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SAND AND GRAVEL DEPOSITS
OF GEORGIA

NATURE, CLASSIFICATION AND PROPERTIES .OF
SAND AND GRAVEL

SAND

Sand consists of fine particles of crushed or worn rock. The term
sand refers particularly to the condition and size of the grains mak-
ing up the material rather than to their chemical or mineralogical
composition.. Thus we may have silica sand, calcite sand, or black
sand, provided the size of the grains falls within certain arbitrary

~limits. We may define sand as an incoherent material made up of
1

grains ranging from 137 of an inch to % inch in size. Unconsolidated =~

material, whose grains lie between 137 and 7w of an inch, is known
as silt; and if the grains fall below 337 of an inch we have clay or mud.

GRAVEL

When the grains of any natural, unconsolidated substance be-
come larger thaa {inch in diameter, the term gravel is applied to them.
Like sand, gravel may be made up of pebbles of quartz, chert, limo-
nite and many other substances. As a rule gravels consist of harder
rock types such as quartz, flint, granite, etec., since they better resist
constant attrition. The pebbles are usually characteristically rounded,
or at least sub-angular, from the rolling and tumbling they have been
subjected to. Usually, considerable sand and clay are included with
the pebbles so that the material may be known as a sand gravel or
a clay gravel. When the pebbles attain 4 or 5 inches in diameter
the term cobble is applied to them. Boulder gravel refers to ma-
terial consisting of boulders ranging from 10 inches to 4 feet or more
in diameter.
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ORIGIN

The graing and pebbles of which sand and gravel are composed
have been derived from the mechanical disintegration and chemical
decomposition of rocks. Later concentration of- the particles by
water or wind produces the deposits as we know them today. The
‘weathering processes which are constantly at work upon the rocks
are of two types, mechanical and chemical.

Mechanical action.—Water that has been introduced into rocks
through pores or joints, upon freezing exerts an expansive force of
150 pounds to the square inch. Such pressure breaks off large masses
of rock which in time are broken up into smaller pieces and finally
crumble into sand. In arid regions, wide daily extremes of tempera-
ture set up strains in minerals having unequal rates of expansion,
causing both the minerals themselves and the rocks which they form
to disintegrate into sand. Even in ordinary climates the unequal
expansion of rock miherals is an important factor in sand produc-
tion, though not so striking as in desert regions. Pebbles and rock
fragments, carried by -streams whosé velocities in flood periods are
often eapable of moving boulders exceeding a foot in diameter, exert
a constant abrasive action on the Stream bed and upon each other,
' producmg much sand as they roll down—stream

. The gouging action of rock fragments held by glacial ice as it
passes over the surface is one of the most effective means of rock dis-
integration in high latitudes and in lofty mountain areas.. The ex-
tensive gravel and sand deposits of our northern states are largely
of glacial origin. The materials were first produced by the grinding
action of the ice and later heaped into deposits as it advanced, or con-
centrated by water flowing from - the ice as it melted. The expansion
of tree roots and the action of burrowing animals also aids in break-
ing up the rock into fragments.

In all rock disintegration. the softer and less resistant rocks or
minerals composing the rocks, such as calcite, hornblende, and similar
minerals, are more rapidly broken up and ground iato silt or clay.
The harder minerals such as quartz and feldspar, break up much more
slowly, although the removal of the softer minerals loosens up the
harder ones and permits rain and small streams to carry them down
the slope into larger streams where the finer particles are quickly swept

away, thus concentrating the sand into banks and bars.
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One, therefore, may rightly expect to form some opinion of the
character of parent rocks from the sand that has been produced from
them. Granite will form a sand composed of quartz, feldspar, mica,
and hornblende. As the sand is carried further from the parent rock,
the mica and hornblende and finally the feldspar will be broken up
into clay, so that the resulting material will be largely composed of
quartz. Sand containing large amounts of the feldspars, such as
that making up much of the Altamaha formation in South Georgia,
was probably rapidly transported by large, swift streams over .com-
paratively short distances, else the feldspars would have not occured
in it. Sandstone and arkose upon disintegrating will leave quartzose
and feldspathic sand. Limestone and marble may rarely produce a
calcareous sand, but their decay is more usually effected by solution
without the production of sand. Shales and slates will, of course
break up into silt and clay from which they were formed. . '

Chemical action.—Decomposition proceeds usually through the
solvent action of dilute reagents carried in surface and underground
waters, or in atmospheric moisture. Rain, in passing through the
atmosphere, acquires sufficient amounts of carbonic acid to render
- it capable of dissolving practically every type of rock in minute quan-
~ tities. Organic acids, sulphuric acid, and -other solvents produced

in water as it passes over vegetation and certain more easily soluble =~

minerals, have a strong solvent effect on the rocks, especially if the
.water can deeply penetrate them through faces or joints. In this
manner, decomposition of the softer and less resistant minerals in a
rock mass relieves the harder particles of their support, thus prepar-
ing them for removal by water or wind action.

Some rock minerals will take up water or become hydrated, so
that their mass is increased, thus exerting a disintegrating force and
at the same time making them more susceptible to further decompo-
sition. v

Some minerals, containing iron and manganese, have a marked
affinity for oxygen, so that they are readily oxidized. This weakens
the rock structure, and even highly resistant fragments become loosened
and the rock further disintegrates.

As a sand and gravel producer the action of decomposition is indi-
rect. It removes support from the more resistant particles by dis-
solving or weakening the less resistant, consequently the rock tends
to break up, and clay, silt, and the larger grains of sand, and even
pebbles, are washed into streams. The sand and gravel, being coarser
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are not carried away as rapidly as is the clay and silt, but become

concentrated in the stream bed and in bars along its course.

~ The feldspars and hornblende in a granite will be decomposed
into clay and iron oxide leaving the quartz, which is only slightly

affected by solveats, to accumulate as sand. In more basic rocks,

or those containiag less quartz or silica, the effect of solution is greater,

and the resultant quartz,or ultimate sand, much less.

Schists, gneisses and slates, so common throughout the Piedmont
area of Georgia, are decomposed much as are unaltered igneous rocks,
except that the process is more rapid since the foliations permit a more
thorough impregnation by the dissolving solutions. The proportion
of quartz, however, in the resulting sand is usually considerably less
than in sand from fresh igneous rocks. ‘

. OLASSIFICATION OF SAND

Although commercial sands are frequently divided into bank and
stream sands, a further and-more detailed classification is necessary
arid desirable. Sand may be classified, according to its origin, chemi-
cal and mineralogical content, grain size and use.

CLASSIFICATION BY ORIGIN®

Sand produced by various weathering agencies and remdining
" where it was produced is known as residual sand. Sand having an
aqueous origin may be found in streams, along sea or lake beaches,
in lakes or at the sites of ancient lakes. Sand of glacial origin is
common in our northern states in poorly stratified, irregular deposits,
but it is entirely absent, of course, in Georgia. Aeolian, or wind-
blown sand, is common along sea coasts, where dunes as much as 100
feet in height have been piled up. These dunes may gradually advance
and engulf buildings and whole villages. Volcanic sand has been
gjected from active volcanoes as lapilli or finer particles. Such sand
occurs in parts of the West. Sands of ordanic origin and made up
of bolites, rounded concretionary grains produced by microscopic
algae, are found on the shores of Great Salt Lake, Utah.2 Sand formed
by concentration of solutions,on evaporation has been called con-
centration sand. Examples of this type are found in the salt® sand

1 Condit, D. D., Petrographic character of Ohio sands with relation to their origin: Jour.
Geology, Vol. 20, pp. 152-163.
2 Rothpletz, Uehur die Bildung der oolithe Bota.msches Centralblatt, Vol- 51, p. 267 ,1892.
" Tranglation in American Geologist. Vol. 10, p. 279,
3 Darton, N. H., Zuni salt deposits, U. 8. Geol. Survey Bull 260, p. 565
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and gypsum?! sand deposits of New Mexico. W. H. Sherzer?
has taken up in detail the classification of sand with respect to its
origin.

CLASSIFICATION BY CHEMICAL CONTENT

Chemically, sands differ widely. The most common type proba-
bly is silica sand whose purity depends on the amount of decomposi-
tion (:the minerals other than quartz have undergone. Most of
the Georgia Coastal Plain sands are of this type. Generally a small
quantity of iron, less than 2 per cent, will give a yellow or reddish
color to a sand. Such sands are called ferruginous. Calcareous
sands, or those containing sufficient calcite to effervesce with acid,
oceur in the Bermuda Islands and on some of the coral islands off the
coast of Florida.

. Sands containing organic matter are common in swampy regions.
In parts of southeast Georgia the organic matter is in sufficient quan-
tities to afford a brown dye source. Such material is called sap brown
ore. (See page 373.)

Bituminous or asphaltic sands,® occur in Alberta, Canada;

~ Kentucky, Missouri, and many other states, and may contain suffi--— - -

cient bituminous matter to permit their use in street paving.

Gold-bearing sands occur in the stream and ﬁood plain deposits
.of, the Appalachian Mountains of Georgia.

CLASSIFICATION BY MINERAL CONTENT

Although guartz, due to its durability, is the most common mineral
composing sand, practically every type of mmeral may be represented
among the grains of a sand deposit.

Sands composed entirely of calcite occur on the beaches of the
Bermudas and other coral islands; and in parts of New Mexico ex-
tensive areas occur covered with white sand composed entirely of

Sypsum.*
Feldspathic sands contain fragments of the feldspars and are com-

1 MacDougal, D. T., Carnegie Institution, Publication No. 90 . 11, 1908.

2 Criteria for the recovmtlon of the various types of sand grains: Bull Geol. Soc. America, Vo
21, No. 4, pp. 625-662

3 Ellis, S. E., Investlgatlon of bituminous sands in northern Alberta: Canada Dept. of Mines,
Mines Branch Sum Rept for 1915, pp. 67-76, 1916. -

4 Herrick H. N . 8. Geol. Survey Bull. 223, p. 98.
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mon in the sands of the Cretaceous and the so-called Altamaha for-
mation ‘of Georgia. Kaolinitic sands are those intermingled with
blebs of fine, white kaolin, and are common in the Lower Cretaceous.

Micaceous sand contains scales of mica, either muscovite or bio-
tite; and is common in the Piedmont and some of the Coastal Plain
streams. The mica frequently occurs in large flakes. Such sand
may produce a crunching noise when rubbed or walked in and hence
it has been referred to as ‘Whistling” or ‘singing” sand.1 (See page
379.) ‘ ‘

Magnetite sands, suitable for iron making occur in Quebec,?
in New York, on the coast of Lake Champlaine, in Brazil, and in New
- Zealand. Glouconite? sands, or green sands, sometimes containing
75 per cent of glauconite, a silicate of iron and potash, are common
along the Atlantic Coast as far south as Florida.

Black+* sands may contain a variety of dark-colored mioerals,
such as magnetite, ilmenite, zircon, chromite, monazite, and cassit-
erite, and are a source of the rarer elements such as cerium, thorium,
and zirconium. They are particularly abundant in the streams of
. the Pacific slope. Such sands are also found on the islands bordermg
the Atlantic Coast of Flor1da5 and Georgla

Chromite® sands oceur in Maryland and are mined on & small
scale for their chrome content.

Monazite 'sandg contain thorium and cerium phosphate and re-
sult from the decomposition of monazite-bearing igneous rocks. They
arz found in small quantities in many of the streams of the Piedmont

Plateau and on the islands off the Atlantic Coast of Georgia.

CLASSIFICATION BY GRAIN SIZE

Just as the term sand refers to grains having certain arbitrary
upper and lower size limits, just so may sand itself be classified ac-
cording ‘to_' the size of its grain. Such a classification is especially
desirable for sands used for concrete, mortar and filter purposes.

1 King, W. J. H., Travels in the Libyan desert: Geog Journal, Vol. 39, pp. 133-137.

2 Mackenzie, G. C.. Magnetic iron sands of Natagshkwan County of Sagnenay, provldence [
Quebee: Canada Dept, of Mines, Mines Branch, 1912.

3 lg;asngﬁ;ld 1!(;}1 gR General features of the New Jersey glauconite beds: Econ. Geol.,- Vol. 14
pp. -56

4 Day, DavldT and Richards, R. H., Mineral Resources of the Umted States: pp. 175-1258, 1905,

5 Liddell, D M Eng. & Min. Joumal Vol. 104, p. 4, 7.

6 Smgewald J. T., Maryland sand chrome ore: Econ. Geol Vol. 14, pp. 189-199 19719,
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Condra? considers three sizes: - <

Fine sand________ 0.5 mm. or 0.02 inch in diameter
Medium sand____2.0 mm. or 0.08 inch in diameter
Coarse sand...._..5.0 mm. or 0.20 inch in diameter

In this report when coarse, medium, or fine sands are mentioned,
it is understood that the sizes will be those of the foregoing table.

E. P. Rosa, of the U. S. Bureau of Standards, suggests2 the follow-
mg classification for bulldmg sands and gravels:

Suggdested classifications of building sands

Grade called Suggested limits
No. 1 Passing an 8- mesh sieve
No. 2. Passing a 4 mesh sieve
No. 3 -Retained on a 4-mesh sieve and
passing a £ inch screen !
No. 6 £ inch to 4 inch
No. 8 4 inch to 1%-inch
No. 10 1%-inch to 3 inches

Accordmg to Dake3 the follovmng terms applied to gravel are Wldely |

used in Mlssoun

Sand._ . ... Through % inch

Torpedo gravel. Through % inch on % inch; also called torpedo sand
Roofing gravel . Through £ inch on mch

Binder gravel . Through 1 inch on % inch

Conerete gravel Through 2% inech on 13 inch

CLASSIFICATION BY USES

Probably the most widely used method of sand classification is
by their uses. For building purposes we have concrefe sand and

| gravel, brick sand, plaster sand, and paving sand. Glass sand is

one of exceptional freedom from iron. Foundry sands consist of a
variety of types such as molding sand, core sand, or brass sand,
depending on the kind of metal to be cast and the size and quality of

the casting. Other uses require the designation of filter sand, loco-

vey, Vol. 3, pt. 1, p. 29,
2 Rock products and Dulldmg materials: Oct. 10, 1917, p. 26.

3 Dake, C. L., The sand and gravel resources of Missouri: Missouri Bureau of Geol. and Mines
Vol. XV, p. 7, 1918.

1 Condra, G. E., Sand a.nd gravel resources and industries of Nebraska: Nebraska Geol. Sur-
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motive sand, abrasive sand, and fire sand. We also have gravels
for ballast, roofing, road buiiding, and for use in tube mills. As
this report is intended to emphasize the economic features of sand
and gravel, the classification by uses will be followed.
COLOR

The color of sand serves as an index of its purity. Pure quartz
sand is as white as snow, but only a féw tenths of a per cent of iron
oxide coating the grains will materially discolor it. Most of the Geor-
gia Coastal Plain sands are a pale yellow, caused by an iron content
of from one half to two per cent. Many fine-grained sands of the
Piedmont Plateau are speckled, -due to black magnetite or ilmenite
grains among the lighter quartz grains, and many are dark-colored,
due to grains of schist; gneiss, and hornblende. The sands of the
Upper Cretaceous occur in brightly colored beds, ranging from white
to yellow, pink, red, and even purple. The sands of the Barnwell
formation of South Georgia are characteristically bright red, or red-
dish-brown, as are many of those of the Lower Cretaceous along the
Fall Line between Macon_ and Augusta. .

Sands high in organic matter, and which oceur in or near swampy
regions in Southeast Georgia, are dark brown and even black. ’

In general, a white or light-colored sand is pure and composed
principally of quartz, while dark gray, brown, and black sands are
usually lower in quartz and more likely to be impure. A white or
light-colored sand, however, does not mean a low clay content. More
usually a darker sand contains less clay than a paler sand. In the
case of many pure. Whl’oe sands of Lower Cretaceous age associated*
~ with the kaolins near the Fall Line, a chemical analysis shows a sur-
prising large iron content. This high percentage is due to ilmenite
(FeTiO 3) which upon close examination will be revealed in the form
of tmy black specks seattered through the pure white sand.

GLEANNESS

The cleanness of a sand is measured by.its 1mpur1t1es, What may
be impurities in some sands may be necessary for the usefulness of
other types, or impurities harmless in certain sands Wﬂl entirely dis-
qualify others. Iron in quantltles as small as 0. 05 per cent elimi-
nates sand for use in: hlgh—grade optical glass, in fact most sands Wlth
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~ more than one per cent of iron are unfit for use in any kind of glass
manufacture. For abrasive work, in which only the hardest sand
grains are desirable, all grains softer than quartz are considered im-
purities. Clay or silt may be an impurity in mortar and concrete
sands, but necessary in most molding sands. Impurities in molding
sand consist rather of coarse particles, the most desirable feature,
however, of concrete sands. -

CLAY

Clay, by reason of its colloidal properties, will sometimes readily
. adhere to the quartz sand grains and materially hinder the action of
the cement while the mix is hardening. Silt or clay also oceurs as
separate grains scattered through saad. The amount of clay copsid-
- ered harmful to sand for concrete use depends sometimes on the type
of concrete to be made and the personal equation involved. . Many
concrete users believe that silt or clay up to 15 per cent in lean mix-
tures is beneficial rather than harmful to the resulting concrete. In
rich mixtures, however, 5 per cent is often believed to be too much.
This question will be considered in detail under the uses of sand. (Pages
- 54-56). .. . ...

Bank sands usually contain the most silt and clay. _].:nm recover-

ing stream sands, most of the clay and dirt is carried away by the
water draining from the sand, although sometimes a persistent slimy
- film sticks to the grains. Impurities in sand can usually be reduced
by washing, so that a sand otherwise useless may be made available
for commerce. S o ’
Simple tests will generally determine the cleanness of a sand. Sand
that soils the hands when rubbed between them, or one that has not a
marked gritty feel, is dirty. A clean sand is usually “sharp’; that is
when the grains are rubbed together, and held near the ear, a crack-
ling sound is emitted showing that little clay exists between the grains
to deaden the sound of their impact. Another way of quickly finding
whether a sand is clean is to drop a quantity of it into a bucket of
clear water. If the sand is clean, the water will be clear enough within
2 minutes to enable one to see the sand in the bottom.

For a closer determination of the clay in a sand, put a small amount

in a tube or bottle with some water and shake well. After the water
has cleared, the clay will form a layer at the top of the sand. The
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proportion of clay to sand can be readily apprommated from the
thickness of this layer.

Dake,! in determining accurately the percentage of dirt in a sand,

‘stirred a given amount of the dried and weighed sand in a pan with
 water and then allowed it to setitle a given length of time. The water
was then poured off and cléan water added, and the process repeated
until the sand no longer dirtied the water. The clean sand was then
dried and weighed, and the percentage of “dirt” determined by the
following formula:

 W-W
D=

x 100, in which

D =percentage of dirt
W =weight of sample before washing
W/ =weight of sample after washing
In this method, particles of wood and other organic matter as well
as silt, clay, and iron stains are determined as dirt. The addition of
a few drops of a {7 normal solution of sodium hydroxide to a jar
conitaining sand and water will cause the clay in the sand to remain
in suspension after the jar is shaken, so that it can be easily decanted.
In testing Georgia’sands, the clay percentage was arrived at by
shaking up 50 grams of the sand in & half-liter jar, and allowing the
material to settle 15 seconds, and then decanting:the water and sus-
pended silt and clay. This was repeated until clean water was not
clouded “when shaken with the sand. The sand was theén dried and
weighed, and the clay percentage computed in accordance with the
preceeding formula. .

ORGANIC MATTER

Organic or vegetable matter consists of pieces of coal or lignite, .
twigs, leaves, and finely divided parts of plants. It may oceur as
particles scattered through the sand, or as & thin, loamy film or coat-
ing on the sand grain which is frequently imperceptible. Organic
matter, even in small amounts, is usually undesirable and even harm-
- fulin sand used for most purposes, partlcularly in sand for use in con-

'structlon work. (See page 56).

In the field organic matter can be detected by takmg double hands-
ful of sand from the bank or pile and letting it run through the hands.

1 Op. cit., p. 9. -
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As this is done the hands should be held with the palms facing each
other and about an inch apart, with the thumbs up. To hasten the
experiment the hands may be moved backward and forward at the
same time. If a dark shining material collects between the fingers
it indicates harmful organic matter!. The mere fact that a sand is
dark-colored is no gage of its organic content. The color may be due
to dark mineral grains.

Laboratory tests of organic matter can be made by the loss-on-
ignition method in which the sand is first thoroughly washed. After
drying and weighing the silt and clay, which were washed out, they
are ignited and weighed again. The difference in weight represents
not only the organic matter, but the water of crystallization and hydra-
tion, and the carbon dioxide. In some limestone sands the loss on
ingition, due to carbon dioxide, may exceed 10 per cent, although no
organic matter occurs in the sand. '

Abrams and Harder? have recently divised a colorimetric test
for detecting organic impurities in sands which is believed to be re-
liable. For approximate tests, a 12-ounce graduated prescription
bottle is filled to the 414-ounce mark with sand. To this is added a 3
per cent solution of sodium hydroxide until the volume of the sand

“and solution, after shaking, amounts to 7 ounces. This is then shaken .- . .

thoroughly and allowed to stand' over night. If the liquid in the
- bottle, after settling, is colorless, or has a slight yellow color, the sand
is"satisfactory as far as organic impurities are concerned. If, however,
a dark-colored solution is obtained, ranging from dark red to black,
the sand should be rejected or used only after mortar-strength tests
have been made. A chart3, showing in colored plates 5 differeat
intensities of the reaction in this test, has been prepared and may be
obtained at the Atlanta office of the Portland Cement Association.
Comparision of the color obtained in the field tests with the plates
will show whether the amount of organic matter is injurious. The
proportion of clay or silt in a sand can be determined at the same
time by noting the thickness of the silt layer above the sand.

For laboratory work the method recommended is as follows:

4

1 Thompson, 8. E., Am. Soc. Civil Eng. Trans., Vol. 51, p. 252, 1911,

2 Abrams, D. A. & Harder, O. E., Colorimetric test for organic impurities in sand: Circular No.
1, Struc. Mat. Res. Lab., Lewis Inst., Chicago, 1917; also in Proc. Am. Soc. for Test. Materials
Vol. 17, pt. 1, pp. 327-333, 1917.

3 Concrete Highway Magazine, February, 1918.
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“To! a 200-gram sample of dry sand add 100 ce. of a 3 per cent solution of
sodium hydroxide (NaOH) and digest at ordinary temperature, with occasional
stirring, for 24 hours. Filter this solution through -a good grade of filter paper;
refilter if necessary: The filtrate must be clear. = Place 10 cc. of the clear filtrate
in a 50 cc. Nessler cylinder and dilute to 50 ce. with distilled water. Shake
thoroughly and let stand until all foam and bubbles disappear. Determine the
color value of this cylinder by comparing it with cylinders containing standard solu- -
-tions of alkaline sodium tannate. Compare the colors by looking through the full
depth of the solution’ with the cylinders held toward a good natural light.

Standard Tannic Acid Solution for Color Comparison.—The preparation of the -
standard tannic acid solution for comparing the color of the filtrate should be begun
at the same time as the treatment of the sand. Add-10 ce. of a: 2 per cent solution
‘of ‘tannic acid in 10 per cent alcohol to 90 ce. of a 3 per cent solution of sodium hy-
droxide. The sodium hydroxide combines with the tannic acid to form sodium’
tannate. Let the solution stand 24 hours at room temperature. Place 1, 2, 3,4, 5,
6, 7,8, 9 and 10 cc. respectively, of this solution in 50 ce. Nessler cy]mders and
dilute to the mark with distilled water. The amounts of tannie acld in the different
cylinders will then be as shown in the followmg table:

Alkaline Sodium|’
- Taunate in each ‘
cylinder-ce..._.| 1 2 3 4 5 6 7 8 9 10
Tannic acid in ‘
each cylinder- . _
millgrams______ 2 4 | 6 8 |10 |12 |14 16 18 20
Color value in .
parts of tannic
acid per million
of sand by
weight. .o 100 | 200 | 300 | 400 | 500 | 600 { 700 | 800 .| 200 | 1000

It is desirable to have good sunhght for comparing the eolors; if sunlight is not
available, fhe amount of tannicracid in each of the cylinders containing the standard
solutions may be decreased by one-half and the other values in the table modified

- accordingly.

In case the solutien obtained by d.lgestmg the sand with the sodium hydroxide is
very dark, use less than 10 ce. for the comparison and make the necessary modifi-
cations in the caleulation of the color values. With very light-colored solutions use

" ‘more than 10 ce. of the filtrate {or the comparisons. The depth of color of the solu-
- ‘tion décreases on standing, and for that reason the. solutlon should be made up fresh
for each day’s work.

Method of Calculation—An example will make clear the method of caleulating -
the color value of 2 sand. Suppose that 10 ce. of clear filtrate obtained by digesting
the sand with 100 ce. of a 3 per cent solution of sodium hydroxide when diluted to
50 ce. corresponds in color to the Nessler cylinder containing 12 millgrams 6f

“tannic acid, or 6 cc. of the alkaline tannate solution. The sand will then have a
" eolor value of 600, The 10 ce. of the filtrate placed in the Nessler cylinder is 5 of
the 100 cc. of 3 per cent sodium hydroxide solution which was added to the sand
and the sample of sand {200 grams) is % of a kilogram; therefore, the m_llhgra.ms
of tannic acid per kilogram of the sand, by weight, are 12x10x5=600; or the tannic
acid equlvalent when expressed i parts per Imlhon of the sand, by Weight is 600,

It? is impracticable to give exact values for the relation between the color value
of a sand and the strength of mortars made from the same sand. However. the
tests made thus far show this relation to be about as follows: .

1 Op. cit., pp. 3-4
2 Op. cit., p. 3.
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Color values Plate Reduction in compressive
“of sand | number? strength of 1-3 mortar

per cept

250 2 10-20

500 © 3 15-30
1,000 3-4 20-40
2,000 4 25-50
3,000 4-5 30-60

1. Plates may be obtained from Atlanta office of Portland Cement Association.

In the testing of Georgia sands, the color value tests indicating
- the comparative amounts of organic matter in the sand, were made
in the Survey laboratory by Dr. Edgar Everhart, and the results have
been tabulated with the other tests made on the sands.

MINERAL AND ROCK COMPOSITION

The mineralogical composition of 2 sand depends entirely on the
mineral character of the component grains. As previously stated

" (pages 5-6) we may have quartz, calcite, gypsum, feldspar, mica, mag- =~

netite, and many other types of sand. Since quartz is so predomi-
nate in most sands, the examination from a mineral standpoint is not
always necessary. Many sands, however, particularly those in the
streams of the Piedmont area in Georgia, contain a considerable pro-
portion of feldspar, hornblende, and mica, which may seriously affect
the value of mortar or concrete made from them. From a casual
examination, harmful amounts of such minerals can generally be de-
tected. A more detailed microscopic examination, however, is some~
times necessary before deciding which of several sands is best suited
for a particular purpose.

. SAND-PRODUCING MINERALS

Quartz. (Si02). Most sands are composed almost entirely of quartz.
It generally occurs as irregular angular grains having the appearance
of broken glass, although frequently the edges and corners are rounded,
" but the faces are generally rough and pitted. Quartz is hard and
easily scratches glass. It is usually colorless or gray, but may be
stained yellow to red with iron oxide or clay.
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Feldspar (KAlSi;Os).—Feldspar is a group term applied to
- several minerals resembling each other. They form angular grains,
but differ from quartz in having smooth, tabular faces, or sides. Feld-
spar may be white, pink, or yellow. It is softer than quartz, and
lacks the glassy appearance of that mineral. Feldspar is common in
. the Piedmont stream sands and in the mottled grits of the central
Coastal Plain.

Mica (H-K Als (310 ¢)s)—Mica is easily recognized by its flat, shin-
ing, scaly flakes. In sand, these flakes may occur smaller than a pin-
head or as much as an inch across. It occurs as the white variety,
muscovite, (H,K Al(SiO.): and as the black variety, biotite, (H,K)
(MgFe): Al: (8iO.)s, and is found in most Georgia sands, but it is
particularly common in some of the Piedmont streams. In amounts
over 214 per cent it is considered harmful to concrete sand.

Hormblende (CaMgs (8104) )—Hornblende is usually black or
-dark green, and forms irregular, angular grains, generally prismatic
in form. It is about as hard as feldspar and scratches glass with dif-
ﬁculty Due to its ready decomposition it is not found far from the
1gneous rocks in which it was formed. It occurs in smaﬂ quantities
in most of the Piedmont sands.

Calcite (CaCO 3) —Calclte is generally white a,nd usua]ly forms
grains with sharp, rhombic angles. It is easily scratched Wlth a knife.
Caleite is rarely found in Georgia sands.

Limonite (2 Fez0;. 3H0).—Limonite is a falrly soft, yellow to
brown, lusterless oxide of iron, and is a principal impurity in glass
sands, although very valuable as a binder in road gravel.

Magnetite (Fe;0t).—Magnetite is a heavy, black mineral, capa-~
ble of being attracted by a magnet. Its grains are usually small and
irregular. It may be seen arranged in layers or streaks in sand, or
standing out as black specks. With it, ilmenite (FeTiQs), which is
similar in appearance, but not as magnetic, oceurs in considerable
amounts in the sand on the islands off the Atlantic coast. Numerous
other minerals, such as brookite, rutile, chromite, and glauconite, are
dark colored and can be detected in these sands with the aid of the
microscope or heavy solutions.

In addition to the foregoing mmerals, garnet a hard, red or brown’
mineral of 1rregular, angular grains, is sometimes found in sand. Mona-~
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zite, a yellowish to reddish, hard, sharp-cornered mineral is found in
stream sand at The Glades in Hall County and on the coastal islands.

. SAND-PRODUCING ROCKS

Since Georgia sands and gravels in many places contain fragments
of rocks, which are merely large aggregates of one or more minerals,
a brief description of the commoner types is given to serve in their
identification. '

SEDIMENTARY ROCKS

The sedimentary rocks are those formed under water by the ac-
cumulation of sediment carried and deposited by the water and later
hardened by pressure and cementation. They are found in the Paleo-
zoic area of northwest Georgia and at a few places in the Coastal Plain.

Sandstone.—Sand that has become indurated through pressure,
or the cementing action of percolating solutions, is known as sand-
stone. S ‘

Quartzite—Sandstone that has been subjected to pressure, heat,
or solvent action, until the outlines of the original sand grains are
almost obliterated, causing the rock to crack across the individual
grains, rather than around them, is called quartzite. It forms a large
percentage of the pebbles in Georgia gravels, particularly those of the
Coastal Plain and Fall Line regions, and is very resistant.

Conglomerate—Gravel that has been cemented into a hard rock -
by water comtaining silica, carbonates, or other substances in solu-
tion, is called conglomerate.

Limestone.—Limestone, or its crystalline equivalent, marble, is
usually gray or blue. It may be pink, green, or black. It is soft
enough to be scratched easily with a knife, and effervesces with acid -
or strong vinegar. The stream gravels of the Paleozoic area have a
considerable amount of limestone pebbles.

Shale.—Shale is hardened clay or mud. It is of various colors,
although usually gray or brown, and generally forms thin, flat, soft
pebbles which occur in the stream gravels of the Appalachian Valley
province.

CRYSTALLINE ROCKS

The crystalline rocks are those formed by the cooling, on or beneath
the earth’s surface, of lava that has been forced up from the earth’s
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-nterior; or by the metamorphosis, by heat or pressure; of sedimen-
tary rocks. They are found in the Piedmont Plateau and in the Ap-
palachian’ Mountams of North Georgia.

Granite.—The most common 1gneous rock is gfanite. It is gray,
or pink, and composed principally of quartz, feldspar, and mica, which
form a closely interlocked crystalline texture.

Didbdse —Diabase is a hard, dark, ﬁne—grairied heavy rock, which
in Georgia generally occurs in long, thin formations known as trap
dikes. Pebbles of diabase occur rarely in Georgia gravels.

Gneiss—Cneiss is composed of thin, paralled bands of light and
dark minerals and results from the metamorphosis of igneous and
sedimentary rocks. Pebbles derived from it are not so hard or re-
sistant as those from granite or basalt

Schist.—Schist is perhaps the most common crystalline rock in
" Georgia. It is a thinly laminated, flaky rock. Fragmehts of it are
common in the Piedmont sands and gravels, but they readily tend to
- break up into smaller fragments and for that reason are an undesirable
constltuent

. Slate. ——Slate is metamorphosed shale. It occurs in the stream

gravels in Polk and Bartow counties as thm ﬁat hard fragments.
}

MINERALOGICAL EXAMINATION OF SAND

To determlne roughly the mineral and rock content of a sand,
some of it can be spread out on a sheet of paper and the various mineral
types sorted with a small, blunt stick into separate piles. The per-
‘centage proportion of each mineral, or rock, is then roughly estimated.
Another-portion of the sand is then examined under a microscope to
discover any minerals not seen in the rough division and to note the
shape of tlie sand grains and whether they are coated with clay, iron
oxide, or otaer materials. '

Sands containing a fairly large amount of the heavier mlnerals
such as those found on the sea coast of Ceorgia, can be panned. A
~shallow, circular pan, about 24 inches across, is used for this purpose.
The sand is gently agitated under water with a slight rotary motion
and a jerking throw. The heavier minerals are concentrated at the
bottom of the sand and the quartz can be easily removed. The pro-
cess is repeated until very few light grains remain in the pan.
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Tomlinson,? in testing Wisconsin concrete sands, used a detailed
method in which the exact proportion of each of a number of mineral
groups was obtained. Tae sand to be examined was firsc sized by
screening through 10—, 20—, 40—, and 100-mesh sieves. The sand
 retained on the 20-mesh sieve was then immersed in Thoulet’s solu-
tion of potassium mercuric iodide, the density of which can be changed
by increasing or decreasing the water A funnel whose spout i3 fitted
with a stop-cock is best suited for this treatment. The heavy grains
will collect in the lower part of the spout, above the stop-cock, and
can be easily removed by opening the cock. The sand retained on
the 20-, 40-, and 100-mesh sieve was treated in the same manner.
The sand that remained on the 10-mesh sieve was sorted into the
component minerals by hand.

Since two or more minerals or rocks may have the same density,
it is necessary to examine each of the divisions made by use of the
heavy solution. This was done with a microscope or large hand lens.
The grains to be examined were spread out evenly upon a glass plate
overlying a ruled counting sheet. The number of grains of any par-
ticular mineral occurring in one or more squares, depending on the
size of the sample, was counted and multiplied by the total number
of squares occupied by the sample,

The results of the examination were tabulated under the following
groups: Igneous rocks, shale group, quartz group (includes quartz,
chert and quartzite), dolomite group (calcareous sediments), feld-
spar, and heavy minerals. Bromoform, having, a density of 2.84,
and methyl iodide, density of 3.3, have also been used in separating
the heavy minerals.

