when
the other properties are favorable. ,

Structural tile are manufactured in much the same way as building
brick. The clay is ground, screened, tempered, pugged, extruded by
an auger-machine through a die that simultaneously forms the shell
and webs, and wire-cut into the individual tile. The tile are com-
monly fired in round down-draft periodic kilns.

The following are the important features of the specifications for
structural tile, as given by the American Society for Testing Materials:

Standard Specifications for Hollow Burned-Clay Load-
Bearing Wall Tile '

A. 8. T. M. Designation: C84-30

SPECIFICATIONS

- “1. These specifications apply to hollow load-bearing wall tile made from sur-
face clay, shale, fire clay or admixtures thereof.

CrassIFrcaTION ‘ .
“2. (a) According to the results of the physical tests, tile shall be classified
as hard, medium and soft on the basis of the following strength and absorption re-

quirements, the class of any lot being determined by the requirement which gives
it the lowest rating:

Absorption, per cent Compressive Strength Based on
- Gross Area, 1b. per sq. in.

End Construc- Side Construc-
Class Mean of | Individ- | Individ- tion tion
5 Tests ual. ual | Mean of | Individ- | Meamof | Individ-
Maxi- | Mini- | 5 Tests ual 5 Tests ual
mum mum Mini- Mini-
mum mum
Hard. .. 6 to 12 15 5 2000 or | 1400 1| 1000 or 700
. more more
Medium_...... 12 to 16 19 5 1400 or| 1000 | 700 or 500
) more more
Soft s 16 to 25 28 5 1000 or| 700 500 or 350
more more

(b) Where end-construction tile are nsed on the side they shall meet
the requirements of that construction, and vice versa.

(¢) All tile shall be so designed that substantially the same masonr
strength will be developed in all wall thicknesses for which they are to be useci

1Am. Soc. Testing Mats., Standards: Pt. II, pp. 272-286, 1930.
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WEIGHTS

“Z. (a) The tile shall have the following dry weights when determined as speci-
fied in Section 17:

Size of Unit, in. Number Standard
of cells Weight, 1b.
3% by 12 byl2._._. - 3 20
6 byl2 byl2 6 50
8 byl2z byl2_ .. 6 36
10 byl2 byl2 6 42
12 byl? byl2 9 52
3% by 5 byl2 1 9
8 by 5 byl2 3 16
8 by 5 by 12(“L” Shaped) 16
8 by 634 by 12 (“T” Shaped) 4 16
8 by 7% by 12 (Square) 6 24
8 by 104 by 12 (“H” Shaped) 7 32
8 by 8 by 8(Cube) 9 18

Nore.—Units of the same general design as those listed in the above table, but
of smaller size, shall weigh not less per unit volume.

(b) A tolerance of 5 per cent under and 12.5 per cent over will be
allowed on the above standard weights.

DiMENSIONS

_“4, No dimension shall vary more than 3 per cent from the standard dimen-
sions for any form of tile.

WEeATHER RESISTANCE
“5. All tile used in exterior work subjected to weathering conditions shall be
able to withstand 100 alternate freezings and thawings. Tile classed as hard or
medium by these specifications may be considered as meeting the weathering re-
quirement, provided they are burned to the normal maturity for the given clay.
Tile classed as soft shall be accepted as meeting the weathering requirement only
on the basis of freezing tests.

YFire RESISTANCE
“6. The tile shall meet the following requirements as tested according to the
Tentative Specifications for Fire Tests of Building Construction and Materials
{A. S. T. M. Designation: C19-26T) of the American Society for Testing Materials
as they apply for bearing walls and partitions and to be acceptable shall develop
the following resistance periods as tested unplastered:

Number of | Number of | Resistance

Thickness of wall, ig. Unitsin Walll Cells in Period

Thickness Wall Hours

8 1 2 114
8 1 3 2
12 1 3 3
12 2 3 4
12 ... 2 4 5
16, 20r3 4 6
16 2or3 6 8

2These are near the minimum values developed in tests.

The average results

will generally be higher. Plaster coatings 34 in. thick applied on both sides and re-
maining in place throughout the fire test will increase the periods by 1 to 2 hours.
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WOREMANSHIP AND FINisy
“7. All tile shall be well burned, reasonably free from laminations and from
such cracks, blisters, surface roughness, and other defects as would interfere with
the proper setting of the tile or impair the strength or permanence of the construc-

tion.

“8. The exterior surface of all tile intended for plaster or stucco shall be scored

in such a manner as to give good adhesion.”

Standard Specifications for Hollow Burned-Clay Fire-
proofing, Partition and Furring Tile '

A. S. T. M. Designation:

C56-30

““1. These specifications apply to hollow fireproofing, partition and furring tile
made from surface clay, shale, fire clay or admixztures thereof,

CLASSIFICATION

“2. According to the results of the physical tests, tile shall be: classified as
hard, medium and soft on the basis of the following absorption requirements:

Absorption, per cent
Class Mean of Individual | Individual
5 Tests Maximum | Minimum
"Hard.. 6 to 12 15 5
Medium.... 12 to 16 19 5
Soft.. 16 to 25 25 5
WEIGHTS

“3. (a) The tile shall have the following dry weights when determined as speci-

fied in Section 16:

STANDARD PARTITION TILE

Minimum Standard
Dimension, in. Number of | Weight, 1b.
Cells

3 by 12 by 12 3 15
4by 12 by 12 3 16
6byl2by12 3 22
6 by 12 by 12 4 25
8 by 12 by 12 4 30
10 by 12 by 12 4 35
12 by 12 by 12 4 40

(b) A tolerance of 5 per cent will be allowed.on the abovestandard weights.

DIMENSIONS

““4. No dimension shall vary more than 3 per cent from the standard dimensions

for any form of tile.”

_The fire resistance is to be specified by the purchaser. The specifica-
tions of workmanship and finish are the same as those given for load-

bearing wall tile.
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Standard Specifications for Hollow Burned-Clay
Floor Tile

A. 8. T. M. Designation: (57-30

“l. These specifications apply to bollow floor tde made from surface clay,
shale, fire clay or admixtures thereof.

CLASSIFICATION
“2. (a) According to the results of the physical tests, tile shall be classified
as hard, medium and soft on_the basis of the following strength and absorption -
requirements, the class of any lot being determined by the requirement which gives
it the lowest rating:

AL tion, ¢ Compressive Strength Based on
sorphion, per cen Net Area, 1b. per sq. in.
Cl Mean of| Individ-| Individ-
ass 5 ’%22-&2 nufﬁ“ nua‘{l End Construction | Side Construction
: Mazi- | Mini- )
mum mum | Mean of | Individ. | Mean of | Individ.
5 Tests | Mini- | 5 Tests { Mini-
mun mum
Hard ... 6to 12 15 "5 4600 or | 3000 | 2400 or 1700
{1 more more By
Medium......__{12to 16 19 5 13200 or| 2250 |1600or| 1100
more more
Soft 16 to0 25 25 5 2000 or 1400 1200 or 850
more more

(b) Where end-construction tile are used on the side they shall meet
the requirements of that construction, and vice versa.

WEIGHTS
farr

3. (a) The tile shall have the following dry weights when determined as speci-
fied in Section 16.

FLAT ARCH
Average Weight
Depth of Arch iz inches Per Square Foot
of Floor, 1b.
6 26
7 29
8 32
9 : 35
10 — 38
1 42
12 .. 50
SEGMENTAL ARCH

6 30
8 36

10 40
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The standard weights of tile for use in combination hollow tile and
concrete construction are the same as those previously given for stand-
ard partition tile. The tolerance of weight and dimensions and the
specifications for fire resistance and workmanship and finish are the
same as given for fireproofing, partition and furring tile.

ROOFING TILE!

Tiles of fired clay, which since the days of antiquity have been the
most durable and beautiful roofing material, are finding an ever in-
creasing use in America. They are made in many shapes and styles,
all of which fall under three groups: the Mediterranean type charac-
terized by a semi-circular or curved cross-section; the Nordic or shingle
type; and the flat interlocking type which in appearance is often be-
tween the Mediterranean and the shingle type. The Mediterranean
type in uniform brick-red colors has been the most common in the
United States, often on buildings utterly unsuited architecturally
for it. Within the last few years this type has been more restricted
to the style of buildings for which it was originally designed, shingle
tile have increased in use for the Northern style of architecture, and
softer ranges in colors have predominated.

Roofing tile are made from the better grades of alluvial clays and
from the softer and more plastic shales. The varieties of tile are so
numerous and their requirements so varied it will be impossible to
discuss them in any detail in this report. The predominant charac-
teristics desired are: a plasticity sufficient to process the tile, a green
and fired strength sufficient to prevent breakage of such thin ware,
and a pleasing fired color. The laboratory tests should show a mini-
mum green strength of 125 pounds per square inch and a minimum
fired strength of 1500 pounds per square inch. A low total shrinkage
is necessary for the interlocking type of tile, but not for shingle tile.
The laboratory absorptions may range from 4 per cent to 18 per cent
depending on the type of tile. The flat type should be used more in
northern climates and therefore would require a lower absorption.
The Mediterranean types can stand a higher absorption because they
are more generally used in southern climates.

Roofing tile are formed either by extrusion from an auger machine
or, with most of the interlocking types; by power pressing slugs of the
tempered clay that have been extruded from an auger machine. They
are fired in the usual way in either rectangular or round down-draft

kilns. |
QUARRY TILE

Quarry tile is the name given to red or buff vitrified unglazed floor
tile of square or rectangular shape. They are finding a steadily in-
creasing use in walks, porches, terraces, sun parlors, corridors, etc.

1For a very complete discussion of roofing tile see Worcester, W. G., and Orton,
Edward, Jr., The manufacture of roofing tiles: Ohio Geol. Survey, 4th
ser., Bull. 11, 1910.
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The plain forms are by far the most common, but they are sometimes
made with a design pressed in the surfaee, and colored glazes are oc-
casionally used in the depressions of the design.

Quarry tile are made by either the stiff-mud or the dry-press pro-
cess from the better grades of alluvial clay or from shale. A clay for
this purpose must have a fair plasticity and must process without
laminations. The laboratory tests should show a minimum green
strength of 90 pounds per square inch, a total shrinkage of less than
16 per cent, a maximum absorption of 6 per cent without overfiring, a
fired strength of 2000 pounds per square inch, and a firing range of not
less than four cones in which pleasing colors as well as the above prop-
erties are developed.

SEWER PIPE

Sewer pipe was formerly often made from alluvial clay, but is now
made almost entirely from shales and fire clays or mixtures thereof.
The clay is ground, screened, and tempered in the usual way. The
pipe, however, are formed by extrusion from a sewer pipe press. This
consists of a vertical steam cylinder, the piston of which i1s connected
to the piston of a smaller clay cylinder beneath. The piston being
drawn up clear of the clay cylinder, tempered clay is fed into the clay
cylinder by a belt conveyor. The piston descends under steam pres-
sure, forcing the clay out through the die at the lower end of the clay
cylinder. The extruded pipe is supported on a counter-balanced pipe
table and cut off at the desired length. The pipes are usually dried in
heated drying rooms and are fired to a vitreous condition in either
round or rectangular downdraft kilns.

Sewer pipe are commonly salt glazed. This is done by firing in the
usual way up to the temperature necessary for the vitrification of the
ware, then introducing common salt at intervals into the fire box,
where it is volatilized and attacks the ware, forming a glaze, probably
of an insoluble sodium silicate.

A clay to be suitable for the manufacture of sewer pipe should have
a plasticity sufficient to process well. The laboratory tests should
show a green modulus of rupture of at least 125 pounds per square
inch, a total linear shrinkage of less than 16 per cent, and, for first
quality ware, an absorption of less than 12 per cent. In addition to the
above qualities, the clay must be one that will take a salt glaze. Par-
melee! states:

“All clays cannot be salt glazed, since it is necessary (1) o have present a certain
amount of silica in a finely divided condition, (2) suitable body compositions. Bar-
ringer has given the following limits of body composition within which the glazing
may be expected to operate successfully. They are:

Percentage composition
1 A1,0;: 4.0 Si0O; Silica 62.0—77.5
1 A1,05:12.5 SiO» Alumina 23.0—12.5
Alkalies, etc. 15.0—12.0
(3). A suitable body texture. If the body is too dense, or if it burns glassy, it
resists the attack and will not develop a proper glaze. Ifit is too porous, at the salt-
ing temperature, the glaze will not form.”

1Parmelee, C. W., Qutlines of essentials of glaze composition: Mimeographed
outline, 1929.
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The clay sewer pipe industry has in recent years met with severe
competition from cement-concrete sewer pipe. The result has been
a raising of the specifications until it is difficult for them to be met
by either type of sewer pipe. The principal physical tests in the specifi-
cations for clay sewer pipe adopted as standard by the Amierican
Society for Testing Materials' are hydrostatic pressure, absorption,
and crushing strength.

“Water pressure * * * shall be internally applied to the specimen as follows:

5 Ib. per sq. in, for 5 minutes.
10 1b. per sqg. in. for 10 minutes.
: 15 Ib. per sq. in. for 15 minutes.

“The specimens shall show no leakage under these pressures. Moisture appear-
ng on the surface of the pipe in the form of patches or beads, adhering to the sur-
ace, shall not be consid%red leakage.”

The maximum absorptions allowed is 8 per cent. The average crush-

ing strengths shall be equal or more than those given in the following
~ table: '

Average Crushing Strength,
Ib. per lin. foot.
“Internal Diameter, in. Knife-Edge and
Three-Edge Sand Bearings.
Bearings. :
i 1000 1430
6 1000 1430
8 1000 1430
10 e . 1100 . : 1570
12 . 1200 1710
15 . 1370 1960
18 1540 - 2200
21 R 1810 2590
24 : 2150 30670
27 2360 3370
30 2580 3690
33 2750 3930
36.. 3080 4400
39 : : 3300 4710
42 3520 5030

Much of the sewer pipe on the market that will stand a hydrostatic
pressure of 10 pounds per square inch for 10 minutes is considered
satisfactory for general use.

DRAIN TILE

Drain tile are made from similar materials and in much the same
manner as sewer pipe, except that they are often more porous and they
are never glazed.

The American Society for Testing Materials® divides drain tile into
the following three classes, according to the purpose for which they
are suited:

“Farm Drain Tile, for ordinary private drainage work on farms, for moderate
sizes and depths; A

“Standard Drain Tile, for ordinary district land drainage at moderate depth;

“Extra-Quality Drain Tile, for (‘fisf:rict land drainage, for considerable depths
and where extra quality is desired.”

1Am. Soc. Testing Mats., Standards: Pt. II, pp. 227-237, 1930.

2 Am. Soc. Testing Mats., Standards: Pt. I, pp. 249-264, 1930.



The physical requirements for these different classes of drain tile are given below:

Farm Drain Tile Standard Drain Tile Extra-Quality Drain Tile
o0 Maximum Average Ab- ap Maximum Average Ab- ) Maximmum Average Ab-
g)n.g B sorption by Standard & E . sorption by Standard gﬁ-g 5 sorption by Standard
Internal g 5 A Boiling Test, g 5 8 Boiling Test, g R Boiling Test,
Diameter <;E 8;0&: per cent (;E &«de per cent :j &rﬁ;‘; per cent
of Tile, 57 37 5
in. g4 5| Shale | Sur- B2 8 Shale | Sur- §7-8 8| Shale | Sur-
g 2 £H| and face- Zon- a g’ &8l and face- Con- | & REHl and face- Con-
g g0 Fire- Clay crete |'2 g § Fire- Clay crete |'H g o Fire- Clay crete
E "'é &h Clay Tile Tile E’* 9 Clay Tile Tile E"‘: s & Clay Tile Tile
o Tile ) Tile ) Tile
4 800 11 14 12 1200 9 13 10 1600 7 11 9
5 800 11 14 12 1200 9 13 10 1600 7 11 9
6 800 11 14 12 1200 9 13 10 1600 7 11 9
8 800 11 14 12 1200 9 13 10 1600 7 11 9
10 800 11 14 12 1200 9 13 10 1600 7 11 9
12 800 11 14 12 1200 9 13 10 1600 7 11 9
15 1000 11 14 12 1300 9 13 10 1600 7 11 9
18 1400 9 13 10 1800 7 11 9
21 o = —~ o~ 1550 9 13 10 2100 7 11 9
24 9 3 3 2 1700 9 13 10 2400 7 11 9
27 s ® i s 1850 9 13 10 2700 7 11 9
30 g d g A 2000 9 13 10 3000 7 11 9
33 ) ) b b 2150 9 13 10 3300 7 11 9
36 o N o 8] 2300 9 13 10 3600 7 11 9
39 o o o e 2450 9 13 10 3900 7 11 9
420 & Z Z & | 2600 9 13 10 | 4200 7 11 9

“Larger sizes recommended as standard are as follows: 45, 48, 54, and 60 in.
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Freezing and thawing tests may also be demanded by the purchaser,
or, in case the tile fail to meet the absorption requirements, by the
manufacturer.

“The number of freezing and thawings to be endured shall be as follows: For farm
drain tile, 24; for standard drain tile, 36; for extra-%uality drain tile, 48.”7 “Fail-
ulf under the fréeezing and thawing treatment shall be considered to be reached
when: )

(a) The specimens show superficial disintegration or spalling with loss of weight
of more than 5 per cent of the initial dry weight; or

(b) The specimens are badly cracked in other than laminafion planes; or
(¢) The specimens show evident serious loss of structural strength.”

Tile that have passed the freezing and thawing tests cannot be re-
jected for failure to meet the absorption requirements.

CONDUITS

Conduits are vitrified salt-glazed pipes or tile suitable to receive and
protect underground electric -wires, telephone cables, ete. Alluvial
clays are usually not satisfactory for this purpose, but any shale or
similar clay that will meet the specifications for first-class sewer pipe,
particularly the resistance of a hydrostatic pressure of 15 pounds per
square inch for 15 minutes, will probably be satisfactory for the manu-
facture of conduits.

ACID TOWER PACKING

Shapes suitable for packing the towers used in the manufacture
of sulphuric acid are made from red-firing clays and are vitrified but
are not usually salt-glazed. The clay must be one capable of with-
standing strong reducing action, as a combination of the iron as fer-
rous silicate, at least on the surface of the ware, is desired.

PAVING BRICK

Fired clay bricks have been used for road paving since the days of
the Romans. With the advent of the automobile their popularity
increased. When well made and properly laid they make an excellent
road, durable and non-skid. But many a mile of paving brick road
was laid with such insufficient foundation that irregularities and even
holes soon developed. This, together with the popularity of the con-
crete road, gave paving brick a bad name that has materially reduced
their production in the last decade.

Recent experiments indicate that paving brick laid on a thin layer
of tar or asphalt over a thick concrete base; while by no means cheap,
has a wearing power under heavy traffic superior to that of concrete
and would be desirable for heavy traffic trunk-line highways. Another
possibility of great interest is the laying of paving brick on a base of
some noncorrosive sheet metal, such as stainless steel. This would do
away with a larger part of the foundation cost, and yet give a paving
brick road that would not become wavy.
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Clays that will form a hard dense body and that have a long vitrifi-
cation range are desirable for the manufacture of paving brick. Those
most frequently employed are shales and fire clays, these being often
found to give the desired vitrified body at not too high a temperature.

The laboratory tests of a clay, to be suitable for the manufacture
of paving brick, should show a green modulus of rupture of at least
70 pounds per square inch; a vitrification range of at least four and
preferably six cones; a total shrinkage of less than 14 per cent; and a
fired modulus of rupture of not less than 2,000 pounds per square
inch within the vitrification range. The absorption should be less than
8 per cent and should not vary more than two per cent throughout
the vitrification range.

Paving brick are usually formed on a stiff-mud brick machine, but
are often repressed before firing. They are fired to vitrification, usually
in round or rectangular down-draft kilns.

The specifications for paving brick of the American Society for Test-
ing Materials! provide that the brick shall pass a visual inspection
which shall eliminate brick varying in size by more than 1/8 inch in
either transverse dimension, or more than 1/4 inch in length, and all
broken, chipped, cracked, warped, kiln-marked, or obviously under-
fired brick; and a rattler test made according to definite specifica-
tions in standard apparatus. Ten brick, together with a charge of large
and small cast-iron balls, are placed in the rattler and revolved 1800
times at & rate of 30 revolutions per minute.

““The percentage of loss in the rattler test of the respective sizes of paving brick
specified shall conform to the following maximum requirements:

Size of Brick Loss in Rattler Test,
Transverse Dimen- Length per cent
sions, Im. .
215 by 4 834 26
3 by 3ls 815 26
3 byd 8is 24
315 by 4 8% 22

LIGHT-WEIGHT AGGREGATES

A new industry of recent years has been the manufacture of artificial
light-weight concrete aggregates for building construction. The scope
of this industry has been described by Hughes? as follows:

““The trend in modern building construction is definitely toward the use of weight-
reducing materials. The basic advantage of lighter structural weight is obvious;
reduction of dead load with retention of equivalent strength affords the possibility
of increasing the live load, or if this is not desirable or necessary it makes feasible a
reduction in size of structural steel members and corresponding savings in other
plases of construction. * * *

“Burned shale aggregate now available in many sections of the country will make
concrete weighing only 100 Ib. per cubic foot, saving roughly 35 per cent in weight

1Am. Soc. Testing Mats., Standards: P¢. II, pp. 170-178, 1930.
2Hughes, H. H., Scope of the light-weight aggregates industry: Am. Inst. Min.
& Met. Eng., Tech. Pub. No. 405, 193].
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and sacrificing none of the strength of a rock-sand mix. It may be more expen-
sive, but actual experience has shown that the saving in dead load will effect a re-
duction in structural steel which in many instances will more than offset the in-
creased cost of the aggregate. The vesicular nature of most light-weight aggregates
gives the concrete especially good insulating, fireproofing and soundproofing prop-
erties; yet absorption is comparatively low. * * * The largest outlet at present
for light-weight aggregates is in the manufacture of precast building units.

. “All hight-weight aggregates fall into one of three divisions, depending upon
their source: (1) Those which occur naturally, such as voleanic cinder, tuff, pumice
and coal; (2) those formed as by-products in industrial processes, including cinders,
slag and sawdust; and (3) those manufactured specifically for use as concrete
aggregate.”

Included in the third group are three products made from clay;
Haydite, Lytag, Cel-Seal.

“Haydife is a light-weight burned shale aggregate, developed and patented by
the late Stephen J. Hayde. * * * Haydite 1s a vesicular, clinkerlike aggregate which,
because of its semivitrified nature, has exceptional strength, comsidering its light
weight and cellular structure. It is produced by burning in a rotary kiln a clay
or shale;, which retains its original chemical moisture content as it enters the kiln.
Preheating at the charging end of the kiln vitrifies a thin layer on each particle,
which prevents the gradual escape of gases during burning. Near the discharge
end the material is subjected to high temperature and the resulting semifusion
permits the sudden release of pent-up gases, causing each particle to expand into
a porous clinker. After cooling and thorough wetting, the material is crushed and
screened. One fine and two coarse sizes are produced.. The average screen analysis
of the sand-size Haydite is 17 per cent retained on 14 mesh, ranging to 12.5 per cent
passing 100 mesh with a fineness modulus of 2.65. The coarse grade is composed
of 3{ in. to 4-mesh particles and the intermediate grade of 14 in. to 4-mesh; their -
fineness moduli are 6.70 and 6.20, respectively. Absolute control of the process
insures uniformity of the product.

“The weight of Haydite varies from 1500 to 1600 1b. per cubic yard for the sand
size to about 1200 1b. for the 34 in. * * * Haydite aggregate is especially desirable
for structural concrete for all purposes where weight and strength are Important
factors. The average weight of Haydite concrete 1s only 100 Ib. ‘per cubic foot,
a decided reduction from concrete made with ordinary natural aggregates. * * *
About one-half of thetotal Haydite production at the present timeisused as aggregate
in the manufacture of precast light-weight building units, which are highly satisfac-
tory for all purposes where light-weight units can be utilized advantageously. * * *

“Haydite is less dependent upon special raw materials than other aggregates
of the light-weight group. Practically any shale or clay is satisfactory, although
material containing some carbonaceous matter gives the best results. Judging
from the present trend, Haydite appears to be moving toward the Atlantic sea-
board markets, but the manufacturers certainly will not overlook the large poten-
tial markets of the South and Southwest, where burned shale aggregates will be
free from competition of other members of the Light-weight group which are ex-
cluded from those areas because of the lack of raw materials.”

“Lytag is the trade name of -a light-weight -aggregate now being produced experi-
mentally in Chicago. It is a burned shale or clay product manufactured undet
patents which protect the process as well as the machinery used .in its manufac-
ture. Practically every shale, clay, and even sand or loam will show wesicular struc-
ture when sintered by the Lytag process, but easily fusible common:shale and clay
will .give a more satisfactory product at a .cheaper .operation -cost.

“The sintering process formaking Lytagis:unique in the light-weight field. Shale
crushed to 11-mesh fineness is mixed with a smzﬁl proportion of granulated coal in
a pug mill, an Tmportant feature of the process ‘béing the addition of moisture. It
is then spread over suction chambers and ignited by a ‘flame applied for only about
30 seconds. Combustion without flame-continues downward, aided by down draft.
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The combustion process may be likened to smoking a pipe, a match lights it, suc-
tion keeps it ignited and the ashescorrespond to the sinter that remains in the grate.
The machine employed apparently corresponds, at least in principle, to the Dwight-
Lioyd sintering machine extensively used for roasting ang calcining ore.

“The properties of the sinter are more dependent upon the process itself than
upon the raw shale. The operator may vary the shale-coal ratio or the moisture
content, he may change the speed of revolution or the depth of the charge, or he
may add other constituents to the mix. All these variations will alter the nature
of the product and this flexibility of operation is one of the principal advantages
of the process. A peculiar feature is that the vesicular sinter shrinks in size rather
than expands as is characteristic of other burned shale aggregates.

“No commercial production of Liytag has yet been attempted and no accurate
information regarding properties and tests of the material has yet been published.”

“Cel-Seal* * * is a burned clay product * * * that has scarcely passed the ex-
perimental stage as yet.

“Cel-Seal is made by pugging 2 mixture of soil and clay and forcing it through
a die. Itisthen broken or cut into pieces of various sizes, each one of whichis covered
with a thin coating of fine silica sand, the sand coating serving to keep the frag-
ments from sticking together. After burning in a rotary kiln the resultant clinkered
particles are screened to the desired sizes.”

It would seem from the above descriptions that nearly all of the
shales and clays of Georgia have possibilities for the manufacture of
light-weight aggregates, and that the controlling factors would be
primarily accessibility and market.  In regard to this market Hughes?
states:

“The Southern, Southwestern and Pacific Coast States must not be overlooked.
Slag is available in the Birmingham district, * * * but elsewhere in this extensive
area burned shale aggregates could be manufactured with little competition from
other members of the light-weight group. Either Haydite expansion or introduc-
tion of new burned shale products now in the experimental stage will no doubt
extend the field of light-weight aggregates to include the principal cities in these
sections of the country.”

The pioneers in this market will undoubtedly have to do consider-
able educational work convincing the consumers of the economy of
using light-weight aggregates in their proper function.

No specific tests were made on the samples collected for this report
to determine their suitability for the manufacture of light-weight
aggregates. Probably a low vitrification point, together with a rapid
development of a glassy and vesicular structure when carried beyond
that point, are the properties most desired. Therefore some of the
shales and clays that are the least desirable for the manufacture of
heavy clay products may be the best suited for the manufacture of
light-weight aggregates. Lack of specific mention of this use for any
of the clays described in the report does not indicate that the writer
considers them to be unsuited for this use.

Hugkes, H. H.,, Op. dit., p. 15.
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FACTORS AFFECTING THE UTILIZATION OF
CLAY DEPOSITS

A number of factors, in addition to the quality of the clay, must be
- considered in determining the possibility of mining and utilizing any
deposit of clay or shale. These factors are discussed in brief below
with special reference to the shales and brick clays of Georgia. They
are given as much consideration as possible in the detailed descrip-
tions of deposits that make up the bulk of this report.

MARKET

Heavy clay products, because of their relatively low value and high
weight per unit, will not usually stand the cost of shipping to long
distances. Therefore a local or a nearby market is essential, and the
producer nearest to a large market has the advantage in that market.

The market for a heavy clay product depends upon:.

(1) The consumption of the product within the area considered.

(2) The source of the product now being used, whether locally
made or shipped in from a distance. If largely locally made, the new
producer can only hope to monopolize the market by producing a
superior product or selling at a lower cost. If largely shipped in from
a distance, a local producer, assuming manufacturing costs to be equal,
would have the advantage of the freight rate on his competitor’s prod-
uct.

ACCESSIBILITY -

The value of a clay deposit decreases sharply with its distance from
railroad transportation. The clay, either in a raw state or in the form
of a finished product, must be transported to its market. Spur tracks
from the railroad to the deposit can be built only at a considerable
cost. The problem is usually solved by narrow-gauge tram haulage
of the crude clay from the mine to a plant built near the railroad, but
if the distance is long or the grade steep, the haulage and maintenance
costs are high. The limit of distance from a railroad beyond which
a clay deposit cannot be economically worked depends upon the quality
and value of the clay or the product made from it. At the present
time in Georgia no heavy clay product manufacturer would consider
building a plant to use a clay deposit more than a mile from the rail-
. road. As deposits nearer the railroads are exhaustéd in the future this
limit may be extended.

SIZE OF DEPOSITS

The tonnage of clay in a deposit must be at least approximately
determined by prospecting before going to the expense of opening
up the deposit for mining. A modern plant for the manufacture of
heavy clay products requires a large investment and should only be
undertaken with a sufficient tonnage of the clay in sight to insure
production long enough to amortize the investment. This in most
cases would be 35 to 40 years.
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CHARACTER AND UNIFORMITY OF DEPOSITS

The ideal clay deposit would be uniform in character throughout
the entire deposit, so that a ton of clay mined from any place would
be exactly like a ton mined from any other part of the deposit.

Such an ideal condition is rarely ever found in a clay deposit. Shale
deposits, while sometimes of remarkable uniformity, often vary con-
siderably across the strata. The amount of weathering of the beds,
as well as the presence of such impurities as silica and lime, may have
a marked effect on the properties of the shale. The presence of layers,
lenses, or “horses” of limestone that must be discarded or avoided
add greatly to the cost of mining. The alluvial clays are noted for

their lack of uniformity and their variation in sand content.

Great care should be taken in prospecting a clay deposit to note
variations in the clay and impurities. Auger borings and dnll holes
should be supplemented by prospect pits or wells which better expose

such variations.

OVERBURDEN

Overburden consists of any material overlying a deposit that must
be removed and thrown away in order to mine the deposit. The shale
deposits of Georgia are usually found in rather steeply inclined beds,
and therefore where sufficiently weathered to be of ceramic value are
practically free from overburden. The alluvial clays are sometimes
covered with a thin layer of sand or loam, but the overburden is seldom
thick enough to offer a serious obstacle to mining. -

DRAINAGE

Surface water is often very troublesome to a clay producer. The
operator of a deposit located on a slope sufficiently high above the
streams can dig drainage ditches to prevent a greater part of the sur-
face water from entering the pit and to quickly remove that which
does find its way in. The operator of a deposit located in a flat valley
bottom must install and operate at a considerable expense pumping
equipment to remove the rain water and often a considerable seepage
from nearby streams.

WATER SUPPLY

A nearby supply of pure soft water is desirable for the operation
of the boilers of any steam-powered equipment used in mining a clay
deposit, or operating a ceramic plant, and for the purpose of temper-
ing the clay. Many of the Georgia shale and clay deposits are located
with abundant streams conveniently near to the deposits or the plant
sites.

CLIMATE

Advantages of the climate of one region over another often means
lower mining and manufacturing costs for that region. The climate
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of Georgia is suitable for mining and all types of plant operations the
year around. The warm weather of the summer has no effect on the
colored labor commonly employed for unskilled labor. Rain may
cause slight interruptions of mining operations in the winter months,
but cold weather or snow practically never. Plant buildings need not
be heavily constructed, and heating costs are low. Less fuel is re-
quired for power or the manufacture of ceramic products because of
lessened radiation losses. Living conditions are ideal.

LABOR

Georgia has the advantage of low-priced and plentiful labor. Un-
skilled labor adapted to the climatic conditions is supplied by the colored
population. The white population is of intelligent native American
stock capable of being trained to fulfill any class of skillful labor neces-

.sary. The cost of hvmg is and will remain cheaper than in the more
rigorous climate of the North.

POWER

Power is necessary for any mining or ceramic operation. ILow-
priced coal from Alabama and Tennessee and an abundance of inter-
connected hydro- electric power insure lowered mining and manufactur-
ing costs in Georgia. Natural gas, the ideal ceramic fuel;, piped from
Louisiana is available in the Atlanta and Macon distrie’csw and over a
good part of Northwest Georgia that is underlain by the shale de-
posits. ‘ ‘
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SHALE DEPOSITS OF GEORGIA

- DISTRIBUTION'

The shale deposits of Georgia are found in the northwest part of the
State in the area of Paleozoic sedimentary rocks known as the Appala-
chian Valley, or simply “The Valley”, so called because its general sur-
face, though 600 to 800 feet above sea level and made up of ridges as
well as stream valleys, is 1,000 to 2,000 feet below the summits of the
mountains on either side. It is a continuation of the Valley of Ten-
nesee, the Shenandoah Valley of Virginia, the Cumberland Valley of
Pennsylvania, and the Kittatinny Valley of New Jersey. In the other
direction it continues into central Alabama, where it passes beneath
the sediments of the Coastal Plain.

The Valley in Georgia is bounded on the east and south by the Co-
butta Mountains and the Piedwont Plateau, and on the northwest by
the Lookout Plateau. It includes all or parts of the following counties:
Polk, Floyd, Chattooga, Dade, Walker, Catoosa, Whitfield, Murray,
Gordon, and Bartow. The Valley may be divided physiographically
into three parts: the Rome Valley, the Armuchee Ridges, and the
Chickamauga Valley (see figure 3).

The Rome Valley is a broad fertile valley extending from the Ten-
nessee line on the north to the Alabama hne on the west. It is almost
entirely drained by the Coosa River and its tributaries, the Etowah,
Oostanaula, Coosawattee, and Conasauga rivers. Its south and east
boundary is that of the Valley. Its north and west boundary follows
the foot of a series of ridges including Lavender, Horn, and Chattoo-
gata mountains. It includes some of the richest farming land in the
State and some of the best of the shale deposits described in this report.
The principal towns are Rome, Dalton, Cartersville, Cedartown, and
Calhoun. It is served by a number of railroads including the Atlanta
to Chattanooga lines of the Southern Railway and the Nashville, Chat-
tanooga and St. Louis Railway; the Atlanta to Knoxville line of the
Louisville & Nashville Railroad; the Macon to Chattanooga line of the
Central of Georgia Railway; and the Atlanta to Birmingham line of the
Seaboard Air Line Rallway.

The middle section of the Valley, which may be called the Armuchee
Ridges, lies west and north of the Rome Valley. Its south and east
boundary has been described above. Its northwest boundary follows
the foot of Gaylor and Taylor ridges and White Oak Mountain. The
whole area is made up of a series of long, narrow and roughly parallel
ridges rising some 700 feet above the floors of the intervening valleys.

Physiographic descriptions largely from Campbell, M. R., Physical Geography
of Georgia: The Valley Province: Georgia Geol. Survey, Bull. 42, pp.133-147,
1925.
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These ridges, although not very high, are steep-sided and have been
quite a barrier to transportation in an east-west direction. Two im-
proved highways and two railroads only cross them. The Central of
Georgia Railway from Rome to Summerville follows a winding route
around the end of Lavender Mountain and between Gaylor and Tay-
lor ridges. The west branch of the Dixie Highway between Rome and
Summerville follows a natural gap between the ridges at Armuchee and
Crystal Springs and crosses Taylor Ridge through a high wind gap.
The east branch of the Dixie Highway and the Nashville, Chattanooga
and St. Louis Railway from Dalton to Ringgold cross the ridges through
water gaps at Rocky Face and Ringgold.