CHEMICAI. COMPOSITION

Aside from a scientific interest, there is little practical value in a
chemical analysis of sands except for those used in glass making or
for refractory purposes. The iron content as Fe,Os;, the alumina
as Al;O3, and the silica as SiO, are the most important determina-
tions in glass sands. Magnesia (MgQ), titania (TiO:), and organic
matter are also usually determined. In refractory sands the silica,
and fluxing materials such as iron, soda, potash, magnesia, and lime,
are generally found. Sometimes a.chemical analysis of filter sands .

1 Tomlinson, C. W., Method of making mineralogical analysis of sand: Am. Inst. Min. Eng.
Trans., Vol. 52, pp. 852-862, 1916.
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is made to determine the silica, iron, lime, magnesia, alkalies, and
 organic matter. In concrete sands, it is necessary to know only the
organic content of the sand. In sands used for ores, such as those
containing magnetite, chrome, monazite, zircon, and other rarer ma-
terials, the constituent elements of these minerals are determined in
addition to the commoner elements. In sap-brown the amount of
material soluble in alkalie is usually determined as a guide to the dye-
making econtent of the substance.

In sand the silica is largely in the form of quartz with smaller amounts
in silicate grains such -as feldspar, hornblende, mica, and other min-
erals. - The iron generally occurs as the oxide, limonite, or more rarely
in magnetite and ilmenite, and in smaller quantities in hornblende
and biotite. Clay, kaolinite, and feldspar generally account for the
alumina in the sand. Lime and magnesia come from grains of lime-
stone, .from calcite or dolomite occurring as cementing material, or
from. shell particles. Grains of feldspar, hornblende, and olivine
supply lime and magnesia in smaller amounts. The alkalies, soda
and potash, are usually derived from the feldspars and micas. Tita-
nium may come from ilmenite and rutile. Water (H,0) and carbon
dioxide (CO3), found in a detailed analysis, or simply as volatile matter,
usually come from the kaolinite, and from the lime or magnésia oc-

curring either in limestone or preclpltated in small quantities in the
sand ‘as carbonates.

A number of analyses of all types of Georgia sands have been made
both to determine their value in glass-making and for their scientific
value. ! |

PHYSICAL GHARACTER OF SAND GRAINS

The size, shape, and strength of the individual sand grains or gravel
pebbles are important factors in determlmng the desirability of sand
and gravel for every use.

SIZE OF GRAIN

The usual method of determining the grain size of sand is by screen-
ing or sieving. The size of the grain may also be determined by the
aspirator method, in which the time required for air to pass through
a mass of sand is used to determine the average size of the grain com-
posing. the mass. Division of sand-into its different grain sizes is
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also made by elutriation. The actual size of sand grains can be di-
rectly measured by the use of a micrometer scale in a microscope.

GRAIN SIZE BY SCREENING

The size of the particles composing sand is usually determined
by passing the sand through a series of sieves having meshes of de-
creasing size. Since the grading of a sand, or the proportions of grains
of each size, is known to greatly influence the value of a sand for either
concrete, glass, or molding purposes, the necessity of a reliable granu-
lometric or mechanical analysis is at once apparent.

In making the mechanical analysis several systems of screens
are in use. That most generally employed is the so-called standard
screen system, whose mesh increases by ten to the inch from one sereen
to the next smaller. A more logical system, however, has been devised
in which a constant ratio, vz or 1.414, exists between the diame-
ters of the apertures of the screens. The area of the mesh opening
in each screen in then just twice that of the next smaller sized screen.

It was found that the latter of these two systems gave the most
satisfactory results since it divides the material in much better pro-
portion. In the old system, too few a number of sieves are used where

--the most grains of equal size occur, and too many are used where the - -

least grains of equal size are found.

To illustrate this, in one hundred and five sands from Nebraska,
Missouri, Pennsylvania, and New York, an average of 61 per cent
of each sand remained on a 50-mesh screen, 23 per cent passed the
50-mesh, and 16 per cent remained on the 10-mesh. In the old system
of screens only 5 sieves, (50—, 40—, 30—, 20—, and 10-mesh), are used
to apportion this 61 per cent into its various grain sizes, and 7 sieves,
(60—, 70—, 80—, 90-, 100-, and 200-mesh), are used to divide up the
23 per cent. In the new system 6 screens (10-, 14—, 20—, 28—, 35-,
and 48-mesh) would be used to divide up the 61 per cent, and 4 screens
(65—, 100—, 150-, and 200-mesh) to divide the 23 per cent. The aver-
age of 16 per cent that remains on the 10-mesh sieve can be divided
by four screens or by three (4-,6—, 8—mesh) as was done in testing

Georgia sands for this report.

It is thus seen that for most sands a screen system, having the
areas of the apertures of the same proportionate difference between
each screen, is the most desirable. By excluding every other screen



20 - | GEOLOGICAL SURVEY OF GEORGIA

in making mechanical analysis by this system, the material can be
divided into parts whose average diameters are just half that of the
next coarser screen. This system is used in several leading concrete
testing laboratories in-the United States, including that of the Bureau
of Standards, the Bureau of Public Roads, Lewis Institute, and is
also used in the work of the Canada Department of Mines. Objec-
tion to the use of this system might be made on the ground that sand
users in general are not familiar with the significance of several of the
screen sizes when seen in an analysis. This is especially true of asphalt -
sands since specifications for such sands are universally made in terms of
the standard system. Either system, however, can be readily inter-
preted in terms of the other, if the results are plotted to scale on co-
ordinate or chart paper.

Table of screen mesh sizes used in testing Georgia sands

Diameter of wire|. Diameter of opening
Mesh in inches - . :
inches . mm,
4 .065 185 4.699
6 .036 131 3.327
8 032 : .093 2.362
10 .035 : .065 1.651
14 025 .046 1.168
20 0172 . 0328 .833
28 .0125 .0232 .589
35 .0122 0164 417
48 .0092 0116 295
65 ‘ .0072 .0082 .208
100 .0041 .0058 .147
150 .0026 .0041 .104
200 .0021 .0029 .074

The following procedure was followed in testing Georgia sands:
the entire field sample weighing from 5 to 12 pounds was halved with
a sampling shovel until about 200 grams remained. This was thoroughly
dried at 100°C. to prevent cohesion of the grains by moisture. A
100-gram sample was then selected and placed in the uppér of 6 sieves
arranged in order of their size: 4-,6—,8-, 10-,14-, and 20-mesh. This
- nest of sieves was shaken for about five minutes, and the amounts
remaining on each sieve weighed separately, after first shaking each
_sieve over a paper to insure complete separation of fines. The sand
passing the 20-mesh sieve, and caught in the pan, was placed in the
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28-mesh sieve, or the upper of the 7 remaining sieves, and after 5 min-
utes shaking, the separates were weighed. :

Two samples of the same sand were subjected to this method and
the following constant results obtained:

Table giving percentage of sample retained on each siecve

Mesh Sizes
Sample :
' 10 ' 14 20| 28] 35| 48| 65| 100 | 150 i 200 , 200 fTotal
T-60a_____-- .5‘ 1.9 5.8- 13.1 122.8 123.5 [17.9 1 9.9 | 2.9 | 1.2 .31 99.7
T-60b_ . _-. 411.815.6(12.9122.61(23.1(18.5!19.5(2.711.4 .51 99.0

Sinee it is practically impossible to avoid loss in screening, the
percentages listed in the tables in this report were recomputed to 2
100 per cent basis, thus the results from T-60b in the foregoing table
with the 1 per cent loss proportionately distributed over the entire
number of separates would be as follows: ‘

Table showing uncorrected and corrected percentage of sample
‘ - —retained on each sieve .

Mesh Sizes
Sample
10 14 l 20] 28] 35| 48] 65 ] 100 | 150 | 200 l 200 |Total
T-60b____.._| .4}{1.8]5.6112.9|22.6 (23.1 |18.5{9.5]| 2.7 1.4 .5199.0
T-60b_ ... .- 411.815.71(13.01(22.823.4|18.7 1 9.6 2.7 11.4| -.5]100.0

This necessary error might also have been allowed for by adding
it to the percentage of the sample under 100 mesh, or by starting with
a gram more than the required 100 grams.

For a closer determination of the fines, sifting under water is de-
sirable, since clay particles that might adhere to larger grains are thus
loosened and go with the smaller sizes. In very exact work the sand
samples are sent from the field in air-tight containers and weighed
with the original pit moisture. They are then dried and the percen-
tages of the various separates based on this weight.

In testing sandstones it is necessary to crush the rock. Care should
be taken so that the crushing does not break up individual grains and
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that it does not leave two or more grains cemented together. - No
Georgia sandstones were submitted to mechanical analyses.

In the case of a few sands dredged from river beds by centrifugal
pumps most of the fines have been washed out with the water. Me-
chanical analyses of such sands are therefore not representative of the
true character of the natural sand, but do indicate the gra,dmg of the
commercial product.

In place of hand sifting, the sieves may be agitated automatlcally
by a small motor, or geared to a crank which is turned by hand. Many
of the larger sand-testing laboratories have adopted mechanical shakers
of some sort, not only to reduce the manual labor but to obtain more
constant results with less loss of the original sample. Forrest! gives
the following comparisons between results obtained from the same
samples by hand and by mechanical sifting. The figures represent
the sum of the percentages retained on each screen and passmg the
ﬁnest

Comparative results of hand and mechanical sifting

Total percentage of 1000 gram sam-

Total percentage ‘from 50 gram sample of sand ple of concrete aggregate

Hand sifted ‘ Mechanically sifted . Hand sifted Mechanically sifted

)
99.4 ‘ 99.2 ’ 99.7 ‘ 99.8 98.4 | ' 99.5
[

‘Gravel.—For the complete mechanical analysis of gravel, screens
of the following sizes may be used: 14, §, 14, 34, 1, 114, 2,234, and
3 inches. The use of all these sizes is only recommmended where the
gravel is to be used in very large and important work, usually the
14—, V46—, 1~ and 3-inch screens are sufficient.

In this report screens of 14—, 34—, and 1}4/-inch mesh were used.
In the gravels tested the sand was first screened out, and after its
proportion of the whole sample was found, a granulometrlc analys1s
~of both the sand and gravel was made.

For finding the relative amounts of sand and gravel in small stream
- deposits, which may be utilized for local concrete construction and
building, Clifford Olderz has described a system requiring the use of

1 Forfest, C. N., New device for the analysis of concrete aggregates: Am. Soc. for Test. Mas.
Proc Vol. 6, pp. 408—461 1906.
Eng News Vol. 72, pp. 1204-1205, 1914.



S8AND AND GRAVEL DEPOSITS 23

portable sieves and containers of simple construction. The appara-
tus consists of a testing can, 4 inches in diameter and 10 inches deep;
three screens of 10 mesh, 14—, and 14—inch mesh, which fit into the
can; a 200 cc. graduate, 1 inch in diameter; and a 10-inch scale divided
into inches and tenths of inches.

To test a 'creek deposit the can is filled level full with gravel and
the sand separated out by the 1/-inch sieve. The sand is poured
back into the can and its proportion to gravel measured by the scale,
- the zero mark of the scale being down. The following formulae are’
used to determine the amount of cement to be added to the unscreened
“gravel to produce a concrete having a required sand-cement ratio

28.4x 0.95 5 . C= bx-y
a x
in which,
A= Bags cement required per cubic yard gravel
B= Cubic feet of gravel to be used with each bag of cement
C= Amount of stone to be added to a unit volume of gravel in order a mlmmum
amount of cement be used
Ratio of volume of separzted sand to unscreened gravel.
Ratio of volume of separated stone to unscreened gravel; (x-y) should
equal about 1.10 to 1.25 in well-graded gravel.
Required ratio of sand to cement
Maximum ratio of stone to sand

(]

TRt
] 1l

GRAIN SIZE BY OTHER METHODS

Screen methods of mechanical analysis apply to most sand for
concrete and glass uses, since such sands are relatively coarse. Mold-
ing sands, however, due to the large admixture of clay required to
produce a sand capable of retaining shapes, require, in addition to a
screen analysis, some other method-of separating the finer silt and
clay grains into their different sizes. This large clay content also
causes the sand to cake or ‘“ball up” so that accurate separation by
screening can only be effected by screening in water and by placing
light washers or steel balls on the sieve with the sand. The washers
or balls, rolling about on the agitated screen, break up the lumps into
separate grains.

In determining the amount of silt and clay in a molding sand Ries
and Rosen! used a method applicable to all kinds of sands. A 50-
gram sample of the sand was first thoroughly shaken with water in
a mechanical shaker for a half hour. The sample was then screened

1 Ries, Heinrich, and Rosen, J. A., Report on foundry sands: Michigan Geol. Survey, 9th Ann.
Rept., p. 46, 1908.
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- through a set of 20—,40-, 60-, 80, and 100-mesh sieves, and all that
» passes the 100-mesh sieve was allowed to settle in a jar for 45 seconds.
The suspended matter, called clay, (passing 33y mesh) was decanted ‘
dried and weighed, and the sediment, called silt (m;r 53 mesh),

was also dried and We1ghed and the proportlon of each in the original
sample determined.

In the elutriation method, a constant amount of water is passed
through flasks of increasing size. ~ The current is swiftest in the small-
est flask, and the largest grains can settle out in this flagsk only: the
rest will be forced over into the next larger flask with the water, where
the current is decreased, permitting settling of a group of smaller
grains. The process is continued until as complete a division of the
material as is desired, is effected.

The time necessary for a known volume of air under a known pres-
sure to pass through a tube of sand is used to complete the average
size of the grains in a sand or clay. This method is particularly appli-
cable to molding sands and soils and is called the aspirator method.
It was devised by Prof. King® and has been used by Rosen? in defer-
mining the average grain size of Michigan molding sands.

In testing these sands the sample is first dried and pulverized and
then passed through a l-mm. sieve (20 mesh). The sand is then put
into a soil tube, which is lightly tapped, and more sand is added until
the tube is full. Air under known pressure is aspirated through the
tube and the length of time necessary for the passage of one or more
liters is found. This data is used in a formula to determine the aver-
age size of the grain particles in the sand. Objection to this method
is made on the ground that as the first part of the air passes through
the sand, channels are set up in the sand which allow the more rapid
progress of the rest of the air. The character of these channels is
likely to differ in different sands, so.that the method is not entirely
comparative.

A similar method, involving the length of time elapsmg between
the entrance of an inflammable gas at the lower end of a sand-filled
tube and its exit at the upper end, has been used by L. H. Colé® in
testing Canadian molding sands. A small tube about 6 inches long
and 1 i-nch in diameter is fitted With 60— and 12-inch wire gauzes at

1 King, F. H., chhxgan Acad. Sm 2dAn.n Rep., 1894.
2 Ries, Hemnch and Rosen, J. A, op cit., pp. 53-56.
3 Canada Dept. of Mines Brs,nch Bull. 21 or Sum. Rept for 1916 .
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the bottom and attached to a gas pipe having a manometer so that
the pressure of the gas can be kept constant. Sand is added to the
tube one inch at a time and tamped as it is added until the tube is full.
Gas is then passed through the sand and a device is arranged to ignite
it, as soon as it begins to escape at the top. The time required for
the gas to pass through the sand is determined with a stop watch.
For No. 0 Albany molding sand about 22 seconds are needed and
4 2 seconds for No. 3. This, method is not open to the same objec-
tion as the previous method, but the character of the gas and the pres-
sure must be closely watched in order to be certain of comparative
results.

GRAPHIC REPRESENTATIONS OF GRANULOMETRIC COMPOSITION

The significance of a granulometric analysis of a sand when pre-
sented in the usual tabular form is difficult to comprehend unless one
is experienced in examining such analyses. By graphically represent-
ing these results either by curves, radiating lines, or by some other
system, their meaning can be quickly and effectively grasped. Granul-
ometric analyses, arrived at by using one set of screen sizes, can also
be_converted into terms of any other size or set of sizes by plotting
- the original data graphically on chart or co-ordinate paper. :

The usual method is that shown in Fig. 1 and consists in divid-
ing the ordinate, or horizontal base line, into proportionate parts to
represent the size of the sand grains in terms of millimeters, inches,
and sieve sizes; and in dividing the abscissa, or vertical line, to repre-
sent the percentages of grain sizes either passing, or retained on, the
different screens. Within the space formed by these lines the percen-
tage of each size to the whole sample is marked by a dot and these
dots later connected by a smooth curve. By comparing curves of
this kind with curves of ideal sands, or with curves representing certain
features of excessive coarseness or fineness, a close idea of the granulo-
metric character of the sand in question is obtained. For comparison
and to save space, a number of sands can readily be plotted together.

The graphical method used by Ries! in figuring Wisconsin and
Michigan molding sands is excellent. On the four lines a, b, ¢, d
(Fig. 2), equal distances are laid off to represent 100 per cent. On a
the clay percentage is laid off, on & the percentage retained on 100-

1 Ries, Heinrich and Gallup, F. L., Wisconsin Geol. & Nat. Hist. Survey, Bull. 15, p. 207, 1906.



GEOLOGICAL SURVEY OF GEORGIA

L4y 102

.26 .08

. 1-O 717

sl an

/8 in.

&

N

N

eact sreve

d

Fercen? retyned op
2 /

N

/o

as

o

20 mm

45 mm . Romm
g

2.5 mm

S3.0may

% 0mm.

foc

8o
%4

Jleve Trze
Fig. 1.—Cucrve of uniformily graded sand

[




SAND. AND GREAVEL DEPOSITS 27

mesh, on ¢ the percentage obtained by settling, and on ¢ the combined
percentages of sand retained on the 20-, 40—, 60—, and 80-mesh sieves.
The points on the four lines are then connected by straight lines and the
figure produced shows at a glance the texture of the sand (Fig 3). For
coarser building and glass sands each line may be made to represent
some other arbitrary size or sizes best suited to display the texture
of the particular type of sand.

a

./

Figs. 2 & 3.—Diagrams showing methods of graphically illustrating the mechan-
ical analysis of a sand. . :

4NUME‘RICAL REPRESENTATIONS OF GRANULOMETRIC COMPOSITION

To provide rapid means of comparing the granulometric compo-
sition of sand and gravel, and for comparing the value of sand and
- gravel for concrete and filter purposes, a number of methods have
been devised to represent by a single number the coarseness and fine-
ness of a sand, its uniformity, or the average size of all the component
grains. Some have condemned such methods because of their inade-
quate expression of the true character of the sand, or on account of
complexities which are not readily understood by those for whose help
the methods were devised. Nevertheless, some of these means are
undoubtedly of value and a few of them will be outlined.

EFFECTIVE SIZE

The term effective size was introduced by Hazen! and is defined

1 Hazen, Allen, Massachusetts State Board of Health Rept., 1892, pp. 549, 550.
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by him as a size “such that ten per cent is of smaller grains, and 90
per cent is of larger grains than the size given.” In other words, if
10 per cent of the sand in a given sample passes a 1-millimeter screen,
and 90 per cent is retained on the screen, then the effective size of the
sample would be 1. The effective size of a sand can be readily found
by plotting the mechanical analysis of the sand and noting the size
in millimeters than which 10 per cent of the material is finer. To
compute the effective size without the curve, the mechanical analysis
should be arranged to show the percentages retained on each screen.
The percentages between which 90 per cent lies should then be noted
.as well as the mesh opening in millimeters on which these percentages
are retained. . The proportionate differences between 90 per cent
and the adjoining percentages are found and used to determine a mesh
.size having a similar position between the two mesh sizes on which the
percentages were retained. This mesh size represents the effective
size of the sand.

The effective size is used in computing the umforrmty coefflclent
‘of a sand, and it serves as an index of the coarseness of a sand. It
has been used principally in describing filter sands and to a smaller
extent for building sands. Both the effective size and’the uniformity
" coefficient are of more valie when considered together in determining
the coarseness or uniformity of a sand.

UNIFORMITY COEFFICIENT

The uniformity coefficient was also introduced by Hazen! to give
expression to the uniformity of the grains composing a sand or soil.
~ This figure is determined by making a mechanical analysis of the sand

and then finding the size of grain of which 60 per cent of the grains
~ is smaller and 40 per cent larger, either by plotting the curve or by
interpolatidn, as was described in ﬁnding the effective size. This
size is then divided by the effective size of the sample, and the uni-
formity coefficient is obtained.

Thus, if 60 per cent of a sample is finer than 0.45 millimeter and
10 per cent finer than 0.30 millimeter (effective size), the uniformity
coefficient is $:#% or 1.5. In other words one half of the sand grains -
lie between 0 30 millimeter and 0.45 millimeter. In another sand,
if 60 per cent of its grains were firier than 0.3 millimeter, and the effec-

1 Op. cit., p. 550.
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tive size was 0.2 millimeter, the same result 1.5 would be obtained,
showing that the uniformity coefficient in itself is not a gage of a sand’s
coarseness, but merely a relative expression of uniformity. As this
figure increases it indicates a greater range in size of 50 per cent of the
sand grains, which i1s believed desirable for mortar and concrete sands.
Taylor and Thompson! consider a sand, whose coefficient exceeds
4.5, to be a good concrete sand and of two sands the one having the
largest coefficient is likely to be the best. Should it drop nearly to 1,
it would indicate that almost half of the sand grains was of the same
size, a condition particularly desirable in filter sands where uniformity
is a necessary quality. The use of the term is largely restricted to
the description of filter sands. (Page 90).

AVERAGE FINENESS

It is sometimes desirable, especially in molding sands, to express by
a single figure the average grain size, or average fineness, of a sand in
terms that will be comparable when different methods of mechamcal
analyses are used. '

The system descr1bed in the Textbook of Molding Sand issued
by the International Correspondence Schools at Scranton, Pa., is as
follows: A 100-gram sample is sifted for one minute on 20, 40—, 60—
80—, and 100-mesh screens separately. Any loss is added to the 60-
mesh and all sand coarser than the 20-mesh is said to be of 1 mesh.
The weight of sand passing each sieve and retained on the next is
multiplied by the mesh of the retaining sieve and the total divided by
100. The following example illustrates the method:

Weight in grams passing first Product of mesh size by

Mesh screen and retained on next percentage on that mesh

1 2.0 2
10 8.0 80
20 12.0 240
40 20.0 800

60 30.0 1800 (80 = 1%, loss)
80 25.0 : 2000
100 2.0 200
99.0 (19, loss) 5182

1 Taylor, F. W. and Thompson, S. E., Concrete, plain and reinforced: 2nd. ed., p. 182, 1911.
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By dividing 5182 by 100 we get 51.82, which is the average fine-
ness of the sand. This figure is not an index of the uniformity, since
the same percentage might express the fineness of a well-graded sand,
or of one whose grains were practically all one size.

C. W. Parmelee! took the sum of the percentages passing each
screen and divided it by the number of screens used, which gave the
per ‘cent of finemess. As he points out, this method is comparable
‘only with sands that have been screened by the same number of sieves
and of the same size, since the per cent obtained varies with the number
“of sereens used. :

Ries?, in testing Michigan molding sands, uses a method which
gives the average size of the grains in a sand, thus providing a much
better index of the fineness of the sand than either of the other methods
offered. The results obtained from this method are comparable no
matter how many screens or what size screens were used in testing
the sands. In applying the method it is first necessary to compute
‘an average size of the grains retained on each screen. This figure is
then multiplied by the weight of sand retained on the scresn and the
sum of these products divided by the weight of the’ sample. The
foregoing analysis illustrates the method:

Table showing method of derivation of the “average size’’

: Average size in hehes | Weight of sand in | Product of screen
Mesh of grain retained on grams retained on mesh size by weight
- each screen each screen . on screen

6 158 2 316
8 112 3 .336
10 079 6 474
14 .056 8 448
20 .0394 9 .3546
28 .0280 10 .2800
35 0196 12 2376
48 0140 20 .2800
65 .0099 20 .1980
100 , 0070 5 0350
150 0050 3 0150
200 0035 2 .0070
. : 100 - 2.9812

18£{61mn§%11 H. B. and Hamilton, S. H., New Jersey Geol. Survey, Ann, Rept. for 1904, pp.
208-209, 1905.
2 R]es, Heinrich and Rosen, J. A., Michigan Geol Survey, Ann. Rept. for 1907, pp. 50-51, 1908
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By dividing 2.9822 by 100 we get 0.029822, which represents
the diameter, in millimeters, of the sand grains, if all the grains in
this sand were reduced to a uniform size. With this diameter all the
grains would just pass a 35-mesh sieve.

FINENESS MODULUS

The fineness modulus is a term developed by Prof. D. A. Abrams!
in an extended series of tests to determine the influence of size, grad-
ing, and water content of concrete mixtures on the resulting strength
of the concrete. In calculating the fineness modulus, the following
Tyler Standard sieves are used In determining the mechanical analyses
of the sand or gravel: 100, 48, 28, 14, 8, 4, 2, ¢, and 114.

The results are expressed in percentages of material coarser than
each sieve. The sum of these percentages divided by 100 is the fine-
ness modulus. In case the sieve analysis is expressed in percentages
of material finer than each sieve, the fineness modulus may be found
by subtracting their sum from 900 and then dividing by 100.

Sample caleulations to determine fineness modulus

Per cent coarser than each sieve
Mesh -
100‘ 48 ’ 28 ’ 14 ]8 [ 4 £ l 2 ’ 13
Percent__________ | 89 82 72 62 51 38 25 11 0

The sum of the percenfages equals 430.
430=+100=4.3, the fineness modulus of the sand

Per cent passing each sieve
Mesh
‘ 100‘ 48 i 28 ] 14 8 ; 4 I £ 2 ‘ 13
Per cent.— ... 11| 18 | 28 | 38 | 49 | 62 | 75 | 89 | 100

The sum of the percentages equals 470.
900+470=430; 430+100=4.3, the finess modulus of the sand.

When the sand is tested by the old system of sieves the fineness

1 Abrams, D. A., Design and concrete mixtures: Struc. Mat. Res. Lab., Lewis Inst., Chicago,
Bull. 1, 1919.
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modulusiis found by adding the percentages retained on the 4-, 10—,
30—, 50—, and 100-mesh sieves, and divide the sum by 100.

In a series of tests in which concrete composed of aggregates of
varying grading, but with the same fineness moduli, was compared
with concrete made of aggregates of varying fineness moduli, the in-
fluence of the coarseness of an aggregate was strikingly shown. From
these tests it appears that the fineness modulus is a factor to be con-
sidered in determining the relative values of different sands and gravels
and for that reason it has been determmed for the sands investigated
in this report. :

SHAPE OF GRAIN AND PEBBLE

Sand grains and gravel pebbles asstime a variety of forms due 1o
" the rolling about they receive in stream beds, or to abrasion when
carried by the wind, or by grinding action when carried by ice. In
general, the more angular a grain or a pebble, the closer it is to its
point of origin. Rounding is only acquired after being carried for
long distances by the methods mentioned. In small mountain streams,
near their head waters, the pebbles and grains are angular; in glacnal
.deposits, or further down the course of the mountain streams, the
pebbles become sub-angular; and finally, at great distances from their
source, the pebbles are almost completely rounded. Grains of dune
or desert sand, that have been blown about by the wind for long periods,
are usually well rounded. Beach sands are more likely to be angular
since it has been pointed out? that sand grains under 0.75 millimeter
(35 mesh) in diameter can not be rounded under water. Except in a

few subordinate uses, the shape of the grain or pebble has little signifi-
cant influence on the value of sand or gravel.

DURABILITY OF GRAIN AND PEBBLE

The durability or resistance of sand grains and pebbles is largely a
function of their mineral composition. Since quartz is the most re-
sistant common mineral, sand grains composed principally of this
mineral will be the soundest. Soft and easily soluble minerals such
gs gypsum and calcite, as well as minerals that readily tend to break

up along cleavage lines, are not desirable components of commercial
~ sands. Pebbles made up of soft, readily disintegrated, or readily
decomposed rocks, produce gravels of little durability.

1 Zeigler, V., Jour. Geology, Vol. 19, pp. 645-654.
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A. HAIST CAR-LOADER, J. R. HIME SAND COMPANY, JUNCTION CITY, GEORGIA

B. MINING GRAVEL BY GASOLINE SHOVEL MUSCOGEE COUNTY PIT, 3% MILES
EAST OF COLUMBUS
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The durability of rock fragments and gravel may be found by
testing in a Deval abrasion machine. This machine consists of a cylinder
mounted at an angle of 30 degrees with its axis of revolution. Pieces
of stone or gravel are put into the machine and shaken by its revolu-
‘tions. The weight of the material that is worn off after 10,000 revo-
lutions, and which passes t%-inch mesh, expressed as the per-
centage of the weight of the original charge, is the measure of abrasion
of the stone, and is called the “per cent of Wear.” Wear is also ex-
~ pressed by the “French coefficient of wear,’ arbitrarily derived by

dividing 40 by the per cent of wear. :

In testing Canadian gravels for abrasion, L. Reinecke! describes
- two methods used in the laboratories of the Canada Department of
Mines. In the first method 5000 grams of the run-of-bank gravel,
screened to pass a two-inch screen and retained on a 14— inch screen,
was put into the machine and the per cent of wear determined. The
other method consisted in separating the gravel into the following
sizes: 14 - émch 14 - 34 inch, 34— 1 inch, 1 ~ 114 inch, 1/—1/2
1nch.

Five hundred grams of each size were taken and run separately

in the abrasion machine with 20 steel balls, 1 inch in diameter, for =~

5,000 revolutions and the per cent of wear calculated as previously
described. In the first method the influence of the grading factor
on the wear is considered, and in the second this is eliminated.

- Objection to the Deval machine, in its usual form, is raised on
the ground that the dust, abraded from the stone fragments, acts as
a cushion and prevents as great an amoupnt of wear as would occur
if the dust were gotten rid of as fast as it is formed. An alteration
in the machine, consisting of narrow slots running lengthwise o the
machine and permitting the dust to pass out as it is produced, has
recently been devised, and is in use in many of the road material test-
ing laberatories.

CEMENTING VALUE

The most desirable property of a gravel to be used-in gravel roads
is.its bonding power or cementation. The action of water on the fine -
rock particles and clay in a gravel road bed forms colloidal or glue-
like materials, which cement the gravel, and form hard surfaces in .

1 Non-bituminous road materials: Econ. Geology, Vol. 13, p.- 588, 1916.
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wet or dry weather. It has been shown?! that when roeck powders
ate ground with water in a ball mill, alkaline hydroxydes and free
silici¢ acid are generally formed, causing the deposition of 4 gunmiy
substance on the fresh mineral particles. This material, whose parti-
cles have been studied in detail, is believed to be colloidal substance
formed by the action of water on the rock powders.

To test? for the cemetiting value of a gravel, 500 grams of the
material which passes a 14-inch screen is ground with 90 centimeters
of water for 5,000 revolutions in a small ball mill. The dough is then
removed and made into briquettes, 25 millimetess in diameter and 25
millimeters in height, in a special hydraulic briquettitig machihe. The
briguettes are dried for 20 hours in room temperature and for 4 hours
in an air bath at 100°C. They aré then ccoled iti a déssicator, and
broken by the blows of a one kilogram hammer falling through & ver-
tical distance of one centimeter. The number of blows needed to
destroy - the resilience of the briquette is considefsd the cementing
value of the gravel. Georgia gravels included in this report wete
not subjected to this test.

_VOIDS

The term voids refers to the porosity, or the total space between
the grains of a sand. A knowledge of this facter is thought to be
.necessary when the sand is to be used for concrete purposes. The
percentage of voids depends on the grading of the grains. According
to Shichter,s in sands where the grains are of tniform size the voids
will be greatest. KEven though the grains be uniform spheres, the
voids percentages will differ with their arrangement from 47.65 per
cent to 25 95 per cent The porosﬂ;y, however is mdependent of the
A sand composed entlrely of 20-mesh grains has the same porosity as
a sand made up of 100-mesh grains, provided the grains are similarly
arranged in both sands. In the coarser sand there will be fewer, but
larger pores, and in the finer sand there will be more, but smaller pores.

In well-graded sands smaller grains will fill the spaces between .
the largest and still smaller ones will occupy the remaining interstices,

921 Cushman A. 8., The effeét of water on rock powders: U. 8. Dept. Agr., Bur of Chem., Bull.
' 2Remecke. L., BEcon. Geology, Vol. 13, p: 566, 1919,

3 Slichter, Chas. S., The niotions of u.nderground waters: U. 8. Geol Buivey Witer Supply
Paper 67, p. 20, 1902,
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until in some sands the voids percentage may be as low as 10 or 15
per cent. Coarse sands are more likely to be better graded than fine
sands, hence their voids are usually less. Such sands are considered
desirable for concrete, since they leave fewer spaces to be filled with
cement and thus produce a strong concrete with less cement than a
poorly graded sand would require. ‘

The value of voids determination for concrete sands is questioned
by many engineers due to frequent opportunities for errors arising
from the conditions under which they were made and from incorrect
application in practical work.

The percentage of water or moisture in sand influences its volume,
since the water forms a film around the grains, forcing them apart
and increasing the volume and pore space of the sand, and causing a
moist sand to weigh less than a dry sand. The voids increase by 25
per cent of their original percentage,-as water up to 7 per cent of the
weight of the sand is added. The voids percentage found in the labo-
ratory in a dry sand sample is therefore of little value unless the actual
amount of moisture is known in the sand which is to be used in con-
struction work. It has also been frequently pointed out that the
© voids percentage in a sand is not an accurate indication of the effective

voids in the sand after mixing with cement and water. In practiee, =~

the volume of gravel is not nearly so much affected by moisture as is
sand, since gravel rarely takes up more than two per cent of moisture.

Difficulties in the exact determination of voids in the laboratory
will be brought out as the different methods are described.

METHODS OF DETERMINATION

A field approximation of the voids percentage of a sand or gravel
may be made by filling a bucket, of known capacity, level full with
the sand or gravel to be tested. The material should be allowed to
fall from the same height and at the same rate, and the container
should either be given a few taps, an equal number with each sample,
to settle the sand, or else none at all, in order that the sand will not
be unequally compacted in different samples and incomparable re-
sults obtained. When the sand container is full, a known volume
of water is added until the water is also even with the top of the bucket.
The percentage of the volume of water to that of the bucket is the
voids percentage by volume. This result, however, is inaccurate,
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“since considerable air may still remain in the sand pores which has
not been forced out by the water. If the bucket is marked at a cer-
tain content then only a certain amount of sand need be put in and
the sand and water can be agitated to permit complete saturation by
the water.

In the laboratory more exact methods can be used. Dake! de-
scribes a method used at first in testing Missouri sands. A measured
volume of water was poured into a graduated tube. Into a similar
tube, a tneasured volume of sand dried at 110°C., was slowly poured
without shaking down. This sand was then poured slowly into the
measured quantity of water in order that no air would be included
with the grains., The mixture of sand and water was tapped until no
further settling results and its total volume read onthe graduate. The
height of the sand surface was also read, or the volume of the wet,
compacted sand including pore space. With these data the porosity
of the wet, packed sand, and the dry, unpacked sand can be found,
The following formuls is given for finding the porosity of the wet.
packed sand:

~

Vw — (Vt - Vs), : )
Voids = — in which
. Vs
Vw = volume of the water in the tube before adding sand
Vt = total volume of sand and:waterin the tube
Vs-= volume of sand wet and compacted (including pore space) whence
(Vt — Vs) = volume of water above compacted sand, and
VW ~— (Vt — Vs) = water in the pores of the sand (the total water less the water
above the sand), or
Vw — (Vt — Vs) = actual porosity in the wet packed sand, whence

Vo — (V6 —Vs) _ proportion of porosﬂ:y in wet packed sand
Vs

The following formula is used to get the porosity in the dry unpacked sand:
- Vw— (Vi —Vad)

Voids percentage = x 100, in-which
vd
Vd = the volume of dry sand, all the other symbols being the same as in previous
' formula,

As pointed out by Dake there is a tendency, to stratification when
the sand is poured into the water. Since stratification forms layers
of equally sized grains, the voids in these layers would be greater than
if the different grains were thoroughly mixed. Thoroughly mixing
before adding to the water and a minimum fall to the water will help
to minimize this error.

1 Op. cit.; pp. 22-24.
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The water might be poured into the sand but an error of greater
magnitude in the opposite direction is produced, since air will remain
in the pores, thus preventing complete saturation by the water. Dake
found that in tests of this kind, after standing five hours, air bubbles
that could not be shaken out still persisted. He also found in several
tests of the same coarse-grained sand, differences of two per cent in
the pore space, but with fine sand the results of the latter method are
more unreliable. With moderately fine-grained sand, by pouring
the sand into the water, tests on the same sand differed by less than
two per cent in three tests, but when the water was poured into the
sand, three trials differed from each other by over four per cent and
ran from three to six per cent lower than when the sand was poured
into the water. Dake also found that if small samples (under 100 ce.)
were used in the voids determination the results showed differences of
from 2 to 5 per cent, but in samples of 300 cc., or larger, repeated trials
checked to within 14 to 2 per cent. The smaller samples showed less
porosity. )

Another method frequently used in sand-testing .laboratories,
which obviates the inaccuracies of the foregoing methods, is to intro-
duce the water into the sand-containing vessel from below. In a

variation of this system described by R. L. Humphrey?, a percolator

about three inches in diameter is used, having a funnel-shaped orifice
at the bottom, which is connected by a rubber hose to a graduated
burette standing higher than the percolator. A small, perforated,
porcelain dish or strainer fits over the opening in the bottom of the
percolator. A given quantity of the sand for determination is placed
in the apparatus, filling it to a mark which indicates a definite volume.
Water is allowed to fill the tube and percolator until even with the
strainer to avoid compution of the water in the tube. The level of
water in the burette is then read, and water is allowed to enter the
percolator from the bottom until it reaches the top of the sand.  The
difference in the burette readings equals the amount of water required
to fill the voids in the sand. The percentage of voids can be com-
puted from the following formula:

Vw ) )
C =5 ¥ 100, in which

Vw = volume of water introduced
Vb = volume of sand in percolator
C = percentage of voids

1 Am, Soc. for Test. Mat. Proc., Vol. 6, pp. 405-411, 1906.
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Although this method reduces the error due to ineluded air bubbles,
it does not entirely exclude the air, and results from it will, therefore,
be lower than actual. If the water is introduced fast enough to agitate
the sand, slightly better results are obtained.

For the determination of voids in gravels by these methods, large
containers must be used. In the cone-specific-gravity method?, a
truncated steel cone, 10 inches in over-all height, 10 inches in over-all
diameter of the bottom, and 3 inches inside opening at the top, is filled
Wlth gravel which is eompletely compacted and kept full until no
more gravel can enter. The following formula is used:

C— A

1 — ———— x 100 = percentage of voids, in which,
(B—A) D :

A = weight in grams of empty cone

B = weight in grams of cone filled with clean water

C = weight in grams-of cone filled with compacted .aggregate -
D- == gpecific gravity of the aggregate o _

In testing Georgia sands, none of the prevmusly deseribed methods
were used, but the voids were computed from the specific gravity of
the sand which had already been found after the method described
on page 40. In the case of a sand whose specific gravity was 2.66,
which is the average specific gravity of sand, 100 ce. of the sand should
Welgh if it were solid; 266 grams.  Onaccount of the-veids in the
,sand however it"will weigh much less, let us say 160 grams The
dlfference, then betweern the actual weight of the sand and its weight
if no Vo1ds existed, represents the weight of sand needed to fill the
. v01ds m the sample. :

266 grams — 160 grams = 106, grams .of sand required to, ﬁ]lthe veids

106
226 % 100 39 .8 per cent voids A

The percentage of this figure to the solid weight of the sand is the
voids percentage, since the weights are in proportion to the volumes.
The formuls is as follows:
(Vx8G)—W

Vx8 G

V = volume of sample in centimeters
8. G. = specific gravity of sample
W = weight of sample in grams

x 100 = voids percentage, in which,

1 Blanchard, Arthur A., Elements of highway engineering, pp. 494, 495, 1915.
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In construction work it may be more convenient to weigh a eubic
foot of sand, in which case the formula is as follows: '

(Vx625x8G) —W

x 100 = voids in which,
Vx62.56x8 G

V = volume in cubic feet
S. G. = specific gravity
W = weight in pounds
62.5 = weight in pounds of one cubic foot of water

In finding the weights of 100 centimeters of different sands con-
siderable range in the compacting powers of the different sands was
noticed; so that in order to insure as comparable results as possible,
the container was tapped against the palm of the hand, as the sand
was added, until the volume was 100 centimeters and the sample was
then weighed. Compacting produced changes in the voids percentage
ranging from 5 to 25 per cent of the total percentage, depending on
the grading of the sand. The use of the weight of 100 centimeters
upon which to base the voids percentage of a sand, gives accurate
results, since a difference of 0.1 gram in the weight of 100-centimeters
‘of sand makes a difference of only 0.03 per cent in the voids percen-
tage.

SPECIFIC GRAVITY

The specific gravity of sand depends entirely upon its constituent
mineral or rock fragments. A pure quartz sand will have a specific
gravity of about 2.65 to 2.66. Any appreciable variation from this
shows impurities. A magnetite sand may have a specific gravity as
high as 6.18. Very often the heavier minerals have a harmful influ-
ence on the strength of mortar, since they may split up and decompose.
Some Missouri sands! show a low specific gravity which has been
attributed to the porous and decayed condition of the chert grains
which occur in large amounts in these sands.

Table showing specific gravity of sand drain minerals

C Quartz. oo 2.653 — 2.66
Fhnb. o e a _
Chert. .. Tttt 2.60 2.64
Feldspars_ - - o ee e 250 —2.9

Orthoelase. . 2.57 .
Kaolinite v e 2.60 — 2.63

1 Dake, C. L., The sand and gravel resources of Missouri: Missourl Bureau of Geol. and Mines,
Vol. 15, 24 ser., p. 18, 1918, -
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Limonite. .o cevcecicccncecooa...83.6 — 4.0
Hornblende_ _ . . ____ 29 —34
Olivine_ . i _. 3.26 — 3.4
Caleite. oo e e 2.71

Lignite. o oL 115 — 1.3
Chromite. - e, 45 — 5.0
Rubileo oo _l_ 4,18 — 4.25
ZATCOD o e e 4.5 —47
Magnetite. ..o oo coo.._:5.17 — 6.18
Monazite_ . e 4319 — 5.3

Although the specific gravity,of a sand is not necessary in testing,
it is of value in computing the very important factor of voids content,
and for that reason it has been included in the tests in this report.
The average specific gravity of Georgia sand is 2.66.

METHODS OF DETERMINATION

In testing Missouri sands Dake! first used an ordinary graduated
© tube. A measured quantity of water was put into the tube and into
this 100 grams of sand were poured, and the mixture of sand and water
thoroughly shaken to remove included air bubbles. The new height
of the water was then noted and the data used in the following formula:

: W
8.G = , in which
Yt — Vw
W = weight of dry sand in grams )
gw = Volume of water in tube in cubic centimeters
t =

total volume of sand and water in the tube in cubic centimeters

' The graduate was read to the nearest cubic centimeter and inter-
polation to.tenths was tried, but it was impossible to read the volume
closer than 0.3 éc. These results gave variations of from 0. 01 to 0. 06 in
the specific gravity of the sand which were considered too large. To
increase the accuracy of the determination a Le Chatelier bottle was
used: ’ ' , '

A Le Chatelier apparatus was also used in finding the specific grav-
ity of Georgia sands. It has a large, globular base, into which 50 grams
of sand were placed, and a long, narrow, graduated neck, thus per-
mitting very sensitive readings of the liquid. Since many of the sands
tested contained clay in amounts large enough to produce a slight
foam at the top, which gave trouble in reading the meniscus, gaso-
lene was used instead of water. A sharp reading could then always
be obtained, and the bottle cleansed itself much more _readily after

1 Op. cit., p. 19.
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each sand than when water was used. The formula given above can
be used with this method.

When doubt existed as to the results obtained by the Le Chat-
elier apparatus, particularly in fine-grained sands, a picnometer bottle
was used. The picnometer is a small, globular-shaped bottle, with
a perforated stopper, which permits the water to overflow when it is
inserted, so that the bottle is always filled to the same point. The
weight of the picnometer empty, and full of water, is then found, and
a known weight of sand is placed in the bottle which is filled with water
and weighed, care being taken to exclude air bubbles. To get the
best results a constant temperature should be maintained when using
this apparatus. It will give results accurate to within five thousandths.
The following formula is used to find the specific gravity! by this
method:

Ws
' = gpecific gravity
(Ws + Wb)— Wt
Ws = weight of sand (in grams)
Wb = weight of bottle filled with water only (in grams)
Wt = total weight of bottle with sand and water (in grams), whence

Ws + Wb = the total weight of the substance involved, and ‘
(Ws + W'b) = weight of the water displaced, and hence its volume.

. The specific gravities of Georgia sands are listed in the tables.
The average for all the sands tested was 2.66. To get the specific
gravity of gravels or coarse aggregates, the specific gravity of material
over 14 inch and under 14 inch in size is separately determined, and
the specific gravity of the whole can be calculated, if the proportion
of the materials of these sizes is known?2.

WEIGHT OF SAND AND GRAVEL

The weight of sand and gravel is valuable as a guide in certain
transportation questions; in proportioning sand and gravel of one
kind with other kinds, or with other materials; and in converting one
unit of measurement into another. The weight is usually given in
pounds per cubic foot or pounds per cubic yard. Sand and gravel
are generally sold by the ton or by the yard. Dealers may wish to

1 Op. cit., p. 21,

2 Hubbard, Prevost, and Jackson, F. A., Jr. The specific gravity of non-homogenous aggregates,
Proc. Am. Soc. Test. Mat. Vol. 16, Pt. 2, pp. 378-402, 1916.

See also Am. Soc. Test. Mat. Proc. Vol. 17, pt. 1, pp. 776-778, 1917.
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convert tons into yards, or yards into tons, to fix an equal price for
their product when sold on either basis. To convert yards into short
tons it is necessary to know the weight per cubic yard of the sand.
This can be actually determined for the sand in question or an average
figure can be taken. The United States Geological Survey! hags com-
~ puted the average weight of a yard of sand to be 2665 pounds and the
average weight of a yard of gravel to be 2820 pounds. The average
weight per cubic yard of 150 samples of Georgla sands was 2660 pounds.
Survey s eb‘mmate, 2665 pounds, and d1v1d11_1g it b‘y ZQ,,OO we get 1. 3_‘%
or the number of short tons in a cubic yard of sand. To convert 300
yards of sand, for example, into short tons we multiply 2665 by 300
and get 799, 500 pounds, which we divide by 2000 and find 399.7 short
tons. To convert short tons into yards we divide 2665 into the total
number of pounds in the quantity in question. To find the value of a
ton of sand selling at $1.30 a yard, we multiply $1.30 by 2000,
getting 2600, whch we divide by 2665 and get $0.9714 as the value
of a ton.

'METHODS OF DETERMINATION

The simplest way to find the weight of sandis to fill a box of known
volume ‘and Welght with the sand or gravel and then weigh the box,
the difference in weight equalling: the Welght per-unit of -8and. Care
must be taken, however, to see that the sand is added to the container
in the same way for each sample and that it receives just the same
amount of packing, else the results will not be comparative. Dif-
ferent persons in finding the weight of the same sand will invariably
arrive at different results unless each takes great care in ‘performing
the operation in the same manner. Differences in weight of the same
volume of sand of frem 3 to 25 per eent are pessible, depending on
whether or not the sand is shaken down as it is added to the container.

In this report the volume weight of sand was found by weighing
to the nearest tenth of & gram, 100 cubic centimeters of thoroughly dried
sand in a bottle after completely settling the sand as it was added, by
tapping the bottle against the palm of the hand, and then multiply-
ing this weight by a factor depending on Whether the weight of a cubic
foot or a cubic yard was desired.

Bince there are approximately 28,317 centimeters in a cubic foot,
then the weight in grams.of a cubic foot of sand may be found by multi-

1 Stone, R. W., U. 8. Geol. Survey Mineral Resources, 1918, p. 314, 1919.
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plying the weight of 1 centimeter by 28,317, or the weight of 100 cen-
timeters by 283.17. This number of grams can then be converted
into pounds by dividing by 453.3, the number of grams in a pound.
The actual weight in pounds of a cubic foot of sand can be found di-
rectly by multiplying the weight of 1 centimeter in grams by 62.5,
which represents the two combined factors. To find the weight of a
cubic yard, simply multiply the weight of a cubic foot by 27. An -
accurate determination of the weight of a cubic foot based on so small
a sample as 100 cubic centimeters is possible, since a difference of one-
tenth of a gram in the weight of 100 centimeters only affects the weight
of a cubie foot by 5 ounces.

MORTAR TESTS OF SAND:

Actual tests, to determine the tensile, transverse, and compressive
strengths of the concrete a given sand will make, are the most satis-
factory, and they should be made in all important work, when there
is sufficient time. - However, only those who are experienced in the
hand mixing of mortar should make the tests, as there is a knack in
properly mixing the materials, and the amount and manner of pudd-
ling and ramming is so important that the results of tests by inexper-
~ ienced persons will be practically valueless. '
" The strength of the concrete made from the unknown sand is com-
pared with the strength of concrete made from a standard sand, and
this proportion reduced to percentage is known as the “strength ratio’’
of the sand. In the United States, natural Ottawa (Illinois) sand,
screened to pass 20 mesh and retained on 30 mesh is used for this pur-
pose.

The tensile strength is generally found in mortar tests, since it
requires’ simple apparatus and is easily made, although, consistent
accurate results are sometimes hard to obtain and the test itself is
not of much practical application, nevertheless it serves very well
for comparative testing. It is made by subjecting a rhortar briquette,
which is of l-square-inch cross section at the center, and bulged at
the ends, to tension induced at the ends.

Transverse strength, or modulus of rupture, is of less importance
than the crushing strength, but due to the greater ease of making both

1 For detailed description of mortar tests see Taylor and Thompson, op. cit., pp. 343+348.
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this}test’ and the tension test, it is more frequently made. The ten-
sion and transverse tests serve, when made comparatively with some
standard sand, to show the proportionate values of different sands.

Compression tests are usually made on cylinders of concrete,
whose heights are twice their diameters.. These cylinders are sub-
jected to pressure in a hydraulic compression testing machine. The
machine is quite expensive and although these tests are probably of
more value in showing the actual strength value of the concrete, they
are not used generally in testing sands. '
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THE USES OF SAND AND GRAVEL
BUILDING SAND AND GRAVEL

Sand and gravel used in concrete; sand used for brick mortar and
plaster; and roofing gravel, are included in ‘this report under building
sand and gravel. Approximately 73 per cent or 282,165 tons, of the
sand and gravel commercially produced in Georgia during 1919 has
“been used for these purposes. Almost every one has had occasion to
use sand for such work, and hence an enumeration of its requirements
should aid in making a selection of materials when a choice is possible.

CONCRETE AGGREGATE

With the advent of concrete roads, and the ever-increasing use of
concrete for practically all building purposes, a consideration of the
fine aggregate, or sand, and the coarse aggregate, which may be gravel,
broken stone, slag, cinders, or broken bricks, becomes necessary if
economical and durable results are to be obtained. Until within the
last ten years very little attention had been given to the matter of
determining what constituted good concrete aggregate. Tests were
restricted to a casual inspection and rarely, if ever, was the sand or

gravel made in concrete briquettes and subjected to tension and com-- =~

pression tests. At present the Federal government and some of the
State governments, as well as the Portland Cement Association, numer-
ous universities and private laboratories, are making elaborate tests on
sands and gravels not only to determine those tests of most practical
value, but to actually determine which of a number of equally avail-
able aggregates will prove most economical and lasting.

In Georgia, the Road Materials Testing Laboratory, at the Geor-
gia School of Technology, in Atlanta, makes thorough tests of sand
and gravel for which a nominal charge is made to cover the expense
of the work. Tests for building and road sand and gravel are made
free of charge at the Bureau of Public Roads, and tests of molding
sands at the Bureau of Standards, both at Washington, D. C.

Testing of the sand should not be confined merely to the selection
of the best pit, but it should be continued on each shipment of the
material to the construction work. With a knowledge of the size
of the grains a great saving can frequently be affected by combining
two cheaper sands and thus substitute sand or stone for more expen-
sive cement without reducing the desired strength of the concrete.
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+ Due to its billk, rarely mors than 4 day’s supply of .aggregate can
“be stored near the work, consequently there is not sufficient time to
make mortar test§; ibvelving at ledst 7 ddys; ievertheless, the need
for such tests exists. To take the place of such long tests, shorter
tests, based on the relatiofi between the grain sizes of the sand and
the mortar strength, have beén- dévised. By applying these methods
the quality of each carload or shipment of sand can be quickly found.
Such tests, however, should not replace mortar tests when there is
plenty of time. In small jobs, requiring only a few wagon-loads of
mateérial, elaborate testing would of course be unwisé; nevertheless,
no job is too small to neglect the application of a number of easily
applied field tests. Very often a few hours additional search or in-
quiry will disclose sand much more desirable, and such a search is
certainly not wasted, when the effect of the aggregate upon thé re-
sulting concrete is so marked.

SAND

In general a good concrete sand should conform to the following

requirements: ,
B

1. The grains should be coarse, %'to 1 inch, Wiﬂl a smaller
amount of fines (under 1nch), rather than all fines. Sands whose
grains are mostly under —2- of an inch Wﬂl require twice the cement
a coarse sand would require to make a comcrete of equal strength!.
Uniform grading of the grains may be desirable but not necessary;
coarseness is the most important quality.

2. Vegetable matter even in, minute quanmtles is particularly
injurious in a mortar sand.

3. Clay and silt exceeding 8 t6 12 per cent is also harmful in sand,
although where the local supply is limited, a high«clay sand, or dirty
sand, may be used in very small and unimportant work rather than
to incur the expense of shipping in more desirablé sand.

The U. S. Bureau of Public Roads reccommends the following
specifications for sand for usé in first class concrete:

“All to pass a -inch sieve, to have at least 20 and not more than 50 per cent
retained on a 20-mesh sieve, at least 80 per cent retained on & 50-mesh sieve, and at
least 07 per cefit #étained on a 200-mesh sisve.

“To have a tensile strength ratio, when compared to standard Ottawa sand mortar
briquets, of at least 100 per cent. 2

1 Tailor, F. W. and Thompson, 8. E., Conerete, plain and reinforeed; 2d. ed., p. 159 a, 1911
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For concrete of the second class the following are suggested:

“All to pass a %-inch sieve, to have not more than 80 per cent retained on a Z0-
mesh sieve, and to have at least 50 per cent retained on a 50-mesh sieve, and at least
95 per cent retained on & 200-mesh sieve.

“To have a tensile strength ratio, when compared to standard Ottawa sand

mortar briquets, of at least 75 per cent.”
GRAVEL

1. The pebbles should be composed of durable unrotted material,
not likely to disintegrate when subjected to the pressure of the sett-
ling concrete.

2. The gravel should be entirely free from'vegetable matter and
contain as little clay or silt as possible. What clay or silt exists in the
gravel should be uniformly distributed through it.

3. Coarse pebbles with a maximum of 214 inches in diameter are
desired. : ‘

The U. 8. Bureau of Public Roads suggests the followmg specifi-
cations for gravel to be used in concrete aggregate:

“All to pass a 14-inch screen and to be retained on a %-inch screen, and to
bave at least 25 and not more than 60 per cent retained on a 4-inch screen.’

For empha51s and convenience of discussion, the following charac— o

teristics of the concrete aggregate will be considered: Size of grain
and impurities, which include the clay, orgamc matter, and mineral
and chemical content.

SIZE OF GRAIN

Numerous tests of various sands have shown conclusively that
the relative proportions of grains of different sizes have a great effect
on the strength of the mortar produced from the sand and also upon
the quantity of cement required to produce a mortar of given strength.
Many of these investigations have indicated that the grading should
be uniform — that is, the sand should contain as nearly as possible
equivalent amounts of each size grain from %4 inch down to 100 mesh.

Fuller and Thompson?! after making numerous tests of differently
graded aggregates arrived at the following conclusions of which an
abstract of those affecting sand and gravel is given:

1 Fuller, W. B., and Thompson, S. E., Laws of proportioning concrete: Am. Soc. Civil Eng.
Trans., Vol. 59, pp. 67-143, 1907.
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1. Stone of largest size malkes strongest concrete; a graded .mix-
‘ture, in which the maximum size of the stone is 214 inches in diameter,

gives stronger concrete than a mixture where the maximums stone is
1 inch in diameter.

2. Aggregates in which particles have _been' specially graded in
© gizes, produce cements of higher strength than mixtures of eement
and natural material in similar proportions. The average improve-
ment in strength by artificial grading under the conditions of the tests
was about 14 per cent. Comparing the tests of strength of concretes
having different percentages of cement, it was found that for similar
strengths the best artifically graded aggregate Wwould require about
12 per cent less cement than a like mixture of natural materials.

3. The strength and density of concrete is affectad by the varia-
tion in the diameter of the particles of sand more than by variation
in the diameter of the stone particles.

4 An excess of fine or 'of‘mediumtsa'nd deQreaSeS" the density and
also the strength of concrete, but a deficiency of fine grains of sand in
a lean concrete decrease the strength o'f the concrete,

5. The best mixture of cement, and aggregate has a mecha,mcal
analyms curve resembhng; 8 parabola, although the ideal mechanical
a,na_lyfns curve is slightly different for différent materials.t

. The tabulated results of mechanical analyses of an aggregate are
\practlcally meaningless to many. Curves have been devised, which
show at a glance the granulometric composition and which afford
means of comparing the grading of two or more sands.

In Fig. 1 the curve represents approximately a granulometric
analysis of so-called ideal uniformity2. The character of other sand
curves, so far as their uniform grading is concerned, shows up favorably
or unfavorably as compared with the ideal curve.

Chapman and.Johnson? have shown how a considerable saving may
be effected by using a cheaper and poorly graded sand, if the lacking
grades are supplemented by the addition of sufficient stone screenings
or other sand to produce an artificial mixture whose grading approxi-
mates that indicated by the ideal curve. In the particular case in

1 Op. ¢it., pp. 192- 193,

2 After Fuller W. B., in Taylor, F W. a.nd Thompson, 8. E., op. cit., p. 183.

3 Chapman, C. N., and Johnson, N. C., Economic side of sand testing: Eng. Record, Vol. 71,
pp. 734-737 (correctxon D. 813) 1915.
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A. KEYSTONE EXCAVATCR USED IN LOADING TRUCKS, RICHMOND COUNTY
GRAVEL PIT, COLUMBUS
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B. MINING SAND BY DRAG-LINE SCRAPER, J. R. HIME SAND COMPANY, JUNCTION
CITY, TALBOT COUNTY
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question, sand A, a naturally well-graded sand, could be obtained for
$2.24 a ton including freight, while the poorer sand, B, cost only $1.92.
Stone screenings cost $0.88 a ton, and the cost of mixing them with
the sand was about 3 cents a yard.

To determine the amount of each type of sand needed to form
the artificial mixture, it is necessary to plot the mechanical analyses
of the sands on the ideal curve (See fig. 1). From the diagram we
see that the i1deal grading curve cuts, let us say, the 40-mesh ordinate
at 78 per cent; the analysis of the cheaper sand cuts this ordinate at 40
per cent and the analysis of the stone-screenings curve at 99 per cent
making the difference between the ideal curve intersection and that of
the two aggregates respectively 38 per cent and 12 per cent. Each
of these differences are then divided by their sum to determine the
proportion of each nécessary to make an ideal mixture, which in this
case is 76 and 24 per cent respectively. The process is repeated for
all mesh sizes and the average taken. This figure then shows the
proportion of screenings and sand to be used to make a mixture con-
forming to the ideal grading. In this way a sand capable of produc-
ing a concrete conforming to the specifications can be obtained at a
smaller cost than if the naturally well-graded sand was used.

Feret! made a large number of experiments to determine the re-
lation between the grain sizes of sand and the compressive strength
of mortars. He divided the sand into three sizes corresponding to.
~ the mesh sizes, which he called coarse, medium, and fine:

Coarse______ Passing 5 mesh and retained on 15 mesh
Medium__ __passing 15 mesh and retained on 46 mesh
Fipe _______ passing 46 mesh and retained on

By combining various amounts of each size and testing the strength
of the mortar made from the combination he found that the densest
mortars “are thosein which there are no medium grains, and in which
the coarse grains are found in a proportlon double that of the fine
grains, cement included.”

Taylor and Thompson?, in commenting on Feret’s method, say
that the method is undoubtedly valuable for sand-mortar mixtures
but that for concrete mixtures having coarse aggregate to be con-

1 Feret, R., Annales des Ponts et Chaussees II, p. 182, 1892. _
See also Taylor, F. W., and Thompson, S. E., Concrete, plain and reinforced, pp. 155-162, 1916.
2 Op. cit., p. 192. (Footnote)
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sidered, more than two sizes of materlals are theoretlcally necessary
to obtain the densest mixture. :

.Recently, the relation between the surface area of the sand grains
and the amount of cement required to produce a mortar of given strength
has been 'emphasized. Of two sand grains the larger will have less
‘surface area, in proportion to its volume, than the smaller. The total
- surface area of a given volume of coarse sand will be much less than
the surface area of the same volume of fine sand. A large surface
area requires more cement to producc a given mortar strength than a
small area, because a larger area must be coated with cement, and
more points of contact exist between the grains which must be bridged
over with cement. Edwards! has made a number of tests which
show that a given cement.mix will produce the strongest concrete
with sand of the least surface area. This paper illustrates the method
“of proportioning the mix, in practice, by curves.

Quite recently Professor Abrams2 has produced evidence which
appears to show that the usual methods of ‘proportioning concrete
by sieve analysis of aggregates are open to considerable error. His
conclusions were reached after three years of experimeénting during
‘which many- thousands of tests were made. Abrams emphasizes the
neeessity of using coarse sand or a coarse total aggregate, which is
really another way of considering the surface-area principle, since
the coarser the aggregate the less its surface area. A simple method
of application to practical work, however, has been found. The con-
clusions reached, which affect the proportioning of the fine and coarse
aggregate) are as follows:

1. The sieve analysis furnishes the only correct basxs for proportlonmg aggre-
gates in concrete mixtures.

. 2. A simple method of measuring the effective size and grading of an aggregate
has been developed. This gives rise to a function known as the “fineness modulus”
of the aggregate. (See page 31).

3. The fineness modulus of the aggregate furnishes a rational method for com-
bining materials of different size for concrete mixfures.

4. 'Thesieve analysis curve of the aggregate may be widely different in form
without exerting any influence on the concrete strength.

5. Aggregates of equivalent concrete-making qualities may be produced by an
infinite number of different gradings of a given material.

6. Aggregates of equivalent concrete-making qualities may be produced from
‘materials of widely different size and grading.

7. In general, fine and coarse aggregates of widely different size or grading can

+ be combined in such & manner as to produce similar results in concrete.

\

17 Edwards, L. N., Am. Soc. for Test. Mat. Proc Vol. 18, y f,) 235, 1918,
2191%gra,ms, D. A, Desxgn of concrete mixtures: Struc Mat. ab., Lems Inst., Chlcago Bull.
1,
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8. The aggregate grading which produces the strongest concrete is not that
giving the maximum density (lowest voids). A grading coarser than that giving
maximum density is necessary for highest concrete strength.

9. The richer the mix, the coarser the grading should be for an aggregate of .
given maximum size; hence, the greater the discrepancy between maximum density

and best grading. :
10. There is an intimate relation between the grading of the aggregate and the

quantity of water required to produce a workable deposit.
11. The water content of a concrete mix is best considered in terms of the volume

of the cement — the waterradio.
12. The shape of the particle and the quality of the aggregate have less influence
on the concrete strength than has been reported by other experimenters.

These conclusions present an entirely new understanding of the
functions of the sand and gravel in a concrete mix. Although the
importance of good grading in the coarse and fine aggregate is still
apparent, it is of less force than the necessity of having a coarse sand
as shown by the fineness modulus (See fig. 4), together with the least
amount of water necessary to produce a plastic and workable mix.
Sand having a fineness modulus of less than 1.50 is undesirable as a
fine aggregate in most concrete mixes, and sands whose fineness modulus
exceeds 3.00 will generally give a concrete of normal strength ratio.
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Fig. 4.—Relation between fineness modulus of aggregate and strength of concrete.
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In applying these principles to concrete mixtures, the coarsest
grained sand and the coarsest aggregate should not be used regardless
of the richness of the mixture. The richer the mix the higher the
fineness modulus of the sand may be that can be used with it; in lean
mixtures the coarseness of the sand is limited. :

Fig. 5 shows the maximum values of the fineness moduli of aggre-
gates used in various mixes. In general the aggregate having the
highest fineness modulus for the mix to be used will produce the strong-
est concrete. o

For details regarding the method of proportioning coarse and fine

aggregates of different fineness moduli, the reader is referred to the
paper of Professor Abrams already cited.

8
\‘
Q)

3
Q

TV B ogreoore éfoaéal’ o4zl
C /‘b’ﬁ'-c—o

i
e A

G
N
3

\

i

/,/—7@//«0 o~

§

i
\

Corrporessine JW@/%*/& O, SN2

oo #sO  Go0 G0 | @oo  eso | 200
STreress Moctitis o /7_?_9/‘2?70/@

o

Fig. 5.—Relation beﬂween'ﬁneness modulus of aggregate and strength of concrete.



SAND AND GRAVEL DEPOSITS 53

VOIDS

Since the percentage of voids of a sand depends on the grading,
it is generally thought, when low, to indicate a good concrete sand.
There is considerable doubt, however, whether the voids percentage
of a dry sand is an accurate estimation of the voids in the sand when
it is in concrete mix.

Tests of 34 sands selected at random from a much larger number
made by the New York State Highway Department?! from 1908-1910,
show the sand having the least voids to be the best.

Jewett2 believes a low .percentage of voids does not give much
indication of the value of a sand, unless accompanied by coarseness of
grain. Witheys, after testing 15 sands and fine aggregates, came to
the conclusion that the laws of Feret could probably be applied to
the tensile and transverse strengths of mortars as well as to the com-
pressive strength. Although these experiments illustrated the value
of well-graded sands, they showed no well-defined relation between
.mortar strength and either percentage of voids, uniformity coefficient,
or percentage of silt.

The work of Abrams¢ Would indicate that the value of the per-
centage of voids is not of major importance, unless the fineness modulus
of the aggregate is high. In this report a determination of the voids
of the various sands has been included.

Although a range of opinion regarding the grading of a ' concrete
sand and gravel has been presented, the various ideas as to their effect
on the strength of concrete only emphasize the importance of knowing
the mechanical analysis of representative samples of the sand to be
used in construction work. With a knowledge of the grading we can
determine the value of the sand whether the theories of Fuller, Feret,
or Abrams are favored.

Present knowledge indicates that a uniform grading is not the
most desirable property of a concrete aggregate, but rather a minimum
of surface area of the grains in proportion to the cement used. Coarse

1 Greenman, R. S., Practical tests for sand and oravel proposed for use in concrete: Am. Soc.
for Test. Mat. Proc., Vol. II, p. 516, 1911.

2 Jewett, J. Y., Some sand experiments relating to per cent of voids and tensile strength: Am.
Soe. for Test. Mat. Proc., Vol. 6, pp. 405-411, 1906.

3 Withey, M. O,, Tests of mortar made from Wisconsin aggregates: Am. Soc. for .Test. Mat.
Proco Vol. 18, pp. 834-857, 1913.

4 Op. cit.
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sands best answer this requirement. The accompanying tables in-
clude calculations of the fineness moduwi of Georgia sands, so that
in less important work a simple -comparison of the fineness moduli
of sands from different localities may serve as an indication of the
value of a coneréte sand. For work involving a large money outlay,
more -refined application of Abrams’ principles is desirable from the
economic standpoint. ‘

IMPURITIES

The impurities affecting a concrete sand or gravel are clay, (under
which, silt, soil, and loam are here included), organic matter, and
mineral grains other than quartz.

The subject. of impurities in sand, or its “cleanness,” has called
forth much discussion. Tests have been made which seem to show
that clay, silt, and even vegetable. matter have little bad effect upon
the concrete-making qualities of a sand. In fact some experiments
have indicated the desirability of a high clay content in sand. Many
of these results must be accepted with caution and some uncondi-
tionally rejected, however, and in all of them the conditions under.
which they were made should be considered. Thus, sand with a clay
content of 20 per cent or even more, if used with a lean cement mix-
ture, may make strong concrete, while sand with a small (3-10 per
cent) clay content produces best results, if a rich mixture is used.

Taylor and Thompsont! say ‘“as a matter of fact it is impossible
to make a general statement either to the effect that natural impur-
ities in sand are beneficial or that they are detrimental. .In some
cases fine material may be of actual benefit, while in others the con-
trary is true.”’ '

CLAY

Clay has a more harmful effect in concrete made from natural
cement than on that made from Portland cement. Sabin thinks
amounts of clay up to 6 per cent are not harmful with either cement,®
although with lean mixtures with Portland cement, clay, in amounts
from 10 to 25 per cent of the sand adds to their strength,3 and renders
them more waterproof. Clay, however, is harmful in concrete which
will be subjeet to immersion in salt water.+

1 Op. cit. p. 168,
2 Sabin, L. C., Cement and Concrete: 2d ed., pp. 319-320, 1907.
3 Op. cit., p. 271.
4 Op. cit., p. 364.
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In a series of tests made by C. E. Sherman,! in which differing
proportions of clay and loam were used with differing cements and
sands, it was found that with other factors being equal, the resultant
concrete strength increased with the proportion of clay in the sand.
The 15 per cent clay mixture proved to be the strongest at the end of
6 to 12 months in 8 cases out of 12.