The section of the Valley here called the Chickamauga Valley, lying
between the Armuchee Ridges on the east and the Lookout Plateau
on the west, is drained by the Chattooga River on the south and Chick-
amauga Creek on the north. The divide between them, however, is
so low as to be scarcely noticeable. A few low but fairly continuous
ridges, such as Missionary Ridge and the Shinbone Ridge that parallels
the foot of the Lookout Plateau, rise above the fairly level and smooth
floor of the valley. The area is traversed by the Macon to Chattanooga
line of the Central of Georgia Railway and the Chattanooga to Gadsden
line of the Tennessee, Alabama and Georgia Railroad. The principal
towns In the area are LaFayette and Summerville. Certain of the
shale deposits described in this report occur in this area.

The Lookout Plateau of Georgia is a continuation of the Cumberland
Plateau of Tennessee and Kentucky and the Alleghany Plateau of
West Virginia and Pennsylvania. It consists of two flat-topped ridges,
Sand Mountain and Loockout Mountain, separated by the narrow
valley of Lookout Creek. These ridges rise to a height of slightly
more than a thousand feet above the valleys in a steep slope capped
by almost vertical cliffs of sandstone from 200 to 800 feet in height.
Only a small part of Sand Mountain, which is an extension of Walden
Ridge in Tennessee, crosses the northwest corner of Georgia. Lookout
Mountain as it enters the State from Alabama has a width of about
nine miles. Near the Alabama line a great spur, known as Pigeon
Mountain, branches off from Lookout Mountain and extends for about
ten miles northeast into the Valley. The main ridge of Lookout Moun-
tain continues a little east of north, with an average width of two miles,
to Chattanooga, where it ends in the famous Lookout Point overlooking
the city. The V-shapped valley between Pigeon and Lookout moun-
tains 1s known as McLamore Cove. The valley of Lookout Creek
between Lookout and Sand Mountains averages three miles in width.
It is mostly underlain by limestone, although deposits of shale, de-
scribed later in detail, outcrop in a series of low ridges parallel to each
side of the valley and similar to the Shinbone Ridge that parallels
Pigeon Mountain and the west side of Lookout Mountain in the Valley.
In fact the valley of Lookout Creek might be considered as an arm of
the Valley extending between Lookout and Sand mountains, much as
McLamore Cove extends between Lookout and Pigeon mountains.
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Figure 3. The Appalachian Valley and the Lookout Plateau of Georgia.
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GEOLOGY OF NORTHWEST GEORGIA
STRATIGRAPHIC AND PHYSIOGRAPHIC HISTORY

The sedimentary rocks of the Valley and the adjoining Lookout Pla-
teau consists of shales, limestones, and sandstones, and range in age
from Karly Cambrian to Pennsylvanian. They are composed of mate-
rial derived from a land mass to the southeast, the ancient continent
of Appalachia, and deposited in a shallow sea; the sandstones nearest
the shore line, the shales (as clay) further away from the shore, and
the limestones in the clearest water. As the shore line oscillated back
and forth or conditions of erosion and deposition changed during this
time, the various materials were laid down one on top of the other.
The deposition was interrupted at times by elevation above sea level
and even erosion. Thusthousands of feet of sediments were deposited,
the record from which we can read the several cycles of sedimentation,
interruption, and erosion. The smaller of these cycles mark the divi-
sion of the rocks into geologic formations, the larger into series and
systems (see table on page 53).

At the close of the Pennsylvanian time the area was elevated above
sea level, and the period of the formation of the Appalachian Moun-
tains began. The forces that thrust up these mountains, of which
we now see a small remnant, exerted tremendous lateral pressure from
the southeast against this area of horizontal sedimentary rocks, forcing
them into hugh folds. As the pressure increased the folds in the eastern
and southeastern part of the area nearest the mountains were com-
pressed, overturned, and in places faulted or broken. Beds were thrust
over each other. The beds in the adjoining edge of the Piedmont
Plateau and the Cohutta Mountains were metamorphosed or recrystal-
lized almost beyond recognition and thrust over the less metamorphosed
beds, forming the Cartersville fault that marks the eastern and southern
boundary of the Valley.

All the beds in the eastern and southeastern part of the area are on
edge and some are partly metamorphosed, sandstones to quartzites
and shales to slates. In the Rome district and extending northeast
from it the Cambrian shales have been thrust for at least four or five
miles over the younger Mississippian rocks. This overthrust fault is
known as the Rome Fault, and is described in more detail in the de-
scription of the geology of Floyd County on page 78. In the northwest
part of the Valley and the adjoining Lookout Plateau the beds were
left in large and fairly gentle folds.

The land gradually elevated in the geologic ages that followed, al-
lowing the streams to cut down into it and carry off the debris into the
ocean. This elevation and erosion did not take place uniformly, but in
cycles of elevation, a rapid cutting of V-shaped valleys by the streams,
a more gradual widening of these valleys, sometimes progressing long
encugh to reduce the land to a low peneplain (almost a plain) over
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which the streams sluggishly meandered, and then another elevation
and a repetition of the cycle.?

One of these cycles is believed to have been far advanced in Cretaceous
time, at the end of which the region had been reduced to an almost
level plain from which the Cohutta Mountains and a few small hills in
northwest Georgla rose like islands. The flat, nearly level top of the
Lookout Plateau and a portion of the Piedmont Plateau are remnants
of this peneplain, preserved because they were underlain by hard rocks
that resisted erosion during the following cycles.

This Cretaceous peneplain in what is now the Valley was soon de-
stroyed in the erosion that followed the next elevation of the land. The
beds in this region were all on edge, exposing mostly soft and easily
eroded shales and limestones, with only narrow beds of hard chert and
sandstone between. The beds in the Lookout Plateau region were only
in fairly gentle folds. Figure 4 shows how heavy beds of sandstone pro-
tected the synclines or troughs of these folds from erosion, while on
the anticlines or arches the sandstone beds were worn through exposing
the softer and more easily eroded Lmestones and shales beneath, form-
ing the valleys of Lookout and Willis creeks and McLamore Cove.
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Figure 4. Structure section showing the relation of hard rocks to Sand and
Lookout mountains,

" The next peneplain of which we have definite traces left is believed
to have reached an advanced stage at the end of the Eocene time,
although evidences of it are poorer in Georgia than in Middle Tennessee
where 1t forms the Highland Rim. However, much of the floor of the
Valley between streams in the Rome and Chickamauga valiey areas
rises to a uniform height of about 1,000 feet above sea level. These
areas probably represent the remnants of this Eocene peneplain. One
of the largest of these areas is on either side of the Etowah River valley
northwest of Cedartown and north and northwest of Cartersville. The
main beds of sandstone and chert in the Armuchee Ridges area, narrow
as they are in their upturned position, resisted erosion sufficiently to
remain well above the peneplain.

The third cycle has only just ended, geologically speaking. It was
not as long or as marked as the other two and only the areas of softer

1See Hayes, C. W., Physmgraphy of the Chattanooga district, in Tennessee, Geor-
%;39 9and é&labama U. S. Geol. Survey Nineteenth Ann. Rept pt. 2, pp. 1-58,
an
]ohnson D.C,, Tertiary history of the Tennessee River: Jour. Geology, vol. 13,
pp. 194-251, 1905.
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and more easily eroded rocks along the main stream valleys were base-
leveled to a plain. The broad, flat valleys of the Coosa River and its
tributaries form the largest area of this peneplain, which is often called
the Coosa Peneplain. The area west of Rome called the “flatwoods”,
parts of which are capped with water-worn gravels, is typical of this
peneplain. Smaller plains have been formed adjacent to Chickamauga
and Lookout creeks. The altitude of the Coosa Peneplain varies
from (’;00 feet at the southern edge of the valley to 800 feet at the north-
ern edge

The elevatlon of the land that marked the beginning of the Quarter-
nary or Recent geologic period established new base-levels for the
streams, toward which they have only just begun to cut their beds.
The present river flood plains are some 20 to 80 feet below the Coosa
Peneplain.

GEOLOGICAL FORMATIONS:

The Appalachian Valley and the Lookout Plateau of Georgia are
underlain by sedimentary rocks ranging in age from Lower Cambrian
to Pennsylvanian. These rocks have been intensely folded and broken
over much of the area so that they are highly inclined, striking in a
general northeast-southwest direction and dipping to the southeast,
their sequence muerrupted or repeated by normal and thrust faults.
T]:iele processes of erosion have carved them into plateaus, ridges, and
valleys.

The various formations into which these beds can be divided are
shown in the table on page 58, followed by a description of each with
especial emphasis placed on those containing shale of economic impor-
tance. Their distribution is shown on the geologic map facing page 66.
This map is largely the result of the geologic work of C. W. Hayes over
thirty years ago. Detail work in a few areas by other geologists have
made a few changes. Recent work in the adjoining states indicates
that detailed geologic work in Georgia would result in many changes
in the geologic map. Some of these changes would consist in splitting
up certain formations into two or more new formations as outlined in
the following descriptions. Others would consist in the re-correlation
of certain beds. The Georgia Geological Survey hopes to undertake
this much needed geologic work within the next few years.

1Large1y compiled from.:
Hayes, é) W., U. S. Geol. Survey Geol. Atlas, Ringgold folio (No. 2), 1892;

Stevenson folio (No. 19) 1895; and Rome folio (No. 78), 1902.

Spencer, J. W., The Paleozoic group: the geology of ten counties of northwest
Georgla; Georgla Geol. Survey, 1893,

Maynard, T. P., Limestones and cement materials of North Georgia: Georgia
Geol. Survey, Bull. 27 1912.

Shearer, H. K., The slate deposits of Georgia: Georgia Geol. Survey, Bull.
34, 1918.

Hull, J. P. D., LaForge, Laurence, and others, Manganese deposits of Georgla:
Georgla Geol. Survey, Bull. 35, 1919.

Butts, Charles, Geology of Alabama: The Paleozoic rocks: Alabama Geol.
Survey, Spec. Rept. No. 14, pp. 41-230, 1926.
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GENERALIZED TABLE OF GEOLOGIC FORMATIONS OF
THE PALEQOZOIC OF NORTHWEST GEORGIA

SYSTEM SERIES FORMATION THICKNESS
IN FEET
Pennsylvanian Walden sandstone........._._.. S30-1000
§ Lookout sandstone............|  400-500
SE: Mississippian - | Pennington shale ... 0-515
g ‘Bangor lime- E Probably
2 stone equivalent 500-900
< | in time
© Floyd shale J 0-2000
Fort Payne chert. ... 0-510
------ M i—s;i_s.sﬁ;{aia;u-(_)x_' Devonian Chattanooga black shale ... 0-30
Silurian Red Mountain formation.] 600-1800
Ordovician Rockmart Partly
slate X equivalent 0-2500
Chickamauga { in time (see
limestone ’ page 60) 100-1800
""" Ordovidian to Cambrian Knox dolomite.. .o, 3000-5000
CTTTTTTTTT e Conasauga formation.___......| 1000-2000
Cambrian Rome for- Probably
mation Eequivalent 700-2500
Cartersville j in time
formation 600-1000
Shady limestone .o 800-1500
Weisner quartzite._._ ... 2000-5000

CAMBRIAN SYSTEM

WEISNER QUARTZITE

The Weisner quartzite crops out in the vicinity of Indian Mountain
which extends from Alabama into the northwest corner of Polk County,
and in a belt about 15 miles long just east of Cartersville, where de-
posits of ochre are associated withit. The formation consists of vitreous
quartzite, quartz-sericite schist, lenses of conglomerate, and considerable
beds of softer sandy shales. The thickness of the formation is uncer-
tain because of weathered outcrops, repetition by faulting, and be-
cause the base is nowhere exposed, the beds passing under the Carters-
ville thrust fault. Some of the conglomerate lenses suggest a delta
origin, according to Hayes.!

Hayes, C. W., Geological relations of the iron ores in the Cartersville district
Georgia: Am. Inst. Min. Eng., Trans. vol. 30, p. 405, 1901.
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SHADY LIMESTONE

The Shady limestone was formerly called the Beaver limestone in the
United States Geological Survey folios of this region and the publica-
tions of the Georgia Geological Survey According to Butts!, it has
been discovered that the typical “Beaver ” limestone of Beaver Ridge,
Tennessee, is not the same as the limestone here described but is a
younger formation. The limestone in Georgia formerly called “Bea-~
ver” and now called “Shady” has been definitely correlated by strati-
graphic and fossil evidence with the Shady limestone of Shady Valley,
dohnson County, Tennessee.

The Shady limestone in the Valley of Georgia overlies the Weisner
quartzite and forms a narrow belt near Cartersville and also in the
vicinity of Indian Mountain in Polk County. It comsists of argilla-
ceous, dolomitic limestone, but is generally deeply weathered to a dark-
red residual clay. Deposits of brown iron ore, manganese, and barite
are found in this residual clay in the Cartersville district.

CARTERSVILLE FORMATION

The Shady limestone in the Cartersville district is overlain by a belt
of slate, shale, and feldspathic sandstone, most of which is characterized
by an unusually high content of potash. This formation has been
named and described by Shearer? as the Cartersville formation”. Ac-
cording to him the formation can probably be correlated with the
Apison shale or the Rome formation of the Rome, Ringgold, and Cleve-
land quadrangles, and the Watauga shale of the Roan Mountain
quadrangle of Tennessee, although the exposures are not continuous
and the lithologic character is quite different.

The Cartersville formation forms a belt with an average width of
about half a mile, extending from the Etowah River through Carters-
ville and for 15 miles northwest through White to a point on the Car-
tersville Fault about two miles northeast of Rydal. Between Cassville
and McCallie the formation has been repeated in several irregular
belts by folding or faulting.

The greater part of the formation is made up of soft, light-colored
shale, usually weathering to a gray clay. With the shale are occasional
lenses, with a maximum thickness of 50 feet, of gray or purplish-gray
slate, and thin beds of feldspathic sandstone and common siliceous
sandstone. The structure is complicated and the ‘relation of these
beds to each other is uncertain. The thickness of the formation is.
probably not more than 1,000 feet and it may be considerably less. Al-
most all of the beds, according to Shearer, are characterized by a potash
content of from 4 to 9 per cent, and attempts were made during the
World War to utilize some of the beds as a source of potash.

Butts, Charles, Geplogy of Alabama: The Paleozoic rocks: Alabama Geol.
Survey, Spec. Rept: No. 14, p. 64, 1926.

?Shearer, H. K., The slate deposxts of Georgia: Georgia Geol. Survey, Bull. 34,
pp. 48-49, 128-152, 1918. ~ ,,
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Two samples of more or less weathered shale from the Cartersville
formation are described on pages 263 and 267. It is interesting to note
that neither of these samples showed an unusually high content of
potash.

ROMYE FORMATION

The Rome formation is the oldest strata showing over much of the
Appalachian Valley of Georgia, and underlies the Conasauga forma-
tion, from which, at places it can only be distinguished with difficulty.
In its type locality south of Rome it is characterized by thin-bedded,
fine-grained sandstones and sandy shales in various shades of red,
purple, green, yellow, and white, often of a distinctly banded appear-
ance. Northeast of Rome the upper portion of the formation consists
chiefly of shale.

Hayes! has mapped the Rome formation in three long narrow bands
striking across the Valley in'a general northeast direction. - The long-
est of these outcrops of the Rome formation starts on the southern
edge of Floyd County and continues in a northeast direction through
Rome, crossing Gordon County to the west of Plainville, Calboun,
and Resaca, and in Whitfield County widens and, near Tilton, is split
into two bands that extend north, one almost to and the other beyond
the Tennessee line. The lithological characteristics of the formation
In its type locality at the southern end of this long outcrop have been
described above. The northern end of the outcrop, as observed by the
writer east of Dalton, consists of soft brownish-and greenish-drab
shale with fairly numerous thin partings of fine-grained sandstone or
chert. It differs from the overlying Conasauga shale only in being
less fissle, in containing the sandstone partings, and in containing no
visible lenses of limestone.

Another narrow band of the Rome formation begins near Villanow
in the southeastern part of Walker County and extends northeast

through the western edge of Whitfield County and the eastern edge of
- Catoosa County to the Tennessee line, Hayes? has described these
beds as follows:

“The lower portion of the formation is composed of alternating layers of sandstone
and shale. Passing upwards the proportion of shale gradually increases so that
toward the top only a few thin siliceous beds occur which can scarcely be called
sandstone. The shales are usually brown or dark olive green, while the sandstone
beds are reddish, brown, or purple, with occasional thin layers of white quartzite.”

The third large area of the Rome formation as mapped by Hayes
extended from the Etowah River northward through Bartow, Gordon,
and Murray counties. Part of this irregular area in Bartow County
has been described and mapped by Shearer as the Cartersville forma-

Hayes, C. W., U. S. Geol. Survey,- Geol. Atlas, Ringgold folio (No. 2), 1892;
Rome folio (No. 78), 1902; and unpublished manuscript maps of the Cartersville

and Dalton quadrangles.
Hayes, C. W., U. S. Geol. Survey Geol. Atlas, Ringgold folio (No. 2), 1892.
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tion, as described above. North of Pine Log in Bartow, Gordon, and
Murray counties, the shales mapped by Hayes as belonging to both the
Rome and the Conasauga formations have in places been more or less
metamorphosed into slates, concealing the differences that exist be-
tween these formations in other sections. The writer’s field work in
this area has convinced him that the shales in some places mapped by
Hayes as belonging to the Conasauga formation cannot be distinguished
lithologically from others mapped by Hayes as belonging to the Rome
formation. In the geologic map that accompanies this report all of
this area north of the Cartersville formation has been mapped as the
Conéa]fauga formation, with the exception of a small area north of Chats-
worth.

Certain of the shale areas of the Rome formation, as now mapped,
have possibilities for the manufacture of heavy clay products. The
writer is of the opinion, however, that future detail mapping of the
Rome-Conasauga boundary, with the increased knowledge derived
from geologic work in adjoining states, may change its location con-
siderably from that shown on the accompanying geologic map.

CONASAUGA FORMATION

The Conasauga formation occurs in the western part of the Valley in
narrow bands extending from the Alabama line northeast through
Chattooga, Walker, the western part of Whitfield, and Catoosa counties
to the Tennessee line. The valleys of the Coosa, Oostanaula, and
Conasauga rivers contain broad outcrops of the formation, the western
- edge of which has been thrust over and is resting on younger rocks.
The formation on the eastern edge of the Valley in general occupies
broad valleys and is intimately associated with the Rome formation,

Hayes! has described the Conasauga formation as follows:

“At its type locality, in the Dalton quadrangle to the northeast, it consists of a
great thickness of fine cley shales with occasional beds of limestone. The latter
vary in thickness from a few inches to several hundred feet, and are always rather
pure, .blue limestone. In the vicinity of Rome and northeastward to ‘the margin
of the quadrangle the formation consists at the base of several hundred feet of fine
olive clay shale, then beds of oolitic limestone, and finally 1000 or more feet of cal-
careous shales, interbedded toward the top with blue limestone. Southward from
Romé’ the formation changes considerably by an increase in the amount of lime-
stone.” . :

The broad “flatwoods” area of the Coosa Valley is largely under-
lain by another type of the Conasauga formation. The upper part of
the formation outcropping along the eastern margin of the valley is
made up largely of siliceous shales, sandstones, and clay shales con-
taining numerous siliceous concretions. The Intermediate division
is composed of clay shales containing varying amounts of limestone,
at some places thinly interbedded with the shales and at others in mas-
sive beds. The lower portion of the formation consists wholly of clay
or slightly sandy shales.

Hayes, C. W., U. S. Geol. Survey Geol. Atlas, Rome folio (No. 78) pp. 2-3, 1902.
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The shales of the Conasauga formation in the eastern part of Gordon
County and in Bartow County south and east of Adairsville have been
more or less metamorphosed to a green slate which weathers to a red-
dish siliceous-appearing shaly soil. Massive lenses of limestone occur
in the eastern part of Gordon County.

.The limestones of the Conasauga vary from pure, oolitic, and dark
blue to light gray, argillaceous, and earthy. They are characterized
by the absence of chert and by the presence of white secondary calcite
veins. In the erushing 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 filled with calcite deposited by percolating waters con-
taining lime in solution.

Butts, in his work in Alabama, has discovered thai, in addition to
lithologic differences, the southeastern areas of the Conasauga forma-
tion, which correspond to the areas in Floyd County, Georgia, south-
east of the belt of the Rome formation, contain a totally different
group of fossils from the northwestern areas of the Conasauga forma-
tion that correspond to the Cocsa Valley areas of Georgia. The south-
eastern areas contain an Arctic fauna of Middle Cambrian age. So far
as at present known, the northwestern areas contain none of this Mid-
dle Cambrian fauna, but have different assemblages of early Upper
Cambrian fossils of Rocky Mountain, Pacific, Mississippi Valley, and
European types. This suggests a barrier between the two areas during
the time of deposition. If latter investigation should prove this to be
true, the southeastern areas now mapped as Conasauga should be
separated and given a new name.

There are many areas of Conasauga clay shale comparatively free
from limestone in Floyd, Bartow, Gordon, Whitfield, and Murray
counties. The unweathered shale is too hard to develop the plasticity
needed in the manufacture of ceramic products without fine grinding
and long pugging. But over most of these areas surface weathering
has softened the shale to a depth of 25 to 30 feet so that it makes an
excellent material, with the proper treatment, for the manufacture of
certain heavy clay products.

ORDOVICIAN AND ORDOVICIAN OR CAMBRIAN SYSTEMS

ENOX DOLOMITE

The Knox dolomite of Georgia unconformably overlies the Conasauga
formation. The formation attains a thickness of 3,000 to 5,000 feet, be-
ing the thickest formation, as well as having the most extensive out-
crop, of the Paleozoic group in Georgia. The Knox dolomite under-
lies a broad area in the southeastern part of the Rome Valley, as well as
smaller areas in the northern part of that physiographic district. In
the Armuchee Ridges district it underlies a portion of the narrow valleys

1Butts, Charles, The geology of Alabama: The Paleozoic rocks: Alabama
Geol. Survey Spec. Rept. No. 14, pp. 67-78, 1926.
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between the sandstone ridges. A large part of the Chickamauga Val-
ley region is underlain by the Knox dolomite, which here often forms
long narrow ridges such as Missionary Ridge.

The Knox dolomite in Georgia consists of more or less massive beds
of dolomite or dolomitic limestone, usually deeply weathered so that
fresh outcrops are infrequent. The basal portion of the formation
usually weathers to red loamy soils comparatively free from chert,
while the upper portions on weathering give rise to considerable chert,
sometimes compact and flint-like and sometimes porous. These
cherty beds are sometimes overlain by more non-cherty dolomite, and
in the eastern part of the Valley the upper part of the formation con-
tains some sandy beds.

The Knox dolomite was formerly placed at the base of the Ordovi-
cian, but for a number of years it has been known that the fossils found
in the lower portion of the formation most nearly resemble those of the
upper Cambrian, while the fossils found in the upper portion of the
formation are more like those of the Ordovician. Butts! has divided
the beds in Alabama that probably correspond to the Knox dolomite
of Georgia into the following five formations:

Age , Formation Characteristic Chert
: Newala imestone..............| Non-cherty
Lower Ordovician :

Beelkmantown series Longview limestone...........| Compact but brittle and
fragile; weathers to gmall
fragments.

Chepultepec dolomite........ Soft, porous andr fossil-
iferous

Qrdovician or Cambrian | Copper Ridge dolomite __. D%ﬁse, hard, jagged, almost
nty.

Ketona dolomite ... Non-cherty

The Ketona dolomite may correlate with the basal chertless portion
of the Knox dolomite in Georgia. The Copper Ridge and the Chepul-
tepec dolomites are most certainly present in Georgia. The Copper
‘Ridge forms the principal chert ridges characteristic of the Knox dolo-
mite and the Chepultepec is known to be present at Dalton and near
Rocky Face. Butts has mapped the rocks of Beekmantown age as
extending into Georgia in the Big Willis Valley (south of Johnson
Crook, Dade County), and Ulrich? has observed them near Ringgold.

Butts, Charles, Op. cit., pp. 78-99._
" lrich, E. O., Revision of the Paleozoic systems: Geol. Soc. America Bull., vol.
22,672, 1911,
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It is possible that they are present elsewhere, although non-cherty
members may have been mapped with the Cnlckamauga limestone.

Butts personally favors Ulrich’s' Ozarkian system for the “Ordovi-
clan or Cambrian,” but makes no mention of Ulrich’s Canadian sys-
tem for the beds of Beekmantown age.

ORDOVICIAN SYSTEM
CHICKAMAUGA LIMESTONE

The Chickamauga limestone in Georgia includes all the rocks of
Ordovician age lying above the Knox dolomite and below the Red
Mountain formation, with the exception of the Rockmart slate de-
scribed below. It includes beds of Stones River, Black River, Tren-
ton, and Richmond ages, not all of which are present at any one area
of the formation. During most of the Ordovician time a northeast-
southwest barrier of Knox dolomite, probably located somewhere along
the eastern edge of the Chchamauga Valley, separated the Appala-
chian Valley inio two basins which usually had no connection with
each other and were alternately invaded by arms of the sea. Thus the
deposits on one side of this barrier differ in both lithologic character
and fossil content from those on the other side of the barrier.

The Chicka*nauga formation is exposed in long narrow areas where
 the rocks are steeply dipping, and broad valleys where exposed on the
crests of gentle anticlines. Lookout Valley is underlain by deposits of
hard flaggy blue limestone of Stones River, Black River, and Trenton
age; overlain, at least in the northern end of the valley, by reddish
thin-bedded limestones and calcareous shales and sandstones of Rich-
mond age which have formerly been mapped with the Red Mountain
(Rockwood) formation. The type area 1n the valley of West Chicka-
mauga Creek and at the eastern foot of Lookout and Pigeon Mountains
consists of thin-bedded blue limestones with some beds of earthy,
purple and dove-colored limestone. Further east at the foot of Taylor
Ridge and in the valley west of Summerville, the formation consists
of earthy limestone and calcareous shale.

Bentonite, a clay derived from the alteration of volcanic ash, occurs
in a bed 1 to 20 feet in thickness in limestone of Black River (Lowvﬂle)
or basal Trenton age in the valleys of Lookout and West Chickamauga
creeks. It is of interest chiefly because it shows that during Ordovi-
clan time there were active volcanoes near enough to the Appalachlan
Valley for the ash to be carried by wind and deposited in the sea.

The Chickamauga formation on the east and southeast side of the
barrier described above 1is increasingly earthy and sandy. The beds
are of lower Stones River, Blount, and Black River age. In the vicinity
of Rocky Face between Dalton and Tunnel Hill, the top of the forma-
tion consists of brownish and reddish sandy shales of Black River (Low-

Ulrich, E. Q., Op. dt., pp. 627-646.
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ville) age that were formerly mapped as a part of the Red Mountain
(Rockwood) formation. Near Dalton and east of Varnell in Whit-
field County and near Loughridge in Murray County are outcrops of
the Athens shale and Tellico sandstone of Blount age that have been
included with the Chickamauga limestone on the accompanying geo-
logic map. ' According to Butts!, these beds are probably equivalent
to the Rockmart slate in Polk County.

The Chickamauga limestone underlying the Rockmart slate in the
southeastern part of the Valley consists of fine-grained high-calcium
limestone interbedded with gray to grayish-blue magnesium lime-
~ stone, and is probably of Stones River age.

The Chickamauga limestone, therefore, is a name given to an aggre-
gate of calcareous deposits that were laid down in seas that invaded
portions of the Valley at widely separated intervals, between which
the region was probably low land that was undergoing slight erosion.
The sites of these seas did not always coincide, so that the sequence
and ages of the beds of this comprehensive stratigraphic unit differ
greatly from place to place. Ultimately the several units of which the
Chickamauga is composed will be separately mapped and described
and the name will then pass out of use.

ROCEKMART SLATE

The Rockmart slate crops out in Polk County on the southern edge
of the Va]ley It overlies Chickamauga limestone of Stones River
age, and is probably of Blount age and therefore equivalent' to the
Athens shale and Tellico sandstone of Tennessee, and to the interval
between the Stones River and the Black River beds of the Chicka-
mauga limestone elsewhere in the Valley.

The lower 1500 feet of the formation in the vicinity of Rockmart
consists largely of dark blue to black shalés and slates of remarkable
uniformity in lithologic character and chemical composition. It
weathers to flaky fragments or massive indurated clays of gray, olive-
green, yellow, and reddish-brown colors. The upper portion is more
variable, containing highly ferruginous sandstones suggestive of the
Tellico sandstone, cherty limestones, and conglomerate. Near the
Cartersville Fault the Rockmart slate has been metamorphosed into
a true schist. Westward from Rockmart the slate is interbedded with
impure limestones (a common facies of the Athens shale) and is gen-
erally softer and more calcareous than that near Rockmart. Several
samples of the softer weathered and shaly phases of the Rockmart
slate are described on pages 69-72.

But{s, Charles, Op. cit., p. 107, and personal correspondence.
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SILURIAN SYSTEM
RED MOUNTAIN FORMATION

The Red Mountain formation has been described and mapped as
the Rockwood formation in most of the Georgia Geological Survey
publications, following the usage of Hayes' in several geologic folios
of the United States Geological Survey. The name “Red Mountain,”
given it by the Alabama Geological Survey? from one of several moun-
tains of that name in Alabama, has priority and was used by Spencer®
in the first report on this region by the Georgia Geological Survey.

The Red Mountain formation is found in the ridges of the Armuchee
Ridges division of the Valley and in a series of low ridges paralleling the foot
of Lookout, Pigeon, and Sand mountains. The formation in Georgia
admirably illustrates the progressive change in lithologic character
usually observed in a sedimentary deposit in approaching the shore
line of the sea in which it was deposited.

In the valley of Lookout Creek in Dade County the formation con-
sists of about 600 feet of more or less calcareous shale with some thin
interbedded limestone. East of Lookout Mountain the formation
is somewhat thicker and contains no limestone, but some beds of sandy
shale with thin sandstone layers. A persistant thin layer of red fossilii-
erous iron ore is found near the middle of the formation in both of these
areas. In White Oak Mountain and Taylors Ridge the formation
consists of heavy brown sandstone with occasional beds of sandy shale.
The red iron ore has become thinner and in places has disappeared.
Beds of brownish and purplish sandy shale that were formerly mapped
at the base of the formation near Rocky Face and south along Chattoo-
gata Mountain are now correlated with a part of the Chickamauga
Jimestone as described on page 59. The base 1s therefore now placed at
a heavy bed of white sandstone or quartzite resembling the Clinch
sandstone of Tennessee. In Lavender and Horseleg (Mount Alto)
mountains in Floyd County, the Red Mountain formation is composed
almost entirely of heavy-bedded sandstones. Thus we see an increase
in thickness and in the coarseness of the clastic material as the shore
line of the ancient sea is approached.

tHayes, C. W., The overthrust faults of the southern Appalachians: Geol. Soc.
America Bull,, vol. 2 p. 143, 1890.

Geology of the Northeastern Alabama and adjacent portions of Georgia and
Tennessee: Alabama Geol. Survey Bull. 4, p. 43, 1892.

U. S. Geol. Survey Geol. Atlas, Ringgold folio (No. 2), 1894; Stevenson folio
{No. 19), 1895; Rome folio (No. 78), 1902,

*Tuomey, Michael, First biennial report on the geology of Alabama: Alabama
Geol. Survey, p. 10, 1850.

3Spencer, J. W., The Paleozoic group: The geology of ten counties of northwest-
ern Georgia: Georgia Geol. Survey, pp. 48~49, 1893.
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Butts! has the following to say as to the age of the Red Mountain
formation in Alabama: ,

“As determined by Ulrich, through the study of its fossils, the Red Mountain
formation is correlated with two divisions of the general Silurian stratigraphic suc-
cession. The lower part, which differs in thickness from place to place, 1s of late
Medina (Albion) age, and the upper part is of early Niagara (Clinton) age. The
Medina part extends to the top of the Irondale seam.**The Medina part of the Red
Mountain formation corresponds to the Brassfield imestone of Ohio and Kentucky
and perhaps in part or in whole to the Clinchsandstone of Tennessee and Virginia. **
The white sandstone at the base of the Red Mounfaib in Beaver Creek Mountains
east of Asheville and in Colvin Mountain is also regarded as of Medina age.**The
Clinton age of the upper part of the Red Mountain formation is very definitely
established by the presence of Penlamerus oblongus, one of the most characteristic
Clinton fossils.” :

Detailed geologic work will be necessary to determine whether both
Medina and Niagara rocks are represented in the Red Mountain for-
mation of Georgia. The white sandstone forming the cliff on Chattoo-
gata Mountain at Rocky Face is probably Medina. ‘

The weathered clay shales of the Red Mountain formation in Walker
and Dade counties are in many places suitable for the manufacture of
heavy clay products and are described on pages 122-172. The resistant
Fort Payne chert that overlies the Red Mountain formation has formed
a series of ridges, known as Shinbone Ridge, parallel to the foot of
Sand, Lookout, and Pigeon mountains. The shales are exposed on the
slopes towards the Valley and the beds are all dipping towards the
mountains at angles usually ranging from 20° to 60°. The shales are
often artificially exposed by the mining of the red iron ore. Above
the iron ore and for a short distance below it the shale is {ine-grained,
olive or yellowish-green, and weathers into flat fragments an eighth
of an inch or more In thickness, rather than flaky. The shale below
the iron ore often grades downward into beds that weather into brown
and red clay with thin'shaly layers, probably residual from calcerous
beds. There is a possibility that these beds will be found to be of
Richmond age of the Ordovician (classed as Silurian by Ulrich?) and
more properly classed with the Chickamauga limestone rather than the
Red Mountain formation.

DEVONIAN SYSTEM
ARMUCHEE CHERT
FROG MOUNTAIN SANDSTONE

The Armuchee chert of the Devonian was mapped by Hayes® on
Horseleg Mountain, the northeastern portions of Lavender and Sims
mountains, a portion of Taylor Ridge, Turkey Mountain, and, on John
and Horn mountains, extending about 10 miles into the Ringgold
quandrangle. He regarded it as probably equivalent in age to the
Frog Mountain sandstone.

1Butts, Charles, The Geology of Alabama: The Paleozoic rocks: Alabama
Geol. Survey, Spec. Rept. No. 14, pp. 139-141, 1926.
5 ”-Ulgcih, E. O.,, Revision of the Paleozolc: Geol. Soc. America Bull., vol. 22, p.
39, 1.
SHayes, C. W., U. S. Geol. Survey Geol. Atlas, Rome folioc (No. 78), 1902,
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Butts! regards the typical Frog Mountain sandstone of Onondaga
age, but uses the term to include any Devonian sandstone that under-
lies the Fort Payne chert or the Chattanooga shale. In regard to its
extension into Georgila he states:

“The Frog Mountain sandstone extends still farther northeastward into Georgia,
where it is present in Lavender Mountain and in Horseleg Mountain, about 1 mile
west of Rome, in Floyd County, and was mapped by Hayes in the Armuchee chert.
At thelast place Spirifer macrothyris occurs in coarse, soft reddish sandstone. Both
in Lavender and Horseleg mountains this sandstone is immediately underlain by
fossiliferous chert which is clearly the Armuchee chert of Hayes as described in the
Rome folio. This chert is well exposed in the railroad cut at the southwest end of
Lavender Mountain about half a mile west of the railroad station at Lavender. At
this place it is about 50 feet thick. From this chert at the north end of Lavender
Mountain, Rhipidomella, Stropheodonta magnifica, Chonetes hudsonicus, Anoplia
nucleolata, Meristella rostellata, Spirifer tribulis, and Platystoma ventricosa, all of
Oriskany age, have been collected. A collection of silicified fossils from Catoosa
County, Ga., 40 miles north of Rome, contains Eafonia peculiaris and a Spirifer
of the type of S. murchisoni or . angularis. Both species of Spirifer are Oriskany
forms, and the Eafonia, although recorded rarely from beds of Onondaga age, is of
more common occurrence in older beds, as those of Oriskany or even still older (Hel-
derberg) age.”

MISSISSIPPIAN OR DEVONIAN SYSTEM
CHATTANOOGA SHALE

The Chattanooga shale is a jet-black highly fissle shale usually rang-
ing from 1 to 40 feet in thickness, overlain at places by 1 to 8 feet of a
blue or greenish clay shale containing rounded phosphatic concretions.
The formation is usually found on the slopes of the ridges of the Valley,
overlying the Red Mountain formation and underlying the Fort Payne
chert, but as it weathers easily outcrops are seldom seen execept in
bluffs and highway and railroad cuts. Such outecrops are often coated
with a white to yellow scum of sulphur or alum salts derived from the
weathering of pyrite or “fool’s gold” which is often present in nodules
and scattered crystals. In addition to the carbonaceous matier which
causes the black color, the shale contains a substance called “kerogen”,
probably derived from microscopic plant spoor, which when heated
distills into mineral oil. This, while of no economic importance at the
present time, has often caused the shale to be mistaken for coal. The
Chattanooga shale is occasionally mined for use as a paint pigment.