Hain2? made a number of tests of washed and unwashed sands in
which the washed sands gave.poorer results than the natural material.
He concludes that clay up to 12 per cent, if evenly distributed through-
out the sand, is not harmful, but rather beneficial. Whether a sand
need be washed should first be determined by actual mortar tests of
both the natural and washed product since the consideration of the
saving on washing is important.

Other? tests showed that with a 1:2 mixture sand with an increas-
ing clay content reduced the crushing strength of the mortar, but
with a 1:3 proportion the strength of the mortar in general increased
up to 15 per cent clay in the sand.

A small amount of clay in sand gives the concrete a smooth sur-
face. Finely powdered clay when free from vegetable matter acts
as a void filler and is said* to produce a more water-tight mortar.
About 5 per cent of the weight of the sand is generally effective.

The harmful influence of reasonable amounts of clay, free from
organic matter, in sand is likely to be over-estimated. To be on thé
safe side, tests of the mortar-making qualities of the sand should be
made when time permits, since other factors may produce results
that the amount of clay has not warranted. In specifying the amount
of clay permissible in sand, it is wise to set a conservative limit, since
with a high limit, some contractors may believe that little regard is
held for a clean sand, and the limits are likely to be exceeded and very
harmful organic matter also included.

The exhaustive tests of Abrams indicate that the less fine material,
and consequently the less clay in a sand, the better. A large amount
of clay, unless it is allowed to coat the sand grains, will require an
excess of water in the mix. This water excess is probably harmful,

1 Effect of clay and loam on sand mortar: Eng. News, Vol. 50, p. 443, 1903.

2 Hain, J. C., Some tests of i m(fure sand for concrete: Eng, News Vol 53, p. 127, 1905.
3Gnesenauer G. J., Loam and clay in sand for concrete: Eng. News Vol 51, p. 413, 1902.
4 Taylor, F. W. and Thompson, O. E., op. cit., p. 301.
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siniee it ireréases the amouiit of cement necessary to secure a desired
- concrete strength. On the other hand, clay coated grains; most cer-
tainly do not readily -aid in the setting of the eoncrete, but hinder it.
Numerous clay pdrticles also incréase the amount of cemeént needed,
since thére is a much greater number of contacts to be bridged by
the cement. ' '

- The quality of “sharpness” so long included in sand requirements
may be éonsidered an index of the clay content, rather than of the
angularity of the grain: Sand containing much clay, shale, or clay-
coated grains, will not produce the grating peculiar to a clean, ‘“‘sharp”
sand when rubbed between the fingers, since the clay aets as a cushion
between the grains. Although there is little reason why sand grains
should be sharp! and the use of the term “sharpness’” in specifications
is condemned by many, it nevertheless is an important guide in a
casual estimate of the clay or soft mineral content of a sand.

ORGANIC MATTER:

Sometimes a sand that apparently conforms to all the requirements
of an ideal concrete aggrégate, produces mortar that does not give
nearly the amount of satisfaction expected of it. The clay content
has beén sinall to negligible, the grading .apparéntly perfect, yet some-
thing in it produces bad effects. This peculiarity has been attributed
40 organic or vegetable matter, generaily in the form of a more or less
visible brown coating of the grains, which prevents .or hinders the
complete setting of the concrete. The term loam has sometimes been
used to refer to the organic matter in sand. -Loam usually contains
organic matter, but it is largely composed of clay and silt; the term
organic matter as used here indicates trué organic matter only. Such
sands generally show in a chemical analysis a large amount of organic
matter, and upon washing show marked improvement. It has been
noted that the addition of small amounts of fertilizer to a clean sand
gives low concrete tests.?2 Many defective sands will give different
results if another brand of cement is used. In one instance the varia-
tion wag from 20 to 80 per cent of normal strength, although analysis
of the cements gave no clue.

~ Free® states that sand in swampy regions becomes coated with

"1 U, S. Burésu of Standards, Circular No. 45, p. 36, 1913,
2 Freeman, J. R., Proposed study of concrete sands: Eng. News, Vol. 67, p. 1022, 1912.
3 Free, E. E., Proposed study of concrete sand: Eng. News, Vol. 67, p. 1024, 1912.



SAND AND GRAVEI DEPOSITS 57

" tannic and gallic acids, which hinder and even prevent the normal
chemical action of the cement. Such material usually is in the col-
loidal form and can be removed by washing or by the addition of inor-
ganic salts to flocculate it. The use of salt water has been suggested.

That the amount causing trouble in a sand is small is shown by
the statement of Gaines?! that 0.1 to 0.2 per cent organic matter is
sufficient. Sands obtained from rivers running through regions in
which coal or lignite occurs may contain injurious amounts of coal
and lignite grains. Tan bark has been known to seriously affect the
quality of river sands in which it occurs. Rivers flowing through
densely populated regions generally have sands with large amounts
of organic matter.

The Bureau of Standards? considers organic matter, sulphides,
and soluble alkalies in sands as highly objectionable. ~ On pages 10-11
tests are given for the determination of organic matter in sand, and
these tests have been made on most Georgia sands. In general, Geor-
gia sands are quite free from harmful organic content.

MINERAL AND CHEMICAL IMPURITIES

Under mineral impurities mineral grains of less resistance than
quartz might be included. Feldspar, which occurs in many Georgia
sands particularly those in the Piedmont region, although it is sub-
ject to disintegration into kaolin, or clay, is usually sufficiently durable
when it occurs in sands to cause no trouble in mortar. Hornblende
is still less common in sand, due to its weaker resistance to abrasion.
Quantities exceeding 5 to 10 per cent of either mineral in sand might
produce weakness due to disintegration under the pressure caused
when the cement sets. The writer knows of no experiments that have
been made to determine the effect of different amounts of feldspar or
hornblende on concrete sand.

" In the case of mica, however, Willis® found that the addition of
214 per cent of finely ground mica to Ottawa sand reduced the strength
of the mortar at 28 days about 33 per cent, and also increased the per
cent of voids in the sand. This decrease in strength may have been
due largely to the increased voids in the sand.

1 Gaines, R. H., Am. Soc. for Test. Mat. Proc. Vol. 11, p. 522, 1911.
2 Circular No. 45, pp. 35-36, 1913.
3 Willis, W. N., Cement Age, p. 172, March, 1907.
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Particles of schist, gneiss, slate, and shale are common in the small
stream sands of North Georgia. Due to the fissility of the schist,
gneiss and slate, and the softness of the shale, these substances should
be guarded. against, and sand containing over 20 to 25 per cent of
such material should be rejected even for small operations.

Pebbles of the coarse aggregate should be hard and resistant. The

+ . character and properties of weak pebbles in a gravel mass can readily

be found by breaking some of the pebbles with -2 hammer. (See page
78). .Pebbles of sandstone and shale likely to disintegrate to sand
and clay during the mixing or settling of concrete, are undesirable
in aggregate gravels. Schist pebbles are also weak, and gravel con-
taining many of them should not be used. Some of the Georgia gravels
‘contain pebbles of originally hard material that has rotted during
long exposure and now has very httle resistance.

Aiken? suggests that a concrete sand should contam 95 per cent
silica at least. He found that of two sands having the same granulo-
metric content, that with the higher silica content produced much
stronger cement than that whose silica. content was less. Sands with
over 90 per cent silica tested approximately 25 per cent stronger than
sands whose silica was under 80 per cent.

Although the silica.factor is worthy of noting.in a few sands which
manifestly contain a large percentage of minerals other than quartz,
it is hardly worth while to include it in specifications, since the great
majority of sands rarely owe what difficiencies they possess to their
lack of silica.

' Calcareous sands.—Calcite or limestone grains do not appear
to injuré a concrete sand. Coral sand bas been successfully used
where? no other kind was available. Limestone screenings are fer-
quently used as the fine aggregate in concrete, and tests have shown
as much as 50 to 100 per cent strength i Increase over silica sands of the
same granulometric composition.3

Sea-sand.—Due to the coating of salt which the grains of sea-
sand usually possess, it is not advisable to use it for mortar. The
salt is deliquescent and a wall or structure made from, such sand will

1 Ajken, W, A., A sand specification and its specific application: Am. Soe. for Test. Mat. Proc.,
Vol. 1, pp. 341—348 1910.

2 Webb, D. C., Tests of coral sand and rock with reference to their use in concrete: Eng. News,
Vol. 59, p. 524 1907.

3 Taylor, F. W. and Thompson 8. E., op. cit., p. 166.
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always be damp, unless the sand is exposed to the weather, away from
salt water, for several weeks before using.

'BRICK MORTAR

 According to Condra? sand for brick mortar should pass a 10-mesh
screen and 80 per cent of it should be coarser than an 80-mesh sieve.
Mortar in brick and masonry work is subjected to compressive strains,
particularly if used in tall buildings, and the grains should preferably
be all as coarse as the thickness of the joint will permit, since mortars
made from the coarsest sands are the strongest. Sand whose grains
are mostly between 6 and 20 mesh in size are probably the best for
brick mortar. Good grading is secondary, as far as strength goes,
but it reduces the amount of cement required.

Cleanness.——Small amounts of clay, if evenly distributed through
the sand, are not harmful, but they are to be avoided if they occur
coating the sand grains. Organic matter is to be guarded against,
particularly if it coats the grains. Particles' of lignite and similar
materials are undesirable, especially if they occur on the outer surface
of the mortar in the wall, since they cause unsightly marks.

Color.—Color is usually not an important quality, except in fine
work when a sand is desired to match the color of the brick as nearly
as possible. Round-grained sands are, in practise, as effective as
sharp-grained sands. '

STONE MASONRY MORTAR

The characteristics of sand for stone masonry work are practically
similar to those for brick work, except that in rough stone work the
joints are thicker and a coarser sand may be used. In fine work,
such as that connected with dimensioned blocks in buildings and mon-
uments where the joints are made as thin as possible, a very fine-
grained sand is generally used, corresponding in color to that of the
stone. Organic matter in fine stone work is to be avoided, particu-
larly particles of lignite.

PLASTER

Plaster is a mixture of sand and some other material depending
on the finish required on the surface to which it is applied. The plas-

1 Condra, G. E., The sand and gravel resources and industries of Nebraska: Nebraska Geol.
Survey, Vol. 3, pt. 1, p. 150, 1808.
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ter ay be made from gypsum, (plaster of Paris), lime, or cement.
The sand used in plaster should be clean, even-grained, and as coarse
as the thickness of the plaster coat will permit.

Cleanness.—Clay disseminated throughout the sand if in small
guartities is ot particdlarly harmful, but it should not coat the grains.
Plaster used in lining reservoirs or in places requiring water tightness
may contaiii as much as 10 per cent of elay; which is believed to make

. it miore impervious to water.! :

Organic matter in all amourits is to be avoided. Lignite or peat
ifi the sand is very injurious, since it expands on drying, and if on
or near the sutface, it will cause the plaster to pop and leave unsightly
pits. Georgia sands have very little lighite.

Grain size.—Sand for plaster may be as thick as the coating,
but tisudlly it should pass a 10-mesh sieve. Much fine material is
harmful, sinée it causes the plaster not to “clinch” well behind the
lathe, but to “fall through.”2 Factors such as grading and coarse-
ness of grain, that are essential for strong mortar and concrete, are
not, so important in plaster sands, since strength is not of major im-
portance. :

Color.—Except in ﬁmshmg coats color is not important. Out
side coats usually require a light-colored sand and where extreme
whiteness is desired a pure white sand is used.

The sand from the Crawford and Talbot county regions is ex-
cellently suited for plaster and mortar work, as are most of the South
Georgia sands, uilless the clay admixture becomes too great. The
eoarser river sands, particularly the creek sands of the Piedmont region,
afe Sometimies too coarse for plaster and mortar work.

GLASS SAND

Sand composes from 52 to 70 per cent of the bulk of the mixture
of raw, glass-making materials, and upon it depends the transparency,
lustre, and hardness of the glass. A careful consideration of its quali-
tles is, therefore, extremely important. Although purity and grad-
ing of the sand is essential, it is only rarely that these qualities are

1 Taylor, F. W., and Thompson, S. E., Concrete, plain and reinforced, 2d ed., p. 343, 1911.
2d2 Dalke; 502 LIQISa.nd and gravel resources of Missouri: Missouri Bur. Geol, and Mmes, Vol. XV,
ser., p.
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ideally developed in the natural product. It is interesting to note
that generally throughout the world, the purest sands, from the stand-
point of silica content, are found in the later geological formations.
This is due to the longer period during which the quartz grains have
been reworked by water many times and their impurities carried off.
Both unconsolidated sand and cemented sand, or sandstone, are used
in glass manufacture. When sandstone is used crushing is necessary,
and consequently a fairly friable stone which breaks down easily be-
tween the grains, rather than across the grains, is desirable.

Frequent attempts have been made to use ground quartz in the
manufacture of glass, but they have invariably been failures: due
to the great cost of crushing the tough quartz to the requisite fineness.

CHEMICAL COMPOSITION

The chemical analysis of a glass sand should show the percentages
of silica (SiO2), iron (Fe203), alumina (Al:03), and the loss on igni-
tion, (water and organic matter).

Silica.—Boswell? says the silica percentage should be preferably
over 98 per cent, although for common bottle glass the percentage
may drop as low as 95 per cent and in the best optical glass at least
99.5 per cent silica should be in the sand. Some Illinois and Penn-
sylvania sands attain a content of 99.9 per cent silica. In 600 anal-
yses of 210 different glass sands cited by R. L. Frink,2 the highest
silica content was 99.71 and the lowest 88.51;, but it is said that the
latter made better glass than the former, due to alumina in the sand.

Iron.—Iron, either in the form of the oxides, limonite or magne-
tite, or in other minerals, is particularly undesirable in glass sands,
since 1t gives the glass a green or yellow color. Much more laxity
has been allowed in the past few years in setting the iron content limits
than formerly, since it has been found that for most purposes just
as good glass can be made with a somewhat higher content. Although
a glass sand, comparatively free from iron, is generally snow-white,
the color of a sand alone is not an indication of its purity, since minute
particles of magnetite or ilmentite may occur through the sand and
be almost invisible, yet they will sometimes give the sand an iron
content of as much as one per cent. . ‘

1 Mining & Scientific Press, Oct. 16, 1915, pp. 599-600. i
2926 gome fallacies and facts pertaining to glass-making :Am. Ceramic Soz, Trans., Vol. II, pp.
-317, 1909.
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For the best flint and optical glass Boswell! believes the iron, as
Fe203, should not exceed 0.05 per cent, but for window and plate -
glass, 0.1, 0.2, and even 0.3 per cent are permissible. Burchard?
considers 0.2 per cent Fe:0; as the limit for sand used in plate glass
manufacture. '

Buttrams? gives 0.3 to 0.4 per cent as pefmissible percentages in
plate glass when decolorizing agents are used and calls attention to
some grades of English plate and window glass containing as much
as 1.92 per cént iron. French mechanically pressed plate glass aver-
ages 0.14 per cent iron. The same authority speaks of lead glass con-
taining up to 1.93 per centtiron and 5 per cent iron in some lime glass,
with the better grades of bottle glass averaging 0.65 per cent.

The Pittsburgh Plate Glass Company# considers the iron limit
for plate glass as 0.1 per cent, but prefers 0.05 per cent. For white
bottles the iron content should not much exceed 0.5 per cent, but for
other bottles the iron content may range from 0.5 per cent to 7 per
cent. '

Aluminae.—Alumina in glass for use in refractory work is desir-
able, since it makes a glass that stands melting without changes. Al-
umina in the form of clay is generally thought to be highly undesir-
able, since it clouds the glass. Buttrams gives 0.1 per ceﬁt A1:0; as
the limit in sands for the manufacture of high grade flint ware, while
up to 0.6 to 0.7 per cent alumina occurs in many sands for window
and plate glass manufacture. In bottle glass 2.2 per cent is about
the average.

" Frink’ believes that alurmna is bad for optical glass, but that for
most other glass, alumina is noet harmful. He cites cases in which
excellent glass was made from a sand containing 6 per cent and thinks
even as much as 10 per cent not prohibitive. The alumina aids the
annealing of the glass, reduces the coefficient of expansion, and pre-
vents, to a large extent, the formatien of cords or strings, making
the glass more homogeneous. On the other hand alumina decreases

1 Boswell P. G. H., Memoir on British resources of sands suitable for glass~-making with notes
on certain crushed rocks and refractory materials, 1916.

2 Burchard, E. F., Glass sand, other sand, a.nd gra.vel U..8. Geol. Survey Mineral Resources,
1911, pt. 2; pi 594, 1912.

3 Buttra.m, Frank, The glass sands of Oklahoma: Oklahoma Geol. Survey, Bull. 10, p. 11, 1913,

4 Dake, C. L., op. cit., p. 83.

5 Havestodt Jena glass, translated by J. D. and A. Everett Munn & Co. London, p. 21 .

6 Buttram, op. cit, p. 1l

7 Frink, R. L., Effects of alumine on glassr Am. Ceramic Soc. Trans., Vol. XV, p. 296, 1909.
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the fusibility of glass, and increases the viscosity where it occurs in
amounts over 3 per cent. On the whole, then, for most grades of
glass, alumina in small amounts may be considered beneficial rather
than harmful. :

Magnesia.—Formerly 0.2 to 0.4 per cent magnesia was believed
the limit in the batch, but Frink! mentions ay_plant producing good
glass and using 6 to 9 per cent of magnesia in the limestone alone.
He believes, however, the total magnesia in sand and hmestone should
not exceed 6 per cent.

Analyses of high-grade glass sand

Constituents S | 2 3 4 5 - 6
Silica (8109) oo 99.85 199.22 [(99.89 [99.34 |99.88 | 99.80
Alumina (A1508) __-__.__ a4 | .32 105 | 207 | .18 | .13
Iron oxide (FeeOg)oooooo._ .012 14 .005 043 .02 006
Lime and magnesia.__...__ trace .18 trace A5 oo trace
(Ca0 & MgO) .
Total .__.______[100.002 | 99.86 [100.00 | 99.830 (100.08 | 99.936

1.—Oriskany sandstone, Mapleton, Pa.
2.—Burgen sandstone, Talbequah, Okla.
3.—COriskany sandstone, Berkeély, W. Va.
4.—Dakota sandstone, Perry County, Mo.
45.—Best Lippe sand, Saxony.
6.—Fontainbleau sand, near Paris, France.

As a rule, sands whose chemical composition conforms to the silica,
iron, and alumina limits, will not show more than a trace of lime,
magnesia, titania, and the alkalies. A high alumina content frequently
means a high titania content. The effect of titania, although in-
jurious, is little known. Water, since it causes air bubbles and organic
matter due to its reducing qualities, are both obJectlonable where a

high grade of glass is desired.
MINERAL COMPOSITION

In view of the fact that quartz is pure SiOs, a sand that is almost
entirely composed of quartz grains will most likely be free from

1 Frink, R.L., Some fallacies and facts pertaining to glass-making: Am. Ceramic Soc. Trans.,
Vol XL, pp: 206-317, 1905.
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impurities. The heavier and darker minerals suech as magnetite,
hornblende, leucoxene, titanite, and ilmenite, are undesirable, since
such minerals often contribute largely to the iron content of a sand.
Their elimination, therefore, will greatly improve a sand. Examina-
tion of a sand mineralogically also serves as a check on its character
and on the deposit from which the sand cameé, since usually glass sands
are uniform in their mineral content, and any change noted will indi-
cate a change in source, or the introduction of some impurity in transit.

A mineral examination of sand is readily made with a pocket magni-
fying glass. If some of the sand is placed in a drop of clove oil under
a microscope, the fine quartz, since its index of refraction is about
the same as that of clove Qil,’ will stand out in relief. Any coating,
likely to account for a high iron content, can be observed in this way,
sinee such coating eause otherwise pure quartz to be visible through
the oil.

MECHANICAL COMPOSITION

Some glass makers who have studied their sand in great detail
put the question of grain size on a par with that of chemical composi-
tion. Grading is indeed a most important factor as numerous me-

chanical analyses have shown, yet few glass makers glve it much at-
tention. . :

Boswell? thinks a batch should have at least 70 per cent of the
sand of one grade, preferably from 14 to 14 mm: in diameter (30 to 55
mesh). Coarse grains are left unmelted as stones in the molten batch.
Fine material such as silt and clay is particularly undesirable, sinece
it clouds the glass and permits the inclusion of air which causes bubbles.
Fine material also melts first and sinking to the bottom causes layers

of uneven density, which Iater produces wavy” or “cordy’’ glass when.
blown. -

Burchard? considers that the sand should be of medium fineness
passing a 20 to 50-mesh screen, and that sand uniformly finer than
one sixtieth of an inch is said to burn out. Boswell, however, says
that sand of this latter size will not burn eut. In general, finer sand
is used by British glass-makers than by American glass-makers.

Kimmel and Gage3 say “If the majority of the grains have a dia-

1 Op. cit.
2 Op. cit., p. 595.

3 Kummel H. B. and Gage, R. B., The glass sand industry of New Jersey New Jersey Geol.
Survey, Ann. Rept. for 1906, pp. 77-96 1907.
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A. MINING GRAVEL BY CRANE DRAG-LINE SYSTEM, RICHMOND COUNTY GRAVEL
PIT, AUGUSTA

B. MINING SAND BY TRAVELLING DERRICK AND CLAM-SHELL BUCKET, SMILEY
SAND COMPANY, NEAR GAILLARD, CRAWFORD COUNTY
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meter less than 0.136 millimeter (passing a sieve having 120 meshes
per linear inch) .the sand is said to ‘burn out’ in the batch and will
not produce as much glass per unit as when composed of coarser grains.
When the grains are uniformly larger than 0.64 millimeter (30 mesh)
in diameter more time is required to fuse them than otherwise. This .
lowers the amount of sand each furnace can melt per day and increases
the cost of the glass produced.”

Similar limits for the size of the grain are given by Buttram.t The
following mechanical analyses of typical glass sands from various
sources are given:2 ' '

Mechanical analyses of glass sands

Percentages passing °

Operator Locality Color .
20 40 60 | 100
mesh | mesh | mesh | mesh

Ottawa Silica Co.._..| Ottawa, Il..____| White_________ 99 85 18 3
E. J. Reynolds & Co.. U’oiéa, 11 I _| Grayish yellow.| 99 45 11 3
Tavern Rock Sand| Klondike, Mo.._| Faint pinkish V
Co. ' yelow...__.___| 100 82 17 2
Pacific Glass Sand Co.| Pacific, Mo.___. Faint yellow___{ 100 | 96 46 2

Direct from quarry
West Virginia Sand| Berkeley Springs,| Grayish White_| 100 98 25 1
Company W. Va. )
Finish product

SHAPE OF GRAIN |

A sharp grain, since its edges fuse more readily, is generally be-
lieved more desirable. Many plants in the Mississippi Valley region
and in other parts of the United States are producing all grades of
glass, including the best flint ware, from sand of rounded grains.3
Whatever effect the shape of the sand grains may have upon the melt-
ing of the batch, or upon the glass, it is probably too insignificant to
be worthy of consideration.

1 Op. cit., pp. 16-17.
2 Burchard, E. F., op. cit., p. 626.
3 Burchard, E. F., op. cit., p. 595.
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METHODS OF IMPROVEMENT

~ Very often, sand, apparently unsuited for the manufacture of glass,
may be ridden of its impurities, by simple and comparatively inex- .
pensive treatment. Sands used for making inferior grades of bottle
glass can sometimes be improved in this way, so that they can be

employed in the manufacture of better glass and so increase their
value. -

Washing.—As a means of removing the clay, with its iron and
glumina content, washing has been most frequently resorted to, and
it is surprising how many apparently worthless sands can be made
suitable for glass by washing.. The following table shows the result
of washing a sand (No. 1) from near Blackshear, Georgia (see page
228), the average analysis (No. 2) of a large number of sands made by
the Pittsburgh Plate Glass Company,! and-the analysis of a slime
" .from a washed Ottawa sand.

Analyses of washed and unwashed glass sands and slime

S Unwashed | Washed ,
Constituents i Slime
1 2 ! 2

Silioa (8i03)---— .- | o520 | 99405 | 9940 | 782 | sr.a1
Ferric oxide (Fes03)- - - 4 e | o | st | .03 | 7.0
Alumina (A12038)_ ... 1.16 .210 .05 | .049 .52
Alkalies_ ol i el RSN PR .20
Loss on ignition...___.____ 76 170 04 0

" Sometimes the improvement of the iron content by washing is
too small to warrant the expense, in view of the corresponding loss
in alumina, which, as previously pointed out, is a desirable consti-
tuent of the sand. -

Washing not only removes a large part of the iron content, but
~ it also removes, even from high-grade sands, considerable finely divided

4121)152.)k1%, C. L., Sand and gravel resources of Missouri: Missouri Bur. Geol. and Mines, Vol. XV,
p.42, . :
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silica, which may be injurious, as well as organic matter and other
impurities whose detrimental action it is desirable to reduce. If the
iron occurs in the sand as magnetite, ilmenite, or similar minerals,
which occur in small grains; or if the quartz grains are coated with 4
persistent film of limonite, washing will not materially improve the
sand.

Washing is extensively employed in Illinois, West Virginia, Penn-
sylvania, and to a lesser extent, in Indiana, Ohio, and Missouri. The
methods are briefly described under Preparation of Sand for the Market.
(Page 129.) '

Magnetic treatment.—Since magnetite and ilmenite, which
frequently are.-a source of iron in glass sand, are magnetic, the possi-
bility of removing these minerals by the use of electromagnets is sug-
gested, as well as particles of iron abraded from the crushing machinery
by the hard quartz grains. At least one? glass maker uses this method
to improve his sand. )

Screening —Kimmel and Gage? have made experiments show-
ing that minerals such as magnetite, titanite, ilmenite, and leucoxene,
which are highly ferruginous, generally occur in sand as grains which
pass an 80-mesh screen. Their suggestion, of screening out the grains
passing 80 mesh, before marketing, is an excellent one, and should
be investigated by producers wishing to increase the value of their
sand, although it is likely that with the present methods of screen-
ing, considerable difficulty will be encountered in doing this economi-
cally. Not all sands, however, owe their iron content to these fine-
“grained black minerals. Many Georgia sands, as they occur in the
pit are barred from wuse in glass-making by their Limonite content,
rather than their magnetite content.

1 Fettke, C. R., Glass manufacture and the glass sand industry of Pennsylvania: Pennsylvania
Tog.oand Geol. ggrvey Comm., Rept., XII, p. 64, 1919.
p. cit., p. .
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Table showing improvement effected by screening out sand
passing 80 mesh

Sample 669 A Sample 672 A
Constituents :
Before After Before After
. sereening screening sereening sereening
Iron oxide (Fea0g)-rcomemem-- 0.0068 0.0022 0.0114 0.0029
Titania (Ti02)- - oo oo 0.117 0.024 0.234 0.0434
Alumina (Al205)- - -ceeeemr 0.276 0.085 0.366 | 0.106

-

PREPARATION OF GLASS SAND

In West Virginia, Pennsylvania, Missouri, Kansas, and Oklahoma,
most of the glass sand produced is from sandstone. This must, of
course, be quarried or mined, crushed, screened, washed, drained,
dried, and finally screened into the desired sizes. If the sandstone
ig friable, hydraulic quarrying is generally employed but usually the
use of some dynamite is necessary to loosen the harder ledges. Fairly
pure sandstone is fourid in Walker County on Rocky Face this state

“and an attempt was made in 1915 to work it. ,

‘Glass sand obtained from the Coastal Plain area of Georgia is un-
consolidated and may be recovered by hand or power shovels, loaders,
or centrifugal pumps. In many places the overburden is so unsuited

for.glass purposes that it is necessary to keep it and the glass sand
apart, so that hand recovery has been found more satisfactory than
mechanical means.

The various methods of mining, .Washing; screening and other
treatments are described elsewhere in the report.

FOUNDRY SAND!

The term foundry sand includes molding sand, which is generally
fine-grained and contains a clay bond, and core sand, which is coarser-

1 For details regarding molding sand see, Ries, Heinrich and Rosen, J. A., Michigan Geol. Sur-
vey, 9th Ann. Rept., pp. 33-85, 1908.
24§{u1n§6%e1, H. B. and Hamilton, S. H., New Jersey Geol. Survey, Ann. Rept. for 1904, pp. 189-
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grained, and usually requires the addition of an artificial bond. Mold-
ing sand is used to construct the forms into which the molten metal
is poured, and the core sand is used to fill up the hollow spaces in the
cast. The demand for molding sand in Georgia is supplied almost
entirely from within the state. Small amounts are also shipped to
markets outside the state. Molding sand is mined near Almon in
Monroe County along Yellow River; at Ringgold in Catoosa County
along Chickamauga Creek; and just north of Dalton in Walker County.
In 1919 the production of molding and core sand in Georgia was 64,491
tons, having a value of $33,883.

The many different kinds of metals cast and the differences in
the manner of casting require molding sand with exacting and some-
times indefinable characteristics. Foundrymen are frequently prone
to reject a local sand in favor of one that must be transported long
distances, sometimes across the continent, or from Europe, but which
is believed to have qualities that can not be found elsewhere. In
selecting a molding sand, unbiased judgment of it from its results
will often save a foundryman considerable money in freight charges.
The determination of the value of a molding sand is a much harder
matter than of sand used for other purposes. The practical foun-
dryman usually squeezes some of the sand in his hand to test its power
of retaining a form, or he will blow through it to determine its vent-
ing power or permeability. Numerous laboratory tests have been
‘devised, but it is not likely that any of them will give an exact idea
of the performance of the sand in practice. They serve rather for
comparative purposes, and to eliminate sands from further consider-
ation. Actual testing with the molten. metal in the foundry is the
only reliable way to find out what a sand can do. The sand as it
comes from the pit is rarely exclusively used in foundries, but is added
little by little to an old sand already in use, to replace the burnt-out
grains that have been previously removed by screening. At best,
then, laboratory tests are really only comparative.

The essential qualities of molding sand are permeability, texture,
cohesiveness, durability, and refractoriness. ‘

Permeability.—The ready escape of gases from the molten metal
through the sand mold is essential to proper founding. If the gases
cannot escape, ‘“‘scabs’ -or blow holes will be formed on the surface
of the casting. The facility with which the gases escape depends
on the shape and size of the pore passages in the sand, and the extent
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to which these openings are maintained after the metal is poured.
Porosity, therefore, is not-an indication of the permeability, or vent-
ing power, of a sand. A large porosity caused by numerous minute
passages does not necessarily mean that the sand is permeable; on
the other-hand, a small porosity, if induced by a small number of
larger passages, will produce a highly permeable sand. Permeability
is rather a function of the texture. Small castings do not require
a sand of as high a permeability as larger castings where more steam
and gases are produced. The amount of water added to temper the
sand, or bring out its cohesiveness, is often too great, and the per-
meability of the sand is thereby decreased. Just enough water should
be added to lubricate the grains. Methods of testing the permea-
bility of a sand are described on pages 24-25. '

. Texture.—Maximum permeability in a sand of given fineness
is usually attained when the component sand grains are rounded and
of equal size. Upon the texture of the sand depends the smooth-
ness of the face of the casting. For heavy iron castings a coarse sand
.can be used; but for stove-plate work, brass, and aluminum, the sand
should be fine-grained, and have a high degree of permeability as
well. The size of the grain, therefore, largely determines the grade
of the sand. The texture can.be found either by the wuse of sieves,

—-or by elutriation and aspiration methods deseribed on page 24.

 Cohesiveness.—Cohesiveness, or bonding power of a molding-
sand, refers to its property of retaining a shape when slightly moist.
This quality is probably the most important molding sand can possess.
It is ‘due, in part, to clay in the sand, and also depends, somewhat,
on the fineness of the sand and the sharpness of the grains. It is not
- s0 much the amount of clay in a sand that increages its cohesiveness
but rather the “fatness”, or plastici_ty, of the clay. The least possible
amount of clay in a molding sand is best. Neitheér a chemical nor
mechanical analysis ‘serves as an index to the cohesiveness.
Richard Moldenke' considers a sand having 20 per cent of plastic
clay to be the most desirable. He gives the results of the rational
analyses of a number of molding sands as follows: '

’ ;1 The molding sand problem is impbiﬁaﬁt: TIron Age, Vol. 94, pt. 1, pp. 544-546, 1914.

t
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Average rational analyses of molding sands

Avei-age per | Maximum per Minimum per
Constituents cent cent cent
Quartz .. . __.__ 65.53 68.7 : 45.6
Clay i 21.73 41.2 8.9
Feldspar_ . ________________. 12.74 32.4 2.3

The general method of testing a sand for its cohesiveness used
by the Bureau of Standards, is to mix 500 grams of the sand with a
definite quantity of water and mold some of it in a snap flask on a
piece of plate glass. The dimensions of the flask should be 1 x 12
inches and the sand should be tamped firmly in with the thumb and
forefinger. The plate and bar of sand are then weighed, and the bar
is slowly pushed over the edge of the glass plate until the weight of
the unsupported end is sufficient to cause the bar te break. The
fragment remaining on the plate is then measured, and the data used
in the following formula: '

‘Wit. of bar (in grams) L?
8= , in which
4 45.6-
S = transverse strength.
L = length of overhang in inches.

<)

Average tests of \ samples are made with Increasing quantities of
water until the bar is deformed when pushed. ‘

Durability.—After a molding sand has been used a number of
times, depending on its quality, the continual action of great heat
causes the clay to become de-hydrated and the grains to fuse slightly
causing two or more to stick together and form lumps. The cohe-
siveness 1s reduced and the sand is said to be “dead’, or burnt out.
To improve it, the burnt out or coarse particles are sereened out, and
new, or ‘“green’” sand, is added. The only way to judge the dura--
bility of a sand is to actually use it in commercial foundries until it
is burnt out.

Fusibility.—The fusibility or refractoriness of a sand is the meas-
ure of the amount of heat a sand will stand without fusing. If the
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- grains forming the inner surface of the mold fuse even slightly, escape
of the gases will be difficult or impossible, and scabs will form on the
casting. Sands used in iron and brass work are not so likely to fuse,
since the heat is not so great and a silica percentage of 70 or 80 is suffi-
cient except in very large castings. For steel castings sands should
contain at least 96 per cent of silica, and a little clay. The fluxing
materials in molding sands are lime, magnes1a, iron oxide and the
alkalies. The finer-grained portion of the sand is likely to be richest
in fluxes. To test for fusibility a cone 214 inches high by $§ inches
~wide at the base is made of the moistened sand. The sand is sub-
jected to great heat with standard seger cones and the melting tem- -
perature determmed

Substitutes for -molding sand.—Satisfactory molding sand
has been prepared! by crushing a friable sandstone; decayed granite;
or shattered sandstone, whose fractures are filled with a plastic clay.
Earthy loams- are also washed to remove part of the clay and used
for moldmg Clay has also been added’ to pure quartz sand to pro-
duce molding sands. The adoption of such methods will assure an
‘adequate supply of San-d, even though the natural deposits should
be exhausted, and also a uniform sand for each requirement.

CORE SANDS

To form molds for the cores or interior spaces of castings, core
 sands are used. To such sand, artificial binders are’ added, which

will be destroyed by the heat of the metal and cause the sand mold -

to fall ‘apart and be easily removed when the.casting has cooled. Core
" sands are, therefore, generally a fine-to medium-grained sand of un-
- iform size, thus insuring the maximum venting. Unless the surface
of the mold is protected with a coating of silica wash, the sand should
be fine enough to prevent penetration of the molten metal. The
following mechanical analysis is of a sand from near Howard, which
is used largely in core work.

1 Cole, L. H., Summary rept. for 1916, Canada Dept. Mines, Mines Branch, 1917,
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-

Mechanical andlysis of a washed core sand, Howard, Georgia,
(7-83) '

Percentages retained on following screen sizes

8 | 10 14 20 28 35 48 65 100 | 150 | 200 | 200

1 5 1 1.7 ‘ 5.0 [12.3 ’21.0

20.8,[19.9 ‘13.0 ‘ 4.2 i 1.3 I 2

In large iron cores a coarse sand with a clay bond can be used;
but in smaller castings an artificial bond such as molasses-water, flour,
starch, or dextrine, is added. Core sands for steel castings should
not contain more than 3 per cent of material other than silica (fluxes),
so that the heat of the molten steel will not fuse the sand.

Large quantities of core sand are shipped from the Talbot and
Crawford County pits to Atlanta and Birmingham foundries.

SAND LIME BRICK

Although sand-lime brick as known to-day, has been developed
within the last 25 years, they were made by the ancient Egyptians
and Babylonians. Examples of their product have often been found,
and they appear to have well withstood the ravages of time.

In brief the manufacture of sand-lime brick consists in mixing
sand and lime moist; molding under pressure; and hardening by steam,
forming a chemical bond of calcium silicate.

The industry was first developed in Germany and at present hun-
dreds of plants exist in England and France. In the United States
the growth has been more recent, dating from 1902, although today
there are a great many plants manufacturing sand-lime products,
particularly in Michigan, New York, California, and Indiana. The Tift
Silica Brick Company, located about 114 miles from Albany, east
of Flint River, is the only sand-lime brick plant operating in Georgia.

Sand requirements.—A comparatively pure quartz sand or
granular silicate (quartzite or sandstone), with a quartz sand most
in favor, all of whose grains pass 20 mesh, is desirable. The sand
should have at least 80 per cent of silica, consequently the ordinary
silicate impurities in sand are not a detriment. More than 4 to 5
per cent of clay will cause the product to disintegrate easily under
the influence of the weather; the sand should preferably have not
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more than 2 per cent-of clay.! Peppel? made a number of ‘experi-
ments to determine the effect of clay on the sand and concluded that
clay up to 10 or 12 per cent was not. injurious and that possibly as
small an amount as 2 14 per cent might be desirable. Feldspar which
usually occurs in sand will decrease the crushing strength and in-
crease the tensile strength if more than 10 per cent is present.

The grains of sand should be preferably of various sizes. If the
sand is all fine, the amount of soluble silica is increased. A large
amount of fines will prevent air and gases from escaping when the
brick is put into the steam cylinder, and cracks will result; but some
fines are mecessary to fill in the spaces about the coarse grains, and
to aid in the formation of a strong bond. As a rule® the more fine
sand (80 to 150 mesh) in a brick the less the crushing strength, but
- the greater the tensile strength. The best sand for sand-lime brick
should have most of its grains between 60 and 100 mesh. Peppel+
believes with a sand whose grains are all retained on a 40-mesh sieve,
one fourth should be pulverized so that one eighth of the total sand
will pass 150 rhesh. The grains should be sharp and free from alka~
lies.s

- The lime.—The lime tests® have shown -a high calcmm hme to
be more desirable than a magnesian lime since calcium silicate is the
stronger-bond.” Usually from 5 to' 10 per cent of lime is used, de-.
" pending 'upon the quantity of silica in the sand. Peppel? found that
alfliough the strength of thé brick increased with the addition of lime,
the strength gained by its addition above 10 per cent did not warrant
‘the increased expense. Parr and Ernest® found that too much lime
Weakens the bond and.increases the absorptmn

METHODS OF MANUFACTURE

There have been developed a number of ways of treating the sand
and lime and making it up into the resultant brick. The general
principles are equally applicable to all of these methods and these
will be- considered here.

1 Parr, S. W. and Harnest, T. R., A study of sand-lime briclk, Illinois Geol, Survey, Bull, 18, 1912,

2 Pepp el S. V., The manufacture of artificial sandstone or sand-lime brick: Ohio Géol. Sur.
Bull. 15, 4th ger., "1606.

3. Parr, 8. W. and Eamest T. R., op. cit.

4 Peppel S. V %p

5 Coons, A. T S. Geol Survey Mineral Resources, 1900, p. 1154, 1905. )

6 Peppel S V op. cit.

7 Peppel, dp cit. .
8 Parr, g, W an Eamest T R op cit.
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The sand is first screened to remove twigs, leaves, and pebbles,
and then it should be thoroughly dried. The value of drying is some-
times underestimated. It aids in grinding the sand and permits of
a more accurate- proportioning of the water added to the mixture.
Part of the sand, ranging from one-fourth to two-thirds, is put through
a large tube mill, with silex lining, and using silex or chert pebbles,
similar to those in use in a cement plant. Here the grains larger than
20 mesh are reduced; the dry granulated lime and the coloring matter,
if any, is added. The rest of the sand is then added and the whole

‘mixture passes dry to a pug mill, where the necessary water for slack-

ing is added. This method is known as the quick-lime process and
is the most general and desirable method in use. From here the wet
mixture passes to one compartment of a large cylindrical silo where
it remains for 24 hours, permitting each sand grain to become coated
with lime. The two compartments of the silo permit use from it on
alternate days. , - .

From the silo, the material which is now in a moist, warm condi-
tion, passes to circular presses after the addition of a small amount
of water where about 100 tons pressure is applied to each brick. The )
molded bricks are then placed in long steel tubes, called hardening
cylinders, ranging from 50 to 80 feet in length, where steam pressure
of from 110 to 175 pounds is later turned on and maintained for 8 to
14 hours. The usual practice is to maintain the 120-pound pressure
for 8 hours. After removal from the cylinder, the bricks are ready
for use, but they gain in strength for 8 to 10 months after pressing.

The natural color is pale ivory often tinted with pink or yellow.
By the addition of mineral pigments or lamp black, almost any de-
sired color may be produced.

Several variations of the method of mixing the sand and lime are
in use and are described by Peppel.? In the wet slacking process,
the lime is slacked to a fat putty and then mixed with the sand and
water in a wet pan or pug mill. The dry slacking process dif-
fers little from the wet slacking method except that the lime is slacked
with just enough water so that the heat generated will dry the finished
hydrate. In the acid slacking method 5 to 10 per cent of a hydro-
chloric acid solution is added to the lime after slacking has begun.
The acid is said to hasten slacking and shorten the time for harden-
ing in the steam cylinder. ‘

1 Peppel, S. V., op. cit., pp. 19-22.
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Character of brick.—The sand-lime brick makes a beauti‘ul,
neat, and exceedingly durable building material, either for residences,
large office buildings, or factories, and its strength compares very
favorably with that offclay bricks.

ROAD GRAVEL

In 1914, 42 per cent of the surfaced roads of the United States
were constructed of gravel. A gravel road is similar in many ways
to a sand-clay road except that a coarser sand or gravel is used. The
requirements of an effective binder; good grading; and contact of
the coarser particles, thus insuring a minimum of the less resistant
binder, apply with equal force to the gravel as to the sand in sand-
clay roads. (Page 81).

Although there are few gravel roads in Georgia as a whole, due
to the frequent remoteness of the deposits, excellent examples may
be seen in the vicinities of Savannah, Augusta, Macon, and Colum-
bus. On' account of ‘the freight costs gravel can rarely be hauled
more than 100 miles by rail. Although some gravel is brought to
" Georgia points from the Montgomery district in Alabama; and con-
siderable South Carolina gravel is used in 'Chatham and a few ad-
joining counties, most of the road gravel used in-the state must be
obtained locally. Very often such deposits present little choice.
Nevertheless, it is quite necessary that those in charge of road con-
struction be familiar with the proper qua'ities of good Georgia road
gravel- and that they select the best possible gravel where a choice
is afforded. '

"The three requisites of a good road gravel are:

1.  An effective binder ,
2. Resistant pebbles or rock fragments
3. Well graded pebbles

The Binder.—The followmg extract from Bu]letm 2 of the Mick-
igan State Highway Department is of value in empha,Slzmg the de-
sirable features of the binder:

“Authorities have differed as to the requirements of suitable road gravels, most
of them, in my opinion, placing too much stress on the immediate packing qualities.
Indeed, the average townshlp commissioner and farmers generally have become so im-~
bued Wlth the idea that it is necessary to use a gravel that will pack quickly that they
have almost lost sight of the fact that thé only thing which makes a gravel road better
than an earth road is the pebbles, real stones, that it contains and is dependent upon
ta bear up traffic and- resist wear.



SAND AND GEAVEL DEPOSITS 7

“The most common material sought after for the binder in gravel roads is clay. But,
considering all kinds of weather, it is probably the poorest cementing material we have.
If present, much in excess of 10 per cent of the mass, it will make mud whenever there
is a prolonged wet spell, and especially when frost is coming out of the ground in the
spring. Ideal clay gravels contain only enough clay to coat the pebbles, with no free
lumps. Such gravels are excellent for the first layer on sandy soils, but sand gravels
are much better for the first layer on clay and loamy soils.

“Gravels that come from the pit with the pebbles cemented together, even though
they contain no clay, will recement in the road and become harder than they were in
the pit. Tests of specimens of this kind always show that there is much lime present
and usually some iron, both of which are excellent cementing materials. Briefly, the
experience of the State highway department warrants the statement that there are
few, if any, bapk gravels in Michigan that do not contain enough limestone and other
soft. pebbles, which grind up under traffic, to furnish sufficient binder to cause them
to consolidate in a few months’ time, if separated from the surplus sand and earth, and
properly treated after applying to the road.

“In accordance with these suggestions, gravels are considered valuable for road pur-
poses in the following order:

(1) Almost in direct proportion to the percentage of pebbles comstituting the
mass.

(2) In direct proportion to the value as road metal of the rock fragments con-
stituting the pebbles.

(38) In direct proportion to the value as a cementing material under all condi-
tions of weather, of the finer particles of earthy matter constituting the filler or binder.”

Due to the low cementing valuc of so many gravels used in road
building, the question of binder is considered by some of more impor-
tance even than that of the durability of the pebbles. Observation
of the natural bank or face of a gravel deposit is an-excellent guide
to the cementing qualities of the binder. Where the face stands verti-

cal, requiring loosening by shovels, with large lumps of cemented
pebbles at the base, the binder is probably very effective. Gravel
from the vicinity of Augusta, Georgia, and across Savannah River
in South Carolina, is noted for its high cementing qualities, which
are due to a kaolinite binder making up 10 per cent of the material.
Where iron oxide or clay does not occur with the gravel, and where
limestone pebbles are also lacking, the most commonly added bind-
ing material is clay. Clay for such use should possess the same char-
acteristics as the clay similarly used in sand-clay roads. (See page 81).

As is the case with sand-clay roads, gravel roads too often prove
defective because of too much binder rather than too little. It is
generally believed the best results can be obtained from a gravel hav-
ing from 8 to 15 per cent clay. Heavy auto traffic is particularly
hard on gravel roads containing an excess of clay, hence in some locali-
ties less than the required amount of clay is used and the attrition
of the pebbles by traffic is depended upon to supply the additional
fine material or binder. (See pages 33-34.)
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J. R. Gregory! recommends the use of Washed gravel screened
to- pass a 2-inch ring, the pebbles larger than 2 inches to be crushed
and returned with the dust to the main body of gravel. Sand, if
needed, should be added so that it makes up at least 35 per cent of
the total volume, but not more than 40 per cent.

The relative proportions of pebbles and clay can be easily deter-
mined by shaking a known volume or weight of the gravel in a glass
jar and allowing it to settle. The clay and finer materials will form
a layer above the pebbles, which can be measured and its percentage
of the whole readily determined.

Strength of the pebbles. —Since a road gravel should be largely
composed of pebbles with a minimum amount of binder, it is essential
that these pebbles be sufficiently durable to resist the wear of traffic.
"The pebbles composing Georgia gravels are-mostly of vein quartz
and, in a few instances, fragments of tough crystalline rock, and con-
sequently capable of great wear. In somé places, pebbles that have
been exposed to weathering or erosive influences  for long periods,
become _decayed and show a tendency to easily break up into smaller

- - fragments and even into dust. Such a constituted gravel would of

course be of little value in road building, since an excessive amount
of bmdmg material would soon be produced by the attrition of the

~ pebbles under ordinary traffic, causing the road fo become muddy

and ‘rutty”’ after',rams and ‘dusty in dry weather

Where a choice of gravel exists, a casual inspection of the pebbles
will often aid in selecting the.most durable material. By breaking
the pebbles with a hammer, an approximate idea of: their toughness
may be had. The relative proportion of durable and decayed pebbles
can then be found by a simple measuring or weighing device. In
examining two gravels, pebbles of the same size from each gravel
should be ‘compared, since the larger pebbles sometimes differ radi-
cally in composition from the smaller ones.

In the counties of the Georgia Paleozoic area, (northwest Geor-
-gia), limestone, chert, and shale frequently make up a large percen-
tage of the stream gravels. Although limestone pebbles are less re-
sistant than quartz, they possess a high cementing value since _the
limestone dust worn from them is an effective binder. Shale and
sandstone pebbles, on the other hand, readily break up into clay and
sand respectively, and a preponderance of either will soon cause a

1 Excerpt suppljed by Am. Assoc. of Sand & Gravel Preducers. Chicago, Tll.-
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road to go to pieces. Chert is a brittle material, and its dust makes
a fair binder. Small quantities of decayed chert are not generally
harmful.

The shape of the constituent pebbles has a less important bear-
ing on the value of a gravel. Sharp, angular, fragments bind much
more readily than rounded pebbles and form a less mobile gravel.
The movements of angular pebbles in the road bed are restricted due
to their more frequent contact with each other and the stability of
the road under pressure is greatly increased. Chemical reactions
between the pebbles are facilitated when the number of points of con-
tact and the pressure are increased. It is well known that solution
is produced when moist particles are in contact under pressure. The
dissolved material is later deposited where less pressure exists. Stream
gravels usually contain rounded pebbles and bank gravels contain a
larger percentage of angular, or sub-angular, fragments.

Grading of the pebbles.—For. the same reason that the sand
to be used in sand-clay roads should be well-graded, the pebbles mak-
ing up a road gravel should contain ag nearly as possible equivalent
amounts of pebbles of each size. The spaces in such a gravel will’
be filled by smaller pebbles, and all the pebbles will be in contact at
the maximum number of points, and a minimum of the less resistant
binder will be required. But grading is not essential in road gravel,
since the constant attrition of traffic will usually make up for the
voids deficiency in a short time. In general, the pebbles of a gravel
are naturally well-graded. Almost universally, however, pebbles of
too large a size oceur, and these must be screened out.  Such pebbles
tend to work to the surface causing rough places, or become loosened,
and cause holes around which the road surface may break up.

In the field a ready. determination of the ratio of pebbles to finer
material may be made by passing a sample of the gravel through a
14-inch screen and then finding thé proportions of clay to the entire
sample and to the fine material by washing out the clay (see page
9 for field test for clay percentage). Such an analysis will show
what proportions of coarse or fine material must be added or removed
in order that the grading will conform to the limits most desirable
~for road gravels. Where the traffic is not exceptionally heavy a large
amount of sand in the gravel is not especially harmful provided there
is sufficient binder present. Such gravels will produce a road tending
to resemble the sand-clay type.
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Baker! made a mechanical analysis of 12 good road-making gravels
from various parts of theUnited States, and found that the sand (un-
suspended material under }{ inch) ranged from 23 to 73 per cent of
the total, and that in 9 of the 12 gravels the sand exceeded 57 per
cent. Moorefield? gives the following limits of fine and coarse mater1a1
inla road gravel: :

“1. Material retamed on a.li-inch sieve, 55 to 75 per cent.
2. Material retained on a 34-inch sieve, not less than 15 per cent.
3. Material (clay) passmg 8 200-mesh sieve for the surface course, 8 to 15 per
“ cent.
4. Material (clay) passing & 200-mesh sieve for the foundatlon course, 10 to 15
per cent.

The sand content should be at least twice as great as the clay content, and the
sand and clay, when thoroughly mixed, should be sufficient to -fill the voIds between
the larger gravel particles. The percentages given above usually will conform_ to-this

. requirement.. The maximum limiting size for the pebbles ordinarily should be from
234 to .3 inches,. because where larger pebbles are permitted in the surface the rate of
wear is made unequal, and it i$ more difficult to maintain a satlsfactory bond between
the d].ﬁ'erent particles.” : )

The following limits are recommended by the United States Office
of Public Roads for gravel to be used in the construction of gravel
roads:

BASE COURSE

“All to pass a ‘) 2Y4-inch screen and to have at least 55 and not more than 75 per
_cent retained on a 14 inch sereen. .

‘A% least 25 and not more than 75 per cent of the total coarse aggregate (material
over Y4 inch in size) to be retained on a 1 inch sereen.

“At least 65 -and not more than- 85 per cent of the total ﬁne aggregate (material
under 14 inch in size) to be retained on a 200 mesh sieve.’

The cementing value of the mater1a1 under %4 inch to be at least 50.

TOP GOURSE :

“All to pass a 114 inch screen and to have at least 55 and not more.than 75 per
cent retained on a 14 inch screen. N
_“At least 25 and not more than 75 per cent of the total coarse aggregate to be re-
tained om a 34 inch screen.
- “At least 65 per cent and not more than 85 per cent of the total fine aggregate to
De retained on a 200-mesh sieve.’
The. cementing value of the material under 14-inch to be at least 50.

In the construction of Michigan state roads at least 60 per cent
of the pebbles must be larger than % inch, while the largest pebbles
must pass a 214-inch ring. Such pebbles can be used only in the
bottom course. Clay must not exceed 10 per cent of the whole. In
New Jersey, gravel with over 5 per cent retained on a 1l4-inch ring
and over 35 per cent retained on a l4-inch ring is rejected.

1 Baker, I. O., Roads and pavements, p. 156-157.
2 Moaorefield, C. H., Earth, sand-clay, and gravel roads: U. 8. Dept. Agr., Bull. 463, p. 52, 1917.
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- 1

A. INTAKE AND PIPE-LINE, GEORGIA SAND & GRAVEL COMPANY, AUGUSTA,
RICHMOND COUNTY

B. MINING SAND HYDRAULICLY, ATLANTA SAND & SUPPLY COMPANY, 1 MILE
SOUTH CF GAILLARD, CRAWFORD COUNTY
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On the other hand, Illinois permits gravel containing uniformly
- graded pebbles up to those just passing a 314-inch ring. Not more
than 5 per cent loam should be present but it must contain 15 to 20
per cent clay by dry measure. '

In roads made up of one course only the coarser pebbles should
be placed &t the bottom of the gravel. Even in two-course construc-
tion work, unless the bottom course is to exceed four inches it is un-
wise to use stones larger than 3 inches.

It is thus seen that the range of opinion regarding the best kind
of road gravel is wide. The most essential quality of a good gravel -
is a binder of high cementing value. Clay in a gravel does not indi-
cate that the gravel will make a hard road surface. Even though a
gravel should be entirely lacking in clay or fine sand, the dust abraded
by traffic from certain types of component pebbles, particularly lime-
stone, will soon render the gravel surface hard and durable.

SAND-CLAY ROADS

Perhaps- the most common use of sand throughout the Georgia
Coastal Plain is in the construction of sand-clay roads. The sta-
‘bility and life of such roads depend largely on the character and pro-
portion of the sand used in the sand-clay mixture. In some counties
these roads are hard and durable in all kinds of weather, comparing
favorably with gravel roads, but elsewhere the so-called sand-clay
roads are little better than dirt or clay roads.

Since the materials for the construction of excellent, durable,
sand-clay roads are almost universally found in the southern and
eastern parts of the state at least, there appears to be little excuse
for poor roads in this section. In the Piedmont portion, careful ex-
amination on hill slopes will generally reveal sand clay mixtures which
can be made into excellent roads, if from 10 to 40 per cent of stream
sand is added.

The construction materials generally occur in three conditions:
(1) A natural mixture of sand and clay, often suitable without alter-
ation for use on roads, or less easily rendered so by the addition of
small amounts of clay or sand, (2) A naturally sandy soil with clay
deposits beneath or in certain parts of the region, (3) A natural clayey
soil with sand deposits composing the smaller proportion of the ma-
terials. '
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THE SAND AND THE CLAY

Sand comprises from 70 to 90 per cent of the mixture. Normally
there should be just enough clay to fill the voids between the sand
when the grains are all in contact. If there is an excess of clay, then
the sand grains are free to move about in the mass and no grain is
able to resist pressure more than what might be expected from a mass
composed entirely of clay. With too little clay, on the other hand,

the mixture, lacking binding power, will quickly disintegrate. ~
= The proportion between the sand and clay is also affected by the
* fineness of the sand, since fine sand usually contains more voids, and
. hence requires more clay to fill them. The most desirable sand, then,
should be coarse-grained, and the grains should be angular. A plas-
tic or “sticky” clay will require more sand than one not so plastie.
Clay may be tested! by wetting the thumb and placmg 1t against
the clay. If it sticks to the thumb, then the elay is good for sand-
 clay roads. A plastic clay is usually much more desirable than a
porous clay. However, some clays have-a high shrinkage, so that
when they dry out they contract. When water is added the clay
expands, if clay of this type is used in a sand-clay road, the grains of
sand are forced apart and the surface of the road weakened. .In a
dry climate the proportlon of clay should be larger than in wet climates.

_ The best way to determine the value of a mixture, either natural
or artificially blended, is to make a short strip of test road and watch
" the effect of weather and traffic upon it. Since local conditions may
require a proportioning peculiar to a particular region, an examination
‘of the .material composing a road which is giving staisfaction in a
" locality will be valuable as a standard with which to compare-avail-
able sand-clay mixtures in that locality. Material so taken from
“the wearing surface of the road should be tested for the proportion
 of sand and clay after the manner described on page 9. The grad—
ing of the sand should also be determined by screens. :
A simple field test of the available materials may be made as fol-
lows:2 ‘

" “Take samples of each of the available sands and clays and make a set of small
uniform-sized spheres. Use varying proportions of the sands and clays and take care
that the material for each dgphere is well worked. Place these spheres in the sun and
let them bake hard. Note which ones show the most and largest cracks. These repre-

sent the mixes which would probably go to pieces in dry weather. Now place the
spherés in & shallow pan of water; note which ones disintegrate first. These represent

1 Pratt, J. H., Good Roads Inst., North Carohna Geol. and Econ. Survey, p. 27, 1917. -
2 Coghlan B. K Sand—clay roa.ds Texas Eng. Exper. Sta., Bull. 19, p. 8.
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the mixes which would not stand up under traffic during wet weather. Some samp.es
will usually be found which neither check badly in drying nor disintegrate quickly when
wet. These should be used as a guide for the mixing of the material in the construc-
tion of the road.

Since the amount of clay required to mix with the sand depends
on the voids percentage of the sand a determination of this will show
the approximate amount needed. The voids percentages have been
found for many Georgia sands and these are listed herein. A simple
method of finding the amournt of clay needed to fill the voids in a unit
quantity of a given sand is described by W. L. Spoon:?

, “Two ordinary glass tumblers of the same size are filled to the brim, one with the
dry sand, to be tested, and the other with water. The water is then poured carefully -
from one glass into the sand in the other until it reaches the point of overflowing. The
volume of the water taken from the glass which was originally full of water can be taken
as an approximate measure of the voids in the unit volume of sand contained in the
tumbler. A simple calculation will reduce this to percentage volume.”

The U. 8. Bureau of Public Roads recommends the following speci-
fications for a natural top-soil or sand-clay mixture:

“To have not more than 10 per cent retained on a 14-inch screen, at least 10 and not
more than 50 per cent on a 20-mesh sieve, at least 30 and not more than 80 _per cent
on a 50-mesh sieve, at least 45 and not more than 85 per cent on & 80-mesh sieve, and
at least 60 and not more than 90 per cent on a 200-mesh sieve.

" “To have a cementing value of at least 35.”

In localities where a natural sand-clay mixture occurs, which
more or less closely approaches the ideal composition for band-clay
roads, a simple treatment? may be used to determine it qualities
Take a known amount, about two pounds, of the natural soil, and
after grinding up the coarse particles in a mortar, place it in a shallow
pan and thoroughly wash out all of the clay. Then dry and weigh
the sand remaining and compute the amount of clay contained in
the natural sample. The next step is to determine the percentage
of voids in the washed sand by the method described on page 83. From
the percentage of voids we can easily find the amount of clay actually
needed to fil the voids in the sand. This amount is then subtracted
from the total amount of clay in the sample leaving usually an ex-
cess of clay. The amount of sand needed to utilize the excess clay
can easily be determined, since the ideal proportion of sand to clay
has already been found. From this we can easily find the percen-
tage of sand to be added to the natural sand-clay mixture to obtain
one of ideal proportions.

1 Sand-clay and burnt-clay roads: U. S. Dept. Agr., Farmer’s Bull. 311, p. 10.
2 Smith J. E., Economic paper No. 39 "North Carolina Geol. and Econ. Survey, p. 43, 1914.
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~ - Such tests are by no means to bé ever considered final, but should
serve as & basis upon which to apportion mixtures at first; later ob-

servations on the road as its construction proceeds will indicate what
mixtures are best.

Mechanical analysis.—Coarse sand 1s generally considered most
desirable for sand-clay roads, since it packs when wet. With fine
sands “there is little packing, the material assuming the nature of a
quicksand.! A sand containing uniform amounts of each sized grain
is best, since it insures the complete filling of the spaces between the
coarser grains by grains of smaller size and guarantees the maximum
stability of the mixture. -Such grading requires the least clay or
binder, which is desirable, since the clay is least able to resist wear..
Small pebbles in the sand are also deswable provided there is regular
gr ading of the fine material.

The U. S. Bureau of Public Roads suggests the following specifica-
tions of sand for use in sand-clay roads:

“All to pass a l{-inch sieve, to have at least 5 and not mote than 50 per cent re-
tained on a 20-mesh sieve, and at least 50 per cent retained on a 50-mesh sieve.”

Moorefield2 recommends the following simple test of the grading
of a sand for sand-clay roads:

“Place a sample of the sand in a vessel containing water and agitate the water
© ‘until the sand is thoroughly in suspension. Then after the sand has been szllowed a
few moments fo settle, pour off the water slowly If of good quality the sand will not
be carried out with the water, but will remain in the vessel until practically all the water
has been drained off.  Sand containing a large percentage of mica or other light min-
eral matter will not meet this test and is not generally suitable for use.”

Medium- to coarse-grained, angular sand, then, should con-
stitute the great bulk of the material used in building sand-clay roads.
The amount of clay to be added depends on the percentage of voids
in the sand and on the plasticity of the clay. The best way to deter-
mine the mixture suitable for any locality is to actually test it out
in a road, after first making a.few preliminary tests.

ASPHALT PAVEMENTS =

Sand makes up from 70 to 80 per cent of the wearing surface of
asphalt pavements. It is mixed with pulverized limestone and heated,
and - then thoroughly mixed with asphaltic cement which has been
separately heated. This mixture is spread upon the binder course
which in turn lies upon. a concrete foundation. '

1 Cogh'an, B. K., Sand-clay roads: Texas Eng. Exper. Sta., Bull. 19, 0. 6,1917.
2 Moorefield, C. H., Earth, sand-clay and gravel roads: U. S. Dept. Agr., Bull. 463, p. 40, 1917
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Baker! sums up the requirements of a good asphalt paving sand
as follows: '

“The sand should be clean, sharp, and composed of grains not easily crushed, and
have as small a proportion of voids as possible.”

If the sand grains are coated with clay or other material, the asphalt
can not properly adhere, although clay in separate particles is not -
particularly harmful. Sharp grains probably allow a better adhesion
of the asphalt and prevent less rolling of the pavement under traific.

The U. S. Bureau of Public Roads reccomends sand of the follow-
ing specifications for use in sheet asphalt:

“All to pass a 10-mesh sieve, to have at least 20 and not more than 30 per cent re-
tained on a 40-mesh sieve, at least 40 and not more than 50 per cent passing the 40 and
retained on the 80-mesh sieve, and to have at least 25 and not more than 35 per cent
passing the 80 and retained on the 200-mesh sieve.” ‘

Uniformily graded sands since they usually possess fewer voids
are desirable. As the asphaltic cement is something of a liquid with
capillary action between the sand grains, the smaller the individual
pore space the stronger the attraction between the asphalt and the
sand.2 This implies the use of a fine sand. Baker,® in speaking
of the sand for asphalt paving, says:

“ .. .. Fine sand is usually less sharp than coarse and the finer the sand the
greater the surface to be coated and hence the greater the amount of asphalt required.
The asphalt is not only more expensive than the sand, but it is less able to resist dis-
placement by pressure; and consequently the greater the amount of asphalt present,
the more expensive the pavement and the more liable it is to flow under traffic. On
the other hand, the smaller the voids, the greater the binding action of the cement;
and also the finer the sand, the smaller the voids (interstices), although the per cent
of voids may be greater than with sand having grains.of graded sizes.”

As pulverized limestone is added to fill the voids between the
coarse and fine sand grains and to make the individual interstices
smaller, so that the capillary action may be increased, it would seem
that a large amount of fines in sand for asphalt paving would, there-
fore, be a very desirable feature. Sand with a large voids percentage
allows the asphalt to work down through it in hot weather, and the
surface of the pavement is then likely to crack in cold weather. 4

1 Baker, I. O., Roads and pavements, p. 410, 1913.
2 Op. Cit., p. 411.

3 Op. Cit., p. 411. ’

4 Op. cit., p. 414.
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Of two sands used in paving Washington streets, that containing
42 per cent of its weight under 60 mesh proved more satisfactory than
another containing only 22 per cent passing 60 mesh.?

Richardson in speaking of the requirements of asphalt paving
sand says, in part:2

“A clean sand is in any case probably more desirable, although satisfactory re-
sults have been obtained with many loamy omes . . ... Organic matter in the shape
of vegetable debris is sometimes found in sand. It is usually removed in screening.

If this is not possible and the amount remammg is excessive the sand should
be reJected . ~

“The shape of the gmzns ® of a sand has a marked influence,- when combined Wxth
their size and grading, upon the character of the asphalt surface mixture made with
them. . . .. Mixtures made with round-grained sands are of course less stable than
those made with sharp sand, since round particles move much more readily over one
another- than ‘sharp ones; but, on the other hand, with plenty of filler this tendency
can be neutralized, while the round—gramed sands can be packed much more readily
gnd closely and with smaller vo6ids and the resulting surface can; in thls Way, be made

enser.

““Surface of Sand*—The different kinds of surfaces behave quite differently to-
ward asphalt cement. The porous limestone surfaces absorb it, and it, of course, ad-
here very firmly. To the quartz surfaces the bitumen adheres, in most cases, well.

“The size of sand graims® in an asphalt pavement, that is to say, their average
chameter, ig of the greatest importance. . .. In g standard ‘sheet asphalt surface it
has been found generally preferable to have no sand grains larger than 2 millimeters
in diameter, passing a 10-mesh sieve made of wire 0.027 inches in diameter, or smaller
than 0.17 mllhmeter, which pass a sieve of 100 meshes to the inch, made of wire 0.0043
inches in diameter.”

RiCha,rdson probably believes -ﬁne sands are mu_éh more desirable
since he says® in‘s'peaking of a Kentucky asphalt sand:

"‘The sand grams are extremely coarse, the maaonty of them being of 40 -and 50
mesh ifi size in one instance,-and larger than 30 mesh in another. Such a sand grad-
ing alone would make this material unsuitable for use in an asphalt surface.”

Mr. H. L. Collier,” chief of the Construction Department of the
city of Atlanta, favors a fine-grained, dustless sand for use in asphalt
paving, most of which will pass a 50-mesh sieve and be retalned on
an 100-mesh sieve.

Just as coarseness of grain is the most important charactenstlc of
concrete sands, it would seem that fineness of grain is the most im-
portant characteristic of asphalt paving sands. Sands containing
from 50 to 70 per cent of their weight between 48 and 100 mesh.are
probably most desirable in the long run, for asphalt pavements.

1 Op. cit., p.

2 Rlchardson, Chfford The modern asphalt pavement, pp. 53-56
3 Op. cit., p.
4 Op. cit., pp. 57-59. <

5 Op. cit., pp. 57-59.
6 Op. crb,p 224, -
7 Oral communication.
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SAND-OIL ROADS

In parts of Florida and Massachusetts? hot asphaltic oil has been
added to sand to make roads. In Massachusetts 114 gallons -of the
oil were used to each square yard of road, and the resulting surface
was excellent for light teams and automobiles. The sand should be
sharp, hard, and well-graded rather than uniform or fine-grained.

PAVING SAND

Sand and gravel are widely used as foundation or cushion layers
where the streets are comstructed of brick, wood, and stone blocks,
or asphalt, and also as a filler between the blocks. In 1919 Georgia
produced 21,284 tons of paving sand valued at $12,320.

PAVEMENT FOUNDATIONS:=

Usually sand and gravel are the cheapest forms of foundation for
brick, wood, or stone-block pavements, and in many cases, where
the traffic is comparatively light, are the most desirable, since they
permit of excellent drainage. For ordinary subsoil, 5 inches of gravel,
overlain by 3 inches of clean sand, makes an excellent foundation.
Where the sub-grade is clay or muck, 10 or 12 inches of sand is re-
quired. Sand foundations should always be rolled. Sand and gravel
used as a foundation should not contain more than 15 to 20 per cent
- of clay. , ‘
CUSHION SAND

In the construction of brick or wood- and stone-block roads, streets
or pavements, the sand support, or cushion, upon which the bricks
and blocks are laid, is & very important feature. Such a cushion is
primarily intended to smooth out the irregularities existing i the
top of the base and give elasticity to the pavement. The sand must
be free from pebbles, clay, loam, and other matemals likely to be-
come sticky or greasy when wet.