The Chattanooga shale was formerly thought to be Devonian in age
and equivalent to the Genesee and Portage shales of New York. Butts?
tollows Ulrich in believing that in Kentucky and Virginia the 500 feet
of the Chattanooga formation contains beds of Devonian age at the
bottom and Mississippian age at the top. As these beds extend south
through Tennessee they become thinner by the gradual disappearance
of the lower beds, so that in southern Tennessee, Georgia, and Alabama
the Chattanooga shale is all of Mississippian age and equivalent to the
Sunbury shale of Ohio.

*Butts, Charles, Op. cit., pp. 148-158.
“Butts, Charles, Op. cit., pp. 158-161.
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CARBONIFEROUS SYSTEM
MISSISSIPPIAN SERIES

FORT PAYNE CHERT

The Fort Payne chert when fresh, exposures of which are seldom
seen, is a siliceous and somewhat argillaceous limestone. On weather-
ing it gives rise to a very characteristic chert. This chert generally has
a porous stony texture and is gray, splotched with black or rust-colored

-stams. It is usually intersected with fine fracture planes along which
it breaks into fine fragments. It is also highly fossiliferous, the most
characteristic forms being large crinoid stems and large brachiopods
of the Spirifer type. -

The Fort Payne chert in the northwestern part of the Valley has acted
as the resistant bed that formed the “Shinbone Ridge”. parallel to the
base of Sand, Lookout, and Pigeon mountains. In the Armuchee
Ridges area it is less resistant than the sandstone of the Red Mountain

- formation and is usually found near the foot of the slopes of the ridges.

The greater part of the Fort Payne chert is of Keokuk age. The base
of the Fort Payne in Alabama, according to Butts!, includes beds of
New Providence or Burlington age. These beds may extend into Geor-
gia.

WARSAW AND S8T. LOUIS LIMESTONES

The Fort Payne chert in the northern part of Alabama is overlain
by limestones mapped as the Tuscumbia limestone but known to be
equivalent to the Warsaw and' St. Louis limestones of Middle Tennessee
and the Mississippi Valley. The St. Louis limestone and perhaps the
Warsaw extends as a thin bed from Alabama into Georgia on the west
side of Lookout Mountain, where it has been included with the Bangor
limestone on the geologic map. Detailed mapping may reveal these
limestones elsewhere in Georgia.

FLOYD SHALE

The Floyd shale together with the Bangor limestone illustrate, as
did the Red Mountain formation, the progressive change away from
the original shore line from clastic sediments to limestones. West and
north of Rome practically the entire Chester group of the Mississippian
and perhaps equivalents of the Warsaw and St. Louis limestones are
represented by the sandy shales and fine clay shales of the Floyd. In
Texas and West Armuchee valleys to the northwest the bottom of the
formation is fine clay shale while the top has been replaced by a thin
bed of the Bangor limestone. Still further northwest in Lookout and
Sand Mountains the formation consists almost wholly of limestone
with a few shaly beds and has been mapped as the Bangor limestone,
described below.

The Floyd shale in the broad valley west of Rome and north of the
Coosa River 1s a black, dark-brown, and dark-green shale of a crumpled

Butts, Charles, Op. cit.,, pp. 162-167.
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and fragile, crumbling texture, so that it breaks up on handling into
small and still smaller flakes with slickensided and greasy-looking
surfaces. Some of the black portions resembled much weathered
Chattanooga shale. Interbedded with it at a few places are some
layers and lenses of impure limestone. Seven samples of the Floyd
shale from this region are described on pages 75-89. The Floyd shale
to the north in Gordon and Whitfield counties just east of Horn and
Chattoogata mountains is more sandy and much less fissle. Samples
of this sandy phase are described on pages 190, 224 and 229. The shaly
member at the base of the Bangor limestone at the foot of the east
s%;)‘%e of Lookout Mountain could be called an extension of the Floyd
shale..

BANGOR LIMESTONE

The Bangor limestone as mapped in Georgia on the slopes of Sand,
Lookout, and Pigeon mountains probably includes only rocks of Ches-
ter age, and is thus nearly equivalent in age to the Floyd shale west of
Rome. Maynard® has described the lithologic character of the Bangor
limestone as follows:

““The Bangor formation, consisting of limestones and shales, varies considerably
in thickness within a smail area. In the valley of Nickajack Creek the lower por-
tion of the formation contains much nodular chert imbedded in a heavy-bedded
dark bluish-gray, high calcium limestone, while the upper beds at this point are
largely concealed. Along the eastern side of Sand Mountain the Bangor formation
consists of limestones in the lower portion of the formation and they reach a thick-
ness 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 limestones of the Bangor formation in this area are only occasionally exposed
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 lime-
stone also contains many beds of interstratified, fine-grained, dark-blue, magnesium
limestone.

“Along the western side of Lookout Mountain the lower portion of the Bangor
limestone contains a considerable amount of chert while the upper portion is largely
free from chert. The limestone also contains some argillaceous and interstratified
magnesian limestone. The shales are yellowish-green, red, carbomnaceous, black,
and brown.

“The limestones along the eastern side of Lookout Mountain near the Tennessee
line are very thin and are succeeded by a considerable thickness of shales (Penning-
ton) 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 thickness of 900 feet, while they are overlain di-
rectly by the Lookout sandstones and shales. In the northern portion of the moun-
tain the overlying 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 limestone to the east of Lookout Mountain is largely free
fromf chert. The formation attains a thickness in Little Sand Mountain of about
500 feet.”

tMaynard, T. P., Limestones and cement materials of North Georgia: Georgia
Geol. Survey, Bull. 27, pp. 105-106, 1912.
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Butts! has restricted the Bangor Limestone in Alabama to the upper
part of the Chester group. The base of the Bangor as thus restricted
1s equivalent to the Glen Dean limestone of Illinois and Kentucky, and
the top is overlain by the argillaceous limestones and shales of the
Pennington formation. Butts? states that on the north end of Lookout
Mountain in Tennessee, beneath the Bangor limestone (restricted) are
outcrops, in ascending order, of Ste. {zenevieve limestone (presumably
overlying the St. Louis limestone), the Gasper limestone, the Golconda
formation, and the Hartselle sandstone, all of lower Chester age.

The chert mentioned above as occurring in the base of the Bangor
limestone as mapped in the northwest corner of Georgia may indicate
that these beds are to be correlated with the St. Louis or the Ste.
Genevieve limestones, both of which give rise to chert elsewhere. The
Oxmoor sandstone described by Hayes® as occurring between the Floyd
shale and the Bangor formation on Judy and Rocky mountains in the
Rome quadrangle may be equivalent to the Hartselle sandstone.

PENNINGTON BHALE

Overlying the Bangor limestone as restricted by Butts, but included
in the top of it as now mapped in the northwest corner of Georgia, are
the argillaceous limestones and shales, of which the predominant color
is red, of the Pennington formation. The ceramic possibilities of the
shales of this formation have not been investigated for this report be-
cause of their inaccessible position on the upper slopes of Sand and
Lookout Mountains.

PENNSYLVANIAN SERIES

LOOKQOUT FORMATION

The Lookout formation, which forms the base of the ‘““Coal Measures™
of Georgia, consists of sandstones, conglomerates, and shales with a
few seams of coal. The lower portion of the formation is made up of
sandstone above which occur interbedded sandstones and shales, fol-
lowed by coarse sandstone and conglomerate. The upper limit of the
formation is at the top of a heavy bed of sandstone and conglomerate
which forms the cliff along Sand, Lookout, and Pigeon mountains.
The coal seams of the Lookout formation are thin and unimportant in
Lookout Mountain, but on Sand Mountain they are thick enough in
places to have been mined in the vicinity of Cole and Castle Rock.

The Lookout formation crops out as a rather narrow band around
the brow of Pigeon and Lookout Mountains and a wider area on Sand
Mountain. Its preservation in these mountains or plateaus is due to
the synclinal structure of the rocks. Where the rock structure was in

1Butts, Charles, Geology of Alabama: The Paleozoic rocks: Alabama Geol.
Survey, Spec. Rept. No. 14, pp. 195-199, 1926.

2Butts, Charles, Op. cit., p. 192.

Hayes, C. W., U. Sp Geol. Survey Geol. Atlas, Rome folio (No. 78), 1902.
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the form of an anticline or arch, as over Lookout Valley and McLamore
Cove, the Lookout formation has been entirely removed. That the
Lookout formation once extended much further to the southeast than
Lookout Mountain is shown by its presence capping Rocky Mountain
in Floyd County and Little Sand Mountain in Chattooga County,
some fifteen miles southeast of Lookout Mountain. These isolated
outcrops are due to small local synclines. The formation was once
continuous as a broad arch with that of Lookout Mountain.

WALDEN SANDSTONE

The Walden sandstone includes all those sandstones and shales which
overlie the massive sandstone and conglomerate bed that marked the
top of the Lookout formation. The formation includes several seams
of coal, one of which has been mined for years at Durham on Lookout
Mountain. ,

The Walden sandstone forms the capping over most of Lookout and
Pigeon mountains and the highest portions of Sand Mountain.
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DISTRIBUTION AND DESCRIPTION OF DEPOSITS
BY COUNTIES

POLK COUNTY

Polk County, of which Cedartown is the county seat, is the southern-
most county in the Appalachian Valley region of Georgia. The county
is drained by Cedar and Euharlee creeks and their tributaries. The
Atlanta to Chattanooga line of the Southern Railway crosses the eas-
tern part of the county, passing through Rockmart and Aragon. The
Atlanta to Birmingham line of the Seaboard Air-Line Railway crosses
the county from east to west, passing through Rockmart and Cedaz-
town. The Cartersville Branch of this railroad extends northeast from
Rockmart to the Bartow County line. The Macon to Chattanooga
line of the Central of Georgia Railway crosses the middle of the county
in a north-south direction, passing through Cedartown.

The Cartersville Fault that separates the Appalachian Valley of
Georgia from the Piedmont Plateau roughly parallels the southern and
eastern boundary of the county at an average distance of two miles.
The fault line is not marked by distinct differences in topography, as
is the case north of Cartersville, because metamorphism has extended to
the Ordovician rocks below the fault plane.

The greater part of the middle and northern parts of Polk County
are underlain by the Knox dolomite, which has here formed nearly
flat or gently rolling land with only a few.of the cherty ridges charac-
teristic of the formation in other counties. The Chlckamauga limestone
overlies the Knox dolomite, occurring in large outcrops in the vicinity
of Cedartown and north of Aragon and in narrow bands elsewhere
below the Rockmart slate.

The Rockmart slate forms three very irregular belts or areas in the
eastern and southern portions of Polk County. One of these areas
extends from east of Portland and Aragon, south of Rockmart, and
then southwest almost to Hightower Mill. Another band about a
mile in width extends from just south of the Seaboard Air Line Rail-
way at Fish southward almost to the Cartersville Fault. Its position,
surrounded by a narrow band of the Chickamauga limestone except
where cut by a fault on the south, shows its structure to be a syncline
or basin, The third area, with an average width of three miles, extends
from just south of Cedartown southwestward to the Cartersville Fault.
Its structure is also that of a syncline.

The lower 1500 feet of the Rockmart slate in the Rockmart area
consists of uniform fine-grained dark-colored slate and shale. Above
this is shale interbedded with limestone conglomerate, sandy shales,
and sandstone. Near the Cartersville fault the shales have at places
been metamorphosed to schist which is hardly distinguishable from the
older metamorphic rocks on the east side of the fault. Westward from
Rockmart, in the Fish and Cedartown areas, the slate i1s softer and more
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calcareous than near Rockmart, at places resembling a hard shale al-
though the cleavage is usually distinctly slaty.

These outcrops of the Rockmart slate form a range of irregular hills
and ridges, the highest of which are capped by Fort Payne chert.

The deeply-weathered basal portion of the Rockmart slate has been
used at Rockmart for the manufacture of paving brick, but because of
slow slaking it was difficult to process. Other samples of the softer
weathered Rockmart slate from representative outcrops proved, as
described below, to be even slower in slaking. The softer sandy shales
of the upper part of the Rockmart slate, where examined by the writer,
appeared to be too siliceous for use in the manufacture of heavy clay
products. These slates and shales of the Rockmart formation might
prove to be satisfactory for the manufacture of lightweight aggregates
(see page 41).

RHODES, SMITH, AND WHITE PROPERTIES

The A. G. Rhodes Estate (A. W. Farrar, Rockmart, local agent)
of about 160 acres is just southwest of Rockmart, south of Euharlee
Creek, on both sides of the Rockmart-Buchanan road and crossing
the Seaboard Air Line Railway south of the depot. The land is mostly
5 series of northeast-southwest ridges underlain by slate and shale of
the Rockmart slate. East of the railroad the outecrops are all of hard
blue slate which has at places been quarried in the past. Along the
Rockmart-Buchanan road are outcrops of hard drab to greenish-drab
shale or weathered slate, somewhat resembling that of the brick com-
pany pit but slightly more fissle and shale-like.

The Rhodes Estate is joined on the south by the Dr. R. B. Smith
(Rockmart) property of 40 acres west of the road and the N. A. White
{Rockmart) property of some 300 to 400 acres, including the top and
south slope of the slate ridges and extending south into the valley.
The outcrops on top of the ridge are of hard olive-green thin-bedded,
slaty shale or weathered slate.

The shale or weathered slate underlying the north slope of this ridge
is probably much like that i the brick company quarry. A flat plant
site just south of Euharlee Creek would have abundant water and
could be reached by a short spur-track from the railroad.

C. O. WHITEHEAD PROPERTY

The property of C. O. Whitehead (Rockmart, Box 205) consists of
87 acres between the Rockmart-Dallas Highway and the Seaboard
Air Line Railway, 124 miles south of Rockmart. About 6 acres of the
property are in the first series of ridges south of Van Wert. The cuts
of the highway on this ridge show hard drab-colored shale resembling
the “Caen rock” of the brick plant. The cut of the railroad, which has
a maximum depth of 40 feet, shows the following section from north to
south: 70 feet (horizontal distance) of red argillaceous sandstone, 35
feet of hard, waxy-looking, olive-green shale, 125 feet of hard blue
slate with occasional thin shaly beds, 100 feet of hard drab to olive-
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green shale, and 100 feet mostly of reddish-brown argillaceous sand-
stone. The cleavage of the slaty beds strikes N. 60° E. and dips 55°
SE.

JOE GRICE PROPERTY

The Joe Grice (Rockmart) property of about 80 acres is 2 miles south
of Rockmart at the overhead bridge where the Rockmart-Dallas High-
way crosses the Seaboard Air Line Railway. The low railroad cuts
east of the bridge show alternating beds of yellow argillaceous sand
and soft to semi-hard, “short” and ‘“‘punky” drab and reddish-drab
shale. Some of the shale is soft and somewhat flaky, some  siliceous
and porous, and some semi-hard, streaked with red in narrow irregular
bands so that pieces of it resemble cedar-wood that has been exposed to
the weather. The whole deposit is much cross-bedded. Taken as a
whole, it appears to be too siliceous to be of value for the manufacture
of heavy clay products.

The railroad for three-quarters of a mile west of the highway runs
through a series of deep cuts mostly in hard blue slate and sandstone.
The last of these cuts on the Whitehead property is described above.

MRS, J. G. RANDALL FPROPERTY
(Map location No. 2)

The Mrs. J. G. Randall (Rockmart) property is one mile east of
Aragon and half a mile to three-quarters of a mile east of the Cartersville
Branch of the Seaboard Air Line Railway, and consists of about 80
acres in Land Lots 435 and 436, 18th Land District, 8d Section, Polk
County.

The property includes the series of ridges that mark the boundary
between the Rockmart slate and the underlying Chickamauga lime-
stone. - The ridge nearest the railroad is said-to have-outcrops of lime-
stone on the west side and of slate or shale on the east side. A prospect
pit on the south slope of the next ridge to the east showed limestone,
but scattered outcrops indicate that most of the ridge is underlain by
hard gray slaty shale. Laboratory tests on a grab sample of this are
given below.

Laboratory tests on a grab sample of hard gray slaty shale from

the Mrs. J. G. Randall property, one mile east of Aragon, Polk
County.

Chemical dnalysis:
Loss on ignition . - 3.46
Soda (Na;0O) .44
Potash (K:O) 2.02
Lime (Ca0).. . .00
Magnesia (Mg0O) trace
AIumina (Alea) a 18.22
Ferric oxide (Fe,O;) : 6.45
Manganous oxide (MnQO) trace
Titanium dioxide (TiOy) 1.02
Sulphur trioxide (SO;) .00
Phosphorus pentoxide (P;0;5) .14
Silica (8i0y)..... . 68.13

99,88
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Grinding: Hard, tough.

Ground Color: Light grayish-brown.

Slaking: Very slow.

Plasticity: Almost none.

Molding Behavior: After aging five days the material did not have sufficient

plasticity to form test bars on the Mueller roll-press.
The sample was therefore discarded as unsuitable, by itself, for the

manufacture of heavy clay products.

M. O. HUNTINGTON PROPERTY
(Map location No. 8)

The M. O. Huntington (Cedartown, R}. 4) property of 820 acres is
on the Central of Georgia Railway 8 miles south of Cedartown and south
of Cedar Creek. A small pit beside the old Cedartown-Buchanan
road, just east of the railroad at the section houses, shows hard brown-
ish-drab siliceous shale weathering into splintery fragments an inch or
two long. This shale was formerly used for road material. The shale
is striking N. 10° E. and dips 55° SE. Similar shale is showing in the
road cuts south to the railroad crossing and underlies several low ridges
east of the railroad. The laboratory tests on a grab sample of this
shale from the pit and the road outcrops are given below. More shale
of this type crops out beside the road at the southern end of the prop-
erty three-quarters of a mile south of the railroad crossing. A road
cut on the slope of the ridge west of the section houses exposes hard
light-gray very sandy shale.

Laboratory tests on a grab sample of hard brownish-drab
shale from the M. O. Huniington property on the Central of
Georgia Reilway, three miles south of Cedartown, Polk County.

Chemical Analysis:
Loss on ignition 6.53
Soda (Na.O)_.... 1.09
Potash (K.0) 1.47
Lime (Ca0) .00
Magnesia (Mg0O) frace
Alumina (A1,0;) 19.77
Ferric oxide (Fe:O4).. 6.51
Titanium dioxide (Ti0,) .98
Sulphur trioxzide (SOs) .03
Phosphorus pentoxide (P:0;) .18
Silica (S10,) 63.53

100.09

Grinding: Fairly easy.

Ground Color: Light brown.

Slaking: Slow

Plasticity: Very poor, grainy.

HMoulding Behavior: Plastiaity too poor, even after aging 5 days, to form test
bars with the Mueller roll-press.

The sample was therefore discarded without further tests as not
suitable, by itself, for the manufacture of heavy clay products. There
is a possibility, however, that this shale might be suitable for the manu-

facture of light-weight aggregates (see page 41).
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DR. LEADBETTER ESTATE
(Map location No. 4)

The Dr. Leadbetter Estate (C. H. Graves, Cedartown, Admins.)
consists of 300400 acres on both sides of the Seaboard Air Line Rail-
way, 2 to 214 miles southwest of Cedartown. The railroad follows a
valley formed by a narrow outcrop of Chickamauga limestone. The
ridge west of the railroad is underlain by the red clay and chert of the
Knox dolomite. The ridge east of the railroad rises to 75 to 100 feet
above the valley and is underlain by the Rockmart slate. Outcrops
along the road show hard slaty brownish-to grayish-drab shale strik-
ing N. 40° E. and dipping 60° SE. The laboratory tests on a grab sam-
ple of this are given below.” Probably 50 to 75 acres of the property
are underlain by this shale or weathered slate.

Laboratory tests on a grab sample of hard, slaty brownish-
drab shale from the Dr. Leadbetter Estate, 214 miles southwest
of Cedartown on the Seaboard Air-Line Railway, Polk County.

Chemical Analysis:
Loss on ignition 5.94
Soda Na0) .10
Potash (K;0) - 1.59
Lime (Ca0) . .00
Magnesia (MgO) trace
Alumina (A1:05) : 23.39
Ferric oxide (Fex0a).. 7.04
Manganous oxide (¥nQ) : {race
Titanium ‘dioxide (Ti0y) > .01
Sulphur trioxide (SOs) .05
Phosphorus pentoxide (P205) .49
Silica (S10¢) 60.46

100.06
Grinding: Difficult, tough.
Slaking: Very slow.
Plasticity: Almost none.
Molding Behavior: After aging 5 days the plasticity was oo poor o form test
bars on the Mueller roll-press.

The sample was therefore discarded without further tests. The
shale or weathered slate, by itself, is not suited for the manufacture of
heavy clay products. It might pos51bly be suited for the manufacture
of light-weight aggregates (see page 41).

FLOYD COUNTY

Floyd County, north of Polk County, is in two of the physiographic
divisions of the Appalachian Valley of Georgia (see figure 8, page 49).
The northern part of the county is in the area of long, narrow steep—s1ded
ridges known as the Armuchee Ridges, from the settlement of Armuchee
nine miles north of Rome. The rest of the county is in the broad val-
léy area known as the Rome Valley. The Oostanaula River from the
north and the Etowah River from the east unite at Rome to form the
Coosa, which flows westward to the Alabama line.
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Rome, the county seat, is a busy industrial and distributing center,
the sixth city in population in Georgia. The Atlanta to Chattanooga
line of the Southern Railway and the Macon to Chattanooga line of the
Central of Georgia Railway cross at Rome, the Southern Railway con-
tinuing north in the valley of the Oostanaula River, the Central of
Georgia Railway turning westward to the west end of Lavender Moun-
tain and then north through a winding gap to the Chattooga and
Chickamauga Valley. The Rome to Gadsden and Attalla line of the
Southern Railway extends westward across the Coosa Valley. The
Rome to Anniston line of the Southern Railway extends southwest
through Cave Springs where the State School for the Deaf is located.
The Rome Branch of the Nashville, Chattanooga & St. Louis Railway
follows the Etowah River from Kingston in Bartow County.

The southeastern third of Floyd County is underlain by the Knox
dolomite which forms a gentle rolling plateau or series of ridges the
tops of which rise to & common level, that of the Eocene peneplain (see
page 51). A band of the underlying Cambrian rocks occupies the east
side of the valley of the Oostanaula River, and south of the Coosa
River broadens into the wide valley area known as the “Flatwoods”
country. The northwestern third of the country is underlain by the
Silurian and Mississippian rocks.

This middle belt of Cambrian rocks was the most affected by the
period of deformation that closed the Paleozoic age (see page 50). It, a
region of relatively soft shales, was caught between the more rigid
areas of Knox dolomite on the southeast and the sandstones of the
Red Mountain formation on the northwest. These shales were finely
plicated and intersected by many faults, two of which were of major
importance. During the early stages of the deformation the shales of
the Conasauga formation were thrust at a very low angle for miles over
the younger Silurian and Mississippian rocks. The effect of this
thrust fault was to strengthen the area, which had previously been
structurally weak, and the subsequent compression resulted in the de-
velopment in folds and faults on either side of the belt. The over-
thrust and underthrust rocks acted like one and were, together with the
fault plane, gently folded. Later as the region was elevated the over-
thrust beds, and to some extent the underlying beds, were removed
from the anticlines but were preserved in the symnclines. This has
resulted in the very sinuous fault line, described by Hayes® as the Rome
Fault, that forms the western border of the Cambrian belt.

The second fault, which is comparable in size to the Rome Fault al-
though differing from it materially, forms the western boundary of the
Rome formation and has been named the Coosa Fault. The siliceous
shales and sandstones of the Rome formation are thrust over the Cona-
sauga shales at an angle of about 15°. This fault probably took place
during a later part of the deformation than did the Rome fault. The

LHayes, C. W., U. S. Geol. Survey Geol. Atlas, Rome folio (No. 78) p. 5, 1902.
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fault plane has therefore not been subsequently deformed, and its in-

tersection with the present surface is much more regular than that of
the Rome fault.

The Rome formation of the Cambrian forms, to the north of Rome,
a band averaging a mile in width just west of and parallel to the South-
ern Railway. South of Rome the outcrop is much narrower and is
roughly parallel to and west of the Rome to Anniston line of the South-
ern Railway. The entire western border of the formation is the Coosa
thrust fault described above. In the vicinity of Sixmile, Vans Valley,
and Cave Springs, minor faults have caused small forks to extend
southward from the main outcrop. The Rome formation in Floyd
County consists of sandy shales and fine-grained sandstones, usually
brilliantly colored red, purple, green, and white. Its siliceous charac-
ter causes it. to be more resistant to erosion than the beds on either
side and to form a series of low ridges. The shales are too siliceous
to be of value for the manufacture of heavy clay products.

The outcrops of the Conasauga formation in Floyd County appear
as a narrow band east of the ridges of the Rome formation, and as
areas of varying width west of those ridges. Southwest of Rome the
formation underlies the broad “Flatwoods” area south of the Coosa
River. The lithologic character of these two areas of outcrops is
somewhat different. The eastern area at Rome and northeastward in
Floyd County is composed of several hundred feet of clay shales at the

base, then beds of fairly pure oolitic limestone, and finally 1000 feet
- or more of shales; calcareous at places and interbedded toward the top
with blue limestones. South of Rome, as at Vans Valley and Cave
Springs, the eastern area of the formation is composed almost ‘wholly
of limestone.

In the broad Coosa Valley outcrop, the upper part of the Conasauga
formation along the eastern margin of the valley ismade uplargely of silice-
ous shales. The middle of the formation is composed of clay shales con-
taining varying amounts of limestone, at some places thinly interbedded
with the shales and at others in massive beds. The lower portion of
the dformatlon consists wholly of clay shales which at places are slightly
sandy

The clay shales of the Conasauga formation at places in Floyd Coun-
ty, as near Rome and along the Gadsden line of the Southern Railway
west of Oreburg, are suitable for the manufacture of heavy clay pro-
ducts. The deposits in these areas are described below. Good shale
undoubtedly occurs in other areas of the Conasauga, but too far from
transportation to be of economic value.

The Red Mountain formation of Silurian age in Floyd County is
composed almost wholly of relatively resistant sandstone, exposed on
the crests of anticlines and forming Horseleg (Mount Alto), Lavender,
Sims, and John mountains. The synclinal areas between Horseleg and
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Lavender mountains, between Lavende_r and Sims mountains, and east
of Johns Mountain are largely underlain by the Floyd shale of Missis-
sippian age.

The Floyd shale in the broad area west of Rome and south of Laven-
der Mountain is a dark-green, dark-brown, and black fissle shale of a
crumpled and crumbling, fragile texture, weathering into thin soft and
easily broken flakes, often with slickensided and greasy-looking sur-
faces. It is usually easily distinguished from the thicker flakes and
flat pieces of the Conasauga shale, which in places overlies it due to
the Rome overthrust fault described above.

A number of deposits of the Floyd shale in this area west of Rome are
described below. Floyd shales, perhaps equally suited for ceramic pur-
poses, underlie Big and Little Texas valleys north of Lavender Moun-
tain and the valley of John Creek in the northern extension of Floyd
County, but are too far from transportation to be of value.

The commercial shales of Floyd County are therefore to be found
in both the Conasauga formation and the Floyd shale. The Floyd
shales are usually softer and process better than those of the Conasauga,
but the fired colors, as a whole, are not as good. In prospecting the
shales of either formation, the presence of lime must be watched for
and avoided.

ROMEGA CLAY PRODUCTS COMPANY PROPERTY
TEHE BERRY SCHOOLS

(Map location No. 5)

The Romega Clay Products Company property, now owned and
operated by the Berry Schools (Mount Berry), is on the northeast
side of the Central of Georgia Railway and the Rome to Gadsden line
of the Southern Railway at their intersection in West Rome. It con-
sists of 572% acres in Land Lots 203 and 238, 28d District, 3d Section,
Floyd County. The plant was built in 1907 by the Crucial Fire Brick
Company. This company for several years manufactured fire brick
from a mixture of bauxite and bauxite clay or kaolin from the Hermi-
. tage or Bobo districts of Floyd County and alluvial or semi-alluvial
clay from the south pit described below. These fire brick are reported
to have given satisfactory service in the kiln fire boxes of several North
Georgia brick plants. ILater the Romega Clay Products Company
manufactured building brick and structural tile from a mixture of
shale and clay. In the spring of 1930 after a year of idleness, the plant
was sold to the Berry Schools and is now being operated by the students
under the direction of a superintendent. The entire production of
building brick, made from the shale only, is being used for the construc-
tion of new school buildings.
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Shale Pit

The shale pit or “North Pit” is about an eighth of a mile north of
the plant near the Central of Georgia Railway’s spur track to the Berry
Schools. The pit is about 50 feet wide and 100 feet long, and the aver-
age height of the face is 10 feet. The shale, which appears to belong
to the Kloyd shale, is greenish-brown with considerable black stain and
breaks into semi-hard small to medium sized flakes or flat pieces. Inter-
bedded with it are frequent layers averaging 8 inches in width of plastic
brown clay sometimes containing fine sand. The beds are striking
nearly east-west and dipping about 80° to the south, with the excep-
tion of an area in the middle of the east side of the pit where the dip
was 40°, due probably to slumping. The clay streaks were probably
orlgmally argillaceous limestone, the lime having dissolved out durmg
surficial weathering, leaving the clay behind.

The shale is mined with a steam-shovel with a 1-cubic yard dipper,
loaded into mine cars, and hauled to the plant by a gasoline locomotive.

Laboratory tests are glven below on a six-foot groove sample of the
shale, including one clay streak, from the west side of the pit.

Laboratory tests on a six-foot groove sample of semi-hard
greenish-brown Floyd shale from the North Pit of the Romega
Clay Products Company property (Berry Schools) in West Rome,
Floyd County.

Chemical Analysis:
Loss on 1gn1’c10n S 7.06
Soda (Na;0) : .84
Potash (K;0) .66
Lime (Ca0) - .00
Magnesia (Mg0) .13
Alumina (A1:03) 25.17
Ferric oxide (FeaOs) 6,30
Ferrous oxide (FeO) .60
Titanium dioxide (TiOy) .93
Sulphur trioxide (SO;) .35
Phosphorus pentoxide (P:Os) 1

Silica (Si0O;) : 57.99

Grinding: Easy.

Ground Color: Light brown.

Slaking: A little slow.

Plasticity: Poor and grainy at first, good after aging overnight.
Molding Behavior: Good.

Drying Behavior: Test bars slightly warped.

Water of Plasticity: 26,1 per cent.

Linear Drying Shrinkage (based on plastic length): 4.2 per cent.
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Figure 5.
rupture of

B. Floyd shale from the Romega Clay Products Co. pit, West Rome, Floyd

County.
C. Clay from the Romega Clay Products Co. pit, West Rome, Floyd County

A. Rockmart shale from Rockmart, Polk County.

Floyd shalefrom the W. S. Dickey Clay Mfg. Co. pit, 3 miles west of Rome,

D.
Floyd County
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Firing Tests:

Lanear Total
Hiring Linear
Shrink- | Shrink- | Absorp- | Modulus
Cone age age tion® of Color Warpage
(based on | (based on Rupture®
dry 1plastlc
length) ngth) %
per cenlt | per cent | per cent Lb. per
£q. (n.
06 3.6 7.9 16.9 844 Sdlmon Slight
: - 1 (YR-7/8)¢
04 4.9 9.0 15.9 1005 Salmon Slight
(YR—7 /6)6
02 5.6 9.7 11.6 1435 |Light red Slight
(R—YR—-G /6)6
1 8.1 11.7 9.2 1663 Medium red | Some
_ , (R~YR-5/5)4
3 7.6 11.7 . 6.2 2261 Deep red Consider-
» (R-—YR—5 /4)4| able
5 8.5 12.2 6.2 2263 Dark red Some
|(R-YR-5/3)6

“See graph, Figure 5-B, page 77.
#Color notation accordmg to the. Munsell system, see page 23.

Firing Range: Cone 1-5. Commercial kiln: Cone 01-4.

Clay Pit

The elay pit or “South Pit” is 200 yards southeast of the plant ad-
joining the right of way of the Southern Railway.- It is about 300
feet long and 75 feet wide with a face on the north side averaging 20
feet in height. The face shows an extremely variable reddish-brown
to mottled yellow clay containing, especially near the top and in the
north end of the face, numerous angular to water-worn chert pebbles
up to several inches in diameter. The clay as a whole has a sticky,
gummy plasticity, although, like the color and chemical composition,
the plasticity 'varies considerably in short distances. The clay is said
to extend for some distance below the floor of the pit, but was not mined
deeper because of lack of drainage would have prohibited the use of the
small steam-shovel used in mining.

The clay shows but few recognizable signs of bedding, but these ap-
pear to be nearly horizontal. The origin of the deposit is obscure.
The chert resembles that of the Fort Payne chert which underlies the
Floyd shale, and a glance at the geologic map facing page 66 will show
that the Fort Payne has been mapped as extending nearly to this point.
The water-worn chert pebbles point to an alluvial origin. Yet the
angular pebbles are in the majority, and the deposit as a whole can
probably be classed as colluvial, or a mixture of residual material from
the Floyd shale and the Fort Payne chert, slumped and partly trans-
ported to its present site.
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The laboratory tests given below are on a sample consisting of two

six-foot grooves from different places in the pit.

Ldbomtory tests on a groove sample of clay from the South
Pit of the Romega Clay Products Company property (Berry
Schools) in West Rome, Floyd County.

Chemical Adnalysis:

Loss on 1gnition 7.75
Soda (Na:0) .73
Potash (X,0) 1.51
Magnesia (MgO) .80
Alumina (AlgOa)...--- 10 . 58
Ferric oxide (Fe)0s) 8.41
Titanium dioxide (TiO,) .91
Sulphur trioxide (SO;) .00
Phosphorus pentozide (P:0;) trace
Silica (§8105) 69.49
100.18
Grinding: Easy.
Ground Color: Yellow.
Slaking: Rapid.
Plasticity: Excellent.
Molding Behavior: Excellent.
Drying Behavior: Little or no warpage.
Water of Plasticity: 31.6 per cent.
Green Modulus of Rupture: 172.7 pounds per square inch.
Linear Drying Shrinkage {(based on plastic length): 7.2 per cent.
Firing Tests:
Linear Total
Firing Linear
brink- Shrink- Modulus
age age Absorp- of '
Cone | (based on | (based on | tion 4 Rupture? Color Warpage
ry plastic
length) length)“
per cent | per cent per cent Lb. per
sq. in.
06 1.1 8.2 23.0 646 Salmon Little or
(YR-7/9)6 none
04 2.0 8.5 20.8 817 almon Shight
(3YR-7/6)¢
02 2.3 9.3 19.8 953 Salmon red | Slight
(R-YR-6/7)6
1 3.1 10.3 18.3 976 Light red Slight
(R~-YR-5/7}%
3 3.0 10.5 18.9 1051 Fair red Shight
(R-YR-5/6)¢
5 3.5 10.5 17.3 1143 edium red | Slight
. (R-YR-5/5)4

“See graph, Figure 5-C, page 77.
¢Color notation according to the Munsell system, see page 23.

Firing Range:

Not reached.
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Plant

Under the management of the Romega Clay Products Company,
building, brick and structural tile were manufactured from a mixture
of two parts of clay from the South Pit to one of shale from the North
Pit. The materials as brought in from the pits were dumped in sepa-
rate storage piles. The clay, before use, was dried by spreading it in
a thin layer on a drying floor made of welded steel plates underlain by
steam ducts. The larger chert pebbles were culled by hand. The clay
and shale were mixed and ground in two 9-foot dry pans. These dis-
charged into bucket elevators, from which the clay went through sta-
tionary screens into a storage bin. The oversize of the screens is said
to have consisted largely of the chert fragments from the clay and was
discarded. The ground clay was tempered and pugged in two 8-foot
pug mills, extruded as a column from a combined pugmill and stiff-
mud brick and tile machine, and automatically sidecut into brick or
tile. These were hacked onto metal cars and dried in an 8-tunnel,
120-foot, waste-heat drier. They were fired in a 25-foot round down-
draft kiln, two 30-foot round down-draft kilns, and four 15 by 80-foot
rectangular down-draft kilns, all forced draft. When visited by the
writer in 1929 the kilns were all in rather bad shape. No structural
tile were in stock, but the brick were mostly fair quality face brick
in a pleasing range of colors The underfired brick were sold for com-
mon brick.

When again visited in the spring of 1980 at the beginning of the
operation of the plant by the Berry Schools, the bricks were being
made from shale from the North Pit only. This appears to be a
very advisable change as, judging from the above tests, the only de-
sired property derived from the clay of the South Pit was increased
plasticity and ease of processing the brick, the fired properties being
undesirable. Probably an increase in the fineriess of grinding and in
the length of pugging would sufficiently increase the plasticity of the
shale. The difficulty of drying the clay from the South Pit before
grinding added considerably to the cost of manufacture.

The distance to which the shale pit can be extended to the north-
west is limited by Little Dry Creek, but there is said to be more shale
between the Berry Schools spur track and the main line of the Central
of Georgia Railway, and large deposits of similar shale to the north on
the main Berry Schools property.

W. S. DICKEY CLAY MFG. COMPANY

Headquarters: Kansas City, Mo. (See also pages 164 and 307).

Rome Shale Pit: Three miles west of Rome on the Central of Geor-
gia Railway. (Map location No. 6).
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Rome Plant: East Rome on Southern Railway just south of Etowah
River. I. T. Woodward, Local Manager.

Shale Pit

The Rome shale pit of the W. S. Dickey Clay Mifg. Company is on
the Central of Georgia Railway on the outskirts of West Rome and
about a mile west of the Romega Clay Products Company property de-
scribed above. The property extends south to the Gadsden line of the
Southern Railway and consists of 100 acres in Land Lot 201, 28rd
District, 8d Section, Floyd County.

The shale pit was opened in 1920 and is said to have been worked
steadily for the first years and rather intermittantly since then. When
visited in 1929 about 10 acres had been mined to an average depth of
20 feet. The pit wasirregular in shape and extended south nearly to the
Southern Railway. This irregularity was partly due to avoiding
areas of interbedded shale and sandstone. Some of the “sandrock”
or porous sandstone in these siliceous areas was black and resembled
clinkers.

The shale varied considerably in lithologic character from place to
place in the pit. Near the Central of Georgia Railway on the north-
east corner of the pit it was soft, reddish-brown in color, and almost
clay-like. Much of the shale was dark-brown and dark gray in cclor,
crumpled in appearance, and broke into soft fragile flakes. Occasional
patches were black and finely fissle, resembling the Chattancoga
black shale. On the west side of the middle of the pit was an
area of rather hard shale that broke into thin curved (concoidal) frag-
ments rather than flaky. The shale at the south end of the pit was
greenish-drab to drab, bresking into semi-hard thin pieces or flakes,
and resembled that of the North Pit of the Romega Clay Products
Company property described above. The laboratory tests are given
bglow on a grab sample of the shale, including all of the types described
above.

No limestone was observed in the pit, but the presence of lime in
small quantities in the shale at places near the bottom of the pit and on
the east side is said to have given some trouble. The best of the shale
yet unmined 1s said to lie west of the present pit.

The greater part of the shale undoubtedly belongs to the Floyd shale
formation. Yet the Rome fault, on the western border of the area of
the overthrust Conasauga formation that is preserved in the syncline
northwest of Horseleg Mountain, must lie close to the property and
probably accounts for some of the variations in lithologic character and
attitude of the beds. Some of the shale may even belong to the Cona-
sauga formation.

The shale was mined by steam-shovel and loaded directly into stan-
dard gondola freight cars for shipment to the Macon, Chattanooga,
and Rome plants of the company.
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Laboratory tests on a grab sample of soft to semi-hard Floyd
shale from the Rome shale pit of the W. 8. Dickey Clay MfS.
Company, West Rome, Floyd County.

Chemical Analysis:

Loss on ignition 6.16
Soda (Na,0)... 2.74
Potash (K:0) 1.88
Lime (Ca0) .00
Magnesia (MgQ) : .48
Alumina (A1,0;) . 16.34
Ferric oxide (Fe:Os) 4,33
. Ferrous oxide (Fe() .32
Manganous oxide (MnQ) .00
Titanium dioxide (TiOy)..... .55
Phosphorus pentoxide (P;0s) .27
Silica (S10s) . 66.94
100.01
Grinding: Fairly easy, brittle.
Ground Color: Light brownish-gray.
Slaking: Fairly rapid.
Plasticity: Faiurly good.
Molding Behavior: Good.
Drying Behavior: 'Test bars all slightly warped.
Watler of Plasticify: 25.7 per cent.
Green Modulus of Rupture: 144.8 pounds per square intch.
Linear Drying Shrinkage (based on plastic length): 3.6 per cent.
Firing Tests:
Linear Total
Firing Linear
Shrink- | Shrink-
age age _ Modulus
(based on | (based on | Absorp- of
Cone ry plastic tion* | Rupture® Color Warpage
‘ length) | length)? .
per cent | per cent | per cent Lb. per
sq. in.
06 2.5 6.1 19.9 778 Pinkish-tan | Very
(YR-8/4)¢ shight
04 3.9 7.5 16.5 1209 Buff-pmk tan| Very
. (YR-7/5)¢ slight
02 4.8 8.2 13.4 1522 Tan-brown | Very
(YR~7/5)6 slight
6.0 9.4 13.2 1569 Light brown | Slight
(YR-6/6)%
3 6.2 9.6 11.9 1705 Dead Light- | Some
brown
: (YR-6/5)6
5 6.3 9.6 10.5 1987 Dead hght- | Shght
: brown
(YR-5/5)¢

2See graph, Figure 5-D, page 77.
5Color notation according to the Munsell system, see page 23.

Firing Range: Cone 1~5 and higher.
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This shale is not used by itself at any of the plants, but in a mixture
containing a shale from Tennessee and fire clay from Alabama.

Rome Plant

The Rome Plant of the W. 5. Dickey Clay Mig. Company is in East
Rome on the Southern Railway south of the Etowah River. This
plant was built in 1906 as the Morrison & Trammel Brick Company,
manufacturing building brick from alluvial clay from the terrace of the
Etowah River adjoining the plant. It was purchased by the W. S.
Dickey Clay Mifg. Company and turned into a sewer-pipe plant in 1915.

-"This plant makes sewer pipe from a mixture of shale from the Rome
Pit described above, shale from a pit at Graysville, Tennessee, and fire
clay from the Birmingham District of Alabama. The materials are
mixed and ground in a 9-foot dry pan, and tempered and pugged in
two 9-foot wet pans. The sewer pipe are formed from the plastic clay
on a steam-cylinder sewer-pipe press, and are dried from 4 to 6 days
in steam-heated drying rooms. The pipe are fired in ten 80-foot round
down-draft kilns, of which two are on one stack and the rest have indi-
vidual stacks. They are fired to about 1860°F. and then salt-glazed.
Electrical pyrometers are used toregulate the heat, standard pyrometric
cones to determine the end point, and trial pieces to regulate the salt
glaze. The firing takes about 5 days, or about 8 to 10 days for a
complete turnover of each kiln.

The capacity of the plant is about 59 tons per day of good quality
sewer pipe in sizes from 4 inches te 24 inches in diameter, including the -
necessary “Y'’s”, “I’s”, and bends. The plant has not been in opera-
tion since 1928. '

CAMP AND ENOWLES PROPERTIES

A cut on the Central of Georgia Railway about half a mile west of
Dickey’s Rome shale pit described above and 3 miles northwest of
of Rome just beyond the section houses at mile post 5-874.7 shows
outerops of Floyd shale. South of the railroad is the property of Mrs.
W. C. Camp (Rome) of 110 acres, and north of the railroad is the 368
acre property of W.A.Knowles (Rome). The cut is probably in Land
Lot 126, 4th District, 4th Section, Floyd County.

This cut, which averages about 6 feet in depth, exposes gray to brown
semi-hard fissle shale with fairly frequent interbedded layers of chert
or sandstone less than an inch in thickness. These chert or sandstone
layers may be derived from the weathering of layers of very siliceous
limestone. The beds are striking about N. 65°-70° E. and dipping
about '65° to the south. The cut is on a low ridge of about 80 to 100
acres between two branches of Little Dry Creek, and the shale could
probably be mined to a depth of 20 feet with natural drainage.

The following tests by Henry* are a sample of the shale collected by
him.

Henry, A. V., Official report as Consulting Geologist, Industrial Development
Dept., Central of Georgia Railway Company, Savannah, Ga.
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Laboratory tests by Dr. 4. V. Henry on a sample collected by
him from a cut at Mile Post S-874.5, Chattanooga Division,
Central of Georgia Railway, 2 8/4 miles northwest of Rome,
Floyd County.

Material: Shale, dark brown, stratified and unweathered.

Location: At Mile Post S-374.5, Chaftanooga Division, 2 3/4 miles north of
Rome, Georgia. Outcrop approxuna‘cely 10 feet high and 125 feet long. Exposed
in old cut immediately west of section house.

Overburden: None.

Plasticity: Fair.

Calcium carbonate: None.

Drying Shrinkage: 3.8 per cent.

Green Modulus of Rupture: 92 pounds per square inch.

Burned to 1995° F.:

Color: Spotfed salmon.
Density: Fair.
Total Shrinkage: 7.5 per cent.

Burned o 2174° F.:

Color: Medium red.
Density: Good. '
Total Shrinkage: 8.3 per cent.

H. A. DEAN PROPERTY

The H. A. Dean (Rome) property is adjoining and north of the Cen-
tral of Georgia Railway at mile post 5-875, 825 miles northwest of
Rome. On it is a pit covering less than an acre and not over 15 feet
in depth from which Stevens, Inc. (now out of business) mined shale
for several years prior to 1926 and shipped to their plant at Stevens
Pottery, Baldwin County, Georgia, for use in the manufacture of sewer
pipe.

The shale, which belongs to the Floyd shale formation, is striking N.
50° E. and dipping about 50 NW. Across the southwestern corner
of the pit is a band, 25 feet in width, of hard shale, dark gray in color
with some brown streaks, breaking into layers a quarter to half an
inch in thickness. To the northwest of this is a band, 50 feet in thick-
ness, of soft light-brown, gray, and white shale in layers a quarter to a
half inch in thickness. A few thin cherty layers and nodules are show-
ing, but the chert is not abundant. The greater part of the mining has
been in this soft shale. It is bounded on the northwest by a 15 foot

‘band of hard gray sandy shale or argillaceous sandstone breaking into
layers 8 or 4 inches across. The extreme northwest corner of the pit
showed a few feet of alternating layers a foot or two in thickness of the
soft brown and hard gray shales. The shale in this pit has quite a
different lithologic aspect from the soft dark-brown to black crumpled
and flaky type of shale most common in the Floyd shale formation.
The writer is of the opinion that these beds are toward the base of the
formation.

The following tests by Henry! are on a sample collected by him from
this pit.

Henry, A. V., Op. cit.
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Laboratory tests by Dr. 4. V. Henry on a sample of shale from
the property of H. A. Dean, 8 miles north of Rome and 134 miles
south of Morrison on the Chattanooga Division of the Central
of Georgia Railway.

Overburden: None.
Water Supply: Obtained from small creek about one-fourth mile dlstant from de-

posit.
Drainage: When properly mined, can be readily drained.
Caleium Carbonate: None.

Plasticity: Good.
Drying Shrinkage: 4.6 per cent.
Burned to 1950° F.:
Total Shrinkage: 8.7 per cent.
Color: Mottled red and white.
Density: Fair.
Burned to 2110° F.:
Total Shrinkage: 9.2 per cent.
Color: Fair red mottled with white.
Density: Good.
Remarks: Working properties of this clay are excellent but the color is such as
not to be well adapted to the manufacture of face brick. However, it could be
used successfully in the production of hollow tile and common building brick.

F. J. KELLEY PROPERTY

The property of F. J. Kelley (2030 E. 72nd St., Chicago, Ill.), known
as the Old Webb Place, consists of 615 acres lymg between the Rome
to Lavender Station road south of Huffaker and the Central of Georgia
Railway, 414 to 6 miles northwest of Rome. It fronts for nearly a mile
and a half along the railroad, from mile post S-876 to S-377.5.

Soft plastic shale is said to have formerly been exposed in the ditch
beside the railroad track at mile post 5-877.2, but none was visible
when visited by the writer. Hard gray fissle sandy shale outcrops at
several places on the slope towards the south and the Lavender Station
road. It appears to be too slow slaking to be of much value.

THOMAS BERRY PROPERTY
(Map location No. 7.)

The Thomas Berry (Rome) property consists of about 260 acres on
both sides of the Central of Georgla Railway at Berryhill Station, 6}
miles northwest of Bome. South of the railroad the land is gently
rolling and does not rise more than 20 to 25 feet above Berryhill Branch
of Beach Creek.

Floyd shale outcrops in the ditches and cuts along the Rome to La-
vender Station road south of Berryhill Station. Near the house this
shale is soft dark-gray to black and weathers into fine waxy f.akes,
but it gradually becomes harder and more sandy towards the railroad.
Half way from the house to the railroad is 2 10 foot bed of dark-blue
argillaceous and siliceous limestone. Beyond this nearly to the rail-
road are outcrops of soft dark-gray to brown waxy shale slightly less
flaky than that near the house. The only outcrops in the fields west of
the road are of soft flaky but rather sandy gray shale, possibly derived
from the weathering of the argillaceous and siliceous limestone described
above. Laboratory tests are given below on a grab sample of the shale
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from the outcrops along the road and in the field. The property should

be prospected to determine the extent and the character of
away from the outcrops described above.

the shale

Laboratory tests on a grab sample of soft flaky gray to brown
Floyd shale from the Thomas Berry property at Berryhill Sta-

tion, 614 ‘miles northwest of Rome, Floyd County.
Chemical Analysis:

Loss on ignition 5.81
Soda (Naz0) .45
Potash (K:0). 1.21
Lime (CaQ) : .00
Magnesia (Mg0O) 1.51
Alumina (A1,0s) 15,91
Ferric oxide (Fe,Os).. 5.12
Titanium dioxide (Ti0g) .37
Sulphur trioxide (SO;) .00
Phosphorus pentoxide (P;05) trace
Silica (8i0:) 69.75
Grinding: Easy. 100.13

Grourd Color: Light brown.

Slaking: Fairly rapid.

Plasticity: Grainy at first, good after aging overnight.

HMolding Behavior: Fair.
* _edges, requiring high oil-pressure.

Drying Behavior:  Good. ‘

Water of Plasticity: 23.5 per cent.

Green HModulus of Rupture:  161.9 pounds per square inch.

Linear Drying Shrinkage (based on 'plastic length): 2.9 per cent.

Firing ZLests:

Slight- tendency of bars to swell, crack, and tear at

‘Linear Total
Firing Linear ' ‘
Shrink- | Shrink- Modults
Cone age age Absorp- | of Color Warpage
(based (based tion* Raupture®
on dry |on plastic
length) length)“ Lb. per
per cent per cent per cent $q. Ln.
06 1.9 4.8 17.6 918 Pale salmon | None
(YR~8/4)¢
04 2.6 5.4 16.2 1043 Light salmon| None
(YR-7/6)¢
02 3.6 6.5 14.1 1419 Reddish-
salmon’ None
(YR~7/5)¢
1 5.0 7.8 12.1 1720 Light brown-| Very
1sh-red slight
(YR—6/6)
3 5.8 8.4 10.3 1967 edium - | Consider-
brownish- able
red
(YR-6/5)¢
5 5.9 8.8 8.8 2310 - edium Some (one
brownish- [test bar
re consider-
(YR-5/5)% able)

9See graph, Figure 6-A, page 89.
4Color notation according to the Munsell system, see page 23.
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hi];iring Range: Cone 3-5 and higher. Commercial kiln: Cone 1-5 and possibly
gher. :

The above tests indicate that, except for the fired color, the shale
is suitable for the manufacture of building brick, structural tile, and
possibly roofing tile. The addition of a red-firing shale or even a sur-
face clay, such as the one described below, might improve the fired
color.

Laboratory tests are given below on a sample of stiffly-plastic deep
brick-red residual clay collected by the owner from several outcrops on
low ridges north of the railroad. This clay is probably residual from
an impure limestone layer of the Floyd shale formation. Prospecting
would be necessary to determine its extent and thickness.

Laboratory tests on a sample, collected by the owner, of stiffly-
plastic deep brick-red residual clay from north of the railroad
on the Thomas Berry property at Berryhill Station, 615 miles
northwest of Rome, Floyd County.

Chemical Analysis:
Loss on ignition 9.42
Soda (Na.O) .68
Potash (K.0) .44
Lime (Ca0) .00
Magnesia (Mg0) .45
Alumina (A1.0;). 14.69
Ferric oxide (Fe.03).. 8.98
Titanium dioxide (TiOy).. 1.38
Sulphur trioxide (50;) .00
Phosphorus pentoxide (P:0s).... trace
Silica (Si0,) 63.01

Grinding: Easy.

Ground Color: Reddish-brown.

Slaking: Rapid.

Plasticity: Good, somewhat sticky.

HMolding Behaoior: Laminated considerably in coming through the die.
Drying Behavior: Test bars warped slightly. -

Water of Placticity: 39.8 per cent.

Green Modulus of Ruplure: 174.5 pounds per square inch. The laminations
caused considerable variation in the individual results. If lamination could be
avoided the green strength would probably be higher than indicated above.

Linear Drying Shrinkage (based on plastic length): 11 .3 per cent.
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Firing Lests:

Linear Total
Firing Linear
Shrink- Shrink- Modulus
Cone age age Absorp- of Color Warpage
(based (based tion® | Rupture®
on dry | on plastic
length) length)“ “Lb. per
per cent per cent per cent $q. in.
06 3.9 14.8 17.5 940 Salmon Slight
(YR~6/6)6
04 4.0 14.9 15.8 973 Dark salmon | Slight
(7YR-7/5)¢
02 5.2 15.9 14.1 541 Fair re Shight
_ (R-YR~5/5)¢6
1 6.6 17.1 12.5 1058 Fair red Slight
: (R—-YR-5/5)¢
3 4.9 15.7 13.2 1178 Good red - |Comnsider-
. (R-YR-5/5)6| able
5 5.4 16.1 11.9 995 Good red Some
(R-YR-5/5)4

“See graph, Figure 6-B, page 89.

6Color notation according to the Munsell system, see page 23.

Remarks: The lack of uniform results is, to a considerable extent, due to the
laminated structure of the test bars. This is shown by checks and cracks in the
fired test bars, and curved rather than straight fractures on the broken ends.

Firing Range: Comne 045 and higher.

The above tests indicate that by itself this clay is suitable only for
the manufacture of common building brick. If added to the shale
south of the railroad in amounts up to possibly one part of clay to two
parts of shale, it should improvethe color of the fired product without
detrimental results.

BERRYHILL ESTATE
(Map location No. 8)

The Berryhill Estate (Mrs. C. A. Berryhill, Rome) consists of 160
acres lying on both sides of the Central of Georgia Railway half a mile
west of Berryhill Station and 7 miles northwest of Rome.

A small cut on the railroad near the Lavender Station road shows a
few feet of soft waxy gray to drab shale striking NE-SW and dipping
about 45° SE., overlain by hard black shale resembling the Chatta-
nooga shale and underlain by hard sandy shale which under cover is
probably calcareous. These rocks probably belong to the Floyd shale.

The land south of the railroad is a series of low ridges and knolls 25
to 30 feet in height. In the valley between two of these low ridges, a
quarter of a mile south of the railroad on the private road that leads
south to the Alabama Road, are outcrops of soft gray to drab and
grayish-lavender flaky and waxy shale. Apparently both of these
ridges and perhaps all of this section of the property are underlain by
this shale. Laboratory tests are given below on a grab sample of shale
from these outcrops.
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Figure 6. Graphs showing total linear shrinkage,I absorption, and modulus of
rupture of:

c A. Floyd shale from the Thomas Berry property, Berryhill Station, Floyd
ounty.

Co B. Residual clay from the Thomas Berry property, Berryhill Station, Floyd
unty.

c C. Floyd shale from the Berryhill Estate, 7 miles northwest of Rome, Floyd
ounty.

D. Floyd shale from the S. Levinson property, 8 miles northwest of Rome,
Floyd County.
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Laboratory tests on a grab sample of soft gray to drab flaky
and waxy Floyd shale from the Berryhill Estate, 7 miles north-
west of Rome, Floyd County.

Chemical Analysis:
Loss on ignition 6.07
Soda (Na;0) 47
Potash (K.0) .86
Lime (CaO) : .00
Magnestia (MgO) , .05
Alumnia (Al1,0;) ' 21.67
Ferric oxide (Fes03) 5.26
Titanium dioxide (Ti0s) .55
Sulphur trioxide (SO;) : .00
Phosphorus pentoxide (PoO;) trace
Silica (Si0y) 65.02
99.95
Grinding: Easy.
Ground Color: Drab.
Slaking: Rapid.
Plasticity: Good.
Molding Behavior: Good.
Drying Behavior: Good. :
Water-of Plasticity: 24.9 per cent. :
Green Moduiusof Ruplure: 199.1 pounds per square inch.
Linear Drying Shrinkage (based on plastic length): 4.6 per cent.
Firing Tests: '
Linear Total
Firing | Linear , L '
Shrink- | Shrink- | -Absorp- 1 -Modulus 4 - : o
Cone age age tion“ of Color Warpage
(based (based . Rupture®
{on dry | on plastic
length) length)“ Lb. per
per cent | per cent | per cent 5q. in.
06 2.4 6.7 16.7 1063 Pale salmon | Slight
(YR /4)6
04 2.8 7.2 15.4 1294. Light salmon| Shight
. (YR-7/5)¢ |-
02 4.6 8.9 | 12.0 1789 Medium None
A salmon
A (YR-7/6)¢6
1 5.7 10.2 10.4 1943 Light brown-| None
] 1sh-red
(YR-6/6)6
3 6.3 10.5 | 10.0 1982 Li%ilt brown-| Slight
v ish-red
| | (YRo6/6)5
5 6.5 11.2 9.1 2184 Medium Slight
brownish-red
(YR-6/5)¢

See graph, Figure 6-C, page 89.
6Color notation according o the Munsell system, see page 23.
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Firing Range: Come 1-5 and higher. Commercial kiln: Cone 01-5 and pos-
sibly higher.

The above tests indicate that, except forthe fired color which 1s poor,
this shale is suitable for the manufacture of building brick, structural
tile, and possibly roofing tile. The color might possibly be improved
by adding some surface or residual clay such as the red clay sample
from the Thomas Berry property described above. It may be possible
that the less weathered portions of the formation contain more iron and
would fire to a deeper red color.

The property should be prospected to determine the extent and thick-
ness of the shale deposit.

S. LEVINSON PROPERTY
(Map location No. 9.)

The S. Levinson (Rome) property is south of the Rome to Lavender
Station road and on both sides of the Central of Georgia Railway, 114
miles west of Berryhill Station and 8 miles northwest of Rome. It
consists of 80 acres in Land Lot 81, 4th District, 4th Section, Floyd
County.

A cut on the Lavender Station road near a small church shows semi-
hard to hard gray flaky shale. South of the railroad several shallow
gullies show soft gray flaky shale striking NE-SW and dipping 75° SE.
The shale is overlain by about five feet of clay and gravel. The labo-
ratory tests are given below on a grab sample of this shale from three

uterops about 15 feet apart. The property is gently rolling and is
probably nearly all underlain by shale (of the Floyd shale formation)
which could be mined to a depth of 15 t0 20 feet with natural drainage.
It is impossible to tell without prospecting whether or not the sample
taken is representative of the deposit as a whole.

Laboratory tests on a grab sample of soft gray flaky Floyd
shale from gully outcrops on the S. Levinson property on the
Central of Georgia Railway, 8 miles northwest of Rome, Floyd
County.

Chemical Analysis:
Loss on ignition 7.10
Soda (Na0) 1.48
Potash (K0) 1.36
Lime (CaO) trace
Magnesia (MgO) i .23
Alumnia (A1503) 19.12
Ferric oxide (Fe,0s).. 2.84
Titanium dioxide (T10;).... .74
Sulphur trioxide (SO3) trace
Phosphorus pentoxide (P:0s) .34
Silica (S102) 66.94

100.15
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Grinding: Easy.
Ground Color: Brownish-gray.
Slaking: Rapid.
Plasticity: " Good.
HMolding Behapior: FExcellent.
Drying Behapior: A little slow in drying. Warped slightly.
Water of Plasticity: 26.8 per cent.
. Green HModulus of Rupture: 224.6 pounds per square inch.
Linear Drying Shrinkage (based on plastic length): 5.7 per cent.

- Firing Tests:

Linear . Total
Firing Linear
Shrink- Shrink- Modulus
Cone age age Absorp- of Color Warpage
(based (based tion® Rupture?
on dry |on plastic
length) length)« Lb. per
per cent per cent per cent 5q. tn.
06 2.5, 8.1 17.2 1059 Pale salmon.| Slight
, ‘ (6YR-~-7/5)6
04 3.7 8.7 14.5 1266 Light salmon| Some
: (7YR-7/5)é
02 4 5.2 10.6 12.0 1728 Light salmon| Some
(7YR-7/5)¢
1 7.2 12.2 8.5 1987 Medium sal-| Some
o mon :
» (4YR-6/5)6
3 6.5 11.7 8.0 1968 Light brown-| Consider-
ish-red able
(BYR-6/4)4
5 7.3 12.3 ¢+ 7.2 | 2130 Medium Some
brownish-red
(BYR-5/3)4

“See graph, Figure 6-D, page 89.

6Color notation according to the Munsell system, see page 23.

Firing Range: Cone 1-5 and higher. Commercial kiln: Cone 1-5.

The above tests indicate that the shale sampled, except for the fired
color which is poor, is suitable for the manufacture of building brick,
structural: tile, and possibly roofing tile. The color might be im-
proved by the addition of some surface or residual clay such as the red
clay described on page 87. It may be possible that the deeper and less
weathered portions of the shale contain more iron and would fire to a
better color.

OCONEE CLAY AND SHALE PRODUCTS COMPANY
(Map location No. 10.)

Headquarters: Milledgeville, Georgia. (See page 8183).

The shale pit of the Oconee Clay and Shale Products Company
(Milledgeville) is on a 10 acre tract on the south side of the Central of
Georgia Railway, 7/8 of a mile west of Hillery Station, 13/8 miles east
of Lavender Station, and 9 miles northwest of Rome.
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The pit was opened about the first of 1929, and when visited by the
writer In July of that year was about 75 feet long, 30 feet wide, and the
working face at the western end was 15 feet in height. The Floyd
shale, as exposed in the pit, has at this point weathered to a soft mottled
gray, brown, and red clay showing little or no shaly structure or bed-
ding and more nearly resembling ar impure mottled kaolin in appearance.
The lower six feet of the face is mostly a light-gray clay having a pseudo-
plasticity when rubbed between the fingers. The clay under the bot-
tom of the pit is said to be harder and with depth passes into a true
shale. Laboratory tests are given below of a groove sample from two
places on the face of the pit.

The clay is mined by hand, the bottom of the face being undermined,
the face shot down with a small charge, and the lumps broken up with
picks to a convenient size to handle. The clay is loaded into standard
gondola freight cars by a gasoline-driven mechanical loader. It is
shipped to the company’s plants at Milledgeville where it is used, mixed
with a residual clay, in the manufacture of structural and drain tile
(see page 318).

Laboratory tests on a groove sample of soft mottled gray:
brown, and red clay or weathered shale from the pit of the
Oconee Clay aend Shale Products Company, Central of Georgia
Railway, § miles northwest of Rome, Floyd County.

Chemical Analysis:

Loss on ignition 6.42
Soda (Na,0) 1.72
Potash (K.0) : 1.32
Lime (Ca0) .00
Magnesia (MgO) (11
Alumina (A1:0s) : 24 .38
Ferric Oxide (Fe)O3) 4.05
Ferrous oxide (FeO) .31
Titanium dioxide (Ti0s).. 1.09
Sulphur trioxide (50;) .11
Phosphorus pentoxide (P:05;) trace
Silica (S5i0,) 60.39

99.90

Grinding: Easy.

Ground Color: Light grayish-brown.

Slaking: Rapid.

Plasticity: Very good.

Molding Behavior: FExcellent.

Drying Behavior: All somewhat warped.

Water of Plasticity: 27.0 per cent.

Green Modulus of Rupture: 157.9 pounds per square inch.
Linear Drying Shrinkage (based on plastic length): 6.0 per cent.
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Firing Tests:

Linear Total
Firing Linear
Shrink- Shrink- Modulus |
Cone age age Absorp- of Color " Warpage
{based (based tion? | Rupture®
on dry | on plastic i
length) length)“ Lb. per
per cent | per cent perecent | sq. in.
06 2.3 8.7 18.2 895 Salmon Some
(YR-7/5)5
04 3.6 8.9 16.7 1235 Salmon { Some
| | | (5YR-6/5)%
02 5.0 10.2 13.9 1543 | Salmon Some
- 1 (TYR-6/4)6
1 6.3 | 12.0 10.3 | 1837 | Salmonwred | Some
: (2YR~6/4)8
3 6.2 11.8 9.5 1859 Light-red = | Some
‘ ' (R-YR-5/5)¢
5 8.1 13.3 7.4 2187 Fair-red Consider-
_ _ (R—YR——B /4)8l  able.

“See graph, Figure 7-A page 97,
6Color notation accordmg to the Munsell system, see page 23.

Firing Range: Cone 3-5-and higher.

T. A. LONG PROPERTY
(Map location No: 11).

The T. A. Long (Rome, Rt. 5) property of 766 acres nearly surrounds
the 10 acres of the Oconee Clay and Shale Products Company, which
were originally a part of this property, and extends west for nearly a
mile along both sides of the Central of Georgia Railway to a quarter of
a mile east of Lavender Station, and north to and across the Rome to

Lavender Station road.
- Shale of the Floyd formation outcrops at a number of places scattered
over the property and the owner estimates that at least 100 acres are
underlain by shale.

A foot or so of fissle black shale resembhng the Chattanooga black
ghale is showing in the cut_of the Rome to Lavender Station road at
the foot of the slope of a low ridge near the western edge of the property,
a quarter of a mile east of Lavender Station and an eighth of a mile
north of the Central of Georgia Railway. It is overlain by 8 to 10
feet of fairly soft waxy brown shale breaking into thin flat pieces rather
than fine flakes. Similar outcrops are showing beside the road on the
next low ridge an eighth of a mile to the east. Laboratory tests on a
grab sample of the black and the brown shale from both outcrops are
given below. At both places the shale appears to be striking about N.
60° E. and dipping about 15° to 20° to the southeast, although slump-
ing made the measurements uncertain.



SHALES AND BRICK CLAYS OF GEORGIA PLATE I1

A, SHALE PIT, OCONEE CLAY AND SHALE PRODUCTS COMPANY,
NEAR LAVENDER STATION, FLOYD COUNTY.

B. OUTCROP OF RED MOUNTAIN SHALE ON THE J. O. MCCALLIE
PROPERTY, NEAR CENCHAT, WALKER COUNTY.



FLOYD COUNTY

95

Laboratory tests on a grab sample of soft waxy brown and
[issle black shale from outcrops on the western side of the T.
A. Long property, a quarter of a mile east of Lavender Station,

Floyd County.

Chemical Analysis:

Loss on ignition 7.50
Soda (Na,(0) 2.05
Potashk (K,0) .76
Lime (Ca0). .0C
Magnesia (Mg0) trace
Alumania (A1:03) 22.03
Ferric oxide (Fe:O;).. 7.50
Ferrous oxide (FeO) .32
Manganous oxide (MnQO) .00
Titanium dioxide (TiOs)... .56
Sulphur trioxide (SOs) .00
Phosphorus pentoxide (P:O5) .14
Silica (S510s) 59.91
100.77
Grinding: Easy.
Ground Color: Laght brown.
Slaking: Rapid.
Plasticity: Good.
HMolding Behavior: FExcellent.
Drying Behavior: Test bars all slightly warped.
Waler of Plasticity: 29.3 per cent.
Green Modulus of Rupbure: 235.7 pounds per square inch.
Linear Drying Shrinkage (based on plastic length): 6.5 per cent.
Firing Tests:
Linear Total
Firing Linear
Shkrink- Shrink- | Absorp- | Modulus
Cone age age tion® of Color Warpage
(based (based Rupture?
on dry | on plastic
length) length)“ Lb. per
per cent per cent per cent 5q. in.
06 4.9 11.7 14.8 1803 Light-red Slight
(YR-6/7)¢
04 5.6 12.2 12.0 1798 Fair-red Slight
(R-YR-5/6)6
02 6.8 13.0 10.0 1681 Good red Slight
(R-YR-5/4)¢
1 7.4 13.3 9.2 2278 Medium red | Slight
(R-YR-5/6)¢6
3 7.4 13.1 7.3 2300 Dark red Slight
(R-YR~4/5)6
5 7.5 13.6 5.8 2584 Excellent Some
dark red
(R-YR-4/4)6

2See graph, Figure 7-B, page 97.
5Color notation according to the Munsell system, see page 23.
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Remarks:  The test bars show a slight tendency to lamination which may have
somewhat affected the green and fired moduli of rupture. The fired bars all show
slight traces of scumming or efflorescence, probably not emough to hurt the com-
mercial value of heavy clay products made from the shale. The bars fired to cones
04 and 02 show traces of black-coring.

Firing Range: Cone 04-5. Commercial kiln: Cone 04-3.

The tests given above indicate that this shale is suitable for the manu-
facture of building brick, structural tile, roofing tile, and possibly quar-
ry tile, conduits, and sewer pipe.

More of the Floyd shale is exposed in the cut of the Rome to Laven-
der Station road about a mile and a quarter east of Lavender Station
and nearly half a mile due north of the Oconee Clay and Shale Products
Products Company pit, where the transmission lines of the Georgia
Power Company cross the road. At this place the several feet of shale
showing is fairly soft and weathers into layers a quarter to one inch
in thickness. The surface when cut with a knife has a waxy appear-
ance. The color ranges from dark gray to chocolate-brown. Labo-
ratory tests are given below on a grab sample of the shale from this
outcrop. The owner states that the holes dug in erecting the trans-
mission line disclosed similar shale for a short distance north of the
road and along the whole distance south of the road to the railroad.

Laboratory tests on a grab sample of soft dark-gray to choco-
late-brown Floyd shale from the eastern side of the T. 4. Long
property, 1% miles east of Lavender Station, Floyd County.

Chentical Analysis:

Loss on ignition ‘ 6.66
Soda (Na,0) 1.55
Potash (K.0)....... 1.21
Lime. (Ca0) .00
Magnesia (MgO) ‘ .27
Alumina (A1.0;) ‘ 17.18
Ferric oxide (Fe 03)........ 13.86
Ferrous oxide (FeQ) .19
Titanium dioxide (TiO;).... .74
Sulphur trioxide (SO;).. g1
Phosphorus pentoxide (PyOs)... trace
Silica (510;) 58.28

100.05

Grinding: Easy.
. Ground Color: Grayish-brown.
Slaking: Rapid.
Plasticity: Good. Very sticky at first, then stiffer.
Molding Behavior: Good.
Drying Behavior: Good, only slight warpage.
Water of Plasticity: 31 .4 per cent.
Green Modulus of Rupture: 228.9 pounds per square inch.
Linear Drying Shrinkage (based on plastic length): 6.5 per cent.
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Figure 7. Graphs showing fotal linear shrinkage, absorption, and modulus of

rupture of:

A. Weathered Floyd shale from the pit of the Gconee Clay and Shale Products
Company, 9 miles northwest of Rome, Floyd County.