Tebbs® says that in Pennsylvania 15 per cent loam is permitted
in the sand, which prevents the shifting about, characteristic of a clean,
dry sand. Larger amounts will cause settling of the bricks when the
loam is washed to the bottom. A-reasonably dry sand should be
used thus preventing the settling consequent to the drying of the
sand and its resultant shrinkage in volume. Since the function of

1 Good Roa.ds Year Book, pp. 402-403, 1917.
2 Buckley, E. R., Public roads: Missouri Bur. Geolovy and Mines, p. 42, 1907.
3 Good Roads Year Book, BncL roads, p. 917.
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the sand cushion is largely to smooth out the iﬁequalities in the base,
the thinner it is the better, thus avoiding shrinkage. A cushion from
1 to 114 inches thick is ustally quite satisfactory.

At the present time in brick road paving the sand-cethent mortar
cushion-having a ratio of 1 to 3 or 1 to 4 is replacing the sand cushion,
since the latter has not given satisfaction when the road is subjected
to heavy jars. In the case of asphalt pavements, the binder course,
composed of bituminous concrete, has taken the place of the cushion
sand. _ g
FILLER SAND

- Sand (now usually replaced by cement grout or tar) forms a cheap
filler without damaging the brick when the pavement is taken up.
It is easily washed or swept out, however, and does not prevent the
edges of the brick from chlppmg It has proved very satisfactory in
wood-block pavements.?

RAILROAD BALLAST

Most of the gravel now used for railroad ballast in Georgia has
been brought in from Alabama, although a'number of years ago gravel
was extensively used from a pit on the Central of Georgla, Railway
near Georgetown.

“Chert gravel has been used in northwest Georgia, and large quan- -
tities were formerly quarried near Summerville. The Southern Rail-
way at present is using a partlally disintegrated quartzite schist from
- extensive pits near Alto. Cinders, crushed rock, and sand are also

generally used throughout the state; and elsewhere, clay, burnt clay
or burnt gumbo, and chert are extensively used.

The function of ballast is to make a stable, resilient road bed,
which will quickly drain off water preventing the decay of ties. There
'is considerable diversity of opinion as to the relative merits of gravel
and crushed “stone for railway ballast. Gravel is usually cheaper
‘and permits greater ease in tie renewals, but has the disadvantage of
dust, inability to hold the surface under extremely heavy loads, and
permits the growth of weeds. Many believe gravel makes an easier
riding road-bed. If the gravel is well-graded, a more solid founda-
tion of much ‘higher binding power is secured. A ballast gravel
should contain sand to fill up. the voids between the pebbles. Clay
hinders the drainage, makes a dusty road-bed in dry weather, and
. encourages the growth of weeds.

1 Tillsen ,G. W. Am, Soc. Civil Eng, Trans. Vol. 75 ,pp. 530-5632.
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The Committee on Ballasting of the American Railway Engineer-
ing and Maintenance of Way Association has made the following
statements and recommendations! regarding the use of gravel for
railroad ballast:

“l. Gravel with much over 3 per cent of dust-does not drain freely; with less than
that amount drainage is good.

2. Gravel with less than 2 per cent dust makes a fairly dustless road-bed.

3. DPebbles should not exceed 2 inches in size. Larger pebbles should be crushed
and returned to the ballast.

4. Less than 20 per cent sand permits pebbles to shift, under load, and over 50
per cent prevents ballast from becoming firm.

5. The Committee recommends for

Class ‘A’ roads, 10 parts gravel and 3 parts sand. Bank gravel with over 2 per
cent dust or 40 per cent sand should be washed and screened.

Class ‘B’ roads, 10 parts of gravel and 6 parts sand. Bank gravel with over 3 per
cent dust or 60 per cent sand should be screened or washed.

Class ‘C’ roads, 10 parts gravel and 10 parts sand. Any gravel not over 6 per cent
dust may be used.”

Classes A B, C refer to the amount of traffic handled and are de-
seribed in the manual of the American Rallway Engineers’ Associa-
' tion,

The following test? made on pit gravel used for ballasting show
the effect of sand and clay (dust).

Characteristics of ballast gravels

Gravel, Sand, Dust,
Per cent | Per cent | Per cent Remarks
81.6 27.0 1.3 Very good.
61.3 50.9 2.8 . | Fair.
86.0 12.5 6.5 Poor cementing nature. \
59.6 55.4 3.6 Good but dusty—sand excess in-
, creases labor.
58.7 49.1 12.9 Very poor.

Gravel near Omaha and Columbus and also near Warrenton was
formerly used for ballast, but owing partly to exhaustion of the more
accessible material and partly to opening of larger and more cheaply
worked deposits in Alabama, its use has been discontinued. Large

1 Engineering News, Vol. 61, pp. 404405, April 15, 1909.
2 Op. cit.
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deposits, -however, await development within a mile or two of rail-
roads, particularly along the Fall Line and along Chattahoochee
‘River. Most of this material is better suited for road purposes than
~ for ballast because of comparatively large amounts of clay.

FILTER SAND AND GRAVEL

In a way, sand is the most important ;part of a water filtration
plant. = Specifications for filter. sand and gravel have been investi-
gated in considerable detail, particularly by Hazen.t

Filter  sands, contrary to the requirements for concrete sands,
.should be as uniform in grain size as possible. Freedom from clay
and ofgan—io matter is of course essential. The terms “uniformity
‘coefficient” and “effective size” (see pp. 27-28) have been introduced
largely for the purpose of describing filter sands.

The specifications for the filtration plant at Washington, D. C
for which over 180,000 cubic yards of sand and gravel were reqmred
were as follows:2

“Pilter gravel.—On the floor of the ﬁlters and surroundmg the underdraing shall
be placed gravel or broken stone having & maximum depth of 1 foot. Instructions
will be given by the Engineer officer in charge as to the exact arrangement and posi-
tions of the various layers when the stone commences to be received upon the ground,
but the arrangement will be. approximately .as follows: The lower 7 inches shall con-
sist of broken stone or gravel which will remain upon a sereen with a mesh of 1 inch,
and which has but very few stones over 2 inches in diameter. Above this shall be
placed 234 inches of broken stone or gravel which has passed a screen with a mesh of
1 inch, and which remains upon a screen with a clear mesh of ¢ inches. Above ‘this
shall be placed 234 inches of broken stone or gravel, which has passed a screen with a
mesh of ¢ inch, and which is coarser than the ordmary sand, and entirely free from
fine material.

“The material for all of the layers may be broken trapx rock or granite sereened to
the proper sizes, or gravel screened from sand and gravel banks of a sandy nature.
Gravel screened from hardpan or clayey material can not be sufficiently cleaned. The
gravel shall not contain more than a very small amount of shale or limestone. The
gravel shall be washed entirely free from fine material, so that water passing through
" it"or agitated in contact with it will remain substantlally clean.

“Pilter sand.—The filter sand shall be clean river, beach or bank sand, with either
sharp or rounded grains. It.shall be entirely free from clay, dust, or organic impur-
ities and shall, if necessary, be washed to remove such materials from it, The grains
shall, all of them, be of hard material which will not disintegrate and shall be of the
fo]lowmg diameters: Not more than one-half of 1 per cent by weight shall be less than
0.13 millimeter; not more than 8 per cent less than 0.26 millimeter. At least 7 per cent
by weight shall be less than 0.34 millimeter, at least 70 per cent less than 0.83 and at least
90 per cent less than 2.1 millimeters. No particle sha]l be more than 5 millimeters in

1 Hagen, Allen, Some physmal properties of sands and gravels: Massachusetts State Board of

Health Rept., p. 541,
2 Stone, R. W., Mmeral resources of the United States for 1913; pt. 2, pp. 336-337, 1914.
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diameter, and the sand shall be passed through screens or sieves of such mesh as to stop
all such particles, and.no screen or sieve shall be used contairning at any point holes or
passages allowing grains larger than the above to pass. The diameters of the sand
grains will be computed as the diameters of spheres of equal volume. 7The sand shall
not contain more than 2 per cent by weight of lime and magnesia taken together and
calculated as carbonates. In all other respects the sand shall be of & quality satisfactory
to the Engineer officer in charge.

“The filter sand shall be placed in the filters in three layers, each layer to be about
1 foot thick, and the sand shall not be dropped from & height into final position or other-
wise unduly compacted. The first two layers may be filled in to only approximate
depths and the surfaces need not be smoothed. The final layer shall be brought to a
true and even grade, and the surface left smooth and uniform.”

The sand and gravel specifications at the Queen Lane filters, in
Philadelphia, contained the following requirements:

Least effective size of sand___ . ___ . __ . _________ 0.30
Greatest e 0.38"
Least uniformity coefficient . o . e 1.70
Greatest “ e mm————em 2.70

The sand and gravel sizes were placed in the following order in the
filter beds of the Queen Lane plant:

1. 8- to 2- inch gravel _.____.____ vemeec=e——w-i- O inches
2_ 1% & _g_ £’ o el 4 . [14
3. % 143 1 “ il g «
4. 1“1 et € e 9 o«
5. Through 8 mesh with less than 0.5 per cent passing

20 mesh_ _ . ____. e 1«
6, Sand. . __ e 26 «

The sand used in the filters at the waterworks supplying Atlanta,
Ga., must pass a 20-mesh screen and be retained on the 40-mesh. It
- must be clean, sharp, and free from clay and dirt. The sand in filters
must be washed every year or so to free it of the accumulated sedi-
ment collected from the water. A certain proportion of the original
sand, from 10 to 20 per cent, must be replaced each year, due to the
wearing out or breaking up of some of the grains. In the case of the
Atlanta filtration plant from 2 to 3 carloads yearly must be supplied.

Filter sand produced at Crystal City, Missouri,? conformed to
the following specifications:

“The sand shall be composed of hard and durable grains, either sharp or rounded,
substantially free from clay, loam, dust, or organic matter and flat particles.

““When the sand, crushed and powdered, is digested for twenty-four hours in strong,
warm hydrochloric acid, without stirring,” at least 95 per cent shall remain insoluble.
The sand shall not contain more than two per cent of calcium and magnesium, taken
together, and calculated as calcium carbonate (CaCO3).

1 Dake, C. L., Sand and gravel resources of Misséuri, Missouri Bur. Geology and Mines, Vol.
XV, 2d ser., p. 80, 1918.
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“The sand shall have an effective size of not less than 0.40 nor more than 0.50 of
a. millimeter and a uniformity coefficient not greater than 1.65. Not more than one-
fourth of one per cent shall be finer than 1.2 millimeters. The diameters of sand grains
shall be computed as the diameters of spheres of equal volumes, and all percentages
shall be caleulated by weight.”

Some of the washed grades from the Taylor and Crawford coun-
ties pits have been used throughout the state in filters and compare
very favorably with sands brought from a distance. -

ENGINE AND TROLLEY SAND

A large amount of the sand produced in South Georgia from the
fluvial sand hills is used by the railroads to sand rails to facilitate
the action of the driving wheels of the locomotives. In the southern
states, with the heavy rainfall and persistence of vegetation along the
tratk throughout the year, the demand is probably uniform in all
seasons. In northern states, however, spring and summer produce
the greatest demand. In 1919 Georgia, produced 9, 091 tons of engine
‘sand valued at $4,988. : ,

Condra?! says such sand should be hard, sharp, clean, and of a me-
dium degree of fineness. It should be sufficiently coarse to remain
on the rails in a moderately strong wind, and free from clay, twigs,
and pebbles, which will clog the feeding pipes, or prevent the free
running of the sand in these pipes. For the same reason the sand
mist be quite dry. Most locomotive and trolley sands are artificially
dried. As high & quartz content as possible is desirable to insure the
'grains from being crushed to an impalpable powder.

Praetlcally all of the South Georgia sand conforms to these spemﬁca—
tions for engine sand. :

The Georgia Railway and Power Company, ‘operatmg the street
cars in Atlanta, obtains its sand from Terrill and Proctor creeks, near
Atlanta, and from the west bank of Chattahoochee River, near Bolton.

ROOFING GRAVEL

-Rooﬁng“: gravel. is used extensively in buildings having practically
flat roofs. It is usually a screened product retained on a l4-inch
screen and passing a %-inch scréan.2 - The pebbles should preferably

1 Conda, G E., Sand and gra,vel resources and industries of Nebraska, Nebraska Geol. Survey,
° Vol. 3, pt. 1, pp. 186-190, 1908,
2 Dake, C L., Sand and gravel resources of Missouri: Missouri Bur. Geology and Mines, Vol
XV, 2d ser., p. 63 1918.
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be rounded to prevent cutting of the tar-paper base, and sufficiently
-coarse to prevent removal from the roof when the tar is melted by the
sun. Sometimes stone crushed to small sizes is used for roofing pur-
poses.

So far as the writer could learn, no roofing gravel is now being
produced in Georgia, although about 1900 some was shipped from
the vicinity of Kingston, in Bartow County

ABRASIVE USES
SAND-BLAST

Considerable sand is used in sand-blasts for cleaning and smooth-
ing casting faces, for removing paint from steel structures prepara-
tory to re-painting, and for cleaning stone surfaces of large buildings.
Sand for this work should be hard, containing as much quartz as pos-
sible, sharp, moderately coarse, new,_and free from clay. It should
preferably be uniform in size and should pass an 8-mesh screen. Much
of the Taylor and Crawford County sand of Georgia is suitable for
such work. ' . |

Cape May grit, from the southern coast of New Jersey, composed
of rounded ovoids and containinig over 98 per cent silica, has proved
an excellent sand.?

The granulometric analysis of this material is as follows:

Mechanical analysis of Cape May grit

Passing

| |
8 mesh 10mesh | 20 mesh | 30 mesh
209, 709, ‘I 39, | trace
' . |

STONE SAWYER’S SAND

In the marble district of Georgia considerable sand is used with
_ the steel saws cutting the large blocks of marble as they come from
the quarries. Similar sand, free from coarse grains or pebbles, is
used in the rubbing beds to glve the initial smooth surface to the
marble.

Sand for this work should be usually hard and sharp, Wlth as large

1 Sand blast machine, Am. Soc. Mech. Eng. Trans:, Vol. 33, pp. 835-840.
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~ a quartz content as possible, uniform in grain size and free from clay.
_ The Taylor and Crawford counties sand proves very satisfactory

in the Georgia marble finishing works, although some fine-grained
sand from local stream bars is used. Sometimes a layer of very an-
gular sand occurs in the sand pits and care in the selection of this
bed in filling orders from the marble works would be desirable.

GRINDING AND POLISHING

Some sand is used to polish wood, stone, glass, and similar sur-
faces. Such sand should be hard, preferably all quartz particularly
that for use in glass polishing, sharp, uniform in size, and free from
coarse grains likely to scratch the polished surface.

SAND-CEMENT

In large engineering projects in the West, such as the construc-
tion of dams, aqueducts, and reservoirs, ground sand or siliceous rock
has been blended with cement and a product obtained that has appar-
-ently given satisfaction and materially reduced the cement costs.

In the case of the Arrow Rock dam in Idaho,! a plant was con-
structed at a cost of $40,000 for this purpose. To the cement, 40
per cent of ground siliceous rock was added, and a saving of $250,000
was affected,

FIRE-SAND

Fire, or furnace sand, is used with either a lime or fire-clay binder,
for lining and patching furnaces, converters, cupalos, and ladles for
containing molten metal.2 This sand should contain as high a silica
content as possible, preferably 97 per cent or more, to prevent fusing
when in contact with rmolten metals. Its requirements so far as can be
learned,' are similar to those of steel molding sand. (See pp. 68-69.)

MINOR USES

In addition to the uses. -already enumerated, many of less impor-
tance may be tabulated.” Such uses include sand used for bedding
stock cars, which should be free from pebbles and clay, and permlt
proper drainage.

In California, and in other regions subject to high winds carrying
sand, clean, White sand is evenly applied to freshly-painted surfaces,

1 Eng. Record, Vol. 65, p. 320, 1920.
2 Dake, C. L., op cit., p. 85,
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thus preventing abrasion of the wood and adding somewhat to its
appearance.

Clean, white sand is used to provide play places for children, and
also in certain mechanical toys. Sand is also used on sand-paper, in
scouring soaps, and when ground to pass 120 mesh and containing
less than one per cent iron, as a constituent of pottery glazes. Sand,
free from pebbles and lime, is added to clay to reduce shrinkage. Finely
ground silica or ‘“‘silex’”, is used in the manufacture of paints for out-
door 'use, in the manufacture of various chemicals, metal polishes,
silicon and its alloys, and in the production of silica apparatus for
laboratory uses. Sand used in the manufacture of carborundum
must contain over 99 per cent silica and be preferably of even grain.
Sand makes up over 50 per cent of the raw material in this product.
Round-grained, even-textured sand between 80 and 100 mesh in
size is required for hour-glasses. ,

White, dustless sand, approximately 65 mesh in size, is used by
roofing companies to dust the coatings of tar paper to prevent stick-
ing. Sand is also added to sweeping compounds.

Sand, owing to its incoherency, makes an excellent filler for fer-
tilizers, and large quantities are used for this purpose. In engineer-
ing work sand has been successfully used in filling mines, particularly
the anthracite mines of Pennsylvania. Sand in huge sand-boxes is
used to lower bridge spans or other heavy loads supported on the
- boxes. Crystalline quartz and sand have been used in the manufac-
ture of silicon and its alloys with various metals.

METHODS OF TRANSPORTATION, PRODUCTION
AND PREPARATION

In handling bank sand in most of the sand-producing regions of
Georgia, hand labor is still largely employed, although the use of steam
shovels, car loaders, and other mechanical contrivances are being
slowly extended. Stream sand is produced more frequently on a
commercial scale by mechanical means, but at a few places in the
- state, production is obtained by hand loading. The following de-
seription of methods of producing sand has not been drawn entirely
from observations in the state, but it is hoped that it may aid in the
selection of suitable labor-saving devices where conditions wairant
their substitution for less economical hand methods.
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TRANSPORTATION

In the case of commodities like sand and gravel, having so little
intrinsic value, the item of transportétion makes up at least half, and
frequently as much as three-quarters of the cost to the consumer.
The consumer is therefore interested in reducing the cost of transpor-
tation to the lowest figure possible. This may frequently be accom-
plished by utilizing nearby deposits, provided their quality is suffi-
ciently high, and if modern convenient methods of handling and trans-
portation are used. In some instances heavy transportation charges
~ -are assumed in order to get a certain far-famed sand which may be
no better and possibly not as good as a local product. -

Wagons.—Two-horse wagons are most economical where the
requirements are small and the distance from pit to consumer is short.
With two-horse wagons more than twice the load can be transported
at little more than the expense of one-horse carts. Wagons are more
economical than trucks. where the haul is only a smallynfra,cti‘on of a
mile, provided the truck cannot be used continuously. Wagon trans-
‘portation is usually employed in the smaller towns where the local
supply is obtained from a small pit nearby. In some places the pit
is common property and. anyone.can get,sand to.supply his needs for
" the expense of hauling; at other places a nominal charge of from 5 to
25 cents a yard is made and the consumer does the hauling, or the
owner of the land may agree to keep the deposit free of overburden
and even do the hauling, charging from 50 cents to $1.50 a yard for
‘the delivered product

Motor truck.~—The advantages of motor haulage of sand and
gravel from local pits to the consumer and from railroad cars to the
construction job are daily becoming more realized. The length of
the haul, of course, depends on the character of the sand and its
scarcity. Sand is hauled 2 miles at Fitzgerald, 114 miles at Quit-
man, 4 miles at Thomasville, from 1 to 3 miles at Moultrie, and 1
mile at Tifton. In Atlanta, sand from the plant of the Acme Sand
Company, on Peachtree Road at Peachtree. Creek, is hauled to all

' parts of the cﬁ:y, the hauls ranging from a fraction of & mile to 5 miles

and the price of the sand increasing as the haul increases.
In Youngstovvn Ohio,? a 5-13011 truck Wlth a rear-end dump -body,

1 Eng._ Record, Vol. 66, p. 473, 1912,



PLATE V1

SAND AND GRAVEL DEPOSITS OF GEORGIA

A. WASHING AND SCREENING PLANT, GEORGIA SAND & GRAVEL COMPANY,
AUGUSTA, RICHMOND COUNTY

WASHING AND SCREENING PLANT, ACME SAND & SUPPLY COMPANY, PEACH-
TREE CREEK NEAR PEACHTREE ROAD, ATLANTA, FULTON COUNTY
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and requiring only one minute from the time of arriving at the sand
storage bins until it left loaded, regularly made 50 round trips of 1.3
miles each in 10 hours. Two men were required on the truck and it
did the work of seven wagons, having the added advantage of being
able to operate in all kinds of weather. Assuming the cost of the
truck to be $30 a day, then the cost per ton-mile would be 18.5 cents,
or less than two-thirds the cost of hauling the sand in wagons. It
must be remembered, however, that the value of motor haulage is
greatest when it can be .employed contmuously and where the roads
are at least fairly good. : '

Railroads.—Railroad haul is generally restricted to commercial
sand consigned to distant points. In many places the combined ex-
pense of railroad freight and. drayage from the car to the job at the
destination, is more than the expense of hauling sand by wagon or
truck directly from a local source to the job.

As the minimum freight rate on sand and gravel differs little on
hauls from 10 to 100 miles, the development of nearby deposits is often
hampered, since it is more convenient to obtain the sand from estab-
lished pits. Pits on small railroads, from which sand must be shipped
over at least two lines to get to the large markets, can rarely be finan-
cially successful, since the sum of two or more short-haul charges
will usually equal or exceed the charge for a much larger haul between
points on the same railroad.

Although most of the sand and gravel used in Georgia is produced
in the state, great quantities are shipped to Atlanta from points in
Alabama conveniently situated with respect to through railroads.
In this case it is questionable whether much of the Alabama sand is
better than, or even as good as, Georgia sand, its use having been
largely encouraged by cheaper freight charges.

Short rail hauls of sand and gravel are few in Georgia. Cairo has
been obtaining considerable sand from the vicimity of Gradyvﬂle,
about 3 miles distant by rail, and sand used in Douglas is hauled only
6 miles by rail. In some places advantage is taken of the nominal
charge for switching cars from one part of a town to another in trans-
porting sand and gravel.

Boat.—Very little sand is transported by boat in Georgia except
where the sand is dredged from the river bed to a scow and then towed
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'to the p1er for unloadmg This is the case on Savannsh River at
Savannah and on St. Marys River above St. Marys. At Rome sand
is Ioaded on Scows ‘either from islands or along the river banks and
then towed to a pier for disposal by land. Practically all of the navi-

gable rivers of Georgia contain inexhaustible supplies of excellent.

séhd. This sand could be loaded on barges or flats and drifted to the
Hearest railway point.

Most of the smaller scows or barges havmg capacmes of from 10
t6 100 eiibic yards, are built of wood ard of the usual square type,
havmg sides from 12 to 24 inches high. . The larger barges, used on
MlSSlSSlppl and Ohio' rivers are of either the decked type, used on
the MlSSlSSlppl and the open—hold type, preferred on the Ohlo The
decked barge is best where loading is by centrifugal pump in order
to permit the water to drain off.” For large production, where un-
loading is by heavy grab buckets, steel construction is by far the best,
sirice it has three times the life of wood unideér girnilar conditions; Large,
miodern, steel-decked barges now in use on Mississippi River, have
capaeities of from 300 to 400 ydrds and are 130 x 30 x 7 %% feet When
loaded they draw from 5 to 7 feet of water. ‘

In the Pittsburg district where ladder-elevator dlppers are used,
open hold barges transport the sand since little water remains in it.
© THeiE ususl eapacity is from 150 to 200 yards and thelr dimiensions
about 100 x 24 x 8 feet.

MECHANICAL CONVEYORS

Under mechamcal conveyors, belt conveyors and bueket elevators
may be considered. Conveyors of this kind are coming into more
general use in transporting sand directly from the excavating machine
to the screenmg plant, or in ra1s1ng it from track hoppers to the top
of the plant

Belt con,veyors —The belt usually has a canvas body with a

rubber cover and runs on troughing idlers. Belt conveyors are in use

in sand and gravel pits to transport the material from the pit to the
~washer for distances up to 1,000 feet. It is questlonable whether
lengths of over a few hundred feet are economical under most condi-
tions. Where the distance from pit to plant exceeds 500 feet it is
usually best to deliver the sand in hopper cars.

@
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Table showing capacities and requirements of belt

conveyors
Distance in feet
Sand and gravel ;
hauled per hour Horsepower Width of belt
in tons required in inches
Horizontal Vertical
20 50 10 2 12
40 100 20 3 14
60 150 30 4 16
80 200 40 6 18
100 300 60 8 20
200 400 80 16 26

For elevating sand and gravel, belt conveyors can run at a max-
imum angle of 20°. The same amount of power will convey on belts
five -times the distance it will elevate on belts.

Elevators.—Elevators of four types may be used for raising sand
and gravel to washing plants. (1) The continuwous bucket elevator,
whose buckets are carried on a chain, requires less space, but is likely
to permit of some spillage; (2) The inclined or stone elevator, which
is most gene-ally used, has steel buckets closely spaced on a canvas
or rubber belt which operates on a wooden frame. It has a high
capacity although running at low speed and is satisfactory, unless
the height is too great; (3) The centrifugal discharge type dis-
charges the material from the buckets by centrifugal force and is op-
erated at high speed. The cost of this elevator is less than the others,
but the upkeep expense is greater, due to its greater speed and con-
sequent wear; (4) The dredging eleévator obtains its load under
water and for this reason is desirable in plants having the sand deliv-
ered to a dump or pit by a centrifugal pump. The dredging elevator
is inclined farther from the vertical than the other types, thus allow-
ing the empty buckets more slack to aid the digging.

In small sand and gravel plants bucket elevators are said to be
more economical than inclined belt conveyors in raising material to
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the top of the plant. To insure their maximum efficiency, -bucket
elevators should be installed as nearly vertical as possible.

PRODUCTION METHODS
HAND LABOR

. Loading by hand directly into a wagon, railway car, or scow, is
common, and in fact usual, throughout Georgia. Colored labor is
usually employed for this purpose.” The track must be kept close
to the working face for the best economy. It is said that one man
can load from 10 to 22 yards in a 10-hour day, lifting it from 8 to 10
feet. This method is used entirely where sand is obtained from near-
by local pits and hauled to town in wagons and trucks. Although
it frequently permits of a better selection of material than is possible
with mechanical methods, particularly where the different grades of
sand lie in thin beds. In a few cases where the deposit is uniform,
and the product does not require preparation before shipment, the
use of hand labor may be the cheapest; but installation of mechan-
ical loaders or a small steam shovel would soon pay for itself in de-
creased costs and increased production in many places. In some of
the Crawford County pits several grades of sand occur from 2 to 4
feet in thickness. Tt would be. practically impossible to handle these
separately with a steam shovel. This is true of unconsolidated glass
sand, where a cover of irregular thickness occurs above the Whlte sand,

Whose upper surface may also be undulating.

A% some places the sand is loaded from the creek bar into wagons,
and hauled to railway cars to whick it is transferred by hand or by
traps (see p. 238).- At Mandeville, in Carroll County, sand is loaded
into wagons from bars in Bear Creek and hauled to the top of a steep
hill, where it is dumped and later loaded into motor trucks for trans-
portation to railroad cars or for local use.

In the spring of 1920 in Georgia the daily wage paid shovelers in
“sand and gravel pits ranged from $2.50 to $4.00. In a number of places
it has been found most desirable to pay a man a certain amount for
loading a 30-ton car. This usually insures completion of the work
in the least time. The amount paid is usually about $4.00, and many
shovelers can load a car and part .of another in a day.
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Table showing average amount of work and cost of handling
sand and gravell

Cu. yards per man | Cost per cu. yard
Method per hour at $0.15 an hour

Sand into cars from high face_ _____ I 1.8 $0.0825

Sand into earts__._________________ - 2.0 | 0.075
Gravel into wheelbarrows. - ______________ 1.7-2.7 - 0.07

Gravel into carts.— ... ... ___:.__ 1.0 0.150
Gravel into wagons__ .- . ____..._ 1.3 0.113
Average earth___________________.__.____ 1.75 0.086

Sand from river bars and islands is also loaded on flats directly
by hand. The flats are then pushed or towed by a gasolene launch
or even poled to a pier, where the sand may be unloaded by hand into
wagons or to stock piles. It is said than one man can load 4 to.7
yards in a 10-hour day, the amount devending on the distance the
scow must be towed. At Rome, on Etowah River, local dealers load
sand into small scows by means of a large dipper attached to.the end
of a long pole. When the scow is loaded, it is poled to the bank and
the sand loaded into wagons. S

Wheelbarrows are commonly used in loading cars and flats. Where
box cars are used for transporting sand, direct hand loading is im-
practicable. The wheelbarrows are hand-loaded and then wheeled
along planks or rough trestles to the car, generally less than 50 feet
away. Wheelbarrows are also used in loading flats and barges in
streams.

- TRAP LOADING

It may be convenient to construct a bridge over a railroad spur
or road with gentle slopes at either side. A hole or trap is cut in the
floor of the bridge, and wagons can be driven up the inclines, and
their contents dumped directly into waiting railway cars. Drag and
wheel scrapers are also used in this manner to load cars, trucks, or

1 Complied from McDaniel, A. B. Excavation machinery, methods, and costs: McGraw Hill
Book Co., New York.
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wagons. It is usually desirable and economical;, in. the case of irreg-
ular wagon loading, to construct a small bin for storage purposes
beneath the trap. By raising a slide a wagon can be filled from the
bm at any time. This method is employed at the sand pit on the
Fort Bennmg Reservatlon near Columbus.

A still better method is to construct a pocket or boot beneath
the trap from which the material is carried by some type of conveyor
to largé bing above. In view of the limited economical haul of the
smaller scrapers, it will be necessary to move the platform and trap
as the sand is Worked out, or else to lengthen the conveyor, so that
other traps can be built ‘over it.

Serapers.—Scrapers are of two main types, horse-drawn and
power-operated. Horse scrapers can be used to advantage in pits
whose production is not large or those having no rail comnections
and also in removing the overburden from sand or gravel deposits.
There are four types: drag scrapers, two—wheeled scrapers, Fresno
scrapers and four—wheeled scrapers.

Drag scrapers are pulled by. one or two horses, have a capacity of
from 3 to 6 cubie feet, Welgh from 80 to 110 pounds, and cost from
$10 to $13 (1920) The cost per cublc ‘yard in average soils for a
haul of 50 feet or less is 12 cents. For each addmonal 50-foot haul
e coet increases 3 cents per yard Such scrapers are most econom-
1ca, up to 100—foot hauls, but for greater distances wheeled scrapers
should be used.

Table showing average amount of material handled in ZO hour
s ' day by scrapers

Capacity in cubic yards per 10-hour day
Length of haul -
in feet

Drag scraper ‘Wheeled scraper
25 70 : -
50 = 60 . -
100 50 50
150 o 40 o
» 200 35 : 50
300 - 40
400 7 30
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Wheeled scrapers are operated by 2, 3, or 4 horses and have ca-
pacities of from 7 to 16 cubic feet. Their weight ranges from 400 to
800 pounds, and the cost from $51.00 to $82.50 in 1920. Wheeled.
scrapers may be economically used up to 400 feet, and the cost is
about the same as for the drag scraper. |

The Fresno scraper has a narrow pan from 314 to 5 feet long and
may be economically used to 200 feet. It requires less time than the
two-horse wheeled scraper, but 4 horses are necessary with the larger
sizes. The cost ranges from 10 to 15 cents a yard where the haul
is from 75 to 150 feet, and the capacity is 60 to 125 cubic yards in a
ten-hour day. These machines weigh from 270 to 340 pounds and
cost from $30 to $32. |

Four-wheeled scrapers are used to a small extent only in sand andf
gravel work.

CAR LOADERS

Car or wagon loaders, sometimes styled scooped conveyors or ele
vators, are a comparatively recent development, and their wider use
in small sand and gravel pits to load freight cars directly has been
. recommended as a labor saver and as a means of increasing the pro-’
duction. Car loaders can be used to load either box cars or gondolas;
or to load wagons or trucks from the car hopper. They may be also
used to load barges from river bars and to unload them, especially
when the wharf is 8 to 10 feet above the barge and the productlon;
is not too large.

These devices are of two general kinds, (1) the endless chain
type and (2) the scoop-conveyor type. .

The endless chain loaders are of a number of different varieties-
A desirable type consists of a four-wheeled truck supporting an end-
less chain excavator equipped with a gear-raising and -lowering mech-
anism. The weight is from 7,000 to 8,000 pounds, and the buckets
are revolved, and the machine propelled by a 10-horsepower gasolene
or electric motor. From 20 to 30 buckets, each having a capacity
of 14 cubic foot are required, and the loading capacity is said to be
one yard per minute under ideal conditions. Two men are required
to load with the machine, but 1t can be done in from one-fifth to one-
sixth of the time needed for hand loading. Smaller sizes are made
suitable for loading trucks either directly from sand and gravel pits
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or from stock piles. Sand or gravel can be loaded into cars by this
means for about 5 cents a yard, as compared with 15 cents a yard by
hand labor. The cost of these machines ranges from $900 to $1,400.
A: loader of this kind has been used at the J. R. Hime Sand Company’s
pit near Junction City (Plate IIA), and at the Allon Sand Company’s
pit near .Gaillard.

A somewhat similar loader, mounted on a three-wheeled truck,
and of heavy construction suitable for rough work and able to feed
automatically into a bank or pile, is also .put on the market. The'
motive power is either electricity or gasolene, and the machine is self-
propelled. The capacity of such machines under ideal conditions is
said to be about one yard per minute. The weight ranges from 5,000
to 7,000 pounds and from 5 to 8 horsepower are required to” operate.

Scoop conveyors are usually of lighter construction than the
bucket loaders and consist of a revolving rubber or duck belt from
12 to 16 inches wide, divided into partitions spaced from 10 to 15
inches apart. The length of the conveyor ranges from 14 to 24 feet,
and it may be mounted on two wheels. The weight with gasolene
motor ranges from 900 to 1,800 pounds, and the horsepower required.
to drive it ranges from 134 to 3. The price ranges from $300 to $300.
The capacity is said to range from 14 to 1 ton per minute, and one
man -only is requi ed' to load with it. Electrie motive power would
be much more satisfactory than gasolene if it were available.

The principal difficulty to be considered in the use of mechanical
loaders in sand pits is that unless the machine 1s exceptionally well
cared for, it will depreciate rapidly and require frequent repairs, due
to sand getting into the machinery. This probably accounts for the
many abandoned car-loaders, still in fairly good condition, seen in
 sand and gravel pits.

POWER SHOVELS

Although few power shovels are used in sand and gravel produc-
tion in Georgia, they have a wide range of usefulness in other parts
“of the country, and their more general use in this state is to be hoped
for. A small steam shovel operating against a face has proved eco-
pomical even with common labor as low as 20 cents an hour, and the
production under 100 yards a day. With wages at 40 or 50 cents an
hour, ‘such machines can operate economically where the production
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is even lower. Power shovels may be used either to load cars below
the face, or, if the face has only a reasonable height, a shovel with a
high boom may be used to load wagons or trucks on top of the bank.
Some shovels are now manufactured that allow the dipper to be re-
placed by a grab bucket, or the boom to be replaced by a longer one
from which a cable dragline may be operated. This arrangement is
desirable in pits having sand and gravel below the ground water level,
since after working the material above the water with the shovel dipper,
the grab bucket can be used to excavate below water.