B. Floyd shale from the west side of the T. A. Long property near Lavender
Station, Floyd County. '

C. Floyd shale from the east side of the T. A. Long property near Lavender
Station, Floyd County.

D. Shale from the J. L. Johnson property near Oreburg, Floyd County.
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Firing Tests:

Linear Total
Firing Linear |
Shrink- Shrink- ‘ | Modulus
Cone age | Absorp- of * Color Warpage
(based (based tion? Rupture®
on dry |on plastic
length) length)“ - Lb. per
per cent per cenk per cent | sq. in.
06 4.3 10.7 19.1 1483 Salmon Shight
| 1(6YR-7/5)4
04 5.1 11.5 16.1 1739 Salmon Some
' (BYR~6/6)%
02 7.0 | 12.9 11.1 | 2134 Salmon Shight
v (3YR-6/6)6
1 8.8 13.5 7.3 2639 Fair red Some
' . (R~YR=~5/6)¢
3 8.6 14.0 7.4 - 2375 Medium red| Slight
‘ . (R-YR—-5/5)6
5 9.9 15.2 4.4 2784 Dark brown-{ Some to
o ish-red Consider-
(R-YR-4/4) able

“See graph Figure 7-C, page 97.
5Color notation accordmg to the Munsell system, see page 23.

Firing Range: Cone 1-5. Commercial kiln: -Cone 02-4.

The above tests indicate that this shale is suitable for the manufac-
ture of building brick, structural tile, and poss1bly roofing tile and sewer
pipe.

The property should be thoroughly prospected to determine the
thickness and extent of the workable shale. The writer is of the opinion
that the property contains a considerable deposit of shale similar to the
two samples described above. There are several flat plant sites along
the railroad. The nearest supply of surface water sufficient for manu-
facturing purposes is Cabin Creek, half a mile or more south of the rail-
road, but deep wells might furnish a sufficient supply.

F. H. SCHLAPBACK PROPERTY

The F. H. Schlapback (Silver Creek) property is west of and ad-
joining the T. A. Long property described above. The cut of the Cen-
tral of Georgia Railway an eighth of a mile east of Lavender Station
and the ridge to the south of the railroad show outcrops of hard light
to dark-gray siliceous shale, apparently too non-plastic to be of value
for ceramic purposes. The next cut. to the east shows semi-hard gray
to brown shale containing some thin inter-bedded chert layers. This
eastern edge of the property may contain some plastic shale like that
sampled on the adjoining end of the Long property and described above.
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The following tests by Henry! are on a sample collected by him of
mottled light and medium tan, soft and weathered shale from a cut on
the Central of Georgia Railway at Mile Post S-381.5, three-quarters of
a mile east of Lavender Station, presumably the cut on the eastern
edge of the Schlapback property.

Laboratory tests by Dr. 4. V. Henry on a semple of weathered
shale from a railroad cut three-quarters of a mile east of Lav-
ender Station at Mile Post S-881.5.

Overburden: None.

Plasticity: Excellent.

Calcium Carbonate: None.

Drying Shrinkage: 6.2 per cent.

Green Modulus of Rupture: 200 pounds per square inch,

Burned to 1900° F.:
Color: Salmon.
Density: Fair.
Total Shrinkage: 10.4 per cent.

Burned to 2174° F.:
Color: Deep red.
Density: Good.
Total Shrinkage: 13.5 per cent.

J. L. JOENSON PROPERTY
(Map location No. 12.)

The J. L. Johnson (Rome, Rt. 5) property, formerly known as the
Barry Wright Place, consists of 500 acres south of the Rome to Gadsden
line of the Southern Railway between Robinson and Oreburg stations
and about three-quarters of a mile from each. It is about 724 miles
west of Rome. :

When visited by the writer in 1929, a well had just been dug for
water at the house, which is on a spur extending north from a low
ridge to the south of the railroad. This well passed through 8 feet of
soil and sub-soil containing water-worn gravel, and 20 feet of soft
plastic yellowish-brown shale breaking into small waxy-looking flakes.
The laboratory tests on a grab sample of the shale thrown out of the
well are given below. The shale is said to have been slightly harder
at the bottom of the well.

Semi-hard brown to drab-colored shale outcrops at several places
around the edge of the ridge. This property, as can be seen on the
geologic map facing page 66, is close to the Rome fgult line where the
Conasauga shale is thrust over the younger Floyd shale. The writer
is of the opinion that the shale sampled belongs to the Floyd shale
formation.

Henry, A. V., Official report as Consulting Geologist, Industrial Development
Dept., Central of Georgia Raillway Company, Savannah, Georgia, 1926.
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Laboratory tests on o grab sample of soft yellowish-brown
shale from a well on the J. L. Johnson property, three-quarters
of a mile east of Oreburg, Floyd County.

Chemical dnalysis:
Loss on ignition 6.99
Soda (Na:0) ‘ .75
Potash (K;0) .48
Lime (Ca0).__.... .00
Magnesia (Mg0). 1.94
Alumina (A1203) 21.17
Ferric oxide (Fe:Cs).. 9.36
Ferrous oxide (FeO) .00
Manganous oxide (MnO) .58
Titanium dioxide (Ti0s)... .56
Sulphur trioxide (SO;) .28
Phosphorus pentoxide (P:Os) .53
Silica (5i0.) 57.43
100.07
Grinding: Easy,
Ground Color: ~Yellowish-brown.
Slaking: Rapid.
Plasticity: Good.
Molding Behavior: Good.
Drying Behavior: Good, very little warpage.
Waler of Plasticity: 32.4 per cent.
Green Modulus of Rupture: 148.5 pounds per square inch.
Linear Drying Shrinkage (based on plastic length): 5.4 per cent.
Firing Tests:
Linear Total
Hiring Linear
Shrink- Shrink- Modulus
Cone age age Absorp- of Color Warpage
(based (based tion? Rupture®
on dry | on plastic
length) length)“ Lb. per
per cent per cent per cent £q. Ln.
06 3.2 8.5 21.6 742 Salmon Shight
(YR~6/6)6
04 4.0 9.4 20.2 799 Light red Slight
' (2YR-6/5)b
02 5.8 11.1 16.8 1065 Light red Slight
(3YR—~6/5)¢
1 7.6 12.7 12.8 - 1478 Medium red | Some
‘ (R-YR-5/5)6
3 7.2 11.9 12.5 1707 Good red Some
(R-YR-5/4)6
5 8.0 12.8 11.6 1698 Good red Some
(R~YR—4 / 4)b

43ee graph, Figure 7-D, page 97.
6Color notation accordmg to the Munsell system, see page 23.

Firing Range: Cone 1-5 and higher. Commercial kiln: Cone 02-5.
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The above tests indicate that this shale is suitable for the manu-
facture of building brick and medium-fired structural tile. The prop-
erty should be thoroughly prospected to determine the extent, thick-
ness, and character of the shale. The overburden of 8 feet in this
well probably represents nearly the maximum overburden in the ridge.
The shale in the ridge could probably be mined to a depth of 20 to 25
feet with natural drainage.

JEFFRIES, ALLEN, AND WALKER PROPERTIES

The J. H. Jeffries (Rome, Rt. 5) property of 126 acres is south of the
Alabama Road and extends from the side-road to Oreburg Station
east for half a mile and on the eastern end extends south to and across
the Rome to Gadsden line of the Southern Railway. It is adjoined
on the east by the Johnson property described above.

Holes dug for the polesof the transmission line of the Georgia Power
Company, which crosses the eastern part of the property, struck soft
flaky greenish-buff shale. The land has a gentle slope and is not over
10 feet above drainage.

The cut of the road from the Alabama road to Oreburg Station on
the western edge of the property exposes about 15 feet of fairly soft
flaky gray shale with a crumpled and broken structure. The low ridge
between the Alabama Road and the railroad is evidently underlain by
this shale. The property west of the cross-road and adjoining the
Alabama Road is owned by W. H. Allen. Adjoining the railroad on
both sides of the road to Oreburg Station is the 40 acre tract of W. L.

Walker,

An examination of the geologic map facing page 66 shows that the
line of the Rome Fault is quite irregular at this place. The crumpled
flaky shale along the rcad to Oreburg Station is evidently the Floyd
shale, but part of the Jeffries and Allen properties must be underlain
by the Conasauga shale. 4

These properties should be prospected to determine the character,
extent, and thickness of their shale deposits.

JOE MARTIN PROPERTY
(Map location No. 13.)

The Joe Martin (Rome, Rt. 8) property is adjoining and south of the
Rome to Gadsden line of the Southern Railway just west of Oreburg
Station, 8 miles west of Rome. It consists of 7734 acres in Land Lot
186, 4th Land District, 4th Section, Floyd County.

The land rises fairly rapidly from the railroad to a ridge some 80 to
100 feet above the level of the railroad. The top of the ridge is capped
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by about 10 feet of silt, sand, and water-worn gravel, a river-terrace
deposit of the Coosa peneplain stage (see page 52). Debris from this
capping covers the surface of the slopes to varying depths. Beneath
the gravels are shales of the Conasauga formation.

The property is said to have been prospected thoroughly by the W.
S. Dickey Clay Manufacturing Company. The prospecting wells
and borings are said to have been continued through the overburden
and shale until water was struck at depths varying from 30 to 40 feet
on top of the ridge to 10 feet on the lower slopes. The maximum
overburden is said to have been 10 feet and the average less than 5 feet.
The shale is said to have been soft and plastic, and processed well. The
fired color, strength, and absorption are said to have been satisfactory,
but the total shrinkage was greater than the company desired. The
option was renewed once after the prospecting and was then dropped.

~_When visited by the writer in 1929, the prospect wells had been
" filled in. The only outcrop visible on' the north slope of the ridge was
8 feet of soft plastic brownish-red shale in.a gully under 5 feet of silt
and gravel. The laboratory tests on a grab sample of this are given
below. It may or may not be representative of the whole deposit.

Lab.oratory tests on a grab sample of soft brownish-red Cona-~
sauga shale from a 8 foot sully outcrop on the Joe Martin prop-
erty at Oreburg Station, 8§ miles west of Ronve, Floyd County.

Chemzcal dnal_yJLJ A .

Loss on’ 1gn1‘cmn . " 8.72
Soda (Naz»@) ' . .92
Potash (KQO) : . .83

Lime (Ca0) .00
Magnesia (MgO) - .23
Alimina (A1,0;) : i cosnins 17,76
Ferric oxide (FeOs).. » 6.85
Ferrous oxide (FeO) .79
Manganous oxide (MnQO) .00
Titanium dioxide (T10,)... v .56
Sulphur trioxide (SOj) .24
Phosphorus pentoxide (Pz()s) - .19
Silica (5103) R o - 63.01

100.10
Grinding: Easy.

Ground Color: Reddish-brown.

Slaking: Rapid.

Plasticity: Good.

Molding Behavior: Good.

Drying Behavior: All test bars slightly warped

Waler of Plasticity: 34.6 per cent.

Green Modulus of Rupture: 208.9 pounds per square inch.
Linear Drying Shrinkage (based on plastic length): 6.9 per cent. 4
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Firing Tests:

Linear - Total
Firing Linear
Shrink- Shrink- Absorp- | Modulus
Cone age age tion? of Color Warpage
' (based (based Rupture®
on dry | on plastic
length) length)# Lb. per
per cent per cent per cent $q. in.
06 4.1 10.4 20.3 997 Saimon Slight
(4YR-6/7)6 | -
04 5.7 11.5 16.9 1249 Salmon-red Some
(2YR-6/8)6
02 6.3 14.0 13.6 1542 Lightred Very
(R—YR-5/7)4| shght
1 10.4 16.0 8.1 2197 Good red Some
(R-YR-5/6)6
3 9.2 14.9 8.5 1849 Deark red Consider-
(R-YR—4/5)6 able
5 10.3 16.5 6.7 2053 Dark brown- | Some to
1sh red consider-
(R-YR~4/4)5| able

“See graph, Figure 8-A, page 105.
#Color notation accordlng to the Munsell system, see page 23.

Firing Range: Cone 1-5. Commerdial kiln: Cone 01-4.

The above tests indicate that this shale should be satisfactory for
the manufacture of building brick and possibly for structural tile and
‘sewer pipe. The total shrinkage is high, which might cause warpage
and make it difficult to maintain uniform size of finished products.
The addition of a harder or more siliceous shale might improve the

cerarmic properties.

EVANS AND RUSSELL PROPERTIES
(Map location No. 14)

The road from Lavender Station to Early Station forms, at King
Creek 1 8/8 miles east of Early Station, the boundary between the
Cicero Evans (Coosa) property of 190 acres north of the road, and the
George Russell (Gaylesville, Ala.) property south of the road. The
Russell property of 160 acres extends south to the Alabama Road, and
its southern boundary is only a few hundred feet north of the Rome to
Gadsden line of the Southern Railway, half way between Early and Mt.
Hope stations and 14 miles west of Rome.

The cut of the road between the properties for 75 feet on the slope
east of King Creek exposes soft olive-green to drab Conasauga shale
weathering flaky at places and splintery at others. The outcrops are
striking N. 70° W. and dipping 45° to the north. The laboratory tests
on a grab sample of shale from this outerop are given below. The shale
evidently underlies the ridge north of the road on the Evans property
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and a similar ridge on both properties west of King Creek, all in Land
Lot 101, 15th District, 4th Section. The main ridge on the Russell
property west of King Creek and between the two roads is partly un-
derlain by the Knox dolomite, but fragments of shale are said to be
plowed up in the fields along the slopes of the ridge and along the Ala-
bama Road.

Laboratory tests on a grab sample of soft olive-green to drab
Conasauga shale from the Cicero Evans aend George Russell
properties north of the Southern Railway between Early and
Mt. Hope stations, 14 miles west of Rome Floyd County.

Chemical dnalysis:

Loss on ignifion ' 7.89
Soda (Na,0) 72
Potash (KzO) : 1.63
Lime (Ca0) .00
Magnesia (MgO) _ trace
Alinnina (Al1,03) 27 .66
Ferric oxide (Fe,Os) ' 5.91
Titanium dioxide (Ti0s) .81
Sulphur trioxide (SOs) : .00
Phosphorus pentoxide (P,05) trace
Silica (8i0s) 55.43
Grinding: TFairly easy, brittle. 99.95

Ground Color: Light grayish-brown.

Slaking: Fairly rapid.

Plasticity: A little grainy at first, good after aging overnight.
Molding Behapior: Good.

Drying Behavior: Good. Little or no warpage.

Water of Plasticity:: 27 .4 per cent:

Green Modulus of Rupture: 153.2 pounds per square inch.
Linear Drying Shrinkage (based on plastic length): 5.0 per cent.

Firing Tests:.

Linear Total
Firing Linear
Shrink- Shrink- Modulus
Cone age age Absorp- of Color Warpage
(based (based tion® Rupture?®
on dry lon plastic
length) length)4 Lb. per
per cent per cent per cent 5q. in.
06 5.4 10.3 12.0 1259 Dark salmon | Slight
: {(LYR-6/8)46
04 5.8 10.5 |. 10.3 1463 Light red Shight
(LYR-5/7)6
02 6.6 11.3 7.2 2060 Medium red| Slight
(LYR-5/5)4
1 9.1 13.6 3.8 2589 Good red Some
(IYR—4/4)6
3 7.0 11.5 3.1 1839 - | Deep choco- | Bad
late-red
(2YR-3/5)b
5 6.7 11.4 2.1 2570 Deep choco-| Consider-
late able.
(2YR-3/3)4

4See graph, Figure 8-B, page 105.
6Color notation accordlng to the Munsell system, see page 23.
Firing Range: Cone 1-5. Commercial kiln: Cone 02—4.
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Graphs showing total linear shrinkage, absorption, and modulus of

Figure 8.
rupture of:

B. Conasauga shale from the Evans and Russell properties near Early and

Mt. Hope stations, Floyd County.
C. Conasauga shale from the Williams and Cooper properties, Turner Bend,

A. Conasauga shale from the Joe Martin property, Oreburg, FloydiCounty.
Coosa River, Floyd County.

ga shale from the Mrs. P. M. Foster property, Sixmile Station,

Conasau

D.
Floyd County.
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The above tests indicate that this shale is suitable for the manufac-
ture of building brick and possibly for structural tile, sewer pipe, and
the shingle type of roofing tile.

"The properties should be thoroughly prospected to determine the
extent of the shale.

An outcrop beside the Alabama Road near Mt. Hope Station about a
mile west of these properties shows similar soft flaky olive-green Cona-
sauga shale, but the shale is cut by several veinlets of white calcite,

principally as a coating or filling ‘of joint planes The shale is striking
N. 70° E. and is nearly vertical.

Similar outcrops of soft flaky olive-green Conasauga shale with
veinlets of white calcite are exposed beside the road to Foster Bend
one mile south of Early Station.

SHALE DEPOSITS ALONG THXE COOSA RIVER

The Coosa River is officially classed as a navigable stream, and the
Government operates locks at Mayo Bar about 634 miles (air-line)
southwest of Rome. Steamboat service was formerly maintained
between Rome and Gadsden, Alabama. At the present time there is
considerable agitation for a Government-operated barge line from
Rome down.the Coosa and Alabama rivers to the Gulf at Mobile.
Through the courtesy of the Rome Chamber of Commerce, the writer
" made a reconnaissance trip by motor-boat down the Coosa River to the
mouth of Cedar Creek near the Alabama line. -

Government Locks .

Just below the Government locks on the south bank of the river is
an outcrop of hard gray crinkly-looking shale stmkmg about N. 60° E
and dipping at an angle of 30° to the southeast. It is overlain at the
locks by massive limestone and underlam by a thin bed of impure
limestone.

Turner Bend
(Map location No. 15).

On the south bank of the river at Turner Bend, 10 miles (air-line)
west of Rome, near the line between the Mrs. J. B Williams (Rome,
Rt. 6) and the L. N. Cooper properties in Land Lot 286, 4th District,
4th Section, is a bluff rising to about 50 feet above the river. A lens
of massive limestone is exposed near the water-line on the up-stream
side of the bluff, but the rest of the bluff is an outcrop, about 50 feet
across, of soft 011ve—green Conasauga shale breaking into thin flat
pieces and flakes having a waxy look. The shale appears to contain
no limestone. The laboratory tests on a grab sample of the shale from
near the top of the bluff are given below.



FLOYD COUNTY

107

Laboratory tests on a grab sample of soft olive-green Cona-
sauga shale from the Mrs. J. B. Williams and the L. X. Cooper
properties, Turner Bend, Coosa ERiver, 10 miles west of Rome,

Floyd County.

Chemical Analysis:

Loss on ignition 7.18
Soda (Na.0O) trace
Potash (K,0) 1.24
Lime (CaQ) .48
Magnesia (MgO) .04
Alumina (Al1:03) 20.84
Ferric oxide (FesOs).. 7.32
Ferrous oxide (FeO) .64
Titanium dioxide (Ti0s).. .93
Sulphur trioxide (SOs) .24
Phosphorus pentoxide (P:0s).... .12
Silica (Si0;) 60.92

99.95

Grinding: Fairly easy.
Ground Color: Brownish-drab.
Slaking: Fairly rapid.
Plasticity: Good.
Molding Behavior: Goo

Drying Behavior: Test bars all slightly warped.

Water of Plasticity: 26.8 per cent.

Green Hodulus of Rupture: 171.2 pounds per square inch.
Linear Drying Shrinkage (based on plastic length): 4.5 per cent.

Firing Tests:

(Clag was a little too wet and bars swelled slightly).

Linear Total
Firing Linear .
Shrink- Shrink- Modulus v
Cone age age Absorp- of Color Warpage
(based (based tion” Rupture?
on dry | om plastic
length) length)2 Lb. per
per cent per cent per cent $q. Ln.
06 3.5 7.9 16.8 701 Salmon Slight
(BYR-6/7)¢
04 4.4 8.5 14.1 1107 | Light red Slight
(R-YR-5/5)¢
02 5.4 9.7 12.9 1318 Medium red| Slight
(R-YR-5/3)¢
1 6.8 10.8 10.5 1636 Fair re Slight
(R-YR-5/4)6
3 7.4 11.7 7.3 2032 Deep red Consider-
: (R-YR—4/5)¢ able
5 8.4 12.5 6.4 2203 Very—éieep Some
. re
(8R~4/3)¢

“See graph, Figure 8-C, page 105.
5Color notation according to the Munsell system, see page 23.

Firing Range. Cone 1-5 higher, Commercial kiln: Cone 02-5.
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The above tests indicate that this shale is suitable for the manu-
facture of building brick and possibly structural tile, roofing tile, and
sewer pipe.

The cuts of the Rome to Livingston road at Hampton Swamp Creek
.on the same Mrs. J. B. Williams property, 114 miles east of Livingston
and half a mile south of the Coosa River, expose soft to semi-hard waxy
greenish-drab to brown Conasauga shale containing occasional streaks
less than half an inch in thickness of waxy white clay. The shale out-
crops are overlain by about 5 feet of river-terrace silt and gravel.

Near Anniedelle

The south bank of the river north of Anniedelle and south of Mt.
Hope station on what is known as the Curtin Place shows a 15-foot
outcrop of soft to semi-hard gray and olive-green Conasauga shale,
overlam by 10 to 15 feet of river-terrace sand and gravel.

¢ Morton Bend

At Morton Bend, 2 miles south of Early Station, the north-west bank
of the river shows a 800-foot outcrop of fairly soft flaky olive-green
Conasauga shale much like that sampled at Turner Bend but contain-
ing occasional stringers 1 to 8 inches across of white calcite. A few
chert nodules are also showing. The shale appears to be striking nearly
east-west and dipping 75°-80° to the north. -About 100 yards upstream
is an outcrop of hard calcareous shale or a,rgllla,ceous limestone full of
the same white calcite stringers.

Foster Bend

The shallow and more rapid stretches of the river at Foster Bend
south of Anniedelle are caused by outerops of hard gray to black calca-
reous and carbonaceous shale and impure limestone.

Two miles to the east of Foster Bend along the road between Foster
Mills and Livingston are outcrops of fairly soft greenish-drab Cona-
sauga shale more or less interbedded with thin limestone layers.

MRS. P. M. FOSTER PROPERTY
(Map location No. 16.)

The Mrs. P. M. Foster (Rome, Rt. 6) property of about 115 acres
is half a mile north of Sixmile Station on the Rome to Anniston line of
the Southern Railway and on the Rome to Cave Spring highway.

Semi-hard to hard greenish-drab to brown Conasauga shale is show-
ing for nearly 500 feet in the cuts of the highway. The beds are ap-
parently striking N. 25° E. and dipping about 65° to the east. At the
southern end they pitch gently to the south and at the northern end
more steeply to the north. The shale at each end of the outcrop is
semi-hard and somewhat fissle, but in the middle of the outcrop it is
harder, less fissle, and appears to be more siliceous. Laboratory
tests are given below on a sample of the shale composed of a 6 foot
groove sample from the southern end of the outcrop, a grab sample
from the middle, and a 8-foot groove sample from the northern end.
The low ridge between the highway and the railroad and probably a
part of the slope west of the highway are underlain by this shale.
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Laboratory tests on a sample of semi-hard to hard greenish-
drab to brown Conasauga shale from the Mrs. P. M. Foster
property, half a mile north of Sixmile Station, Floyd County.

Chemical Analysis:
Loss on ignition 6.76
Soda (NasO)........ 1.17
Potash (K.0) 1.94
Lime (CaO) .00
Magnesia (MgO) .13
Alumina (A1:.0;) 24.92
Ferric oxide (Fe,0;) ... : 7.80
Titantum dioxide (T10s).... .55
Sulphur trioxide (SO;) .59
Phosphorus pentoxide (P:0;) .26
Silica {5i10s) 55.94
100.06
Grinding: Fairly easy, brittle.
Ground Color: Light brown.
Slaking: Slow.
Plasticity: Poor and grainy, even after aging a week.
Holding Behavior: Poor. Bars swelled and cracked.
Drying Behavior: Slight warpage.
Water of Plasticity: 20.7 per cent.
Green Modulus of Rupture: 75.1 pounds per square inch.
Linear Drying Shrinkage (based on plastic length): 2.0 per cent.
Firing Tests: '
Linear Total
Firing Linear
Shrink- Shrink- Absorp- | Modulus
Cone age age tion” of Color Warpage
(based (based Rupture4
on dry | on plastic
length) length)“ Lb. per
per cent per cent per cent $q. (n.
06 4.8 6.7 9.7 1879 Light red
(2YR-6/7)¢ | Slight
04 < c 6 .9 [ 4 c
02 4.6 6.4 7.2 2383 Medium red | Some
(R-YR-5/5)%
1 £.8 8.7 4.9 2534 Good red Consider-
(R-YR-4/4)6) able
3 6.4 7.8 1.9 2034 Deep brown- | Bad
ish-red
(R-YR-3/5)6
5 8.2 10.0 2.4 2934 Deep brown- | Bad.
ish-red
(R-YR-3/4)¢

4See graph, Figure 8-D, page 105.
#Color notation according to the Munsell system, see page 23.
. ¢All the bars at cone 02 broke in handling. Absorption measured on two half
ars.
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Remarks: The bars at cone 3 showed more or less black-coring. Those at cone
5 showed the beginning of a glassy structure and were somewhat kiln-marked, due to
over-firing.

Firing Range: Cone 06-3. Commercial kiln: Cone 06-1.

The above tests indicate that this shale would be satisfactory for
building brick and possibly structural tile. The slow slaking and poor
molding behavior could probably be overcome by fine grinding, long
pugging, the use of hot water for tempering, or the use of certain elec-
trolytes in the tempering water. The relatively low temperatures at
which a glassy and vesicular structure develops indicates that this shale
might have advantages for the production of light-weight aggregates
(see page 41).

CURRY AND PRIMROSE TAPESTRY COMPANY PROPERTIES

Hard shale is showing in the cuts of the road from the Rome-Cave
Spring highway to the Primrose Tapestry Company plant on the Rome
to Anniston line of the Southern Railway, 4 miles south of Rome. The
beds are striking N. 80° E. and dipping 45° southeast. Near the
railroad on the Primrose Tapestry Company property the shale is
drab-colored and somewhat fissle, but to the west near the highway on
the property of J. W. Curry (Rome, Rt. 6) it is thicker-bedded and is
almost a sandstone. These beds form a ridge to the south and may be-
long to the Rome formation.

This shale is probably too hard to be of value for the manufacture
of heavy clay products, but possibly it might be suitable for the manu-
facture of light-weight aggregates.

MRS. FLORA McAFEE JONES PROPERT.Y

The property of Mrs. Flora McAfee Jones (Rome) is a long narrow
property extending for a mile along the Central of Georgia Railway
from 24 to 324 miles south of Rome between the old Lindale road
and the new Rome-Lindale Highway.

The boundary between the Conasauga shale on the west and the
Knox dolomite on the east is close to the new Lindale highway. The
topmost beds of the Corasauga shale, as ‘shown by outcrops on the
highway near the southern end of the property and in a low cut of the
rallroad near the northern end, are hard gray to drab shale containing
more or less thin interbedded chert.

The low ridge west of the railroad is underlain by semi-hard to soft
fissle to almost flaky olive-green and greenish-drab Conasauga shale
striking N. 20° E. and dipping about 75° to the east. Near the north-
ern end outcrops are showing only on the east slope of the ridge, but on
the private road crossing the southern end of the property the outcrop
is fully 300 feet across. At this place there are several layers 6 to 8
inches in thickness of sandy red clay, and a 6 inch layer, parallel to the
bedding, of a light-colored dense fine-grained siliceous and feldspathic
rock which resembles felsite (an igneous rock) but is more likely an
arkose, a fine-grained sedimentary rock composed of silica and feld-
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spar. 'This rock thickens near the middle of the property to a lens 15
feet in thickness, where it has been quarried at one time, but it can be
traced only a short distance north of the quarry.

The property should be prospected to determine the extent and char-
acter of the shale deposits. The shale seen appears to be similar in
character to that on the Graham property described below.

J. M. GRAHAM PROPERTY
(Map location No. 17.)

The property of J. M. Graham (Rome) consists of about 20 acres in
Land Lot 324, 28d District, 8d Section, on the west side of the South-
ern Railway just north of New Rome and 124 miles south of Rome.

A low knoll or ridge a quarter of a mile in length between the railroad
and Silver Creek to the west shows outcrops of semi-hard to hard
greenish-drab Conasauga shale weathering into small flat pieces and
long splinters. The beds are striking N. 20° E. and are nearly verti-
cal. The laboratory tests on a grab sample of this shale are given
below. The top of the ridge is about 80 feet above the railroad and 50
feet above the creek on the western side. The only part of the ridge
showing no traces of shale is a strip about 100 feet wide along the
railroad.

Laboratory tests on a grab sample of semi-hard to hard green-
ish-drab Conasauga shale from the J. M. Graham property on
the Southern Railway 1%s miles south of Rome, Floyd County.

Chemical Analysis:
Loss on ignition 6.12
Soda (Na,0O) .90
Potash (K:0) 2.72
Lime (CaQ) .00
Magnesia (MgO) trace
Alumina (A1203> 26.34 .
Ferric oxide (Fe;,O;).. 6.45
Titanium dioxmide (Ti0,) 1.09
Sulphur trioxide (SO;).. .00
Phosphorus pentoxide (P,O;) trace

Silica (S10;) 56.32

99.94
Grinding: Fairly easy, brittle.
Ground Color:  Light brownish-gray.
Slaking: Very slow.
Plasticity: Very poor, even after aging a week.
Molding Behavior: Poor. Test bars swelled, cracked, and tore on edges.
Drying Behavior: All somewhat warped.
Water of Plasticily: 24.1 per cent.
Green Modulus of Rupture: 44.3 pounds per square inch.
Linear Drying Shrinkage (based on plastic length): 3.6 per cent.
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Firing Tests:

Linear Total
Firing Linear
Shrink- Shrink- Modulus :
Cone age age Absorp- of Color Warpage
{(based (based tion4 Rupture®
on dry |on plastic
length) length)# Lb. per
per cent per-cent per cent 44. in.
06 3.3 6.7 14.2 726 Dark salmon | Some
(3YR-6/8)%
04 5.0 8.3 9.8 © 1588 Iaght red Consider-
. (LYR-5/5)6 able
02 5.0 8.2 10.3 1260 Medium red | Consider-
, (2YR-5/6)% able
i 5.5 8.8 9.0 1773 Medium red| Consider-
(IYR-5/5)¢ able
3 5.9 9.3 5.2 1809 Good red Bad
: (R~YR~-4/4)6
5 7.3 11.2 2.3 2547 Deep brown- | Bad
ish-red

(R-YR-3/4)b
“See graph, Figure 9-A, page 115. ,
. ¢Color notation accord:ng to the Munsell system; see page 23.

Remarks: Broken ends of test bars at cone 5 show a vitrified and slightly. glassy
structure. :

Firing Range: Cone 02-3. Commercial kiln: C;)ne 04-2.

The above tests indicate that this shale would be satisfactory for the
manufacture of bulilding brick if the plasticity and molding behavior
could be improved. This could probably be done by finer grinding,
longer pugging, the use of hot tempering-water, or the use of certain
electrolytes in the tempering-water. The comparitively low tempera-
ture at which a vesicular and glassy structure would develop indicates
that it might have advantages for the manufacture of light-weight ag-
gregates (see page 41).

B, MIFFLIN HOOD COMPANY
ROME PLANT
(Map location No. 18.)
Headquarters: Daisy, Tennessee. B. Mifflin Hood, Pres.
Rome Plant: North Rome. J. K. Keith, Local Supt.

The Rome plant of the B. Mifflin Hood Company was built in 1895
and operated for nearly 20 years by the Rome Brick Company, making
common and pressed brick from a mixture of alluvial clay and shale.
Soon after its purchase in 1925 by the B. Mifflin Hood Company it
was converted to the manufacture of roofing tile. For this purpose a
mixture of about six parts of alluvial clay to one part of Conasauga
shale are used.

The shale pit is just east of the plant and is about 100 feet in length
and 75 feet across, with a face averaging 25 feet in height. The soft
brownish-drab Conasauga shale is stnkmg N. 80° E. and is nearly
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vertical. It is overlain by 5 to 15 feet of overburden consisting of
weathered shale and clay and high-terrace silt and gravel. The shale
is mined by hand, loaded into mine cars, and transported to the plant
by gravity. The laboratory tests are given below on a grab sample
of this shale taken from the storage pile at the plant.

Laboratory tests on a grab sample of soft brownish-drab
Conasauga shale from the pit of the B. Mifflin Hood Company,
North Rome, Floyd County.

Chemical Analysis:
Loss on ignition 5.83
Soda (Na2:0) 1.55
Potash (K.O) 1.66
Lime (CaO) .00
Magnesia (MgO) .14
Alumina (Al:0;) 18.65
Ferric oxide (FexO3).. 9.07
Titanivm dioxide (TiO;).... .37
Sulphur trioxide (SO;) .52
Phosphorus pentoxide (P:0Os) trace
Silica (Si0O;) 62.20

Grinding: Fasy. - 99.99

Ground Color: Brownish-tan.

Slaking: Rapid.

Plasticity: Fair, a little “short”,

Molding Behavior: Fair. Column of clay tore some at edges and broke easily.
Drying Behavior: Test bars all slightly warped.

Water of Plasticity: 27.2 per cent.

Green HModulus of Rupture: 62.0 pounds per square inch.

Linear Drying Shrinkage (based on plastic length): 3.1 per cent.

Firing Tests:

Linear Total
Firing Linear
Shrink- Shrink- Modulus
Cone age age Absorp- of Color Warpage
(based (based tion? Rupture®
on dry | on plastic
length) length)# Lb. per
per cent per cent per cent 5q. in.
06 5.0 7.8 15.7 992 Salmon Slight
(4YR-6/6)4
04 4.8 7.7 15.7 1122 Salmon Slight
(2YR-5/5)¢
02 5.9 8.7 12.9 1423 Dark salmon | Some
(2YR-6/5)¢
1 8.8 11.5 8.8 1958 Fair red Some
(R-YR-4/4)¢
3 9.9 12.9 5.8 2342 Good red Consider-
(R-YR~4/3)% able
5 10.9 13.8 2.8 2775 Deep choco- | Consider-
late-red able.
(R-YR-3/3)4

4See graph, Figure 9-B, page 115.
5Color notation according to the Munsell system, see page 23.
Firing Range: Cone 01-5. Commercial kiln: Cone 02—4.
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The alluvial clay pit is south of the plant on a terrace of the Etowah
River, about 10 feet above low-water level. The clay is a plastic blue
to brown alluvial clay containing more or less fine sand and some fine
mich flakes. After removing about 8 inches of soil as overburden,
the clay is mined by pick and shovel to a depth of 6 feet, loaded into
mine cars, and hauled up an incline to the plant. The laboratory
tests on a grab sample of this alluvial clay from the storage pile at the
plant are given below.

Laboratory tests on a grab sample of plastic blue to brown

alluvial clay from the pit of the B. Mifflin Hood Company near
the Etowah River, North Rome, Floyd County.

Chemical Analysis:
08s on ignition 7.68
Soda (Na,0) 1.18
Potash (K,0) .78
Lime (Ca0) , .10
Magnesia (MgO) .23
Alumina (A1,03) 19.68
Ferric oxide (Fe,Oy) - 5.50
Titaniuvm: dioxide (TiOy) 46
Sulphur trioxide (SOs) : : .35
Phosphorus pentoxide (P,05) trace
Silica (8i0O;) , 63.95 .
Grinding: Fasy: , 99.91

Ground Color: Dark buit,

Slaking: Rapid.

Plasticity: Good.

Molding Behavior:., Exceﬂent )

Drying Behavior: Good, very little warpagé.

Water of Plasticity: 26. 4 per. cent.

Green. Modulus of Rupture: 344.2 pounds per square inch,
Linear Drying Shrinkage (based on plastic length): 8.1 per cent.