Power shovels range in size from 10 tons up to-250 tons, and the
buckets may be had from 14 cubic yard up to 10 cubic yards capa(nty
Their production ranges from 200 to 5,000 cubic yards daily.

Power shovels may either be steam-, electric-, or gasolene-driven.
The steam shovel is much more extensively used than either of the
other types. The electric shovel, however, is more economical where
electric current is available, since it requires less labor and uses power
only when the shovel is actually working. The gasolene shovel is
desirable in regions where gasolene or kerosene is the most convenient
form of fuel, and where water is scarce.

From the standpoint of construction power shovels may be divided
as follows: |

H

Types of poiuer shovels

1. Mounted on fixed platform.

2. Mounted on rotating platform, with
Standard gage trucks.

Trucks other than standard gage.
Small, broad-tired wheels.
Caterpillar traction.

e T

Either of the two main types are in use in sand and gravel pits.
The fixed-platform type is capable of rotating over arcs of less than
200, and is used in cemented gravel, and in sand and gravel plants
where an exceptionally large daily production is necessary. They
range from 60 to 150 tons in weight and can produce from 500 to
2,000 cubic yards daily, requiring 3 men for their operation. They
generally require considerable time to be moved back to the starting
point. The cost of a 107-ton shovel, equipped with a 5-cubic-yard
bucket was about $37,000 in 1920.

=
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~ The smaller, revolvmg—platform shovels are better suited for small
or moderate-swed sand and gravel pits. They usually range from
14 to 70 tons in weight and can produce from 300 to 900 cubm yards )
in a 10-hour day, the smaller types requiring only one man for their
' opera’mon It has been found desirable to use a shghtly smaller bucket
for a given sized shovel in order that there may be plenty of power,
~ thus avoiding delays due ‘to repairs.

Table showing averagde capacmes and costs of small
revolvzng shovels

‘ Average Additionial

Dipper “daily . cost’ Additional

Welght in capacity in ~ capacity - Net cost | for scraper cost for
tons ci. yds. ‘per  (1920) bucket™ - | grab bucket
! _ 10-hour day ’ equipment | equipmerit

14 4 300 © $8,200 $1,000 - $1,000

20 % 450 1 8,800 1,400 1,300

- 24 1 - 600 | 10,000 2,000 - | 1,900

32 14 750 © e 2,200 2,100

40 _ 114 900 12,000 2,400 2,300

In Georgla sand and gravel plants revolving steam shovels are
used at the pits of the Atlanta Sand & Supply Company, at Gaillard,
at the Muscogee County gravel pit near Columbus - (Plate II- B), and
at the Altamaha Supply Company 8 pit near Everett C1ty '

KEYSTONE EXCAVATORS

: The Keystone excavator is somewhat akin to power shovels. It
~ consists of frame work or body similar to that of a well drilling
machine with a set of jack arms for steadying it while working. The
machine is light, auto-tractive, and therefore easily moved from one
-part of the pit to another. The boom is of light steel and to it is
attached the dipper, which may be of three types.

The skimmer dipper is shaped like a drag scraper and in operation
the boom is dropped close to the ground, and the dipper skims over
the top. When loaded the boom is raised, revolved, and dumped.
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This dipper permits of shallow and deep cutting and is especially
desirable for stripping small thicknesses of overburden or digging
thin beds of sand or gravel. (Plate I1II-A.)

The draw ditcher scoop or dipper is suited for trench and ditch
work. It is shaped like a steam shovel dipper and has a hinged mo-
tion at the end of the boom, but digs toward the machine and below
the grade of the wheels. With this dipper clay pockets can be readily
removed in a sand deposit, and sand and gravel below the water can
be handled by it.

. The third type of dipper is similar in appearance and mode of
operation to the regular steam shovel type, but is lighter. '

POWER SCRAPERS

~ The use of power scrapers and drag-line cableways, operated at
small cost by a hoisting engine, are among the most desirable means
of working sand and gravel pits. '

ALBRECHT EXCAVATORS

For limited outputs from pits where wagons or trucks are used
for direct delivery the Albrecht type of excavator can be used. This
machine is generally located above the pit face and operates a scraper
bucket by means of a cable hoist, which dumps through a chute into
a wagon. This device is said to be able to excavate to a distance of
75 feet below or to its rear, requiring one man to operate the ma-
chine and one man to handle the scraper. From 10 to 20 horsepower
are needed.

DRAG-LINE CABLEWAYS'

For larger outputs, ranging from 200 to 600 yards daily, a per-
manent mast from 50 to 100 feet high is set up near the bin or beside
a railroad spur. The upper end of a steel cableway is attached to
the top of the mast and the lower end to a tree, or a “dead man” con-
sisting of a buried log. In dry pits, to insure a wider operating range,
the lower end of the cable can be attached to a pulley which can be
shifted over a cable stretched between two trees or “dead men.” A
scoop or bucket, open in front, whose size may range from 0.3 to 3
cubic yards depending on the desired output, is suspended from the
cableway by a pulley and operated by a drag-line from a two-drum

/
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hoisting engine. The empty bucket slides down the track cable until
over the point of excavation, when the drag-line cable is tightened
and the track cable slackened,’ permitting the bucket to drop to the
ground. The drag-line is then pulled in toward the bins causing the
bucket to pick up a load. When loaded, the track cable is tightened,
raising the bucket, and the drag-line is pulled in with the loaded
bucket until over the bins, car, or stock pile, where it is dumped.

A cableway 500 to 700 feet long can excavate over an area of about
3 acres and has the additional advantage of being able to dig to a

_considerable depth under water. The system is especially well adapted

to recovering river-bar sand and gravel. A system of. this kind was
formerly in operation on Bull Creek, near Columbus, Ga., and at
Augusta, Ga.

Drag-line cableways have a wide range of usefulness, are eﬁiment
simple in their construction, and have a low cost. Only 4 or 5 men
are réquired for a daily production of 400 yards. Their capacity de-
pends on the length of the span, the depth of the pit, the size and
character of the bucket, the character of the material, and the effi-
ciency of the operator. They are more efficient for wet excavation

' than in dry pits. -

Table showmg average requwements, capacwzes, and -
. cost of drag- lme scrapers

Bucket Diameter Production Approximate
capacity in | . Double-driven skeléton | of front drum | in 10 hours, total cost of
cu. yds. hoisting engine in inches cu. yds. | installation -
34 814 % 10 or equivalent 20 125 $8,000
1. 9 x10 ¢ “ 24 225 10,000
134 10 x12“ ¢ .26 400 13,000

A dra.g—scré;per bucket of 34 to 1 cubic yard capacity costs about $750.00.

In Georgia a simpler and less expensive form of the drag-line sys-
tem is in use at Rutledge and Chestnut’s plant, on Bull Creek, near
Columbus, and at the plant of the J. R. Hime Sand Company, near
Junction City. (Plate III-B). No cableway i§ used in this variation,

the drag bucket being simply pulled backwards and forward over the

sand. In order to elevate the bucket it is necessary to construct a
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wooden incline up which the loaded bucket is pulled to a loading plat-
form or screening plant which may be from 20 to 30 feet high. Where
the sand pit has a high face that has already been opened the loading
platform or screen can be built in the worked-out portion of the pit
in front of the face, so that the top of this structure will be level with
the natural top of the sand and the loaded drag-bucket dumped at
this point. Besides having fewer parts to get ott of order, this system
only costs from $2,500 to $3,000 to install, depending on the equip-
ment. '

- Drag-line cableways can be used to advantage where a greater
reach is necessary than that of a power shovel or a boom drag-line
excavator. They permit digging over larger areas and to much greater
depths. Production is not so great as with the other two methods,
since the digging, conveying, and elevating is all done by one ma--
chine. The cost, however, is probably less than that of doing the same
amount of work by other methods, and ranges from 3 to 15 cents a
yard. Steam-, electric-, or gasolene-driven drag-lines are in use as
well as many variations depending upon local conditions.

The system has the disadvantage, however, of traveling empty
one-half the time. This feature may, in a measure, be remedied by
operating two scrapers at a slight additional cost: one scraper would
then be digging while the other is dumping. Drag-line scrapers fre-
quently leave the pit in bad condition, with steep grades, making a
future change to steam shovel operation, when it is desired to in-
crease the production, very expensive. Scrapers can not dig to such
great depths under water as can drag-line dredges.

DERRICK SCRAPERS

Quite generally scrapers are suspended and operated from the
boom of a locomotive crane or steam shovel or from a derrick car.
(Plate IV-A.) With such an arrangement the system is more flexible
and portable than the cable drag-line system, but the span and range
of operation, and the depth to which digging is possible, is not so
great. Digging can be carried on with equal ease in water, but fre-
quent moving is usually necessary, especially with short booms. The
boom may be from 30 to 140 feet in length, carrying a bucket of from
14- to 5-cubic-yards capacity. The digging radius depends on the
length of the boom and the angle at which it is working and rarely
extends more than 10 or 15 feet beyond the end of the boom. The



110 ' GEOLOGICAL SURVEY OF GEORGIA

dépth to which such an excavator can dig depends oni the skill of the
operator and the character of the materlal handled and usually ranges
from & few feet to 40 feet. They may be mourted on standard gage
trucks, caterplllar trucks, or skids dnd rollers. Their production
ranges, on the average, Trom 200 to 1 ,000 yards per 10-hour day, de-
pending entlrely on local conditions and the size of the bucket used.
Several companies build steam shovels with mterchangea,ble shovel
and drag-line booms, the additional equipment costing from $1,000
to $2,500. In this case the same power plant used in shovel work
must be used for drag-line work. Before ordering such equipment
it is best to be sure that efficient results can be obtained from such
4h dirangement.
POWER-OPERATED GRAB BUCKETS

Buckets of the clam-shell or orange-peel type are used in exca-
vatitig and loading sand directly from the river or pit into cars, bins,
or elevating devices, and in unloading barges and transferring the
material to cars, hoppers; or stock piles. Various types of machines
have been developed to operate such buckets. Among these are
locomotive cranes, travelling towers, movable bridges, telpher sys-
tems, lighters, dredges, and derricks of either the stlff-leg, travelling,
or skid-excavator types. The use of ‘buckets is rapidly becoming
general throughout the country for reclaiming and storing material
even when the quantity handled is as little as 2,500 tons a year. They.
possess the additional advantages of being able to operate with equal
ease both above and below the water level and of taking the place of
the elevating conveyor systems hécessary if power shovels are used
" in pits where the material must be washed and screened. From one’
to two round trips per minute can be made with the bucket, but the
production will largely depend on the capacity of the bucket.

Locomotive cranes.—Locomotive cranes are used in Georgia by
the Allon Sand Company at Gaillard, and by the Klrkpatrlck Sand
and Cement Company and the Central of Georgia Sand Company at
Howard. Thelr types and specifications closely -follow those of the
power shovel and in fact some of the steam shovel companies put on
the market machines with mterchangeable booms. Locomotive cranes

“have a much widér rafnge of aetlwty than power shovels, especially
in plts with high faces, and if the boom is high enough the sand can
be delivered d1rect1y to the top of the Washlng plant without the use
of elevator conveyors.

~
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Traveling derricks.—The most frequent application of bucket
excavators in sand and gravel pits is some form of travelling derrick
(see Plate IV-B). These usually have an A-frame beneath which a
mast is mounted on a platform and capable of swinging about on a
track over an arc of almost 180°. They are moved either on rails or
on skids. Those moved on skids are called skid excavators. The
range and depth of digging depends on the length of the boom, the
power, and the skill of the operator. The bucket is operated by cables
passing over the top of the mast from the drums located behind the
frame. The horse-power capacity required ranges from 15 to 50 and
the production from 200 to 500 cubie yards per 10-hour day. The
material can be loaded directly on cars or delivered to the washing
plant. :

Travelling towers.—At a few of the largest plants travelliﬁg
towers have been erected for unloading sand and gravel from barges.
Their eapacity is very high and their range large.

Stiff-leg derricks.—A single mast or tower made of wood or steel
may be erected at the unloading point of sand barges. A revolving"
boom ‘similar to that in the travelling derrick excavator, and con- -
structed of wood or steel, has the bucket suspended from it. The
horsepower required is from 20 to 30, and the cost of erection and
equipment around $2,500. Stiff-leg derricks of wood are fairly com-
mon in sand pits. At Rome an unloading arrangement of this kind
is used by the Rome Sand and Gravel Company to unload sand from
SCOWS. :

_ The stiff-leg American derrick is of steel and consists of a tall ver-
tical mast from which a revolving carrier projects horizontally a con-

siderable distance. The bucket is suspended from this and may be

moved and operated at any point along it. ’

Cableway dredges.—In some parts of the country, particularly
in Nebraska,! sand is dredged from under water by means of a clam-
shell bucket or dredge which runs along a cableway. A double cable
from 300 to 350 feet long is suspended between two towers, which are
from 30 to 50 feet high and from 180 to 250 feet apart. A clam-shell
bucket is attached to a clam-head, which in turn is attached to &
carrier running along the cableway. The construction is very heavy

1 Condra, G. E., The sand and gravel resources and industries of Nebraska: Nebraska Geol.
Survey, Vol. 4, pt. 1. pp. 65-69.
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the bucket Welghmg about 3,000 pounds and the carrier 1,500 pounds.
- The capamty of the bucket averages from one to two tons of sand or
gravel. In operation the open dredge descends by gravity along the
cableway to the water and sand, and the clam shells are closed on 2
load as they are raised. The dredge is first raised to the carrier and
is.then drawn to. the tower where it is dumped into a car or hopper.

The dredge makes a trip usually in about 80 seconds and a car can
be loaded- easily in an hour. :

This method is economical and affords a means of producing sand
from beneath water, either in natural lakes or where the ground water
is soon reached. The methdd is superior’ to pumping, sinee the
dredge can be operated to depths of 30 to 80 feet. A selection of sand
is impossible with the dredge, and when a portion of the deposit is
worked out the cableway must be moved.

Floating dredges.—The system is capable of producing large
 quantities of sand and is more suitable for use in deeper water where
~ the centrifugal dredge can not be efficiently operated, or where the
sand and gravel is too hard-packed to be handled by the pump. It
can dredge much deeper than most‘ladder ‘dredges and in this respect
is more suitable under certain conditions. The bucket is suspended
from a revolving boom attached to the stern of the scow or barge.
The construction is similar to that used in derricks on land. The
capacity would range from 15 to 800 cubic yards per hour with buckets
of from 14 cubic yard to 13 cubic yards capacities. A dredge of this

type is used by the General Building Supply Company, on Savannah
River at Sa'v annah.

Buckets ——The clam—shell and the orange—peel are the two gen-
eral types of buckets used. The clam-shell bucket ranges in capacity
from 14 cubic yard to 13 cubic yards and from %4 ton to 13 tons in
weight. ‘ :

~ The orange-peel bucket is not so Wldely used as the clam-shell
bucket, nor is it so well adapted to digging hard-packed sand or gravel.
Its size ranges from 2 cubic feet to 10 cubic yards. The cost of either

type of bucket of one or two cubic yards capacity is from $700 to
$850. | - .
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~

A. SAND-WASHING PLANT, KIRKPATRICK SAND & CEMENT COMPANY, 2 MILES
WEST OF HOWARD, TAYLOR COUNTY
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B. SCREW WASHERS, KIRKPATRICK SAND & CEMENT COMPANY, 2 MILES WEST
OF HOWARD, TAYLOR COUNTY
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CENTRIFUGAL PUMPS

For the production of sand from the bed of streams, or from arti-
ficial ponds, centrifugal pumps are the most economical devices and
have the largest capacity. In Georgia, centrifugal pumps are used
on Ocmulgee River at Dames Ferry and Macon; on Peachtree Creek
and South River, near Atlanta; on Savannah River at Augusta and
Savannah; in pumping gravel from an artificial pond at Augusta
(Plate V-A); and for temporary use on one or two smaller streams.

Centrifugal sand and gravel pumps usually range in diameter
from 4 to 18 inches, although pumps up to 48 inches in diameter have
been used on Mississippi River for channel-deepening purposes. The
capacity of sand pumps is said to range from 12 to 600 cubic yards
per hour, depending on their size and the percentage of solids in the
liquid. (Fig. 6.) The horsepower required to operate them ranges
from 6 to 300. Centrifugal pumps or hydraulic suction dredges are
superior to steam shovels and dipper or elevator dredges, in that they
not only pick up the material, but deliver it to any desired point with-
in a reasonable distance of the dredging location. Such pumps will

Fig. 6. Six-inch centrifugal sand pump. (Morris Machine Works.)

handle most types of submerged sand and gravel, although where
the material is hard-packed it is necessary to cut it up first with a re-
volving cutter or by a water-jet system. Ordinarily, however, no
such arrangement is needed.
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Usually a pump can handle a liquid having from 10 to 15 per cent
of solid material in suspension, although the character of the sand
or gravel will considerably alter this figure. In some places as high
as 40 per cent solids has been handled. The most efficient propor-
tion of sand to water usually depends on local conditions, and care-
ful experimentation will generally determine this ratio. Due to the
nature of the work done by pumps of this type, the efficiency is ¢om-
paratively low, ranging from 40 to 50 per cent. Thé constant pass-
age of sand and gravel through the pump cuts out the manganese
linings requiring their replacement in the larger pumps every month
or two, but in the smaller. machines their life is much longer. The
size of the gravel which can pass the pump openings ranges from a
screen, to prevent the entrance of sizes larger than the coarsest grade
for commercial use. Centrifugal pumps may be operated in water
ranging from 2 to 30 feet in depth. The most desirable depth for
the efficient operation of the pump ranges from 4 to 7 feet. The
deeper the water the more power is required to suck the sand through
the intake pipe, consequently for dredging in deep water grab buckets
are more economical. There should be at least 4 feet of sand in
the stream bed where recovery by puniping is planned. Frequently
great inconvenience is caused by roots and fragments of wood clog-
-ging the intake, partlcuia,rly with 4-inch pumps, so that the suction
must be reduced until the debris frees itself, or the pump may have
to be stopped entirely ‘and the intake raised and freed of rubbish by
hand. On larger streams such as Ocmulgee and Savannah rivers
this trouble is not so common, but in the smaller ereeks it is likely to
. cause considerable delay and even prohibit the use of a pump.

Cenftrifugal pumps ma,y be located to deliver their product di-
rectly into railroad cars, as is the case at Dames Ferry and Macon
on Ocmulgee R_iirer, into bins, or into hoppers, from which it can
pass to a grading plant or to a bucket elevator. If delivery is made
direct to the shore by the pump- considerable energy will be required
to overcome the friction of the delivery pipe, especially if it is very
long. The maximum economic length of the delivery pipe in Georgia,
for 6-inch pumps, is about 300 feet. Each additional 20 feet reduces
the production of the pump half a car daily. With larger pumps
longer deliveries are possible. It is economy to deliver the sand di-
rect to cars, provided the track is on a firm foundation to prevent
the overflow undermining it.
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Centrifugal pumps are desirable not only because they can pro-
duce immense quantities of sand but because they furnish a thor-
oughly washed product, and also because they afford a means of eco-
nomical sand production in pits from below the water level. Their
initial cost is low, and the expense of producing sand by this method
is, in many cases, actually lower than in any other system. They
are not so cumbersome as are other methods of recovering sand from
water, and since they can be made for smaller capacities than other
systems, they enable a small producer to operate at little cost.

Fig. 7. Portable centrifugal sand pump, (Erie Pump & Engine Works.)

For small production, especially in road and bridge building work,
6-inch pumps, driven by gasolene or steam, have been used. In
many cases their work has not been found to be as satisfactory as
was expected, usually because the power requirements were under-
estimated and because twigs and debris so quickly clogged the in-
take, but it is believed that portable pumps and power outfits similar
to that pictured (Fig. 7) should prove serviceable, especially in the
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northern part of Georgia where sand and gravel deposits are generally
confined to the beds of creeks and rivers. Practical sand and gravel
men say it is almost impossible to use a 4-inch pump, due to debris
preventing the entrance of the sand. In the case of gasolene-oper-
ated pumps they should be belt-driven rather than directly connected
to the engine. _

-In some pits, where the ground water is near the surface and Where
the sand is loosened hydraulically, an artificial pond or sump is created
in the center of the pit, and a eentrifugal pump installed to suck up
the sand and raise it to the top of the screening plant or to the wash-
ers, screens, or +bins. This system is used in connectiom with hy-
drailic jetting in sandstone quarries in Pennsylvania and West Vir-
ginia, where the rock.is easily loosened. In Georgia, the Georgia
Sand and Gravel Company, at Augusta, uses a 4-inch pump to raise
the material from the pit, which is full of water due to the high water
" table, to the top of the screening plant 24 feet above.

Table giving description and average capacity of
- centrifugal sand pumps

Cubic yards R |- .. o
) material | Horse- |Will passj Floor
Size handled power. | solids: space Max. Weight,
of pump | perhour | required|. Diam--|. requlred head, | Max. | Max. in
in L withe {foreach "eterdn | “<in - | feet. | RIPIML | H. P. | pounds.
inches | 10 per cent | 10 feet-| inches’ mches - ] .
. of solids elevation -
4 4 4 | 214| 40x31| 35 | 50 | 15 | 1,200
.6 30 -8 4 68 x 40 | 28 | 500 27 2,500
8 : ‘GO . - 15 6 72 x 48 | 40 350 65 | 5,000
0. - 90 925 8 04 x 54 '35 325 65 7,000-
12 125 30 10 [ 114 x 66| 35 250 | 100 10,000
15 210 50. | 10 |154x78| 50 | 250 |180 | 18,000
18 300 70 10 |160x8 | 55 | 250 {208 | 20,000
20 360 | 80 10 || O I . SO S
24 480 100 10 {oeeeeo. I I S IS IS
32 900 200 10 |- SRR RS (R
36 1,140 250 12 oo | AR
8 2,040 450 12 e R
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CENTRIFUGAL DREDGES

For the production of immense quantities of river sand and gravel
large, floating, centrifugal-pump dredges are used. These have been
developed to a considerable degree on Mississippi and Ohio rivers.
In general they comsist of wooden or steel hulls, of light draft but
heavy construction, and housed over. The dredging end has an
A-frame projecting beyond the hull. The dredging end is usually
downstream when working. The centrifugal pump has a steel run-
ner of four curved blades, closely fitted to the casing to prevent leak-
age back. A large space is provided in the discharge volute due to
the wearing action of the sand and gravel. No sharp bends are al-
lowed and all passages in the pump must be larger than those in the
suction pipe to prevent obstruction.

Stirring devices, consisting usually of water jets, agitate the sand
and permit it to be easily sucked up. The discharge pipe delivers
the material into a barge or scow which is fitted with a screen to keep
out large stones and debris.. The largest dredges have two engines,
‘one on each side, usually steam-driven, and either vertical or hori-
zontal, to permit loading two barges at once. The man feeding the
suction head is situated so he can see the discharge mixture and reg-
ulate the depth of the pump thereby. |

Although the cost of reclaiming sand and gravel by this method
is small, averaging from 10 to 30 cents a yard in 1919, the necessity
of rehandling from the barges to cars as well as the lack of conven- .
ient storage facilities, adds greatly to the marketing cost.

LADDER DREDGES

When a large production is necessary in rivers where the sand and
gravel is so hard-caked that it will not readily flow into the suction
head of centrifugal pumps, ladder or belt-bucket dredges are used.
This type is not at present operated in Georgia, although the Rome
Sand and Gravel Company formerly used one in dredging on Osta-
naula River, at Rome. They are used mostly on upper Ohio River
~and on Allegheny River near Pittsburgh, at Buffalo, and at Phila-
delphia. A large dredge has recently been placed in operation on
Chesapeake Bay near Baltimore. Although a tremendous produe-
tion is possible with this type of dredge it can be used only in com-.
paratively shallow water.
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The hull is of heavy wood or steel construction and of the.square
barge type with light draft. The dredging apparatus is placed either
~ at the end or on the side. The buckets must bé of extremely heavy
construction and consist of steel plates riveted together by a chain
formed of steel-bar links so as to .permit working around tumblers.
Roller bearings are placed along the ladder at intervals to insure uni-
form support. The material is dumped at the top tumbler on to mov-
ing screens, the sand passing in one direction and the gravel in the
other, and the empty buckets returning unsupported. The boiler
and engine equipment must be sufficient to revolve the buckets, raise
and lower dredging end of ladder, operate capstans and Slphons, and
possibly propel the dredge.

The buckets used on ladder dredges range in capacity from 1 to
14 cubic feet and almost any production desired can be obtained.
The dredges may simply dig the sand and gravel, or, as in more re-
cent types, the barge may be eqmpped with complete Washmg and
" screening apparatus. Gillette! gives an average cost of 23 cents a
yard in 1918 to produce sand and gravel by this method. It is cer-
* tainly inferior to drag-line and pumping systems, and its use should
only be considered where compact, indurated- material is concerned.

HYDRAULICKING

A method of loading sand, hot generally used in the East, is to
direct a strong -jet of water against the sand-pit face, and carry the
loosened sand and water in troughs supported by light trestle work
direct to the car, plant, or to a sump from Which it is delivered by a
centrifugal pump.

At Gaillard, Georgia (see p. —), the Atlanta Sand and Supply
Company produces sand from one of their pits hydraulically. (Plate
V-B.) In Pennsylvania, in some of the glass sandstone quarries, the
‘sandstone is friable enough to be loosened in this way.2 The water
carries the sand down to a central sump, or pond, from which it is
delivered to the washing, screening, and drying plant by a 4- or 6-
inch centrifugal pump. Sand and gravel is produced by this system
at many places on the Pacific coast. The hydraulic method insures
_economica}‘ production of washed sand, since the run-off water from

1 Gillette, H. P., Handbook of cost data, 1919,
2 Boehrmger R. A Hydraulic sand-mining plant: Eng, News, Vol. 72 pp. 372-374 1914.
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the car or bin carries with it considerable clay and foreign matter.
It is not to be recommended, however, where the water supply is
small or where it is required to be raised a great distance to the face.
The grade necessary to carry the sand from the face to the point of
delivery, generally from 6 to 15 per cent, is such that unless the sand
deposit is of great thickness, or unless it slopes down toward the work-
ing face, a height equal to the thickness of the deposit will soon be
necessary to transport the water and sand to the cars or bins. Six
volumes of water to one of sand, five volumes of water to one of gravel,
and four volumes of water to one of a mixture of sand and gravel, are
required in the bydraulic system.

Deposits containing from 20 to 25 per cent waste were reclaimed
by this method at a cost of 15 cents a yard 1n 1915, on the Pacific
coast. Plants producing from 300 to 2,500 yards daily were able to
operate at a cost per yard, including recovery and treatment, of 8
to 15 cents in 1915. A Seattle sand plant used two hydraulic giants
delivering water at the face at 90 pounds pressure. A continuous
bucket elevator carried the sand to the top of the screening plant.
Six men were employed and 800 yvards were produced in » hours.

Hydraulic jets have also been used in stripping sand or gravel
deposits. For this purpose ample water, good grades, and drainage
are necessary. For clay overburden more water, higher pressure,
and steeper grades are required than for loam. Usually the amount
of water is more important than the pressure. In the case of a de-
posit described by W. H. Wilms?, soft loam needed 8 per cent grades
and 1,500 gallons of water at 75 pounds pressure for each cubic yard
removed. An average cost of 6 cents a yard is given for hydraulic

stripping.

PREPARATICN OF SAND FOR THE MARKET

~ Very little Georgia sand or gravel is washed or screened before
shipment. Most of it is loaded directly from the bank into cars or
pumped into cars or bins from streams. This is undoubtedly the
cheapest way to handle sand, but in many cases it is certainly not
the most economical. Although the clay content may not always
detract from the value of a sand so far as producing concrete is con-
cerned, there is a growing demand for clean sand. Since screening

1 Development of sand and gravel deposits: Eng. News, Vol. 72, pp. 908-911, 1914.



120 ' GEOLOGICAL SURVEY OF GEORGIA

is uwsually a process requiring little -additional outlay, if the sand is.
washed, the division of the product into several uniform grades is
especially desirable. A much higher price can be obtained for the
coarser, cleaner grades, so that the additional expense of treatment
is well repaid. In installing washing and screening plants the future
growth of the. business should be considered, and the plant constructed
to allow: of ready additions or alterations. [t should also be borne
in mind that the most ecomonical operation of .such plants depends
largely on a steady flow of material through them. Intermittent de-
liveries of sand to the plant are costly and may in the end consume
the profits. It is also absolutely essential, if the plant is to be a suc-
cess, that the operator be thoroughly acquainted with' the demand
for its products as well as their character and amount, before de-
ciding how much money to spend on a plant. There have been a
number of failures in Georgia due to incorrectly estimating the sup-
- ply and demand and buying too much equipment. A knowledge of .
the market for the different grades is also essential in designing the
plant, in order that there will be no wastage of any. of the sizes, par-
ticularly the finer-grained sizes. -

 WASHING AND SIZING

As1de from. the natural Washllg sand receives when- pumped from
_ Streams, only two plants in Georgia wash their product (Plates
VI=A, VII-A.) - Much of Georgia sand is naturally clean, and wash-
ing, for most purposes, might not improve it, except that the water
would aid screening.

The usual principle? employed in washing and sizing sand or
-gravel is to eonduct the material to the top of a frame-work structure
or tower and allow it to work its way downward by gravity through
revolving screens of different sizes which separates it into the various
grades desired and direct its course to the several bins, cars, or pits.
A two- to four-inch stream of water is raised to the top of the tower
and is jetted on the sand as it passes over the screens. (See Fig. 8
and Plate VI-B.) About 60 per cent of the sand and water deliv-
ered to the receiving hopper is water. It usually requires about one
gallon of water per minute per cubic yard of material handled.

1 Wilms, W..H., Operation of sand and eravel plants: Eng. News; Vol. 72, pp. 962-966, 1914.
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The essential idea in washing is to agitate the material sufficiently
“to reduce the lumps of clay, so that they can be carried away in the
wash water, leaving the sand and gravel behind. Such agitation
should remove films of clay from the individual sand grains or peb-
bles. In screening or sizing, the raw material should pass first to
the coarsest screen, since here the largest proportion of material will
be removed, and the construction of this screen is better able to stand
the strain and wear of the entire product passing over it. The screens
of the next smaller sizes should follow, so that the finest and lighest
screen will have the least amount of material to handle. Better
screening efficiency is also obtained in this way, since the screens are
not overcrowded. -Some clayey materials reqmre a preliminary wash-
ing before going to the screens. This is usually accomplished by
scrubbers or screen washers.
No two sand pits afford exactly similar condmons, hence it'is nec-
“essary to’ carefully ‘study local condltlons before deciding upon a de- -
sign for a plant. A
Screens.—Screens may be. either cowical or cylindrical. the
conical type, however, is preferable. Conical screens may be either
horizontal or inclined. B ’ -
_ In the horizontal type the material is fed from the spout or

trough - into the “inberior; vor smaﬂer end” of - the screen and works
down the cone slope - against- water jets toward the next b gher
screen until it reaches the larger end of the screen where it drops
Yo a trough or launder and is ca,rrled downward to the next lower
screen. Kach screen is rotated” on-a separate shaft “the revolutions
being about 12 to 14 per minute for smaller screens and from
9 to 11 for larger sizes. Since the material works against a stream
of water, better separation of clay and other impurities is obtained
in this type of screen. The capacity is also said to be greater than
one in which water and sand flow in the same direction.. A separate
drive fér each screen oh&ft however, requlres the use of more power.
It is said that screens of this type-are in use in 90 per cent of the gravel
washing plants in the United States.

Inclined conical screens are also. widely used in sand and gravel
plants. The angle of inclination should be such as to insure the ready
movement of the material through the system and at the same time
not allow so rapid a progress as to prevent thorough washing and
screening. This angle will vary with different types of material and
‘different capacities but in general it is about 114 inches per foot. The
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sand is fed to the upper, or larger end of the screen and works down-
- ward, passing into the next lower screen. All the screens are gen-
erally mounted on the same continuous shaft which in operation makes
10 to 12 revolutions per minute.

Cylindrical screens are used in some of the older plants, but they
are not so efficient as the inclined conical type, except possibly where
the material is screened dry. They frequently consist of two screens
one within the other. Screens of this type were used at the plant
of the Rome Sand and Gravel Company at Rome.

Shaking screens are sometimes used but they are advised against,
since the constant agitation quickly wears them out. Screen aper-
tures should preferably be round, since stones will not plug up round
holes as readily as square holes. Any number of screens may be’
used, depending on the number of grades of material desired. If
" three screens are employed they are usually 134-inch, $4-inch, and
14-inch. '

Separators.—Sand separators are usually of two types, (1) valved
and (2) tipping. The valved or stationary separators are usually
of conical- or wedge-shaped construction with the smallest end down-
ward and are most desirable in large plants. The sand accumulates
in the tank until its weight is sufficient to overcome the counterweight
which operates to hold a valve tightly seated over the opening in the
bottom, when the valve opens and the sand runs out into cars or bins
~until equilibrium is restored and the valve closes. At some places
the valves are opened by a man at the “top.”

- Tipping separators are of wood or steel construction, either wedge-
shaped or square, and generally balanced on knife edges and held
upright, when empty or only partially filled, by a counterweight.
- After a certain. weight of sand is in the tank, it becomes overbalanced
and tips causing the sand to dump out into cars or bins. Some small
plants have two sand separators, the coarse sand collecting in one,
and the fine sand passing over the top with the overfiow into another
separator where 1t collects, and the silt and mud passing off into laun-
ders with the wash water. ‘

Screw washers.—Crushed sandstone for glass-making purposes is
generally washed in sand-washing screens. The plant of the Fitz-
patrick Sand and Cement Company at Howard, Ga., uses five wash-
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ing” screws 1214 feet long for washing its product. (Plate VII-B).
Plants producing concrete aggregate in other states use this type of
washer to some extent. The usual type of screw washer consists of
a wooden trough from 8t0 12 feet long and from 16 to 24 inches wide,
inclined from 18° to 20° from the horizontal (31 to 34 per cent), and
containing a cast-iron rotating screw conveyor with wide blades. Sand
to be washed is fed in at thelower end of the washer and water enters
at the top. The rotating screw forces the sand upward against the
stream of water which cleanses it of clay and silt and carries away
“those materials in suspension. The screens may be set up in batteries
of two, three, four, five, and six washers each, arranged either par-
allel to each other, or in tandem. When arranged in parallel the sand
leaving the top of one washer is delivered at the bottom of the next
parallel washer. When arranged in tandem the sand falls directly
from the top of one washer to the bottom of the one above. Screw
washers can handle from 10 to 20 tons of sand ezch per 10-hour day,
and require about one horsepower for the operation of each screw,
which cost from $100 to $175 each. Washers of this type are de-
sirable in small plants, and they are considered more effective in free-
ing the grain from adhe'ring c‘lay than ordinary revolving screens.