Firing Tests:

Linear Total
Firing Linear
Shrink- Shrink- Absorp- | Modulus ]
Cone age age tion® of : Color Warpage
(based (based | .| Rupture®| .
on dry | on plastic
length) length)“ Lb. per
per cent | ‘per cent per cent 9. in.
06 2.0 10.1 16.2 1140 .Light salmon | Very
‘ (YR-7/6)¢6 slight
04 2.0 9.9 15.1 1227 Salmon Slight
7 ‘ (4YR-6/6)6
02 3.5 11.3 12.7 1260 Dark Salmon| Very
‘ v (LYR-6/5)6 | slight
1 1.2 12.2 12.4 1346 Light red Very
| (2YR~5/5)6 | shight
3 3.0 10.4 12.5 1388 Medinm- Shlight
light red
(IYR-5/6)6
5 4.1 11.9 11.2 1385 Mediom red| Shght
. (IYR-5/4)6

“See graph, Figure 9-C, page 115,
6Color notation according to the Munsell system, see page 23.°

Firing Range: Cone 02-5 and higher. Commercial kiln: Cone 01-5 and higher.
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Figﬁre 9. Graphs showing total linear shrinkage, absorption, and modulus of
rupture of:
A. Conasauga shale from the J. M. Graham property, 13 miles south of Rome,
Floyd County. v
o Conasauga shale from the B. Mifflin Hood Company, North Rome, Floyd
unty.
Co C. Alluvial day from the B. Mifflin Hood Company, North Rome, Floyd
unty.
D. Conasauga shale from the J. D. Taylor property, 2 miles southwest of
Summerville, Chattooga County.
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Plant
At the plant the shale and clay from the storage floor are mixed in
the proper proportions by shoveling and are fed by a conveyor belt to a
dry pan which grinds and further mixes them. From the dry pan the
mixture goes to vibrating screens of 12 to 20 mesh, depending on the
type of ware, the oversize being returned to the dry pan, the under-
size going to a storage bin.
The ground clay from the storage bin is fed to a pugmill where water
is added and the clay tempered and pugged. This discharges into
a stiff-mud brick machine which forces the clay through dies and ex-
trudes it as a ribbon which, for some varieties, 1s automatically cut off
into roofing tile, or with other varieties, is cut off into slugs which are
repressed into tiles. The formed tiles are stacked in cars and dried
at 100° F. in a 7 track coal-fired tunnel drier.
The tile are fired to cone G5 to 06 or about 1960° F. to 1980° F. in
three 30-foot and three 25-foot round down-draft kilns. Both electrical
pyrometers and standard pyrometric cones are used to control the heat.
The capacity of the plant is about 10,000 pieces per day, mostly of
shingle tile of the following types:
Machine finish: 6 inches by 15 inches.
“Old Europe” (rough surface and odd colors): 7 inches by 18 inches.
Repressed: 6 inches by 13 inches.

Curved and S-shaped Spanish tile have been made.

WATTERS AND LACY PROPERTIES

The J. T. Watters (Hermitage) property of 160 acres is west of and
adjoming the Sotuthern Railway, 134 miles west of Hermitage and 614
miles northeast of Rome, in Land Lot 69, 23d District, 8d Section. An
outcrop beside the public road shows very hard: dark-red siliceous shale
belonging to either the Conasauga or the Rome formations. It is too
hard and non-plastic to be of value for the manufacture of heavy clay
products, but might be suitable for the manufacture of light-weight
aggregates.

Similar shale is showing in Land Lot 52 adjoining on the north and
belonging to W. T. Watters (Hermitage).

Hard olive-green to reddish-brown Conasauga shale slightly softer
than that described above crops out on the Rome-Calhoun Highway
‘just north of the road to Hermitage and three-quarters of a mile east
of the Southern Railway. The land west of the highway is the Mus.
A. E. Watters Estate (in charge of J. T. Watters, Hermitage), and
that east of the highway belongs to J. B. Lacy (Rome, Rt. 2).

HOGAN AND PIERCE PROPERTIES

The T. M. Hogan (Rome, Rt. 2) property of about 100 acres is on the
road leading north from the Rome-Calhoun Highway to Pinson Sta-
tion and is east of and adjoining the Southern Railway about a mile
south of Pinson Station. The southern boundary of the property is
a road leading west to the railroad and then south to Shannon. South
of this road is the 20 acre property of J. H. Pierce (Shannon).
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Hard greenish-drab siliceous shale is exposed on both sides of the
Pinson Station road on the Hogan property, and a low ridge east of
the road is underlain by it. Similar but more reddish-colored shale is
showing on the Shannon road near Mr. Pierce’s house. These shales
resemble those sampled on the W. T. Watters property described be-
low, and are probably too hard to be of value for the manufacture of
heavy clay products.

W. T. WATTERS PROPERTY
(Map location No. 19.)

The W. T. Watters (Hermitage) property of 115 acres is in Land
Lots 256 and 257, 24th Land District, 8d Section, and is west of and
adjoining the Southern Railway at Pinson Station, 10 miles northeast
of Rome. The property extends north from Pinson Station along the
railroad for a quarter of a mile and corners with the National City
Bank Property described below.

A low cut just north of the station and the ridge to the west of the
railroad show outcrops of hard brownish-red shale weathering into
slabs 1 to 2 inches thick, probably belonging to the Conasauga forma-
tion. The next knoll or ridge to the northwest shows alternating out-
cro‘ps of limestone and similar shale striking N. 45° E. and dipping about
65° to the southeast. Another knoll near the northern edge of the
property has outcrops of hard brownish-red shale similar to that on
the adjoining property of the National City Bank. The laboratory
tests on a grab sample of the shale from the outcrops on both ends of
the property are given below.

Laboratory tests on a grab sample of hard brownish-red
Conasauga shale from the W. T. Watters property at Pinson
Station, 10 miles northeast of Rome, Floyd County.

Chemical Analysis:

Loss on ignition 5.85
Soda (Na.0) .. .10
Potash (K,0) 2.31
Lime (CaQ) .00
Magnesia {(MgO) trace
Alumina (A1:0;) 26.10
Ferric oxide (Fe,O;) 9.50
Ferrous oxide (FeQO) .76
Titanium dioxide (Ti0:).... .90
Sulphur triozide (SO3) 17
Phosphorus pentoxide (P.0s)... .20
Silica (Si0,) 54.04

99.93

Grinding: Fairly easy, brittle.

Ground Color: Reddish-brown.

Slaking: Very slow.

Plasticity: Very poor, even after aging a week.

Molding Behavior: Had so little plasticity that the sample was discarded with-
out further tests.
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The above tests indicate that this shale, by itself, is not suitable for
the manufacture of heavy clay products. It might, however, be suita-
ble for the manufacture of light-weight aggregates.

Adjoining on the north and across the Southern Railway from the
National City Bank property described below, is the property of W. J.
Biddy (Plainville), underlain by a continuation of the same shale.

NATIONAL CITY BANK PROPERTY
(Map location No. 20.)

A property of about 30 acres belonging to the National City Bank
(Rome) is on the east side of the Southern Railway, a quarter of a mile
to half a mile north of Pinson Station, in Land Lot 257, 24th District,
8d Section, Floyd County.

A railroad cut exposes 12 to 15 feet of hard reddish-brown to gray
Conasauga shale weathering into slabs and breaking into sharp splintery
fragments. A few layers are softer but are slightly sandy. The labora-
tory tests are given on a 12-foot groove sample from this outcrop, to-
gether with a few pieces of more weathered shale from a shallow pros-
pect hole near the road.

Laboratory test on a sample of hard dray to brownish-red
Conasauga shale from a railroad cut on the National City Banlk
property, a quarter of a mile north of Pinson Station, Floyd
County.

Chemreal Analysis: .
Loss on ignition : i 5.32
-Soda (Na,0) .76
Potash (K,0) ...z 1.85
Lime (Ca0) .00
Magnesia (MgQ) .20
Alumina (A1,0;) N 22.05
Ferric oxide (Fe:03) 7.62
Ferrous oxide (FeQ) .00
Manganous oxide (MnO)____.. ; 43
Titanium dioxide (TiO;) .54
Sulphur trioxide (SO;) : . 12
Phosphorus pentoxide (P:0s).. 13
Silica (Si0;) 60.67

Grinding: Fairly easy, brittle.

Ground Color: Reddish-brown.

Slaking: Very slow.

Plasticity: Very poor, even after aging a week.

Molding Behapior: The ground shale had so little plasticity that the sample was
discarded without further tests.

The above tests indicate that this shale is not suitable for the manu-
facture of heavy clay products. In 1928 and 1929 the property was
optioned and prospected by parties irterested in using the shale for
the manufacture of haydite, a light-weight aggregate described on
page 41. The shale is said to have been found satisfactory.
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CHATTOOGA COUNTY

Chattooga County is north and west of Floyd County, separated
from it by Simms and John mountains with a gap between them at
Crystal Springs. The Georgia-Alabama state line forms the western
boundary, and Walker County adjoins on the north.

The Macon to Chattanooga line of the Central of Georgia Railway
enters the county on its southern border at Sprite and passes through a
winding gap between Gaylor Ridge, Simms Mountain, and Taylor
Ridge into the valley of the Chattooga River near Lyerly. Following
the valley northward, the railroad passes through Summerville, the
county seat, and Tnom an important mill town. .

The Tennessee, Alabama, and Georgia Railrcad from Gadsden,
Alabama to Chattanooga, Tennessee, enters the county near Menlo
and follows the valley between Shinbone Ridge and Lookout Mountain.

The west branch of the Dixie Highway passes north through West
Armuchee Valley to Gore, crosses Taylor Ridge through a high wind-
gap to Summerville, and follows the Central of Georgia Railway north-
ward through Trion to Walker County. A State highway extends
westward from Summerville through Menlo to Cloudland, a summer
. resort on the brow of Loockout Mountain.

The synclinal valley of West Armuchee Creek in the eastern part of
the county is underiain by the Floyd shale and Bangor limestone of
Mississippian age, with an isolated outlier, Little Sand Mountain, of
the Lookout formation of Pennsylvanian age. The Floyd shale in
this valley contains considerable interbedded limestone, but there are
areas of clay shale comparatively free from limestone that would proba-
bly be of value for the manufacture of heavy clay products if railroad
transportation were available. Taylor Ridge, formed by the sand-
stone beds of the Red Mountain formation of Silurian age, acts as a
barrier between West Armuchee Valley and the railroad in Chattooga
Valley.

Chattooga River flows in a belt of the Conasauga shale of Cambrian
age, and to the west and separated from it by a low ridge of the Knox
dolomite, is a narrower belt of the Conasauga formation. Several shale
deposits from these belts are described below. Amnother long narrow
outcrop of the Conasauga formation follows the valley of Teloga Creek
on the west side of the broad area of Knox dolomite and Chickamauga
limestone known as Broomtown Valley. Ounly one outcrop of shale
was noticed by the writer in this area, which may be largely underlain
by limestone.

Shales, which are more or less sandy, sandstone, and thin beds of
fossiliferous iron ore of the Red Mountain formation are exposed on
Dirtseller Mountain, 234 miles southwest of Lyerly, and all along the
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Shinbone Ridge that parallels the foot of Lookout Mountain. The
shales on Dirtseller Mountain are too far from the railroad to be of
commercial value. The Red Mountain shales observed by the writer
in crossing Shinbone Ridge at several places were all too hard or sili-
ceous to be of value for the manufacture of heavy clay products. It
is entirely possible, however, that more careful investigation and pros-
pecting might reveal deposits of shale suitable for this purpose.

TAYLOR FARM

The old Taylor Farm (J. D. Taylor, Summerville) of 188 acres is on
the north side of the Chattooga River on the Bolling Bridge road, 214
miles south of Summerville and 1 15 miles east of the Central of Georgla.
Railway.

The cut of the road just north of the bridge exposes soft to semi-
hard greenish-brown Conasauga shale full of very thin interbedded
layers of hard brownish-drab sandstone, almost a chert at places.
These sandstone or chert layers are usually less than an inch in thick-
ness, but probably make up at least a third of the mass of material.
The shale itself might be suitable for the manufacture of heavy clay
products, but with this amount of siliceous material included, the shale
would be very “short” and the green and fired properties would prob-
ably be unsatisfactory.

TAYLOR’S DICK DENSON PLACE
(Map location No. 21)

The Dick Denson Place, owned by J. D. Taylor (Summerville) is
just west of the Central of Georgia Railway two miles southwest of
Summerville on the old road to Berryton and Lyerly.

An outcrop beside the road between the railroad crossing and the
small branch exposes soft olive-drab Conasauga shale showing no trace
of sandy or cherty layers. The shale is striking N. 20° E. and dipping
75°-80° E. The strike is at only a slight angle to the road, so that
although the shale is exposed for about 75 feet along the road, the
outcrop represents a stratigraphic thickness of only about 20 feet. The
laboratory tests are given below of a grab sample of the shale from
several places along the outcrop. Some flakes of shale are showing in
the soil of the field between the road and the railroad, several hun-
dred feet to the east.

Laboratory tests on a grab sample of soft olive drab Cona-
sauga shale from J. D. Taylor’s Dick Denson place, 2 miles south-
west of Summerville, Chattooga County.
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Chemical Analysis:
Loss on ignition 7.17
Soda (Na;0)__...... 1.88
Potash (K,0) 2.19
Lime (CaQ) trace
Magnesia (Mg0) 1.03
Alumina (AlgOa) 23.27
Ferric oxide (Fe:G;).... 6.95
Ferrous oxide (FeQ)... .46
Titanium dioxide (TiGs)...... .60
Sulphur trioxide (SO;) .00
Phosphorus pentoxide (Po0;) ... .40
Silica (Si0y)... 56.11
Total 100.06
Grinding: Easy.
Ground Color: Brownish-drab.
Slaking: Rapid. )
Plasticity: Good after aging overnight.
Molding Behavior: Good.
Drying Behavior: Test bars all warped slightly.
Water of Plasticity: 26.3 per cent.
Green Modulus of Rupture: 126.3 pounds per square inch.
Linear Drying Shrinkage (based on plastic length): 4.4 per cent.
Firing Tests:
Linear Total
Firing Linear
Shrink- Shrink- Modulus
' age age Absorp- of
Cone | (based on | (based on| tion* | Rupture® Color Warpage
Ty plastic
length) | length)=
per cent | per cent per cent | Lbs. per
sq. in.
06 4.8 9.1 14.7 858 Dark salmon | Slight
(2YR-6/7)6
04 6.5 10.7 9.7 1426 Light red Some
(R-YR-5/6)6
02 6.9 11.0 7.9 1673 Medium red | Slight
I (R-YR-4/4)6
1 9.6 13.2 6.9 2065 Good red Some
(R-YR-4/5)6
3 5.2 9.4 5.4 1672 Good choco- | Bad
late-red
(R-YR-4/3)é
5 9.2 13.3 4.6 2408 Good choco- | Consider-
late-red able to
(R-YR-4/3) 5 bad.

4See graph, Figure 9-D, page 115.

5Color notation according to the Munsell system, see page 23.

Firing Range: Cone 02-5. Commercial kiln: Cone 04-4.
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The above tests indicate that this clay is suitable for the manufacture
of1 building brick and possibly structural tile, sewer pipe, and roofing
tile.

The cut of the road an eighth of a mile south of the outcrop sampled
and just south of the house, exposes a little siliceous shale too “short”
to be of value for ceramic purposes. This is west of a continuation of
the strike of the beds sampled.

The property should be prospected to determine the extent and
character of the shale deposit. The land is nearly level and mining
pits would not have natural drainage.

NORTH OF SUMMERVILLE

The outcrops in the belt of the Conasauga formation north or north-
west of Summerville are nearly all of residual red clay, occasionally
quite sandy. The cuts and ditches of the Dixie Highway on a low
knoll 1.7 miles northeast of Summerville expose some soft greenish-drab
shale containing a little chert at one place. Traces of shale are showing
in the field east of the road on the J. P, Henry property. The Central

of Georgia Railway is about 500 feet west of the road.

A small outcrop of similar shale is showing in the highway cut 3.6
miles northeast of Summerville, but no shale is showing in other cuts
to the north and south.

DADE COUNTY

Dade County, in the extreme northwest corner of Georgia, is bounded
on the east by Walker County, on the north by Tennessee, and on the
west by Alabama. The county lies wholly within the Lookout Plateau
physiographic division. The valley of Lookout Creek separates the
plateau into Sand Mountain on the west and Lookout Mountain on
the east. Lookout Creek rises a short distance beyond the State line
in Alabama and flows northeast to Rising Fawn in an anticlinal valley
that is a continuation of the sixty-mile long valley of Willis Creek in
Alabama. At Rising Fawn, Lookout Creek turns northwest for three
miles across a gentle syncline and then again flows northeast in another
anticlinal valley to Tennessee. The stream follows the anticlines or
arches of the rocks rather than the synclines or troughs because the
hard sandstone beds of the Lookout and Walden formations were pro-
tected from erosion during the Cretaceous peneplanation stage (see
page 51) in the synclines but were worn through on the anticlines ex-
posing the more easily eroded shales and limestones beneath. Subse-
quent drainage took the line of least resistance and excavated the val-
ley in these shales and limestones, leaving the surface of Lookout and
Sand mountains nearly as level as it was at the end of the Cretaceous
age. The relation of the dip of the rocks and the position of the hard
beds is shown in Figure 4, page 51, which is a northwest-southeast
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structural section just south of Rising Fawn. The gap through which
Lookout Creek flows from Willis Valley to Lookout Valley is just north
of Fox Mountain.

The steep slopes and nearly vertical cliffs of Sand and Lookout
mountains have acted as a barrier forcing transportation to the valley
between them. A few mountain roads climb to the top of the plateau,
but the only one in Georgia with a grade suited to continuous automo-
bile traffic is a privately owned road in Johnson Crook near Rising
Fawn. The interstate highway and the Alabama Great Southern Rail-
road of the Southern Raillway System between Chattanooga and Bir-
mingham follow Lookout Creek valley, passing through the settlements
of Morganville, New England, Trenton, the county seat, and Rising
Fawn, once the site of a busy iron mine and blast furnace.

The center of Lookout Valley is underlain by the limestones of the
Chickamauga formation. On either side of the valley and about three-
quarters of a mile from the foot of Sand and Lookout mountains are
ridges or a series of hills known as Shinbone Ridge and caused by the
Fort Payne chert which outcrops near their crest. The slopes facing
the valley are underlain by the shales, shaly limestones, and thin seams
of red iron ore of the Red Mountain formation. Several deposits of
these shales in and south of Johnson Crook are described below. The
shales north of Rising Fawn, wherever observed, contain too much
interbedded limestone to be of value for the manufacture of heavy
clay products.

The lower slopesof Sand and Lookout mountains, and the valleys be-
tween them and the Shinbone Ridges, are underlain by the limestones
of the Bangor formation. The Pennington shales and the heavy sand-
stone beds of the Lookout formation tinderlie the upper slopes, and the
Walden sandstone caps the plateau.

B. W. NEWSOM PROPERTY
(Map location No. 22)

The B. W. Newsom (Rising Fawn) property, formerly the Rising
Fawn Furnace of the Hurt Estate, consists of more than 2,000 acres in
Johnson Crook northeast and east of Rising Fawn. It includes Land
Lots, 183, 184, 185, 212, 213, 214, 215, 217-218 (furnace), 219, 220, 249,
250, 251, and 252 in the 11th District, 4th Section; and Land Lots 81
and 82 in the 18th District, 4th Section.

The Rising Fawn iron furnace on Hurricane Creek one mile east of
the town of Rising Fawn was in nearly continuous operation from 1874
to 1896 and from 1903 to 1909. The greater part of the iron ore used
was mined from open cuts and underground workings in a seam of the
Red Mountain formation which averaged 46 inches in thickness ex-
clusive of shale partings. The sides of the old iron ore cuts have now
largely slumped and were of little value in exposing the shale of the
Red Mountain formation.
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The beds of the Red Mountain formation near the old Rising Fawn
furnace are striking N. 45° E. and in general are dipping gently to the
northwest. At places there are minor folds, contortion of the beds, and
small thrust faults.

The beds immediately underlying the iron ore are exposed in the
bluff of Hurricane Creek opposite the old furnace on the southern edge
of Land Lots 217 and 218 and the northern edge of 251 and 252. About
20 feet of impure argillaceous limestone with frequent thin shaly layers
are exposed. The shaly layers are largely gray in color, changing to
olive-green towards the top. These beds are said to be underlain by
a very sandy iron ore seam from which only a few tons have been mined.

The land south of the bluff rises to a series of hills 75 or more feet
above the stream and so situated that over large areas the iron ore was
close to and parallel with the surface, and was easily mined. Some of
the higher hills are capped with the shales overlying the iron ore and
which are exposed in the old workings. These shales, wherever ex-
posed, are semi-hard olive-green and somewhat fissle, and contain
numerous thin interbedded layers of limestone which is often fossili-
ferous and contains enough iron oxide to make them a decided red color.

A short distance east of the furnace the iron ore out-croppings cross
Hurricane Creek and extend northeast into Johnson Crook. The shales
of the Red Mountain formation overlying the iron ore are not well ex-
posed in this area. There are a number of exposures in the cuts of the
new Newsom Highway, but they are all of about the same stratigraphic
horizon as the road is about parallel to the strike of the beds. These
cuts are about 20 feet above the iron ore and expose from 10 to 40 feet
of hard thin-bedded olive-green shale breaking with a hackly fracture.
A few thin interbedded layers of sandstone are showing at places. One
outcrop shows several small thrust faults. The laboratory tests are
given below of a 8-foot groove sample of the shale from one of these
road cuts, together with a 5-foot groove sample of similar shale from
the face of an old iron ore mine just south of and below the level of the
road.

Laboratory tests of an 8-foot groove sample of hard-olive-
dreen shale from the Red Mountain formation on the B. W.
Newsom property on the Newsom Highway, half a mile north-
east of Rising Fawn Furnace, Dade County.

Chemical Analysis:
Loss on ignition 5.69
Soda (Na,0O) 1.82
Potash (K.0) 2.03
Lime (Ca0) .00
Magnesia (Mg0O) .04
Alumina (A1:Oj) 21.72
Ferric oxide (Fe;0s)...... : 8.08
Titanium dioxide (Ti0,).... : 91
Sulphur trioxide (SOs).. .00
Phosphorus pentoxide (P;05)__. trace
Silica (S10,) . 59.69

Total 4 99.98
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Grinding: Hard, tough.

Ground Color: Brownish-gray.

Slaking: Very slow.

Plasticity: Poor. Weak and grainy, even after aging 2 days.

HMolding Behavior: Very poor. Column of clay swelled, cracked and tore at edges
in going through the die.

Drying Behavior: Al test bars slightly warped.

Water of Plasticity: 18.5 per cent.

Green Modulus of Rupture: 111.2 pounds per square inch.

Linear Drying Shrinkage {based on plastic length): 3.3 per cent.

Firing Tests:

Linear Total
Firing Linear
Shrink- Shrink- Modulus
. age age Absorp- of
Cone | {(based on | (based on tion® | Rupture?® Color Warpage
dry plastic
length) length)“
per cent per cent | per cent Lb. per
5q. in.
06 5.1 8.0 9.0 1264 Light red | Slight
(1YR-5/7)%
G4 3.9 6.8 8.0 1666 Medium red | Some
(R-YR-4/5)¢
62 3.9 7.0 6.8 1672 Fair red Slight
(OR-4/4)b
1 7.1 10.1 4.6 2246 Good red Slight
(R-YR-4/4)5
3 0.7 4.0 4.1 1536 Deep red Bad
(R-YR-3/4)¢
5 4.0 7.3 2.8 2088 Deep choco- | Bad
. late red
(R-YR-3/3)6

“See graph, Figure 10-A, page 131.
5Color notation according to the Munsell system, see page 23.

Remarks: The test bars fired to cone 3 had a pimply surface, were kiln-marked,
were all more or less black-cored, and showed the beginnings of a glassy structure.
Those fired to cone 5 had a pimply surface, were badly kiln-marked, and had a
glassy structure.

Firing Range: Cone 06-2. Commercial kiln: Cone 07-1.

The shales nearer the top of the Red Mountain formation are ex-
posed in the cut of an old road and in the drain to the hollow west of
the road, an eighth of a mile north of the old furnace. The lowest bed
exposed is an impure limestone or calcareous shale, but the shales above
are apparently free from lime and slightly softer than those just de-
scribed. The laboratory tests are given below on a 10-foot groove
sample of these olive-green to brownish and reddish-drab shales.
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Laboratory tests on a 10-foot groove sample of semi-hard to
hard olive-green to brownish-drab shale from mnear the top
of the Red Mountain formation on the B. W. Newsom prop-
erty, an eighth of a mile north of Rising Fawn Furnace, Dade
County.

Chemical Analysis:
Loss on ignition. : et 4.23
Soda. (INa,0) , , - 1.44
Potash (K:0) 1.92
Lime (Ca0) .00
Magnesia (MgO) .08
Alumina (A1,0;) ! 19.38
Ferric oxide (Fe;O;) : 7.13
Titanium dioxide (Ti0;)...... .91
Sulphur trioxide (SO;) .00
Phosphorus pentoxide (P:0s).... .09
Silica (5i0:) 64.77

Total 99.95
Grinding: Fairly easy, brittle.
Ground Color: grayish—drab.

Slaking: Slow.

Plasticity: Poor at first, better after aging 4 days.

Molding Behavior: Fair. Tendency for column of clay to tear at edges.
Drying Behavior: ‘Test bars all slightly warped.

Water of Plasticity: 17.1 per cent.

Green Moduliis of Riplure: 109.4 pounds per square inch.

Linear Drying Shrinkage (based on plastic length): 2.8 per cent.

Firing Tests:

Linear |. Total
Firing | Limnear
Shrink- | Shrink- Modulus i
ge age Absorp- of
Cone | (based on | (based on tion? | Rupture? Color Warpage
ry plastic
length) length)“
per cent per éeént per cent Lb. per
5q. in.
06 2.4 5.0 11.5 1176 Light red | Shght
(1YR-5/6)6 |
04 4.1 6.8 9.0 1690 Medium red | Slight
N . R-YR-5/6)4
02 4.6 7.3 6.8 2322 Fair red Slight
(R-YR-4/5)6
1 6.3 8.9 5.4 2417 Good red | Some
o : , - (R-YR-47/4)6
3 2.7 | 5.4 3.2 | 2377 Deep.red | Consider-
o PR o . (R-YR:3/5)6 | able
5 | 3.6 6.5 | 1.7 2828 Deep choco- | Consider-
: - latexed | able
R-YR-3/4)6 |

“See graph, Figure 10-B, page 131. A
6Color notation according to the Munsell system, see page 23.
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Remarks: The test bars fired to cones 06 to 1 show a little efflorescence or scum
on the surfaces that were uppermost in the kiln. The test bars fired to cones 3 and
5 show none of this scum, but they have a somewhat pimply surface and their
broken ends show the beginnings of a glassy structure.

Firing Range: Cone 04-2. Commercial kiln: Cone 05-1.

The above tests on these two samples show that these shales are
suitable, if properly handled, for the manufacture of building brick and
possibly structural tile. Their tendency to slow slaking and poor
plasticity could probably be largely overcome by fine grinding, long
pugging, the use of hot tempering water, or the addition of certain
electrolytes to the tempering water.

A large part of the Red Mountain shales on this property are un-
doubtedly calcareous. Yet, because of low angles of dip and local
folding, the non-calcareous shales may underlie a large area. Careful
prospecting and a constant check for the presence of lime will be nec-

essary.

The site of the old furnace would make an excellent plant site. Suf-
ficient water could be obtained from Hurricane Creek. The spur
track from the furnace to Rising Fawn has been maintained.

C. E. COPPINGER PROPERTY
(Map location No. 23)

"The C. E. Coppinger (Wildwood, Rt. 1) property, known as the Old
Amous Place, is at the foot of Lookout Mountain about 3 miles south
of Rising Fawn and three-quarters of a mile east of the Alabama Great
Southern Railroad and the junction of the roads from Johnson Crook
and Rising Fawn to Sulphur Springs Station. The property consists
of 40 acres in Land Lot 1, 12th District, 4th Section; Dade County.

A wet-weather branch from the slope of Lookout Mountain . has
interrupted the low ridge that parallels the foot of the mountain, and
has exposed the following section:

Geologic section on the C. E. Coppinger property; 8 miles
south of Rising Fawn, Dade County.
Thickness:
Mississippian: in feet
Fort Payne chert:
14. White to cream-colored tripoli, full of nodules and thin layers

of chert. Beds vary in dip 36+
13. Covered 50
12. Massive-bedded chert 48

Mississippian or Devonian:
Chattanooga shale:

11. Soft, somewhat sandy gray to blue shale___. 4
10. Hard fissle black shale.... 15
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Silurian:
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Red Mountain formation:

o.

bl A A

)

Steel-blue, greenish-drab, and reddish-brown shale with numer-
ous interbedded 1-inch layers of chert or sandstone. Soft at top,
thinner bedded and somewhat harder at bottom

Hard gray calcareous shale and thin beds of argillaceous lime-

stone

Hard gray somewhat sandy shale with some harder 1rregular
layers of sandstone...

Soft to semi-hard brown shale and sandy clay

Soft to semi-hard brown to drab shale, breaking with a‘hackly
fracture

.Covered h

Thin-bedded hard to semi-hard ohve-green shale weathermg
into thin flat pieces

Covered. Appears to be the place where iron ore was mined....
Soft to semi-hard reddish to greenish-drab shale, not very fissle..

54
12

12
15

20
10

45
2

70+
393

The laboratory tests are given below on a grab sample of shale from

beds 1, 8, and 5 of the section above.
west¥slope of the low ridge.

These beds are underlying the

Laboratory tests on a sample of soft bfown and drab and
semi-hard olive-green shale from the Red Mountain formation
on the C. E. Coppinder property, 8§ miles south of Rising Fawn,
Dade County.

Chemical Analysis:

Loss on ignitioh
Soda (Na,Q)...
Potash (KZO)
Lime (CaQ)
Magnesia (MgO)
Alumina (A1:0s)
Ferric oxide (Fe,0y).
Titanium dioxide (Ti0)..
Sulphur trioxide (SO;)
Phosphorus pentoxide (PO5)....
Silica (Si0,)

Total. oo

5.69

1.82

2.03

.00

trace

16.57
5.14

1.82

.03

67.12

100.33

Grinding: Easy.

Ground Color: Brown.

Slaking: Very slow.

Plasticity: Poor, even after aging a week,

Molding Behavior: Rather poor. Column of clay tears on edges.
Drying Behavior: Test bars all somewhat warped.

Water of Plasticity: 22.8 per cent.

Green Modulus of Rupture: 85.2 pounds per square inch.

Linear Drying Shrinkage (based on plastic length): 2.9 per cent.
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Firing Tests:
Linear Total
Firing Linear
Shrink- Shrink- Modulus
age age Absorp- of
Cone | (based on | (based on tion® Rupture? Color Warpage
dry plastic
length) length) #
per cent per cent per cent Lbs. per
sq. (n.
06 3.1 - 5.8 14.5 752 Light red Slight
(BYR-6/7)6
04 3.9 6.2 12.2 1016 Medium red | Slight
(R-YR-5/6)6
02 5.8 8.0 10.6 1418 Fair red Some
(R-YR-5/5)¢
1 7.0 9.1 7.6 2102 Good red Slight
(R-YR-4/5)6
3 5.7 8.0 5.8 1505 eep re Consider-
(R- YR 4/4)6 able
5 8.2 10.7 3.6 2881 Deep red Consider-
R- YR 4/3)6 able

aSee graph, Figure 10-C, page 131.
4Color notation accordmg to the Munsell system, see page 23.

Remarks:  Test bars fired to cone 3 were black-cored slightly, those fired to cone 5
sho;ved the beginning of a glassy structure in the broken ends and had a pimply
surface

Cone 05-2.

These tests indicate that this shale is suitable, if properly handled,
for the manufacture of building brick. Its slow slaking, lack of plas-
ticity, and corresponding low green strength could probably be im-
proved by fine grinding, long pugging, the use of hot tempering water,
and the use of certain electrolytes in the tempering water.

The property should be prospected to determine the extent and
characteristics of the shale. Some of the higher beds not included
in this sample could possibly be used to advantage. The pits would
have natural drainage. The best plant site would be west of this
property close to the railroad and Lookout Creek.

Firing Range: Cone 04-3. Commercial kiln.

P. G. BIBLE PROPERTY

The property of P. G. Bible (Rising Fawn) adjoins and is south of
the Coppinger property described above, on the east side of Lookout
Creek, about 3 miles south of Rising Fawn, 2 miles north of Sulphur
Springs Station, and half a mile east of the Alabama Great Southern
Railroad of the Southern Railway System.

This property contains a continuation of the ridge of which a geologic
section is given above, and the shale deposits are probably very similar.
The iron ore, said to be about 25 inches in thickness, outcrops about 50
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feet east of the creek bluff. Semi-hard to hard green fissle shale above
the iron ore shows up at several places on the banks of a wet-weather
branch or drain. Still further to the east and above this, the shale
contains some thin layers of sandstone. The 50 or more feet below the
Chattanooga shale are covered. The property should be prospected
to determine the extent and character of the shale deposits.

G. W. BIBLE PROFERTY

- The property of G. W. Bible (Rising Fawn, Rt. 2), known as the
“Squire Bible Place”, is south of and adjoining the P. G. Bible property
described above, on the east side of Lookout Creek in Land Lot 117,
18th District, 4th Section, of Dade County. It is about 114 miles
north of Sulphur Springs Station and is a quarter to half a mile east of
the Alabama Great Southern Railway.

The ridge underlain by the shales and iron ore of the Red Mountain
formation on the P. G. Bible property described above extends south-
ward across this property. Iron ore has been mined about 50 feet
west of Lookout Creek, and the old workings expose some fissle olive-
green shale above and below the iron ore. The bluff of the creek
shows about 40 feet of alternate layers of shale and fairly heavy-bedded
sandstone, probably near the base of the Red Mountain formation.
The slope of the ridge from the iron ore east to the Chattanooga black
shale near the top of the ridge (a horizontal distance of about 800 feet)
is mostly covered, a few scattered outerops showing much-weathered
drab to olive-green shale. This slope should be prospected to deter-
mine the character and extent of the shale. Mining would be simple
and the pits would have natural drainage.

T. B. BLAKE PROPERTY
(Map location No. 24)

The T. B. Blake (Sulphur Sprmgs) property is on the east side of the
Alabama Great Southern Railroad, half a. mile north of Sulphur Springs
Station in Land Lot 119, 18th District, 4th Section, of Dade County.

The following geologlc section shows the beds from the Chickamauga
limestone to the Chattanooga shale as shown by outecrops along the
public road that crosses the Alabama Great Southern Railroad and
Lookout Creek and extends east and northeast up Lookout Mountain.

The thickness of the beds was measured by pacing, and is therefore
- only approximate. The beds are striking N. 85° E. and dipping about
50° SE.
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-Figure f10. Graphs showing total linear shrinkage, absorption, and modulus of
rupture of:
P A. Red Mountain shale from the Newsom Highway on the B. W. Newsom
property, Rising Fawn, Dade County. o
B. Red Mountain shale from north of Rising Fawn Furnace, B. W. Newsom
property, Rising Fawn, Dade County. ) .
C.” Red Mountain shale from the C. E. Coppinger property, 3 miles south of
Rising Fawn, Dade County. : .
D. Red Mountain shale from the T. B. Blake property, Sulphur Springs
Station, Dade County.
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Geologic Section along road from Sulphur Springs east to
Lookout Mountain, half a mile north of Sulphur Springs Sta-
tion, Dade C’ounty

Mississippian or Devonian:
hattanooga shale:

10. Fissle black shale
Silurian:
Red Mountain formation:
9. Covered
8. Semi-hard o hard olive-green shale containing a few thin beds
of sandstone..
7. Covered » ]
6. Semi-bard to hard olive-green shale, practically free of sand-
stone.._...__
5. Red fossiliferous iron ore, has been mined ...
4. Hard to semi-hard olive green shale, nearly free of sandstone
at the base, but with numerous and fairly heavy-bedded sand-
stone and sand hmestone layers toward the top...oooeereeee.
3. Lower or “sandy’ iron ore seam, said to be too siliceous and
calcareous to be mined
2. Covered, includes Lookout Creek
Ordovician:

Chickamauga limestone:

1.

Massive gray and dove-colored limestone, top beds exposed
just east of railroad.. ,

Thickness

in feet

15

10

40
75

+

412345+

The laboratory tests are given below of a grab sample collected at

intervals along the outerops of beds (6) and (8) above.

Some of these

beds are exposed south of the road on the bluff where Lookout Creek

swings

to the east.

Laboratory tests of semi-hard to hard Zdreenish-drab Red
Mountain shale from above the iron ore on the T. B. Blake
property, half o mile north of Sulphur Springs Station, Dade
County.

Chemical Analysis:
Lioss on ignition

Soda (Na,0)
Potash (¥X,0)
Lime (CaQ)
Magnesia (MgO)
Alumina (A1,03)
Ferric oxide (Fe0s)..
Titanium dioxide (TiOs)....
Sulphur trioxide (SO;)
Phosphorus pentoxide (P:05).....
Silica (Si02)

4.47

2.53

4.02

.00

trace

18.92

5.85

1.10

.00

trace

63.06

99.95

Grtndmg Fairly easy. ‘
Ground Color: Brownish-gray.
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Slaking: Slow.

Plasticity: Poor, even after aging a-week.

HMolding Behavior: Rather poor. Tendency of clay column to tear at edges.
Drying Behavior: All test bars somewhat warped.

Water of Plasticity: 19.8 per cent.

Green Modulus of Rupture: 100.0 pounds per square inch.

Linear Drying Shrinkage (based on plastic length): 2.7 per cent.

Firing Tests:

Linear Total
Firing Linear
Shrink- Shrink- Modulus
age age Absorp- of
Cone | (based on | (based on tion® | Rupture® Color Warpage
ry plastic
length) length) @
per cent per cent per cent Léb. per
5q. in.
06 3.6 6.0 10.7 996 Light red Some
(2YR-6/7)¢
04 4.1 6.5 10.4 1209 Medium red | Some
(R-YR-5/6)¢
02 5.0 7.6 8.0 1807 Fair red Some
(R-YR-5/5)¢6
1 6.2 8.9 6.3 2248 Good red Some
(R-YR-4/5)6
3 5.7 8.4 4.1 2331 Deep red | Consider-
(R-YR-4/4)6 able
5 7.2 9.8 3.1 2652 Deep choco- | Consider-
late red able
(R-YR-4/4)¢

4See graph, Figure 10-D, page 131.
6Color notation according to the Munsell system, see page 23.

Remarks: The bars fired to cone 3 had 2 pimply surface and were slightly black-
cored. Those fired to cone 5 were slightly kiln-marked and showed the beginnings
of a glassy structure on their broken ends.

Firing Range: Cone 04-3. Commercial kiln: Cone 05-2.

The above tests indicate that this shaleis suitable, if properly handled,
for the manufacture of building brick. The slow slaking and lack
of plasticity could probably be overcome by fine grinding, long pugging,
the use of hot tempering water, or the use of certain electrolytes in the
tempering water.

The property should be prospected to determine the extent and the
character of the shale. It is possible that some of the shale below the
iron ore is suitable for the manufacture of heavy clay products. In
prospecting, careful watch must be kept for the presence of lime.
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TAT’UM AND BLAKE PROPERTIES

The following geologic section is probably representative of the
beds of the Red Mountain formation and the overlying beds on the west
side of the valley south of Rising Fawn. The section was measured
along a private road west of the Chattanooga to Birmingham highway
at the junction with the road to Sulphur Springs Station two miles south
of Rising Fawn and onemile west of the Alabama Great Southern Rail-
road of Cloverdale Station. The land south of the private road is
owned by Jack Tatum and that north of the road by T. B. Blake (Sul-
phur Springs). The beds are striking N. 80° E. and are mostly dipping
about 50° to the northwest.

Geologic section west of Chattanooga-Birmingham Highway,
2 miles south of Rising Fdwn, Dade County.

Thickness
. in feet
Mississippian:
Bangor limestone:
18. Massive gray to blue crystalline limestone +
17. Covered 1004
Fort Payne chert:
16. Fairly thin-bedded chert with 6 inch layer at base. Sooty,
})ladk.ma’cerial in cracks and joint planes for 4 feet above basal .
ayer 1
15. Rgd clay with a few black streaks 3
14, Soft:black-clay: : 214

13. Mostly brown and red clay, grading into alternate layers of
sandy brown shale and chert at bottom. Some of chert is a
breccia cémented by brown and black iron ore 36
Mississippian or Deévonian:
Chattanooga shale:

12. Light bluish-gray shale containing fine sand 3
11. Massive fissle black shale 23
Silurian: ' '

Red Mountain formation: . (
10. Covered and red clay. Near top is outcrop of gray plastic clay 60

9. Fairly fissle hard olive-green to drab shale containing a few

thin layers of sandstone 21
8. Covered : 20
7. Fissle hard to semi-hard olive-green shale : 81 .
6. Red fossiliferous iron ore, has been mined 3+
5. Semi-hard to hard green to drab shale with frequent thin beds

of saridstone. Shale gets softer and sandy towards base........... 200+
4. Soft red ferrugineous sandstone, the lower or “sandy’’ iron ore p

sedim

3. Alternate layers of sandy shale and red clay, gradually getting
flatter then dipping the other way 25 feet west of the highway 60+
Chattanooga-Birmingham Highway. _ ’
2. Red clay with a few beds of sandy shale partly covered and

structure uncertain 1004
Ordovician:
Chickamauga limestone:
1. Massive limestone <+

73835
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The shales of beds (5), (7), and (9) should be prospected.

About 40 feet of hard olive-green shale, probably from above the
iron ore and corresponding to bed (7) of the above section, is showing
in the bank of a small branch on the Neuman property about a mile
south of this section and half a mile west of the highway.

HAWKINS AND HALE PROPERTIES

The R. L. Hawkins (Rising Fawn, Rt. 2) property occupies the south
end and the Graham Hale (Rising Fawn) property the north end of a
ridge south of Rising Fawn between Lookout Creek on the west and the
Alabama Great Southern Railroad on the east.

The steep bluff on the south end of the ridge above Lookout Creek,
one mile south of Rising Fawn and just east of the Birmingham-Chat-
tanooga Highway shows the following geologic section:

Geologic Section on the RE. L. Hawkins property, 1 mile south
of Rising Fawn, Dade County.

Thickness
in feet
Mississippian:
Fort Payne chert:
9. Hard gray shale . 4+
8. I‘iard white finely-divided silica or tripoli with thin layers of
chert )
. 7. Hard fissle gray shale 10
Maississippian or Devonian:
Chattanooga shale:
6. TFissle black shale : 15
Silurian:
Red Mountain formation:
5. Hard, slightly-fissle reddish-brown shale and a few layers of
fossiliferous limestone 25
4. Semi-hard to hard fissle olive-green shale with a few layers of
sandstone 100+
3. Red iron ore that has been mined - 314
2. Mostly covered but a few outcrops of shale and sandstone._...... 100+
1. Heavy beds of sandstone.. 10+
26815

The beds are striking N. 20° E. and dipping about 25° to the north-
west. The shale of bed (4) is said to underlie the east slope of the ridge
all the way to the railroad, half a mile to the north, and should be
prospected.

The cuts along the railroad on the Graham Hale property show only
the shale below the iron ore. The north end shows 25 to 30 feet of hard
to semi-hard fissle olive-green shale, underlain by layers of shaly lime-
stone and calcareous shale, and then alternate layers of shale and sand-
stone.
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LOOKOUT VALLEY

The shales of the Red Mountain formation were examined at a num-
ber of places where exposed in the Shinbone Ridges on both sides of
Lookout Valley from Pudding Ridge on the Alabama line past Trenton,
New England, Morganville, and Wildwood to the Tennessee line 18
miles to the northeast. In every case thin interbedded layers of lime-
stone are of such frequent occurrence that the shales are unfit for the
manufacture of heavy clay products.

The most complete exposure is in the cuts of a new road from Morgan—
ville west across the ridge to Sligo Valley at the foot of Sand Mountain.
The geologic section exposed is given below:

Geologic Section along road from Morganville to Sligo Valley
on the east slope of the Shinbone Ridge, Dade County.

Thickness
in feet
Silurian:
Red Mountain formation:
4. Semi-hard to hard flaky olive-green shale with thin inter- )
bedded limestone layers about every 5 feet 504
- 3. Alternate beds up to 1 foot in thickness of dark-blue to reddish-
brown crystalline limestone and drab to olive-green shale.... .. 30+
2. -Brown sandy shale and cdlay Wlth a few layers of ﬂaky green-
ish-drab shale 404+
Ordovician: . : s .
Chickamauga limestone: » .
1. Massive limestone : 4
120+

The shales above the iron ore observed at other outerops in the
valley are very similar to bed (4) above

WALKER COUN TY

Walker County, which is east of Dade and north of Chattooga coun-
ties, includes portions of the Armuchee Ridges and Chickamauga Valley
divisions of the Appalachian Valley, and the east edge of the Lookout
Plateau (see Figure 8, page 49).

The Macon to Chattanooga line of the Central of Georgia Railway
and the West Branch of the Dixie Highway follow the Chattooga-
Chickamauga Valley, passing through the county seat, LaFayette,
through Chickamauga, Chickamauga Park which is the scene of the
famous battle, and Rosgville, on the Tennessee line. A branch of the
Central of Georgia Railway extends from Chickamauga to the coal
mines on top of Lookout Mountain at Durham. The Tennessee, Ala-
bama and Georgia Railroad between Gadsden and Chattanooga follows
the base of Pigeon Mountain, crosses to McLamore Cove at Estelle,
and follows the base of Lookout Mountain from Cassandra to Chatta-
nooga.
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The southeastern part of the county is crossed by the Armuchee
Ridges, which here are composed of Taylor Ridge on the west, Horn
and Mill Creek mountains on the east, with Dick Ridge between them
separating the East and West Armuchee valleys. These ridges are
formed by resistant sandstone beds of the Red Mountain formation,
which here contains no shale suitable for ceramic purposes. East
Armuchee Valley is underlain by shales of the Rome and Conasauga
formations, the Knox dolomite, and the Chickamauga limestone. West
Armuchee Valley is underlain by the Floyd shale. The shales of the
Conasauga and Floyd formations may at places in these valleys be
suitable for the manufacture of heavy clay products, but are too isolated
to be of commercial value.

The broad Chattooga-Chickamauga Valley is underlain by narrow
to broad northeast-southwest bands of the Knox dolomite and the
Chickamauga limestone, and by one belt of the Conasauga formation
passing through LaFayette. This belt of the Conasauga formation is
composed of argillaceous limestones with some calcareous shales and is
largely valley-forming. The writer observed no outcrops of shale in
it that appeared to be suited for the manufacture of heavy clay pro-
ducts. The more cherty layers of the Knox dolomite form long ridges
such as the famous Missionary Ridge that extends from Chattanooga
southwestward into Walker County.

The western boundary of the county is on top of Lookout Mountain,
passing close to the west brow at the northern end and the east brow at
the southern end. Near the southwest corner of the county a spur of
the Lookout Plateau, known as Pigeon Mountain, extends northeast-
ward into the Valley. It is flat-topped for about 9 miles from the main
plateau, and then continues as an irregular ridge and a series of foothills
for another 9 miles. Figure 4, page 51, shows the synclinal structure
of Lookout and Pigeon mountains and the anticlinal structure of McLa-
more Cove between them. As was the case in Lookout Valley in Dade
County, a series of comparatively low ridges, generally known as
Shinbone Ridge, parallel the foot of Lookout and Pigeon Mountains
at an average distance of half a mile from them. Shinbone Ridge is
caused by the relatively hard and resistant chert beds of the Fort Payne
chert, which usually outcrops near its crest. The beds are always
dipping gently towards the mountain. The Red Mountain formation
underlies the slope of the ridge away from the mountain; that is, the
east slope of the ridge parallel to the foot of Lookout Mountain and on
the east side of Pigeon Mountain, and the west slope of the ridge on the
west side of Pigeon Mountain. The Red Mountain formation is also
exposed by faulting in a V-shaped area that extends some 5 miles
southward from the Tennessee line, the eastern side of which forms the
west slope of Missionary Ridge for some distance.

The Red Mountain formation is composed largely of fissle olive-green
clay shales, with some interbedded sandstone and a few calcareous
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beds. Near the middle are one or more thin seams of red iron ore that
have been mined at a number of places. The lower part of the forma-
tion below the iron ore grades into brown and yellow residual clay,
often somewhat sandy, containing only scattered layers and flakes of
shale. A number of deposits of shale suited for the manufacture of
heavy clay products-are described below. They are generally slow
slaking and at first have: rather poor plasticity, but if properly handled
have excellent fired properties. The best results could probably be
obtained in most cases by a mixture of the shale from the middle and
upper parts of the formation and some of the plastic residual clay from
the lower part of the formation.

The Bangor limestone occupies the lower slopes of Pigeon and Look-
out Mountaing and the valley between their base and the Shinbone
Ridge. The Lookout sandstone forms the upper slope and the cliffs
at the brow of the mountains, and the Walden sandstone underlies their
nearly flat tops.

MCWHORTER PROPERTY
(Map location No. 25)

The property of Misses Carrie and Julia McWhorter (LaFayette,
Rt. 5) consists of 80 acres, mostly on Shinbone Ridge at the foot of
Pigeon Mountain, an eighth of a mile west of Bronco Station on the
Tennessee, Alabama and Georgia Railroad.

The ¢uts of the Bronco to Campbell ‘Gulf road show: outcrops of soft
to semi-hard- greemsh drab shale from the Red Mountain formation,
probably above ‘the iron ore. The beds are striking N. 20° E. and
dipping about 70° W. The roadat this place makes-only % slight angle
with the strike of the beds, so that the shale exposed probably repre-
sents a stratigraphic thickness of not more than 20 feet. The labora-
tory tests are given below on a grab sample of the shale from several
places along the outcrop.

Laboratory tests on a sample of soft to semi-hard Red Moun-
tain shale from the Misses MeWhorter property on Shinbone
Ridge at Bronco Station, Walker Oounty

Chemical Analysis:
Loss on 1gmtmn . . B.61
Soda (Na;0) . 67
Potash (KsO. . = T 97
Lime (Ca0)... e T e 00
Magnesia (MgO) R .00
Alumma ( 203)_ < 22 45
Ferric oxide {Fe;Os).. ... et e 7.01
Titapium dioxide (T10z) ... — o : .55
Sulphur trioxide (SO;) : . ‘ .00
Phosphorus pentozxide (PO5) .00
Silica (SiOz) 63.72

Total 100.98




Grinding:

Ground Color:

Easy.

WALKER COUNTY

Light brown.

Slaking: A little slow.

Plasticity:

HMolding Behapior:

Grainy at first, better after aging overnight.
Fairly good. Slight tendency for column of clay to tear at

edges.

Drying Behavior:

Water of Plasticity: 22.0 per cent.

Green HModulus of Rupture:

Test bars all slightly warped.

95 .6 pounds per square inch.
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Linear Drying Shrinkage (based on plastic length): 2.8 per cent.
Firing Tests:
Linear Total
Firing Linear
Shrink- Shrink- Modulus
age age Absorp- of
Cone | (based on | (based on tion® Rupture? Color Warpage
ry plastic
length) length)“
per cent per cent per cent Lb. per
5q. in.
06 3.4 5.9 14.8 954 Salmon Slight
(2YR-6/7)6
04 4.0 6.9 12.9 1175 Dark salmon | Slight
(R-YR-5/7)46
02 5.6 8.5 10.1 1548 Fair red Some
(R-YR-5/5)¢
1 6.7 10.2 7.7 . 2200 ood re Slight
_ (R-YR-5/4)¢
3 7.7 10.1 4.6 2327 Good red Some
(R-YR-4/5)6
-5 8.1 10.2 4.8 2664 eep re Some
(R-YR-4/3)4

“See graph, Figure 11-A, page 147.
4Color notation according to the Munsell system, see page 23.

The bars fired to cones 02 and 3 were slightly black-cored. Those fired

Remarks:

to cone 5 showed the beginnings of a glassy structure on the broken ends.
Firing Range: Cone 02-5. Commercial kiln: Cone 03-3.

The above tests indicate that this shale is suitable for the manufacture
of building brick and possibly structural tile. It is impossible to tell
without prospecting whether or not the sample is representative of any
sizable deposit. The deposits would have natural drainage and are
situated close to and above the level of a flat plant site on the railroad.
Water could be obtained from a creek g quarter of a mile to the south
or from Duck Creek east of the railroad.

WATSON PROPERTY
MARSH MINING COMPANY

The Watson property, surface rights owned by R. P. Watson (LaFay-

ette), mineral rights owned by the Marsh Mining Company (c/o
Mrs. Emma Marsh, Chattanooga, Tenn.) is on the Blue Bird Gap road
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at Shinbone Ridge, twomiles west of LaFayette and seven-eighths of a
mile east of the Tennessee, Alabama and Georgia Railroad. It is in
Land Lots 41 and 68, 7th District, 4th Section, Walker County.

The cuts along the road where it crosses Shinbone Ridge expose rocks
of the Red Mountain formation as shown in the following section by
Maynard?!, beginning where the road crosses the grade of an old spur
track from the Tennessee, Alabama and Georgia Railroad:

Geologic Section along Blue Bird Gap Road at Shinbone
Ridge, 2 miles west of LaFayette, Walker County.

Horizontal
Unit Description of Units distance | Thickness
No. feet feet
20 | Concealed 400
19 | Olive-green shales with many beds of green and
some soft brown sandstone 70 30.6
18 | Yellowish-green and red argillaceous shales
with. some thin bedded sandstomes; light-
brown fossiliferous sandstone at the bottom;
pentamerous sp. abundant - 170 43.8
17 | Concealed : 370 115.4
16 | Shales, largely concealed ... 40 12,7
15 Brown sandstone and arenaceons shale.........._.. 40 10.9
14 | Shallow syncline of sandstone - 60 3.5
13 | Yellowish-green shales, largely concealed............ 300 7.9
12 | Olive-gréen and yellowish-green shale with| :
some arenaceous splintery shale 200 91.2
11 | Concealed ‘ 210 147.

. 10 | Shales, largely concealed 80 47.2
9 | Olive-green and yellowish green shale. ... 125 70.2
8 | Yellowish-green shale with some flaggy sand-

_ stones. Irom ore bed 16 inches thick at top.... 50 49.3
7 | Yellowish-green shales with some flaggy sand-
stones 70 56.7
6 Concealed : 230 179.9
5 | Yellowish green shale and thin bedded flaggy
sandstone. Shale somewhat red and brown
on the weathered surface 70 68.2
4 | Yellowish-green fissile somewhat arenaceous
shale 100 72
3 Concealed 250 93.5
2 | Arenaceous yellowish-green and olive-green .
shale 50 39.3
1 Yellowish-green and olive-green arenaceous
somewhat hackly shale 100 97.8
Rockwood-Chickamauga contract... ...

The writer is of the opinion that, of the shales exposed, the best for
the manufacture of heavy clay products would be units (1) and (4) on
the east slope of the ridge about seven-eighths of a mile from the rail-
_road. The shales would probably be slow slaking and would require

tMaynard, T. P., Limestones and cement materials of North Georgia; Georgia
Geol. Survey Bull. 27, pp. 232-233, 1912. -
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fine grinding and long pugging. The shales of unit (9), largely con-
cealed when visited by the writer, should also be prospected.

SOUTHERN STATES COAL AND TRON COMPANY
ESTELLE HOLDINGS

(Map location No. 26)

The Southern States Coal and Iron Company (F. K. Rosmond, Sec.,
Chattanooga, Tenn.) owns the mineral rights over a large area on the
west side of Pigeon Mountain at Estelle Station on the Tennessee,
Alabama and Georgia Railrcad. The red fossiliferous iron ores have
been extensively mined at various times for a mile north of the rail-
road and for 8 miles south of the railroad as far as the “Pocket™, a nearly
enclosed valley 124 miles south of Blue Bird Gap.

The shales and the iron ore of the Red Mountain formation are
underlying a series of irregular ridges, sometimes attaining an elevation
of 300 feet above the general stream level, parallel to the foot of Pigeon
Mountain. Some of the ridges are connected with the main slope of
the mountain by narrow saddles, through which tunnels had to be
cut for the tram line used during the iron ore mining. The beds are
striking about N. 40° E. and dipping gently (5° to 15°) to the southeast.
Frequent hollows at right angles to the strike of the beds caused an ex-
tensive outerop of the iron ore, which was mined by both open cut and
underground methods. The mines have been idle for about 10 years,
and the faces of the pits have slumped and their surfaces grown over
until it is often difficult to distinguish them from overburden dumps. :4

The cuts of the Tennessee, Alabama and Georgia Railroad in Land
Lots 252, 254, 255, 256 and 285, 8th District, 4th Section, expose the
following geologic section from the top of the Chickamauga limestone,
500 yards west of Estelle Station, to the Chattanooga shale at the
mouth of the tunnel, a mile and a quarter to the east.

Geologic section along the Tennessee, Alabama and Georgia
Railroad at Estelle, Walker County.
Thickness
Feet Inches
Mississippian or Devonian:

Chattanooga shale:
29. Massive fissle black shale, over tunne! mouth. Said to be

30 feet thick , 10+
28. Hard massive dark-brown and black sandstone, varying
rapidly in thickness 34+
27. Crumpled black shale with fragments showing slicken-
sided surfaces, thickest where bed above is thinest ........_.. 0 0 to 6
26. Very hard dark-green shale breaking with a hackly frac- :
ture and weathering on the surface to a sticky clay........._. 5
Silurian:
Red Mountain formation:
25. Hard gray shale . 4
24. Covered. Valley near mouth of tunmel ... 20+

23. Soft sandy brown and drab shale and thinlayers of brown
sandstone 25
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22.
21.
20.

19. Hard greenish-drab shale breaking with a small hackly
fracture, almost flaky. A few Y4-inch beds of brown
sandstone. The second sample described below is a par-
tial groove sample of this shale 14
18. Thin-bedded gray to red hmes’cone and hgh’c—blue calcare-
ous shale 11
17. Soft to semi-hard greemsh-d.rab shale, harder and more
compact near top. QOccasional thin streaks of brown
sandstone. The first sample described below is a 5-foot
groove sample from west of the middle trestle and an 8-
foot groove sample from east of the trestle.. The middle
is mostly covered 454
16. Massive sandstone breaking blocky 1 6
15. Soft red iron ore 0 6
*14. Cross-bedded sandstone, siliceous limestone, and a little
hard shale. No beds over 6 inches thick 18
13. Red iron ore, at places siliceous : 0 10
12. Cross-bedded sandstone and hard greemsh—gray shale ........ 3
11. Solid, massive slightly calcareous shale 1 2
10. Thmly interbedded sandstorie and soft red iron ore.. 3
"9, Thin interbedded layers of brownish sandstone and hard
greenish-gray shale. Sandstone and shale in about equal
amounts at bottom but sandstone increasing towards top:
- Solid 14-inch layer of sandstone 5 feet below top.....o. 110+
8. Hard greenish-gray shaJe with frequent thin sandstone
layers. Some of shale 1s hgh‘c bluish- -gray and contains
bme.. oo _ N 30
West tresﬂe
7. Hard sandy shale and thin-bedded soft sandstone.
Weathers rough and irregular at bottom, but thh shaly
structure at top 30
6. Reddish-brown {o drab somewhat sandy clay w1’ch a few
thin shale layers 5
5. Soft drab and reddlsh brown shale wea’chermg to flat
pleiﬁs 1/8 inch to 14 inch thick, interbedded with drab to
ddish-brown “short” siliceous day 25.
4. Covered 54
3. Soft greenish-drab sandstone and sandy shale in beds 1
inch to 1 foot in thickness 25
2. Covered : 104
Ordovician: :
Chickamauga limestone:
1. Gray to blue thin-bedded argillaceous limestone........ooeu... 4
Total — 467364  feet

GEOLOGICAL SURVEY OF GEORGIA

Covered. Big or east trestle 30
Solid, massive brown sandstone..... 2
Alternate layers of sandy drab shale and brown sand-

stone, averaging 2 inches in thickness with a2 maximum of

6 inches. ... 30+

The following laboratory tests were made on a sample of the shale

from unit (17) of the above geologic section.

The sample consisted of

a 5-foot groove sample from the base of the unit west of the middle
trestle, and an 8-foot groove sample from the top of the unit east of the
The middle of the unit is only poorly exposed in the hollow
crossed by the trestle.

trestle.
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Laboratory tests on a sample of semi-hard greenish-drab
Red Mountain shale from both sides of the middle trestle of the
Tennessee, Alabama and Georgia Railroad, Southern States
Coal and Iron Company property, Estelle, Walker County (Unit
17, geologic section above).

Chemical Analysis:

Loss on ignition 5.26.
Soda (Naz0) : 1.06
Potash (K.0) .81
Lime (CaQ).. .00
Magnesia (Mg0O) 42
Alumina (A1.0;).. 23.36
Ferric oxide (FexOs).. 7.16
Titanium dioxide (Ti0;).... : 73
Sulphur trioxide (SO;) trace
Phosphorus pentoxide (P:Os)_........ trace
Silica (Si0») i 61.29
Total ‘ 100.09

Grinding: Fairly easy, brittle.

Ground Color: Brown.

Slaking: Slow.

Plasticity: Poor at first, somewhat better after aging 5 days.

Molding Behavior: Fair, Slight tendency of clay column to tear at edges.
Drying Behapior: Test bars all somewhat warped.

Water of Plasticity: 18.9 per cent.

Green Modulus of Rupture: 87.5 pounds per square inch.

Linear Drying Shrinkage (based on plastic length): 2.6 per cent.

Firing Tests:

Linear Total
Firing Linear .
Shrink- Shrink- Modulus
age age Absorp- of
Cone | (based on | (based on tion“ Rupture® Color Warpage
dry plastic
length) - | length)“
per cent per cent per cent | Lbs. per
5q. n.
06 3.6 6.2 11.4 1150 Dark salmon | Some
(IYR-5/7)6
04 3.3 5.8 9.9 1235 Dark salmon | Some, to
(R-YR-5/6)¢ consid-
erable
02 4.9 7.5 8.2 1764 Fair red Some
(R-YR-5/5)6
1 6.4 8.7 6.4 | 2134 Good red Slight
: , (R-YR-4/5)6
3 4.6 7.2 5.7 2006 Brownish-red | Consider-
(R-YR-4/5)6 able
5 5.8 8.3 3.9 2365 Deep brown- | Consider-
) ish re able
(R-YR-4/3)6

“See graph, Figure 11-B, page 147.
5Color notation according to the Munsell system, see page 23.
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Remarks: The test bars fired to cone 3 have a slight pimply appearance on the
surface, and are slightly: black-cored, showing evidences of reducing conditions.
Those fired to cone 5 have a pimply appearance on the surface, are slightly kiln-
marked, and show a dark somewhat glassy fracture. All of the test bars show
slight traces of bluish-white scum, probably not enough to affect their use in the
ma?ufacture of heavy clay products.

Firing Range: Cone 03-2, best at cone 01-2.

The following laboratory tests are on a partial groove sample of a
14-foot bed of hard greenish-drab shale, unit (19) in the above geologic

section, outcropping east of and stratigraphically above the previous
sample. _ ‘

Laboratory tests on a sample of hard dreenish-drab Red
Mountain shale east of the middle trestle of the Tennessee,
Alabama and Georgia Railroad, Southern States Coal and Iron

Company property, Estelle, Walker County (Unit 19, geologic
section above). :

Chemical Analysis:

Loss on ignition 5.42
Soda (Nax0) 1.31
Potash (K.0) 1.64
Lime (CaQ) - .00
Magnesia (Mg0O) : - .60
Alumina (A1,03) . 18.40
Ferric oxide (FesOs).. 8.08
Titanium dioxide (TiO,) .73
Sulphur trioxide (SO;) trace
Phosphorus pentoxide (P2O0s)...- .12
Silicia (8i0y) ; : 63.69

Total ... 99.99

Grinding: Fairly easy, brittle.

Ground Color: Brownish-drab.

Slaking: Rather slow. ‘

Plasticity: Poor at first, fair after aging 2 days.

Molding Behavior: Fair. Slight tendency for clay column to tear on edges.
Drying Behavior: Test bars all slightly warped.

Water of Plasticity: 18.0 per cent. ,

Green Modulus of Rupture: 103.5 pounds per square inch.

Linear Drying Shrinkage (based on plastic length): 2.8 per cent.
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Firing Tests:
Linear Total
Firing Linear
Shrink- Shrink- Modulus
age age Absorp- of
Cone | (based on | (based on tion® | Rupture? Color Warpage
ry plastic
length) length)#
per cent per cent per cent Lb. per
sq. in.
06 3.1 5.9 10.6 . 1505 Dark salmon | Slight
(1YR-6/6)b
04 3.5 6.4 8.8 1754 Dark salmon | Little or
(R-YR-5/5)¢ none
02 4.0 6.7 6.5 2169 Good red Slight
] (R-YR-5/5)¢
1 6.6 9.3 4.6 2622 Deep red Some
. . (R-YR-4/5)6
3 2.3 5.1 3.2 2012 Brownish-red | Bad
(R-YR-3/6)6
5 2.3 4.8 2.2 2202 Deep brown- Bad
ish red
(R-YR-3/4)6

4See graph, Figure 11-C, page 147.
5Color notation according to the Munsell system, see page 23.

Remarks: The bars fired to cone 02 were somewhat black-cored, indicating re-
ducing conditions in the kiln. The bars fired to cones 3 and 5 had a vitreous, pimply
surface and a dark, somewhat glassy fracture.

Firing Ranée: Cone 04-2. Commercial kiln: Cone 04-1.

The above tests indicate that both of these shales, if properly handled,
should be satisfactory for the manufacture of building brick and struc-
tural tile. Their worst feature is their slow slaking and the resulting
poor green strength and structure of the test bars. This could probably
be largely eliminated in plant practice by fine grinding, long pugging,
the use of hot tempering water, or the use of certain electrolytes in the
tempering water.

The old iron ore mines south of Estelle, when visited by the writer,
had largely slumped in and grown over, so that mining dumps were far
more common than actual outcrops of shale. Hard greenish-drab
shale containing thin calcareous layers was showing at the mouth of
the first tunnel of the old tram line. The good shale probably overlies
this, but is not exposed.

Blue Bird Gap

The old road from McLamore Cove across Blue Bird Gap intersects
the old tram line of the Southern States Coal and Iron Company in
Land Lot 807, 11th District, 4th Section, about 114 miles south of the
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Tennessee, Alabama and Georgia Railroad at Estelle. The public
road up the slope east of the tram line exposes the following geologic
section, as measured by Maynard!:

Geologic section along the Blue Bird Gap road on the west
side of Pigeon Mountain, Walker County.

Unit _ Description of Units Thickness
No. feet
7 Chattanooga black shales 15
6. Rockwood [Red Mountain] shales; concealed ____ oo 60
5 Olive-green hackly arenaceous shale with many sandy layers.
Halysites sp. occur about 15 feet below the top of this unit.. 25
4 Olive-green and yellowish-green somewhat hackly arena-
ceous shale 15

3 Thin-bedded gray and brown sandstones and interbedded
hackly and fissle’ olive-gréen shales. About 10 feet be-
low tge top ‘of this unit the sandstones are heavy-bedded.. 30
2 Olive-green, fissle shales practically free from sandstone_....... 80
1 Yellowish-green, interbedded shales and sandstones. At
the bottom of this unit occurs heavy-bedded brown sand-
stones above which there is a*bed of red ore; at the fop of
the unit there is a thin bed of red ore 30
Intersection.of Blue Bird:Gap road.. Thesection ends with |
the base of the Rockwood.[Red Mountain] formation;
however, the: contact of the Rockwood and.the underly- |
ing Chickamauga limestone 1s some distance to the west,
due to the gentle dip of the rocks

255

The writer believes that the 80 feet of semi-hard olive-green fissle
shale of unit (2) in the section above would develop more plasticity
than the shale sampled at Estelle. Only a few beds of sandstone not
over an inch in thickness were observed. The beds appear to be
dipping slightly to the west, but this may be due to slumping. The
top of this shale bed is at a gap with a straight slope north to Estelle.
At one time, before construction of the tram road last used, the iron
ore was hauled up an incline to this gap and then was lowered down an
incline to Estelle. The writer was able to recognize the next three
units above these shales as given in the section above, but could find
no trace of the Chattanooga shale.

Shale enough to supply a large heavy clay products p]ant could .be
obtained from the slope near this section. The writer is of the opinion,
however, that prospecting nearer the railroad might reveal similar
deposits.

IMaynard, T. P., Limestones and cement materials of North Georgia: Georgia
Geol. Survey Bull. 27, pp. 234-235, 1912.
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Figure 11. Graphs showing total linear shrinkage, absorption, and modulus of
rupture of:
A. Red Mountain shale from the Misses McWhorter property, Bronco,
Walker County.
B. Red Mountain shale from near the middle trestle, Southern States Coal
and Iron Co., Estelle, Walker County.
. Red Mountain shale from near the east trestle, Southern States Coal &
Iron Co., Estelle, Walker County.
D. Red Mountain shale from the Mrs. J. F. Shaw property, Cassandra,
Walker County.



148 GEOLOGICAL SURVEY OF GEORGIA

The Pocket

The nearly enclosed valley or natural amphitheater known as “The
Pocket” is on the west side of Pigeon Mountain 134 miles south of Blue
Bird Gap and 8 miles south of the Tennessee, Alabama and Georgia
Railroad at Estelle. It was the terminus of the Southern States Coal
and Iron Company’s tram line from Estelle. The company is said to
have done considerable stripping but very little mining of the red iron
ore in this valley during their last operations. .

The bluff over the stream and the mouth of the tram-line tunnel (the
7th south of Estelle) on the morth side of The Pocket showed hard
green and gray shale containing traces of lime and a few sandstone
layers.

The road ‘up the slope of Pigeon Mountain shows the following sec-
tion:

Geologic section on west side of Pigeon Mountain at “The
Pocket”, 8 miles south of Estelle, Walker County.

Approxi-
mate
thickness
in feet
Mississippian: . ‘
Bangor limestone: : ‘ R E )
8. Massive gray-blue limestone.. : : - -+
Fort Payne chert: . : .
7. Thin-bedded gray chert weathermg blocky e e i 20
Mississippian ‘or Devonian:' SRR v
Chattanooga shales . .-
6. . Mostly covered but w1‘ch fragments of flssle black shale.._..__..-,. .20
Silurian:
Red Mountain formation: ’
5. Hard olive-green shale with thin sandstone layers...ooeeeeen. 10
4. Small weathered outcrops of semi-hard (?) olive-green shale,
some sandstone fragments, and covered 30
3. Hard olive-green shale with hackly fracture , , 10
2. Covered i » 40
1. Level of iron ore Workmgq +
130

Thus the 210 feet of the Red Mountain formation above the iron ore
at Blue Bird Gap has apparently thinned to about 100 feet.

THE GLENN-WARTHEN PROPERTY
. (Map location No. 27)

The property owned by R. M..W. Glenn and S. M. Warthen (La-
Fayette) consists of about 4,200 acres on the northern end of Pigeon
Mountain in a single tract some two miles wide (east-west) and 4 miles
long (north-south). The outcrops of the iron ore and shales of the
‘Red Mountain formation éross the property in a northeast-south-
west direction.
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The writer examined several outcrops of shale above and below the
iron ore in Catlett Gap in Land Lot 211, 8th District, 4th Section.
Thisis twomiles northeast of the Tennessee, Georgia and Alabama Rail-
road at Estelle, and is three miles west of the Central of Georgia Railway
at Warren Station. These all seem to be hard gray to drab shale with
a hackly fracture, a few layers containing traces of lime. The bluff
above the stream in a small hollow on the north side of the road showed
about 10 feet of hard gray to drab shale with no traces of lime or sand-
stone. The laboratory tests on a 5-foot groove sample from this out-
crop are given below.

Laboratory tests on a 5-foot groove sample of hard gray to
drab Red Mountain shale from the Qlenn-Warthen property,
Catlett Gap, 2 miles northeast of Estelle, Walker County.

C/zcmtazl Analysis:

Loss on ignition 2.35
Soda (Na,0) .47
Potash (KgO) 1.00
Lime (Ca0) .00
Magnesia (MgO) trace
Alumina (A1,0;) 17.07
Ferric oxide (Fe;O;) 5.68
Titanium dioxide (TiO,)... .90
Sulphur trioxide (SOj) ' .96
Phosphorus pentoxide (P,0;).... .08
Silica (SiQ0y) 71.50

Total : 100.01

Grinding: A little difficult. Shale is tough rather than brittle.

Ground Color: Brownish- drab

Slaking: Very slow.

Plasticity: Very poor, even after aging a week.

Holding Behavior: Too poor plasticity to form bars on Mueller roll-press.

The sample was therefore discarded without further testing. The
southwestern corner of the property is the next land lot to the west.
The whole property therefore is rather far from railroad transportation
to pay to prospect in the hopes of finding a deposit of better shale.

D. M. BULLARD PROPERTY

The property of D. M. Bullard (Kensington, Rt. 2) is on the Bowers
Gap branch of Mill Creek, one mile southwest of Cassandra and the
Tennessee, Alabama and Georgia Railroad.

The branch from Bowers Gap of Lookout Mountain in cutting
through the Shinbone Ridge has been exposed about 60 feet of semi-
hard olive-green Red Mountain shale containing only a few thin beds
of sandstone. These beds overlie the iron ore which is in three rather
thin seams separated by 10 to 15 feet of shale. The beds are striking
N. 20° E. and are dipping about 40° to the west. The Chattanooga
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black shale is showing more than 100 feet to the West of the top of the
60 feet of olive-green shale.

This shale underlies the west slope of Shinbone Ridge and could
easily be mined. The pits would have natural drainage.

MRES. J. F. SHAW PROPERTY
(Map location No. 28)

The Mrs. J. F. Shaw (LaFayette) property is onemile northwest of
Cassandra on Mill Creek and a road known locally as the “Terrapin
Trail”. Tt is five-eighths of a mile west of the Tennessee, Alabama and
Georgla Railroad in Land Lots 157 and 158, 11th District, 4th Section.

The cuts of the road where the Terrapin Trail crosses the Shinbone
Ridge expose rocks of which the following is a geologic section:

Geologic section alongd the Terrapin Trail on the Mrs. J. F.
Shaw property, one mile northwest of Cassandra, Walker Coun-

ty.

Approxi-
mate
thickness
in feet
Mississippian or Devonian: ;
Chattanooga shale:
4. Parﬂy covered and outcrops of massive fissle black shale.......... 30+
Silurian: ~
Red Mountain formahon , '
3. Covered..: ' 254
2. Hard to semi-hard olive-green and greemsh—drab shale, some
layers more fissle than others, and several layers of sandstone
and inch or two in thickness. (See tests on sample below)........ 153
1. Alternate layers of greenish-drab shale and brown sandstone.
Heavy sandstone beds at top. Partly covered at bottom........ 1204+
Creek ‘ —_—
328-+

The beds are striking N. 20° E. and are dipping 35° to the west.
The Chattanooga black shale outerops near the top of the ridge, so
that nearly the whole eastern slope is underlain by the shales of the
Red Mountain formation. The iron ore horizon is probably near the
base of unit (1) in the above section, although no outcrops. of it are
showing.

The following laboratory tests are on a sample consisting of pieces
collected every two feet along the outcrop of unit (2) of the above sec-
tion.

Laboratory tests on hard to semi-hard olive-green to green-
ish drab Red Mourtain shale from the Mrs. J. F. Shaw property,
one mile northwest of Cassandra, Walker County.-



WALKER COUNTY

Chemical Analysis:
Loss on 1gnition._.

151

3.84

Soda (Naz0)

1.11

Potash (K.0)

.00

Lime (Ca0)..

06

Magnesia (Mg0O)

21.63

Alumina (A1:0;)

5.76

Ferric oxide (Fe.Os)

Titanium dioxide (Ti0s)..
Sulphur trioxide (SO;).

1.09

trace

Phosphorus pentoxide (P.0s).._.

trace

Silica (Si02)

65.89

Grinding: Fairly easy, brittle.
Ground Color: Brownish-gray.
Slaking: Very slow.

Plasticity: Very poor and grainy at first, fair after aging two days.
Molding Behavior: Poor. Tendency for column of clay to crack and tear on the

edges.
Water of Plasticity: 18.0 per cent.
Green Modulus of Rupture:

179.5 pounds per square inch.

100.18

Linear Drying Shrinkage (based on plastic length): 3.1 per cent.
Firing Tests:
Linear Total
Firing Linear
Shrinik- Shrink- Modulus
age age Absorp- of
Cone | (based on | (based on tion? Rupture? Color Warpage
ry plastic
length) length)#
per cent per cent per cent Lb. per
sq. in.
06 2.5 6.1 12.3 985 Salmon Shight
(2YR-6/8)6
04 3.9 7.1 9.8 1495 Dark salmon | Slight
(1YR-6/7)¢
02 © 4.6 7.3 7.6 1990 Light red | Little or
(2YR-6/7)6 none
1 5.8 8.5 5.7 2317 Good red Slight
(R-YR-5/4)¢
3 5.5 8.0 4.9 2522 ood re Some
. (R-YR-4/4)5
5 6.1 8.6 2.3 3348 Brownish-red | Some to
(R-YR-3/4)5 c%rllsider-
able

“See graph, Figure 11-D, page 147.

5Color notation according to the Munsell system, see page 23.

Remarks:
the fracture shows traces of a glassy structure.

Firing Range:

Cone 02-4. Commercial kiln: Cone 02-3.

The bars fired to cone 5 have a vitrified and pimply looking surface and
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The above tests indicate that, if properly handled, this shale should
be suitable for the manufacture of building brick and structural tile.
The slow slaking and the resulting poor plasticity dnd green strength
could probably be remedied by fine grinding, long pugging, the use of
hot tempering water, or the use of certain electrolytes in the tempering
water.

The property should be prospected to determine the extent of the
shale deposits. It is possible that the lower part of the Red Mountain
formation below the iron ore may contain a deposit of plastic residual
clay that, mixed with the shales tested, would improve the working
qualities.

S. F. EVANS PROPERTY

The S. F. Evans property is on the Cooper Gap road, three-quarters
of a mile west of the Tennessee, Alabama and Georgia Railroad and
2% miles north of Cassandra.

The cuts of the road crossing the Shinbone Ridge show about 60 feet
of semi-hard to hard greenish-drab shale similar to that on the Shaw
property described above, overlain by interbedded shale and sandstone.
These beds are probably overlymg the iron- ore. The Chattanooga
black shale outcrops near the forks of the road on the west side of the
ridge. The top and east slope of the ridge should be prospected to de-
termine the quality and extent of the shale.

HENRY BROTHERS PROPERTY )

The property of the Henry Brothers (Rex Henry, Cassandra, in
charge) is about 2 miles north of Cooper Heights and three-quarters
of a mile west of the Tennessee, Alabama and Georgia Railroad.

The property includes about three-quarters of a mile of the Shinbone
Ridge that parallels the foot of Lookout Mountain. Red iron ore in
two beds about 30 feet apart with ‘hard greenish-drab shale between
is showing at the eastern foot of this ridge. No outerops were observed
above the top iron ore bed. For about 50 feet vertically above the
iron ore there are no fragments of sandstone showing on the surface of
the ground, but above this is a small outcrop of massive sandstone,
then for 80 feet the slope is strewn with sandstone fragments. The top
of the ridge is covered with chert fragments from the Fort Payne chert.
The eastern slopes of the ridge for some distance above the iron ore
should be prospected to determine the character and extent of the shale.

JONES PROPERTY
MARSH MINING COMPANY

The Mrs. J. W. Jones property, mineral rlghts owned by the Marsh
Mining Company (Mrs. Emma Marsh, Chattanooga, Tenn.), is one-
half to three-quarters of 4 mile west of the Tennessee, Alabama and
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Georgia Railroad at High Point Station, in Land Lots 805 and 306,
10th District, 4th Section.

Hard olive-green shale, similar to that on the Mallicoat and Southern
States Coal and Iron Company properties described below, is exposed
just above the iron ore near the foot of the chain of hills known as
Shinbone Ridge. The east slope of the ridge above the iron ore should
be prospected to determine the character and extent of the shale.

SOUTHERN STATES COAL AND IRON COMPANY
HIGH POINT HOLDINGS
Ge W MALLICCAT PROPERTY

(Map location No. 29)

The G. W. Mallicoat (Alton Park, Tenn., Rt. 6) property is just
west of the Chattanooga Valley road three-quarters of a mile north of
High Point Station in Land Lot 271, 10th District, 4th Section. Ad-
joining and to the west of the Mallicoat property in Land Lots 271 and
272 1s the property of the Southern States Coal and Iron Company
(F. K. Rosmond, Sec., Chattanooga, Tenn. (see page 141).

The properties are drained by a small branch rising on the slopes of
the Shinbone Ridge and flowing into Chattanooga Creek just east of
the Tennessee, Alabama and Georgia Railroad.

A local variation in the dip of the rocks, forming a small syncline, has
caused the red iron ore of the Red Mountain formation to crop out on
both of these properties. The iron ore on the Mallicoat property is
at one place overlain by an outcrop of 20 feet of hard gray to greenish-
drab shale dipping gently to the west. Further west up the hollow
near the eastern edge of the Southern States Coal and Iron Company a
bluff exposes 30 feet of hard olive-green shale with one or two thin
sandstone layers, dipping 15° to 20° to the east. . The laboratory tests
on a grab sample of this shale are given below. The Chattanooga
black shale forms a bluff and has been mined for paint pigment to the
west just across the line on the J. W. Thomas (St. Elmo, Tennessee)
property in Land Lot 269. This black shale, which is 10 feet in thick-
ness, solid, and massive, is overlain by the Fort Payne chert and under-
lain by about 15 feet of hard gray shale weathering on the surface to a
mealy clay. The beds at the mine are nearly level, but just to the west
they start to dip to the west again, the natural dip of the beds that
form the Shinbone Ridge.

Laboratory tests on a sample of hard olive-green Red Moun-
tain shale from the G. W. Mallicoat and the Southern States
Coal and Iron Company properties, three-quarters of a mile
north of High Point Station, Walker County.
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Chemical Analysis:
Loss on ignition - 4.84
Soda (Na,0) .97
Potash (K,0) 1.83
Lime (CaQ) .00
Magnesia (MgQO) : v .55
Alummia. (Alea) 25.62
Ferric oxide (FeyOs).. 4.27
Titanium dioxide (TiO).. - 1.09
Sulphur triexide (SO;) .00
Phosphorus pentoxide (P30s).. trace
Silica (510;) 60.84

100.01

Grinding: Fairly easy, brittle.

Ground Color: Gray.

Slaking: Very slow.

Plasticity: Very poor and grainy at first, fair after aging 4 days.

Jl{oldirg] Behavior: Fair. Clay column has slight tendency to crack and fear on
the edges. .

Drying Behapior: Test bars somewhat warped.

Waler of Plasticity: 16.5 per cent.

Green Modulus of Rupture: 116.8 pounds per square inch.

Linear Drying Shrinkage (based on plastic length): 2.5 per cent.

Firing Tests:

Linear Total

Firing . Linear '
Shrink- | Shrink- Modulus
. age age Absorp- of
Cone | (based on | (based on | = tion< Rupture= Color Warpage

Iy . plastic
length) Iength)=
per cent per cent per cent Lbs. per

$g. in.
06 1.9 4.3 11.9 799 Light salmon | Some
(BYR-6/7)4
04 2.4 4.8 10.6 1283 Dark salmon | Some
(IYR-6/6)6
02 2.8 5.3 - 10.1 ¢ Light red Some
‘ (R-YR-5/5)6
1 4.6 6.8 7.3 1708 Good red Some
(R-YR~4/5)4
3 2.6 5.0 4.0 2100 Deep red | Some
(R-YR-4/4)%
5 4.1 6.5 5.2 2515 |Brownish-red | Consider-

(IYR-4/4)6 able

aSee graph, Figure 12-A, page 159.
6Color notation according to the Munsell system, see page 23.
. ¢All test bars broken in handling.

Remarks: 'The test bars fired to cones 06 to 1 showed slight traces of scum or ef-
florescence, not present on those fired to cone 3 and 5. This scum was not enough
to give serious trouble in' manufacturing heavy clay products. The test bars fired
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to cones 3 and 5 were slightly kiln-marked, had a pimply surface, and their frac-
tured ends showed traces of a glassy structure.

Firing Range: Cone 02-2. Commercial kiln: Cone 03-1.

The above tests indicate that this shale is suitable for the manufac-
ture of building brick and possibly structural tile. Its tendency to slow
slaking and poor plasticity could probably be overcome by fine grind-
ing, long pugging, the use of hot tempering water, or the use of certain
electrolytes in the tempering water. The firing range is only three
cones.

These properties should be prospected to determine the character
and extent of the shale deposits. It is possible that the lower part of
the Red Mountain formation, below the iron ore, contains some plastic
residual clay that, if mixed with the shale, might improve the working
qualities. These properties are favorably situated close to the rail-
road, with natural drainage, and with a sufficient water supply in
Chattanooga Creek east of the railroad.

BAYES AND HARTLINE PROPERTIES

The S. G. Hayes (Alton Park, Tenn., Rt. 8) property is north of and
adjoining the Mallicoat and the Southern States Coal and Iron Com-
pany properties described above, west of the Chattanooga Valley road
- and one mile north of High Point Station, in Land Lot 269, 10th Dis-
trict, 4th Section.

Hard olive-green shale below the red iron ore is showing in the next
hollow to the north of the outcrops described above. The beds are
dipping 60° to 70° to the west. Only a few small outcrops of similar
shale but containing a few thin beds of sandstone are showing above
the iron ore. The east slope of the Shinbone Ridge on this and the
Mrs. M. J. Hartline (Alton Park, Tennessee, Rt. 8) property adjoin-
ing on the north should be prospected to determine the character and
extent of the shale deposits.

MRS. W. W. SCOTT PROPERTY
(Map location No. 30)

The Mrs. W. W. Scott (Alton Park, Tenn., Rt. 8) property is west of
the Tennessee, Alabama and Georgia Railroad at the Chattanooga
Valley road crossing, one and a half miles north of High Point Station
and one mile south of Cenchat. It includes parts of Land Lots 217
and 252, 9th District, 4th Section, Walker County.

Limestone of the Chickamauga limestone formation is showing at
the house. The back yard is said to be crossed by a bed of the bento-
nite, a plastic clay derived from the weathering of volcanic ash, that
crops out on the Parrish property adjoining on the south.
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About 400 yards west of the railroad at the foot of a low ridge is a
small pit from which several cars of plastic red and mottled drab and
red residual clay were mined several years ago. 'The clay was shipped
to the W. S. Dickey Clay Mfg. Company plant near Flintstone (see
page 164) and was used with shale in the manufacture of sewer pipe.
This is probably near the base of the Red Mountain formation. The
slope above this pit shows a few outcrops of soft brown weathered
shale, striking about N. 20° E. and dipping about 30° to the west.
Ounly the part of the Red Mountain formation below the iron ore is
underlying this property.

The following laboratory tests are on a sample of soft brown sandy
shale and residual clay collected by the owner {rom three feet beneath
the surface in two prospect pits dug after the writer’s visit to the prop-
erty.

Laboratory tests on a sample of soft sandy brown shale and
plastic residual clay from the base of the Red Mouniain for-
mation on the Mrs. W'. W. Scott property, one mile south of
Cenchat, Woalker County. "

Chemical Analysis:
Loss on ignition 6.25
- Soda (Na;0)._. ‘ » - 1.24
Potash. (KzO) - A 1.69
- Linie (CaO) , .00
Magnesw, MgO)..._. ' i trace
Alumina (A1,0s) e N B— v 24,54
Ferfic oxide (Fe:03) ' 8.65
Manganous oxide (MnO)........ : : trace
T1tamum d10x1de (TlOz) e R . 73
Phosphorous pentomde (PzOs)-..- .10
Silica (Si0;) ' 56.75

99,95
Grinding: ZEasy.
Ground Color: Light b;‘own.
Slaking: Rapid.
Plasticity: Fair. A little “short”.
Moulding Behavior: Good.
Drying Behavior: . Good. Little or no warpage.
Water of Plasticity: 33.9 per cent. |
Green Modulus of Rupture: 168.7 pounds per square inch.
Linear Drying Shrirkdge (based on plastic length): 7.9 per cent.
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Firing Tests:

Linear Total
Firing Linear
Shrink- Shrink- Modulus
age age Absorp- of
Cone | (based on | (based on tion¢ | Ruptures Color Warpage
dry plastic
length) length)«
percent | per cent per cent Lb. per
5q. in.
06 7.0 14.3 13.9 2072 Light red Little or
(AYR-6/7)6 none
04 9.5 16.6 8.7 2731 Fair red Slight
(R-YR-5/5)6
Q2 9.1 16.5 7.0 2259 Good red Some
. (R-YR-4/5)6
1 13.7 20.6 2.6 3713 Good red Slight
(R-YR-4/4)6
3 12.8 19.6 2.1 2615 Dark red Some
(R-YR-3/6)¢
5 13.7 20.2 0.9 3975 Dark red Some
(R-YR-3/5)6

aSee graph, Figure 12-B, page 159.
6Color notation according to the Munsell system, see page 23.

Remarks: - The bars fired to cones 04, 02, and 3 were all more or less black-cored.

Those fired to cones 3 and 5 had a vitreous appearance and the fractures showed
a glassy structure.

Firing Range: Cone 04-5. Commercial kiln: Cone 04-3.

The above tests indicate that this clay has too high a shrinkage to use
by itself in the manufacture of heavy clay products. It is very likely,
however, that a mixture of this clay and a slow slaking shale, such as
is found in the Red Mountain formation above the iron ore in this
vicinity, would process better and would have qualities better suited
for the manufacture of heavy clay products than either the clay or the

shale by itself.

This mixture of soft weathered shale and residual clay is probably
derived from the weathering of beds of very argillaceous limestone
with frequent shaly layers. It is doubtful if the clay of this character
extends more than 15 or 20 feet below the surface of the ground. The
property should be carefully prospected to determine the extent and
the character of the deposit.

M. Q. LONG PROPERTY
(Map location No. 81)

The M. Q. Long (Alton Park, Tenn., Rt. 8) property lies between the
Tennessee, Alabama and Georgia Railroad and the Durham Branch of
the Central of Georgia Railway, half a mile to one mile southwest of
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Cenchat, the crossing of the two railroads. It congsists of 230 acres in
Land Lots 199 and 234 of the 10th District, 8d Section, and Land Lot
216 of the 9th District, 8d Section, Walker County. In addition, the
mineral rights, except the iron ore, are owned on 25 adjoining acres of
the Samuels property on the west side of the Durham Branch of the
Central of Georgia Railway. The property is adjoining and is north
and west of the Mrs. W. W. Scott property described above.

The west side -of the property consists of a series of irregular ridges
50 to 100 feet in height, a part of the Shinbone Ridge that parallels the
east slope of Lookout Mountain. It is underlain by shale and red
fossiliferous iron ore of the Red Mountain formation, striking about
N. 5° E. and dipping 15° to 20° to the west. The iron ore is sald to be
214 to 8 feet in thickness and is the “Upper Seam.”” The soft ore was
mined out some 26 to 30 years ago, leaving a number of small pits now
partly slumped in. These pits and natural outcrops expose 20 to 50
feet of hard olive-green fissle shale. No limestone beds or partings
were seen. Laboratory tests are given below of a composit sample of
two 5-foot groove samples from nearby mining pits. The main iron
ore bed is underlain by a considerable thickness of shale which is re-
ported to contain two iron ore seams 6 to 8 inches in thickness. These
shale beds are covered and their character could not be determined.
Fairly numerous thin sandstone fragments -cover the surface of the
ground, indicating sandstone partings in this shale.

The northeast corner of the property slopes gently towards the Ten-
nessee, Alabama and Georgia Railroad and Chattanooga Creek, and
is underlain by soft weathered shale and brown and red clay, probably
similar to that on the Mrs. W. W. Scott property descrlbed above.

Laboratory tests on hard olive-green Red .Mownta,zn shale
from the M. Q. Long property, three-quarters of a mile south of
Cenchat, Walker County.

Chemical Analysis:

Loss on ignition 5.12
Soda (Naz0) .69
Potash (K;0) : 1.81
Lime (CaO)...._. .00
Magnesia (MgQO) trace
Alumina (A1,0;) 23.80
Ferric oxide (FesO;).. 7.90
Titanium dioxide (TiOy).... .85
Sulphur trioxide (SO;) trace
Phosphorus pentoxide (P:0;)... : e W15
Silica (510;) 59.96

100.28

Grinding: Fairly easy, brittle.

Ground Color: Grayish-drab.

Slaking: Slow.

Plasticity: Poor and grainy at first, fair after aging 2 days.

Molding Behavior: Fair. Slight tendency for clay column to fear at edges
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Figure 12. Grapbs showing total linear shrinkage, absorption, and modulus of
rupture of:
A. Red Mountain shale from the G. W. Mallicoat property, one mile north of
High Point Station, Walker County.
B. Weathered Red Mountain shale from the Mrs. W. W. Scott property, 124
miles north of High Point Station, Walker County.
Count: Red Mountain shale from the M. Q. Long property, Cenchat, Walker
unty. .
D. Red Mountain shale from the J. O. McCallie property, one mile west of
Cenchat, Walker County.
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Drying Behapior: Good. Little or no warpage.

Water of Plasticity: 18.4 per cent.

Green Modulus of Rupture: 114.5 pounds per square inch.
Linear Drying Shrinkage: (based on plastic length): 3.3 per cent.

Firing Tests:

Linear Total

Firing Linear
Shrmk- Shrin'k- Modulus
Absorp- of
Cone f(based on (based on tions | Ruptures Color .| Warpage

. dry plastic
length) length)= :
percent | percent | per cent Lb. per

sq. in.
06 4.2 7.1 10.5 1165 Fair red Very
: (AYR-5/7)6 shght
04 4.6 7.6 9.2 " 1482 Fair red, Slight
, . | RYR-5/7)b
02 3.5 6.8 8.3 1573 ‘Good red Some
i _ (R-YR-5/5)¢ .
1 7.1 10.1 5.4 2086 Good red | Shight
(R-YR-4/5Y6.
3 4.9 8.4 5.0 2165 Good red | Some
. - : : (RYR-4/5)6 | -
5 - 6.2 9.2 2.6 2717 | Darkred | Consider-

(R-YR-5 /5)b able

2See graph Flgure 12.C, page 159..
5Color notation accordmg to ‘the Munsell system, ‘see page 23,

Remarks: Some of the bars fired o cones 04, 02, and 3 were black-cored. The
bars fired to cone 5 showed slight ‘traces of klln—markmg and their fractare had 2
slight glassy look.

Firing Range: Cone 04-5. Commerc1al kiln: Cone 04-3.

The above tests indicate that the shale sampled is suitable for the
manufacture of building brick, structural tile, roofing tile, -and possibly
sewer pipe. The tendency towards slow slaking and the resulting low
green modulus of rupture could probably be overcome by fine grinding,
long pugging, the use of hot tempering water, or the use of certain
electrolytes in the tempering water. The addition of a small amount
of a plastic residual clay, such as that on the Mrs. W. W. Scott property
described above, might make the shale easier to process without the
loss of the other des1rable qualities.

'The owner estimates that about 75 acres of the Long property and 5
acres of the Samuels property are underlain by shale with little or no
overburden. The shale could be mined by steam.:shovel and the pits
would have natural drainage. The shale outcrops adjoin the Durham
Branch of the. Central of Georgia Railway, but the topography is such
that the best plant site is probably one on the east side of the property
about half a mile from the Tennessee, Alabama and Georgia Railroad.
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Water could be obtained from the small branch north of the Central

of Georgia Raillway or from Chattanooga Creek east of the Tennessee,

Alabama and Georgia Railroad. '

. The shale underneath the iron ore and the soft weathered shale and
clay on the east side of the property should be prospected and tested,

as well as the shale over the iron ore represented by the sample tested.

Careful watch should be made for the presence of lime.

J. O. MCCALLIE PROPERTY
(Map location No. 32)

The J. O. McCallie (Alton Park, Tenn., Rt. 8) property is on the
Durbam Branch of the Central of Georgia Railway, one mile west of
Cenchat. It consists of 338 acres in Land Lots 199, 200, 233, 234, 235,
and 236, 10th District, 4th Section. The greater part of the shale
deposits described below occur in Land Lots 199 and 234. The property
is adjoined on the east by the M. Q. Long property, described above.

The railroad makes a horse-shoe bend across the property, cutting
southwest along the edge of the Shinbone Ridge that parallels the
slopes of Lookout Mountain and then swinging northward along the
foot of the main slope of the mountain. Within the bend of the rail-
road and paralleling the eastern side is the valley of a small branch
which has been dammed to form Cenchat Lake.

Hard olive-green fissle shale of the Red Mountain formation is ex-
posed for about 1,000 feet in the cuts along the eastern side of the horse-
shoe bend of the railroad (see Plate I1-B, facing page 94). This shale
is above the red {ossiliferous iron ore and is overlain by the Chattanooga
black shale, which is mined near the curve of the railroad. The beds
are striking N. 20° E. at a slight angle to the railroad track, and, ex-
cept for a few minor variations, dip about 80° to the west. The strat-
igraphic thickness of the shale deposiis is probably about 200 feet.
Some heavy beds of sandstone are showing near the middle of the out-
crops, but the shale on either side shows only a few thin sandstone
partings. The land rises rapidly south of these cuts to a ridge, the
top of which is some 850 feet above the railroad. Shale is exposed to
the very top of this slope.

The shales below and above the iron ore are exposed at places on
the more gentle slope southwest’and west of Cenchat Lake between the
arms of the horse-shoe bend of the railroad. A few tons of shale have
been mined from a pit near the lake. To the west and about 80 feet
above this, more shale has been exposed by the mining of iron ore.
The ore is said to have averaged three feet in thickness. No sandstone
is showing at either of these exposures. The shales which are exposed
in the railroad cuts extend under the slopes west of this last outerop.

The laboratory tests are given below on a sample of the shale from
the two outcrops between the bends of the railroad and at intervals
along the railroad cuts.
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Laboratory tests on a sample of hard olive-green shale from
above and below the iron ore of the Red Mountain formation
on thed, O. M cCaZZz,e property, one mile west of Cenchat, Walker
County.

Chemical Analysis:
Loss dn ignition 4.85
Soda (Na,0) .51
Potash (K.0) 1.72
Lime (CaQ)... » ' .00
Magnesia (Mg0O) trace
Alumina (A1,03) 22,22
Ferric oxide (Fex03) : 7.00
Titanium dioxide (Ti0;) 1.01
Sulphur frioxide (SO3) .00
Phosphorus pentoxzide (P:05) trace
Silica (Si0;) 62.80
100.11
Grinding: Fairly easy. Slightly tough rather than brittle.
Ground Color: (Grayish-drab.
Slakirg:  Slow.
Plasticity: Poor and grainy at first, fair after aging 2 days.
Molding Behavior: Good.
Dryitg Béhapior: Test bars all shightly warped.,
Waler of Plasticity: 19.6 per cent.
Green. Moduliis of Rupture:  111.9 pounds per square inch. o
Linear Drying Shrinkage (based on plastic length): 2.6 per cent. - . -
Firing Tests:
Linear Total
Firing | Linear v '
' Shrink- Shrink- Modulus
age age Absorp- of
Cone (based on (beised.on tion2 Rupture= Color = | Warpage
plastic
length) length)«
per cenk per cent | per cent Lb. per
5q. in.
06 2.9 5.3 11.8 1157 Dark salmon | Shlight
‘ (2YR-6/8)¢
04 2.9 5.7 11.7 1205 Fair red Slight
, (R-YR-6/7)6
02 3.6 6.0 10.6 1522 Good red Some
(R-YR-5/6)6
1 5.2 | 7.5 7.7 1912 Good red | Some
(R-YR-5/5)b
3 4.6 7.2 5.1 2413 Good red | Consider-
. (R-YR-4/4)b able
5 7.1 9.4 3.1 3147 Dark red Consider-
(R—YR 3/4)b able

aSee graph, Figure 12:D, page 159.
6Color notation according to the Munsell system, see page 23.

Firing Range: Cone 04-5. Commercial kiln:  Cone 04-3.
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The above tests indicate that the shale sampled is suitable for the
manufacture of building brick, structural tile, roofing tile, and possibly
sewer pipe. The tendency to slow slaking and the resulting low green
strength could probably be overcome by fine grinding, long pugging,
the use of hot tempering water, or the use of certain elect,rolytes in the
tempering water. The shale sampled, while not strictly surficial ma-
terial, was more or less weathered. It is possible that 10 to 20 feet .
under the surface the shale would be too hard and non-plastic to use
by itself.

This property evidently contains a very large deposit of shale with
little or no overburden, so located that it could be mined by steam
shovel. The pits would have natural drainage. A good plant site near
Cenchat Lake is already connected with the railroad by a spur track.
Sufficient water for a ceramic plant could be obtained from Cenchat
Lake. In prospecting the property care should be taken to watch out
for the presence of lime in the shale. Even small quantities might
cause scumming and narrow the firing range.

J+. Ls ENOX PROPERTY

The J. L. Knox (Alton Park, Tennlessee, Rt. 8) property is at the
foot of Lookout Mountain half a mile due west of Eagle Cliff Station
on the Tennessee, Alabama and Georgia Railroad. The Durham
Branch of the Central of Georgia Railway is not far to the west of the
property line, but is well up on the slope of the mountain above the
property. The property consists of 200 acres in Land Lot 162 of the
10th District, 4th Section, and Land Lot 145 of the 9th District, 4th
Section, Walker County.

Near the eastern edge of the property is a small pit from which a few
carloads of stiffly plastic red and brown residual clay were mined several
years ago. This clay, according to the owner, was mined for the
Flintstone Plant of the W. 5. Dickey Clay Mfg. Company (see page 164)
to mix with their shale to increase the plasticity and processing quali-
ties, but it was evidently not satisfactory for this purpose. A pros-
pect well near the pit is said to have passed through 85 feet of this clay.

The cuts of the private road to the west show a similar red clay with
occasional partings of reddish-brown shale, probably from the base
of the Red Mountain formation. This clay has the appearance of
that sampled on the Mrs. W. W. Scott property and described on page
155.

Still further west 1s a low ridge, the northern end of the Shinbone
Ridge, rising only 25 or 30 feet above the general level of the property.
Along this ridge are trenches where the soft iron ore, apparently 20 to
80 inches in thickness, was mined years ago, but the sides have slumped
in and very little shale is showing. A small valley 200 feet across lies
between the ridge and the main slope of the mountain.
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A little hard. greenish-drab shale (aunder the iron ore) is showing by
the house on the Z. C. Patton Estate adjoining this property on the
south. Both of these properties should be prospected and the shale
and residual clay deposits tested.

W. 8. DICKEY CEAY MFG. COMPANY

FLINTSTONE PLANT, NoO. 11.

Headquarters: XKansas City. Missouri. (See pages 80 and 307).

Flintstone Plant: Blowing Spring Station (Flintstone P. Q.),
Walker County, Georgia. W. G. Evans, Supt

The Flintstone or No. 11 Plant (see Plate I) of the W. S. Dickey
Clay Mfg. Company is just east of the Tennessee, Alabama and Geor-
gia Railroad at Blowing Springs Station, two miles north of Flintstone
and three-quarters of a mile south of the Tennessee State Line. This
plant was built about 1905 by the American Sewerpipe Company, using
an alluvial clay from the valley of Chattanooga Creek for the manufac-
ture of sewer pipe, drain tile, and wall coping. Later shale of the Red
Mountain formation from near Flintstone was mixed with the clay.
The plant was purchased by the W. 8. Dickey Clay Mfg. Company
about 1915. 5till later as the shale and ¢lay deposits were: e‘{hausted‘
the sewer pipe were made from-a mixtire of shale from the company’s
pits. at Rome, Georgia (see page 80), and Graysville; Tennessee, and
fire clay from the Birmingham District of Alabams.

' The clays are brought into ‘the plant in. standard . gondola freight
cars and dumped on a Storage floor in- separate piles: "The proper
number of wheelbarrow-loads of each shale and fire clay to give the de-
sired mixture are dumped inte two dry pans; .where it 15 mixed and
ground. The ground clay is screened through two vibrating screens,
6-mesh and 8-mesh,- and the over-size is returned to.the dry pans,
The undersize goes_to storage bins or is fed directly to four wet pans,
where water Is added and the clay is tempered and pugged. The
sewer pipe and flue hmngs are formed from the plastic clay by three
steam-cyhnder sewer-pipe presses, and are dried from four to six days
in steam-heated drying rooms.

The sewer pipe and flie linings are fired i 28 round down-draft
kllns 6 36-foot, 4 32-foot, and 18 30-foot; on 11 stacks. The sewer
pipe are fired to about 1900° F. and are salt—glazed The flue linings
(made from Birmingham fire clay only) are fired to a slightly higher
temperature and are not glazed. The heat is controlled by electrical
pyrometers, the end point of the firing determined by standard pyro-
metric cones, and the amount of salt glaze is determined by trial pieces.

The capacity of the plant is about 100 tons per day of good quality
sewer pipe in sizes from 4 inches to 86 inches in diameter, including the

necessary Y’s and T’s; and flue lining in sizes 834 inches by 824 inches
to 20 inches by 24 inches in cross-section.
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J. R. MCFARLAND PROPERTY
(Map location No. 83)

The J. R. McFarland (Rossville) property is on the Central of Geor-
gia Railway where it crosses Missionary Ridge, two miles south of
Rossville and three-quarters of a mile north of Mission Ridge Station,
in Land Lot 80, 9th District, 4th Section, Walker County.

Missionary Ridge was formed by the resistant chert beds of the Knox
dolomite of Cambrian or Ordovician age, which here have been thrust
over the much younger Red Mountain formation of Silurian age. The
Knox dolomite therefore forms the top and east slope of the ridge,
while the Red Mountain formation forms the west slope. The railroad
and the public road from Mission Ridge to Rossville follow a gap
through the ridge, the McFarland property being on the Western side
of the gap.

The beds of the Red Mountain formation are exposed in several cuts
along the Central of Georgia Railway at and north of the railroad
bridge over the public road. Near the bridge cherty red clay of the
Knox dolomite is thrust over beds of sandy brown clay and soft shale of
the Red Mountain formation. The fault plane and the Xnox dolo-
mite beds are striking about N. 20° E. and dipping 20° to 25° to the
~ east, while the clay and the shale beds of the Red Mountain formation
are dipping 75° to the east. One hundred feet to the dorth is another
thrust fault within the Red Mountain formation (see Plate III-A),
brown sandy clay with thin shale partings being thrust at an angle of
75° over crumpled beds of sandy clay and shale. The north end of this

cut and another small cut, some 800 feet to the north, show brown

sandy shale with thin interbedded layers of sandy brown clay, the
beds dipping 23° to the east. The stratigraphic thickness represented
by these outcrops is about 150 fee¢t. The land rises above and east
of the cuts to an irregular ridge, the western slope of which is under-
lain by the shale and clay outcropping in the cuts. The laboratory
tests are given below on a grab sample of the sandy brown shale and
clay from both of these cuts. The owner estimates that about 10
acres of the property are underlain by these deposits. They could
easily be mined by steam shovel, and the pits would have natural
drainage.

Laboratory tests on sandy brown shale and residual clay from
the REed Mountain formation on the J. R. McFarland property,
Central of Georgia Railway two miles south of Rossville and
three-quarters of a mile north of Mission Ridge Station, Walker
County.
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Chemical Analysis:
Loss on ignition, 6.46
Soda (Na,0).. 1.32
Potash (K,0) 1.80
Lime (CaQ) .00
Magnesia’' (MgO) trace
Alumina (A1;0;) 23.64
Ferric. oxide (Fe:03) 8.00
Titanium dioxide (TiOg).... .73
Sulphur trioxide (SO;) .00
Phosphorus pentoxide (PyOs) ' 44
Silica” (5i0s) : 57.71
100.10
Grmdmg Eas
Ground Color: nght brown.
Slaking: Fairly rapid.
Plasticity: Good.
Moldirig Behavior: Good.
Dryying Behapior: Slight warpage.
Water of Plasticity: 28.0 per cent.
Green HModulus of Rupture: 106.0 pounds per square inch.
Lmear Drymg S/zrm/cage (based on plad‘hc length): 3.7.per cent.
Fu'mg TeJtJ
Lmear | Total
- Firing - . “Linear
'Shrmk- Shrink— " Modulus
Absorp- : o
n (based on - tien2 Rupturea Color: | Warpage
. ‘ii‘plas‘clc vl s e n e
‘length)‘z _ ,
- pers cent “per cent. pgrsqgnt' , Lb per
06 . 5.5 8..7 0 14.2 13Z5. : .Deep salmon | Slight
N , b b (2YR:B/EYE
04 5.7 9.0 14.1 1528 | Mediumred | Slight
' (R-YR:5/4)6
02 6.3 9.5 11.8 1886 | Medium red ‘| ‘Some
5 - (IYR-5/5)6 |
1 10.7 14.0 5.5 2682 Good red. | Some
, » _ (R-YR-4/4)5.
3 12.0 © 155 3.5 2896 Deéepred 