Scrubbers.—Where 3 gravel or sand contains a large percentage
of clay, 1t may “be removed before or "during screening by a preliminary
Washmg called scrubbing. The preliminary washing 1s generally ac-
complished by passing the material through' a solid cylindrical shell
with internal retaining rings which divide it into compartments. These
retaining rings slow up the passage of the material through the cyl-
inders and allow lifting vanes, which project inward a few inches,
to raise the sand and gravel and drop it into -water, thus washing it
and carrying it forward to the opening through which it passes to the
screens. For serubbing a small scrubber of one compartment is at-
tached to the end of each screen at which the sand is introduced.

CRUSHING METHODS

When sandstone or quartzite is quarried for glass: manufacture it
is necessary to crush the hard rock into the component grains. Some
gravel plants use crushing machinery to reduce oversize pebbles and
boulders to commercial sizes. No sandstone is crushed in Georgia
now, but in 1915 a few carloads of sandstone from Rocky Face, in
Walker County, were crushed and shipped. In Pennsylvania, where
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great quantities of Oriskany sandstone and Pottsville conglomerate
are quarried for glass making; in West Virginia, where the Oriskany
sandstone is quarried; and in Missouri, where the Dakota sandstone
is used, most of the product is put through various types of crushing
devices for its reduction to grain size. To a lesser extent crushing is
practiced in a few glass factories ‘o reduce sand to a finer-grainéd
product than the form in which it is mined. Crushing of silica rock,
either as sandstone, quartzite, ganister, or incoherent sand, is neces-
sary in the manufacture of silica and sand-lime brick. In Georgia,
sand for the manufacture of sand-lime brick is crushed at the Tift
Silica Brick Company’s plant at Albany.

The following types of machines are in general use in washing and
grinding silica rock and sand:

Crushers

Jaw crushers [ Blake type
Gates type

Gyratory crushers
Chaser mills
Grinding pans
Pulverizers and disintegrators
Tube mills
Pall mills

Crushers.—Crushers are used for crushing the large blocks of .
sandstone as they come from the quarry. Jaw crushers consist of
the Blake type, which is the one most generally used in sand crushing
work, and the Gates type. A jaw crusher having a 20 x 10-inch open-
ing can handle from 15 to 25 tons of sandstone daily, crushing it to
a diameter of 3 inches. Such a machine requires 15 to 25 horsepower
to operate it and costs about $600.

Gyratory crushers consist of a central tapermg spindle which
rotates on an eccentric and grinds the rock between it and the outer
circular walls of the machine. These crushers have much larger ca-
pacities than the jaw crushers, and a few are in use in sandstone quar-
ries and in gravel plants for the reduction of oversize boulders. Gyra-
tory crushers 4 x 15 inches in size of receiving opening, have a daily
capacity of from 20 to 40 tons, requiring from 3 to 4 horsepower and
costing about $700. -

Chaser mills and grinding pans.—To further reduce the sand-
stone after it has come from the crushers, or to handle directly the
smaller material from the quarry that has passed through the grizzly,
chaser mills and grinding pans are used.. These machines may be
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used either to grind the rock with the addition of water or to grind it
dry. Wet grinding machines consist of fixed circular steel pans, rang-
ing from 6 to 9 feet in diameter, in which two heavy steel rollers,
mounted on a horizontal shaft, revolve. The rollers in a 9-foot pan
have 12 inches rolling surface and weigh from 5,000 to 6,000 pounds
each. The ground material leaves the pan through screens on oppo-
© site sides: A 9-foot pan will handle from 100 to 250 tons daily, de- -
pending on the friability of the sandstone. About 35 horsepower is
required to operate a pan of this type, and the cost ranges from $1,200
to $1,500.. The dry-grinding pans are used in plants where the sand
is shipped without washing. The rolls of these machines turn on a
horizontal axis and the pan also rotates.

~Tube mills.—Tube mills are used in grinding sand to smaller
 gizes for sand-lime brick manufacture, and in grinding quartz and
quartzite to fine grains, and even powders, for use in the arts and
industries. ‘They are cylindrical in shape, built of heavy boiler-plate
steel, and are revolved on a horizontal shaft. They range from 314
to 6 feet,in diameter and from 14 to 22 feet in length. Enough steel
or flint balls, 2 to 3 inches in diameter, are put into the mill to fill it’
one—third,' and the sand, which is introduced through an opening at
orié end with the lime or other materials used in the manufacture of
the- product, leaves the mill at the other end. A 6-foot mill makes
25 revolutions per minute, and has an average capaclty of from 40
to 60 tons daily.

DRYERS

Sand used in locomotives is always dried, and at many places the
sand used in the manufacture of glass and sand-lime brick is also
dried. In Georgia the various railroads have usually installed small
.conical dryers at sand pits along their line for preparing the sand, or

_in some cases have built large dryers at their main shop.

The usual type of small dryer consists of a stove around which
cylindrical or conical sheathing of sheet iron is built forming a space
holding from one to two cubic yards of sand between the sheathing
and the stove. The lower pait of this container is perforated with
holes one inch in diametér and three inches apart, so that the sand
as it dries trickles out through the holes into a bin or other recep-
tacles. In warm, dry weather from 30 to 40 minutes are required to
dry a yard of sand. '
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The general system in use where large quantities of sand are dried
is to comstruct a frame house of two or three stories. The stoves are
placed in the first story and drums, two feet in diameter, are placed
around them, which extend upward through the roof, but are much
smaller in the upper stories. Around the stoves sheet-iron jackets
are placed which expand at their upper ends permitting the sand to
settle hetween them and the stove. The jackets are perforated at
their base to allow the dried sand to escape into chutes or bins.

The wet or green sand is discharged from cars into the second
story from which it works its way downward around the stoves to the
first story. From here it may be delivered directly to cars or locomo-
tives or elevated to a third story where it can be stored.

There are several types of dryers for glass sand in use, but the
steam dryer is the most modern and efficient. The sand is discharged
into horizontal steam pipes arranged in tiers in the dryers.!

Direct heat dryers are also used. This type consists of a rotating
cylinder, heated by gas, oil, or coal fuel, into which the wet sand is .
fed at one end and discharged dry at the other end.

STORAGE

In plants producing washed sand and gravel it is desirable, and in
fact profitable, to have surplus storage facilities, which can be drawn
upon when the plant-is temporarily shut down for repairs, or in win-.
ter, and in which the various sized products may accumulate in dull
seasons or when the demand for certain grades is temporarily slack.
For example, a large order may be received for gravel, but there may
be no ready sale for the sand. In order to avoid sacrificing the sand
at an unprofitable figure, which would be necessary if there was no
place to store it, it can be put into bins or stock piles for use a few
days later when the demand increases.

Sand and gravel for structural purposes can be piled in large stock
piles in the summer for winter use without harming the sand. This
1s the most general way of storing the material. The piles can be
built up by transporting the sand over belt conveyors supported on
a wooden or steel framewo k and, in the case of the larger plants, dis-
tributed over a large area from a wooden or steel trestle. Loading
is accomplished usually by bucket and crane or stiff-leg derrick. Many

"1 Fettke, C. R., Glass manufacture and the glass sand industry of Pennsylvania: Pennsylvania
Geol. Survey, Rept. XII, 1919.
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¢f the larger plants have storage bins of steel or wood of from 200 to
600 cubic yards capacity, the sand being delivered to cars by gravity.
(Plate VIII-A.) These bins prevent waste and afford -more econom-
ical means of handling, but they are not necessary. Plants produc-
ing locomotive sand require 1ns1de storage, since this type of sand
must be kept dry.

‘ PROS-PECTING FOR SAND AND G-RAVEL B

For convenience we may describe the prospecting of sand and
gravel deposits under three main headings:
' 1. Stream deposits. :
: 2. Bank deposits. '
3. Sandstone deposits.

STREAM -DEPOSITS
CHARACTER OF DEPOSITS

In placing a value on river or creek deposits of sand and gravel,
the size of the stream, its rate of flow, and the amount of detritus
carried must be considered, since it is on these factors that the replen- -
ishment” of the deposﬂ:s depend. Large streams like Ocmulgee or
Oconee rivers will bring sufficient sand down during & rise of a foot
" or two to completely replace sand that has been removed durlng
months of pumping.

The stream bed is an important matter also. Where it is shoaly
and‘the water swift, there is little opportunity for very large deposits,
but i the quiet reaches beyond the shoals, the slackened, sand-laden
water deposits immense quantities of its burden.

Usually a prominent point on the inside of a curve is especially
favorable for the collection of sand. The coarseness and quality of
_ this sand will differ with the swiftness of the stream. Where the

stream is broad and sluggish for long dlstances a finer deposit is to
be expected than in the narrow, swifter parts.

At the confluences of smaller, swifter streams with the main stream,
’ohe ‘consequent slowing of the current of the smaller, sand-bearing
streams usually produces thick sand or gravel deposits. Old mill-
ponds or areas of backed water due to damming further down the
stream afford excellent settling basins for sand.
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A. BINS AND DELIVERY TRUCKS, ACME SAND & SUPPLY COMPANY, PEACHTREE
ROAD AT PEACHTREE CREEK, ATLANTA, FULTON COUNTY

B. LOOKING UP MAGRUDER CREEK FROM BRIDGE ON FORT GAINES-GEORGETOWN
ROAD, 12 MILES NORTH OF FORT GAINES, CLAY COUNTY
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TESTING.

The sand supply which a stream, and partlcularly the smaller ones'
is likely to maintain, is usually cons1derably over—estlmated An
error of this character will be costly, since the mstaﬂa’mon of a pump
and loading facilities requlres a cons1derab1e money outlay A depth
of at least four feet of sand in the stream bed is necessary before pump—
ing is warranted.

For local purposes small creeks 8 t0 20 feet Wlde W111 usually pro-
duce sufficient sand. As the" sand in - such streams is usually under-
lain at a shallow depth of two or three feet by clay or mud, the actual
thickness of the sand can be easily determined by forcmtr a strong
stick or iron rod down-into the sand. As long as 1t passes through
sand it will ‘require cons1derable energy to work it m but the moment
it entérs the clay a "marked contrast is ‘noted, and ‘the stick can’ be
pushed in quite easily. A coating of blue clay may adhere  to the
lower part of the rod after removing it from the stream bed.

For finding. the depth of sand and gravel in Iarcrer deeper
streams a man in a boat with a long iron or wooden’ ‘pole -can’ usually
locate the sandy or gravelly areas by “the gritty feel a§ well as esti
mate their thickness by forcing the pole into the sand.

To obtain a sample of sand and gravel in deeper streams a tin pail
securely fastened to the end of a strong pole is used. The sand should
be taken -at different points across the stream and also in the direc-.
tion of flow. Samples representing -as great a depth ‘of the-sand as’
possible should be obtained and all thoroughly mixed and quartered
down to convenient size. Areas in the stream bed showing differ-
ences in the sand should be represented by separaté samples.

In some larger streams the sand -deposits are .constantly shifting
and 1t may be impossible to tell whether a great rise in the water
stage will leave a large deposit, sweep the bed entirely: clear, or chiange
the character of the sand itself from-place to place.- - :

Estimation of the amount of sand carried daily by small streams
is mmportant. An approximation-of this can be made by. sinking" a
wooden box to the level of the top of the sand in the stream bed, and
then measurlng the amount of sand that collects in‘the box during a
certain period. From this amount the total sand earried dewn by
the entire width of the stream in a day can be.easily figured which
will serve as an estimation of what can ‘be removed daily.from the
stream. Tests of this kind can also be made durmg afreshet to find
the amount of sand likely to be replaced. ’ :
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BANX DEPOSITS

* Sand or gravel deposits outside a stréam bed or bar may be broadly
termed bank depdsits. The most favorable places for detailed pros-
‘pecting for bank deposits are along streams. In making such exam-
nations it should be remembered that the stream was fiot always in
ifs preseiit posmon with respect to elevation, except in the case of
t‘hose streams in the lowlands of the eastern Coastal Plain.

Throughout most of Georgia the streams have gradually cut out
& valley for themselves of different depths depending on the age of
the stream. In- former ages the stream occupied different higher
fovels for some time, so that the deposition of sand and gravel was
permitted. Hence careful search along the terraces of rivers or on
$he sides or top of hills near streams, but at present 15 to 100 feet above
. them, may prove successful. Deposits of this character occur along
Little Ocmulgee River. at and above Lumber City, along Coosa and
Htowah rivers in Floyd and Bartow counties, along the first and sec-
~ond" terraces of Chattahoochee River, south of Columbus, and along
many other rlvers and streams.

SAND HILL DEPOSITS

- Fluvial scmd deposbts ~Sotie of the most conspicuous sand de-
posits-of the-Coastal: Plain: of Georgia are those that occur along the
1eff (east or north) banks of maiiy of the larger stréams. They are
white, gray, and yellow; generally medium-grained, becoming a little
coarser with depth; and, in many places, 20 to 40 feet in thickness.
Their surface expression is undulating, sometimes hilly, with un-
drained depressions not uncommon. They support a scrubby growth
of black-jack and pine. Deposits of this type are developed to a
remarkable degree along Ohoopee River, west of Reidsville; Little .
Ocmulgee River; two miles northeast of Helena ; Flint River, oppo-
site- Albany and Newton; and along Hurricane and Seventeenmile
- creeks, near Alms and Douglas, respectively. Their exact origin has
‘been in. doubt, although it is believed that wind has been an impor-
tant factor in producing their present form.
When seen in sections (Fig. 9) the upper 5 to 10 feet show no signs
. of stratification, although this sand-is usually finer than the rest of
the deposit Below the upper part, practically all of those sand de-
posits examined, show a more or less distinct stratification consisting -
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of thin, wavy, brown layers of clayey sand, making up about one-
sixth of the total section, between thicker layers of clean, yellow sand.
In some regions the clayey strata are so indefinite that a slightly darker
layer, a few grains thick, is all that

" indicates them; elsewhere the clay
may form so large a proportion of
the bed as to spoil the sand for
commercial purposes. The thick-

’ ness of this stratified portion is

Fig. 9. Generalized section of Fall Line {101 10 to 20 feet, and it is usually

and fluvial sand-hill deposits. !
1. Reddish-=yellow clay, succeeded below by a coarser,
2. White sand. ' white, exceptionally clean sand,
3 s}:ﬂ: wish to brown sand With Wavy  yyroken by lenses or strata of red
4. Gray to yellow, wind-blown sand. clayey sand. -

From the distinctly stratified character of the lower part of prac-
tically all these deposits, together with their association with streams,
it would seem that they were originally formed on both sides of the
streams as flood deposits, the sand having been deposited when the
current was swift, and when it became slower a thinner layer of clayey
sand was laid down. Later, upon drying, this sand was easily trans-
ported by wind, and since the prevailing winds are from the south
and west, it is natural to suppose that the sand. on the south and west
sides of the streams has been blown by the wind to the opposite sides
where a greater thickness has accumulated. Much of the sand has,
of course, been blown far beyond the stream banks, in fact, the origin
of the widespread surficial interstream deposits, so typical of the
Coastal Plain, and which cover a large part of South Georgia with sand
to a depth of from a few inches to several feet, may possibly be ex-
plained in this way rather than to a recent advance of the sea. The
fact that this surficial layer is simply a veneer on the older deposits
and conforms closely to the present topography, together with the
sharp contacts it makes with underlying red and yellow clays, or
clayey sands, also indicates that its origin is neither marine, nor due
to river terraces, nor is it always due to leaching of the iron oxide
coloring material.

Similar deposits on the east and north sides of streams are known
along Sautee River in South Carolina; along many streams in Western
Florida and also along Red River in Texas.
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Prospecting for medium-grained sand of this kind is a simple mat-
ter, consisting merely.in .visiting the east and north sides of the Coastal
Plain rivers or larger creeks near railway crossings. Cannoochee,
Ogeechee, Ohoopee, Altamaha, Satilla, and Little Ocmulgee rivers are
particularly favorable for sand accumulation as well as a number of
smaller creeks and rivers in the south and southeast part of Geor gia.

'Fall Line sand hills—Heavy and eéxtensive deposits of -pale
_yellow sand occur along the Fall Line almost. ‘from Augusta to Co-
Iambus, elther close to the Crystalline rocks or more usually separated
from the actual Fall Line by from 14 mile to 5 miles. This sand
closely resembles the fluvial sand hills of the Coastal Plain, but is
~ more extensive and usually thicker. It is readlly located by the
serubby vegetation of sharp-leafed black jack, and the géneral bare-
ness of the area. In deposits so extensive as these.the, principal con-
sideration is nearmess to rallway transportation.

FALL LINE GRAVEL DEPOSITS

The vicinity of the Fall Line along the entire eastern United States
is favorable for sand and gravel deposfcs since it represents the gen-
e1a1 outerop of basal deposits of great rivers and of the sea upon an
anment shore. . Deposits of this kind, partloularly when close to their
© source, are apt to oontaln large percentages of gravel and sand. Much
evidence of gravel can be found dlong the Fa'l Line in Georgia, at and
near the tops of the uplands, or hills, especia’ly near the cities of Au-
gusta, Macon, and Columbus. - :

In passing ‘southeastward from the areas of schists and gneisses
in the Coastal Plain the first depos1ts encountered are usually gravels -
with layers and lenses of clay.  Examples of these are clearly scen -
along the Hamilton road four miles from Co'umbus and along the
Mitchell and Mayﬁeld roads a few miles south of Warrenton. Gravel
'1nd10at10ns are partloularly abundant near the intersection of large
streams with the Fall Line, as along Chattahoochee, Flint, Oemulgee,
Oconee, Ogeechee, and Savannah rivers. - The deposfcs usually occur
at or near the tops of terrace hills along the rivers, but in the inter-
stream areas the gravel; may occur underlying almost any type of
topography. Their thickness, however, is usually much less than
those near the rivers. This entire region has numerous water wells
which, together with road-cut data, render a detailed search for gravel

simple, and productive of definite results.
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- Gravel deposits in other parts of the Coastal Plain do not appear
to follow any regular arrangement. Where indications of them are
found, further search is invariably most profitable on the tops of hills,
or on the hillsides near the top.

Considerable gravel occurs along Chattahoochee River on its upper
terraces and especially along tributary streams from one to two miles
back from the river. These deposits usually are found at or near
the top of hills, but they may compose both the first and second bo -
toms of the tributaries, and extend for some distance back from them.

TESTING

The money and time spent in a preliminary examination and test-
ing of supposed sand and gravel deposits is spent simply to insure, in
a measure, any future outlay that may be made in their development.
Its necessity may be unapparent to some, but the wisdom of such work
has been-demonstrated on numerous occasions, when it has disclosed
conditions which, if disregarded, would have resulted in considerable
financial loss. Although considerably more extensive and less subject
to injurious lateral variation than most mineral deposits, sand and
gravel beds very frequently and commonly pinch out or deteriorate
in quantity in short distances.. It is to determine the character of
the numerous layers both in thickness and quality, that detailed in-
vestigation of a reputed deposit is so desirable. Road and railway
cuts, rain-worn gullies and exposures along streams, or even the sur-
face expression and vegetation of the deposits will genera ly serve as
an index of their character. Lacking these a careful examination of
dug or bored wells in the area should be made, either by actual in-
spection of the well, or if this is impossible, by obtaining the data
from the well digger or wel' driller. ‘

In districts where the local peculiarities of the sand or gravel are
already well known, evidence such as the foregoing might furnish,
may be sufficient to base an opinion as to the value of the deposit;
more usually, however, such data serves merely to reject a deposit
entirely, or to warrant the time and expense of a more detailed exam-
ination. When a sand deposit is believed to fully warrant such work
the best way to test it is by boring and digging holes either by hand,
post-hole augers, or post-hole diggers. Pits are by far the best means

" of prospecting a sand deposit, since clay-free sand will not stand un-
supported long enough to go sufficiently deep with augers or post-hole



134 GEOLQGICAL SURVEY OF GEORGIA

diggers. The holes should be laid off in some regular fashion either
in regular or staggered rows equally separated. In the method shown
by Fig. 10 the maximum distance any point in the tested area can be
from a hole or pit is 35 feet; and in that shown in Fig. 11 the maxi-
mum. distance is 40 feet.. In, the first method 25 holes would be nec-
essary to completely test an acre, and in the second only 18 are needed.
Pits should be dug so that an aceurate representative sample can be
obtained, and the actual . thicknesses of gravel and clay. or sand. lay-
ers measured.  Holes or pits need not-be so closely spaced where the
deposits tend to considerable iegularity; usually the distance be-
tWeen pits can be changed to suit the local conditions.
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. Fig. 10. Method of placing test =~ - Fig. 11. Method of placing test

pits.on an acre of ground by : pits on an area of slightly more

quadrilateral system.» ‘ , than an acre by staggered system.

The data obtained from the test’ plts should be plotted on a map
of the property upon which the relief has been indicated’ by rough
contours, in-order to show the relation between the overburden and
the slope of the- ground. This data should consist of a description
of the nature of the material penetrated, with its thickness; the thick-
ness of waste material, both above the commercial sand and gravel,
or mtercalated the depth of the pit; the depth to Water and the-ap-
proximate amount of water and a description and samples of the
sand and gravel Where any considerable change is encountered
from .one pit to another, or at different levels in the same pit, a sep-
a,rate,_sample should be taken to be tested.

‘ ' Samplirig —Probably the most difficult thing mn connection with
“ the examination of a sand or gravel deposit is the sampling. Minor
changes in a bed occur so quickly that even if & sample is to repre-
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sent the true character of the material within a radius of a few feet
it must be very carefully selected. It must represent the entire face
sampled and not a few feet of the best material. To accomplish this
a narrow trench should first be scooped or picked out; the point of
a shovel or the mouth of a sample bag is then held close to the face
and moved slowly down as the uniform removal of the sampled ma~
terial progresses, taking care that everything is caught. In this way
there is greater possibility of obtaining an equal amount of material
from each inch or foot of the face. ‘

Where the sand or gravel is of the same general character through-
out the pit, a number of samples taken as indicated from different
parts of the pit should be assembled and thoroughly mixed and then
smoothed out into a circular area. This circle should be divided into
quarters; two diagonal quarters should be rejected, and the two re-
maining mixed and .again quartered, the operation repeated until a
sample of convenient size has been obtained. If the pit shows differ-
ences from one part to another, samples representative of each part
should be treated in the manner just deseribed.

In many Georgia sand deposits, even in those apparently mest
uniform, careful scrutiny will show two or more grades of sand, which
if handled separately would be more profitable. In sueh deposits it
would be unwise to judge the whole by & mixture of two or more parts,
unless no attempt is to -be made to grade the sand. On the other
hand, a high rating placed on the pit on the basis of a very high-grade
sand, occurring only over half the area, would manifestly lead to in-
~convenience, if not ruinous trouble. By properly blending (see pp.
48-49) two types of sand occurring in the same pit, a mixed sand may
be obtained for which a higher price may be bhad than for either of
the unmixed grades.

If the sample is to be shipped a folded paper should be put inside
with the description written in pencil, as well as a description or num-
ber on the outside. Canvas or cotton bags holding from 10 to 25
pounds are suitable for most purposes, although for refined work air-
tight tin containers are used for larger samples.
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'; . CONDI‘I‘IQNS AFFECTING DEVELOPMENT

. W‘oﬂcable thwkness ‘and extent. —The thlckness of a deposit
necessary, to warrant the experise of opetiing will depend ot the scarcity
of the material) its accessibility,  and its quality: Due to distance
from railroads, large deposits of sand-20 to 30. feet thick in Crawford
and Taylor counties, and along many South Georgia streams are not
pemg worked, but in regions where sand is much less plentiful de-
posits of from 4 to 6 feet are bemg proﬁtably ut111zed No definite
~ limits can be placed on the thickness factor due to the influence of
Jocdl conditions.: 'A'sa rule, however, a deposit of less than 10 feet,
without overburden, is-hardly worth spending much money on, unless
there is a large and steady demand for the product, with excellent
{ransportation.: If we assume that 20,000 tons, or 600 cars, of sand
can be dug from an acre of sand 10 feet thick, one acre would last
ong year, shipping two cars a day It.is well to be sure of at least
20 “years’ supply before spendlng much money on machmery and
trackage :

Smce the thickness will largely determine the -manner of recover-

- ing the sand or gravel; it is necessary that a-reliable approximation

of the thickness be found. The extent will also affect the installa-

fon’ of expenswe, hlgh-capa(nty machmery, and hat also should be
,carefully determ ned.

o Inc the case of glass sand Burchardl recommends at least 20 scres
Where the deposﬁ; 1520 feet thick. = This nmdaterial was in the form of -
sandstone and required a crushing and -screening plant, costing from
$10,000 to $50,000;for the preparation of the.sand. It is safe to say
that in South:'Georgia deposits of glass sand one - quarter the above
amount; say 10 feet. thick and covering 10 acres, could be worked
proﬁtably Wlf:h _proper transportation faclhtres, smce usually no pla,n‘(
1s requlred

Cover —The thlckness and character of the cover or overburden
of a depos1t is of extreme mportance Most sand and gravel de-
posits in Georgla have very little or no cover (one to two feet). De-
- posits with as muich as 6 or 8 féet have been worked where the de-
-mand is great. ‘Sometimes a loamy, sandy overburden is mined with
the sand itself: A soft cover is of course easier to remove than one

1 Burchard, E. F., U. 8. Geol. Survey Mineral Resources, 1911, pt. 2, p. 636, 1912.
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partially indurated. In hydraulic removal, clay requires more water
and a greater slope than loam or sand. Since the cover is likely to
differ in thickness from one part of the pit to another, it is wise to
determine its thickness and character beforehand by adequate holes
or pits. In gravel deposits the cover usually increases as the top of
the hill is approached, but in the Fall Line and fluvial sand deposits
generally little difference is shown.

Rejected material.—In examining a pit, it is of great importance
to note the amount of clay lenses, or poor sand, that must be dis-
carded. Sand lenses, unless ferruginous, are undesirable in clay
gravel for use in road construction. Clay lenses, and more than 10
or 15 per cent clay, even though well distributed in such gravel is
also undesirable. ,_ , '

Certain lenses may show indications of organic matter. Sand
deposits lying in, or only a few feet above the bed of a sluggish, swamp-
bordered stream are likely to contain organic matter in amounts large
enough to reduce the mortar strength by from 10 to 20 per cent. An-
.other source of organic matter in bank deposits is the vegetation
washed into the pit from the unbroken ground above, or the filtra-
tion of vegetablé material from the surface into the sand to a depth
of even 4 to 6 feet. The practice in many localities, of mining with
the sand the surface vegetation consisting of leaves, grass, and small
shrubs, rather than running a drag over the surface to clear it of this
material, is certainly not to be recommended where a high-grade,
and consequently higher priced, product is the aim. ‘

Lime and alkali crusts as well as layers of limonite or iron oxide
may occur, and they should be noted, as well as their amounts. '

Variations.—Changes in the character of the sand or gravel it-
self or in the overburden should be watched for. In localities where -
the preparation of sand and gravel on a large scale is the leading in-
dustry, it is becoming increasingly evident that the concern that
can furnish a uniform, dependable product, month in and month out,
is the most successful. The maintenance of a uniform product is
possible only by keeping careful watch on the deposit to note changes
in it, and to alter the mode of treatment so that these changes will
cause least increase in cost and possibly even decrease the cost; and,
if the deposit and the market warrant, by installing washers and
screens to ins1\1re constant uniformity.
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Water.—Water may determine the depth to which a pit can be
developed by a certain method, hende the importance of getting in-
formation regarding it. The depth at which water is encountered
can generally be estimated from wells in the region.” Very little trouble
has been experienced in Georgia sand pits from water. Many of the
sand deposits are located on hills or elevated areas where the water
is considerably below, or from which it can easily be drained. '

~ In sand and gravel pits, or near sand and gravel deposits, stand-
ing water may be due to a substratum of impervious clay a few inches,
. or feet below, which should be considered in Judgmg the depth of
‘the deposit. .

Where steam power or hydraulic stripping or loadmg is used, a
regular, adequate, and convenient water supply is necessary. With
this in view a sand deposit, 4f possible should be opened from the
side requiring least force to raise the water. A possible economy by
- recovering the sand with a centrifugal purap from an artificial lake
created in the sand deposit should be cons'dered; especially where
plenty of water is at hand. A '

Accessibility.—Unless a sand and gravel deposit is within teaming
or trucking distance of a good market (one to three miles) it is prac-
_tically useless to attempt to open it unless situated directly on a rail-
‘Toad. The mtrmsm value of sand and gravel is so low that freight rates
“are respons1b1e for over half of its cost to the consumer. Deposits
on lines running directly-to markets are in far better position than
those requiring one or more transfers to other railroads before the
prmmpal market is reached, In Georgia much sdind territory, and
some good gravel deposits are eliminated because of distance from
markets or radroads.

Persistent deposits of sand in the beds. of Oconee, Ocmulgee Ohoo-
-pee, Altamaha and other South Georgla rivers, although inaccessible
to rail ‘transportation, are ideally located for large boat shipments.
It is hkely that these deposits will be more fully utlhzed in the future.

SANDSTONE DEPOSITS1

Extenswe deposits of sandstone, quartzite, and quartz occur in
the Paleozoic and Piedmont areas of Georgia. Practically none of
these deposits are now being utilized, but the‘y afford a possible future

‘

1 For detailed quarrying methods see Bowles, Oliver: Sandstone quarrying in’the United States:
U. S. Bureau of Mines Bull. 124, 1917.
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supply of sand for glass and refractory brick purposes. Such de-
posits are usually easily traced by their outcrop. Due to their re-
sistance they generally form long, narrow ridges, such as the ridges
of northwest Georgia; or Pine and -Oak mountains, north of Columbus.

The bedding planes or strata of these deposits are generally appar-
ent, although inclined at a considerable angle to the horizontal. This
inclination is called the dip. The strike of such a deposit is the di-
rection the strata take across country, or the direction at right angles
to the direction of dip.

SAMPLING

Since the contents of the same bed in a deposit of this nature are
‘more apt to be uniform than those of several different beds, samples
are always taken at right angles to the strike, or across the dip, so
that they include portions of each bed. Pieces of uniform size are .
taken at uniform intervals, or a narrow groove is cut across the cleaned
rock sur ace, and the cuttings used as samples. These may be crushed
and quartered if too bulky. Samples should be taken at intervals
of from 25 to 100 feet along the dip, or closer, if the material shows
marked changes. Where changes occur from bed to bed, each bed,
or each group of beds showing similar characteristics, should be sep-
arately sampled. )

In prospecting inclined or dipping beds of sandstone it must be
remembered that the width of the outcrop in such cases does not rep-
resent the true thickness of the sandstone bed, but that the width
of the outcrop increases proportionately as the dip of the rock in-
creases, and may be two or three times the actual thickness of the
bed. This factor also influences the thickness of the cover or over-
burden, since the more steeply a bed is inclined the greater the depth
to the bed from a point at a given distance from the surface outcrop.

THE SAND AND GRAVEL INDUSTRY

The demand for sand and gravel in 1919 and 1920 has been very
large in Georgia as elsewhere. The shortage of railway cars, together
with an unfair distribution of the supply, has compelled a number of
plants to cut down their production by half and even two-thirds,
although the overhead expense of these plants is practically the same
as when they maintained a maximum production, so that they are
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unable to make as fair a return on their 1nvestment as they are en-
titled to. :

Whether the demand for sand and gravel is temporary and will
cease after the housing shortage, occasioned by the war, has been over-
come, is uncertain. Although the total cost of construction work in
Georgia is exceeding that of any previous year,.it must be remem-
bered that the actual volume of construction is considerably below
the record, since the cost in 1920 is over double that of 1912.

Owing to the abnormal conditions it would be well at this time
to be cautious in installing too expensive sand-handling machinery,
but in view of the fact that the volume of construction itself may not
be considered remarkably abnormal when compared with some other
years, a moderate expenditure for more eﬁiment handhng methods is
adwsed : . _ ,

.Production and value of sdnd in Georg?ia ~Hj"‘ro/m 1912 to. 1919

Building sand Gravel Moldingﬁsand{ . Engine Other uses
: Year U . - 1 '

Ton- Value | Ton- | Value | Ton- | Value| Ton- | Value | Ton- | Value

nage : nige | nage nage |~ . | nage
1912_;_ 304,882($116,614( '86,'5;210‘&’537,554 ol |10,245($2,640] 7 ,2251$2 ,325

1913.__| 355,289| 182,381 18,792] 15,070| 6,500(84,019] 2,700  650[17 700 8,500
1014.__| 200,309 51,782 12,244 7,875(10,427| 6,247] 5,032 86516,830| 5,175
1015._.| 527,258| 163,932 22,848| 15,071) 3,898 2,883.1,}365 390} |
1016..| 310,467| 77.,081) 39,889] 20.148] 3,545 1,756(10,589| 1,801[10,001| 3,127
1917..| 257,880| 78,400| 27,140| 32,97531,793| 8,950133,342] 6,568| 6,600] 1,950
1918___| 187,171 75,253| 18,500| 19,900|35,001/12,705(15,121| 3,800|:6,862| 6,864
19102__| 269,059| 131,511 13,106| 13,766(64,491(33,883] 9,001 4,988(30,614[20,345

't Glass sand. o .
2 Figures are preliminary and subject to revision.

. As the margin of prpﬁﬁ on sand and gravel is so small, probably
in no other business is there greater need for business acumen and
foresight if ultimate success is -desired. The failures of enterprises
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formed to produce sand and gravel have been numerous both in Georgia
and in the United States at large. Many of these failures were due
to the expending of more capital in plants and machinery than the de-
mand and market price of the product warranted, so that the interest
on the capital could not be met after all other necessary expenses
had been paid. Failure in less pretentious enterprises has been due
to ill-advised location of the pit with respect to quantity of sand and
gravel, and to distance from, and size of the principal markets. Rarely
can a sand plant be made to pay where it is necessary to ship the
product over two or more independent railways. In some instances
failure has been attributed to mismanagement and neglect to watch
the many small leaks through which any possible profit may vanish.
These include machinery, methods of production, and track layout un-
suited to a particular deposit; failure to constantly utilize labor or
machinery which is creating expense; variableness of product so that
the conswmer cannot depend upon its character from one shipment
to the next; loss of sand in transit through chinks in frelght cars, such
loss may amount to from 15 to 20 per cent of the original shipment

Prices.—In the smaller towns.throughout the state where the
sand supply is obtained from local pits, no producfion or price reeord
is kept, but it is likely that the amount of sand so obtained will equal
one-third of that for which records are kept. Sand from such local
sources may either be had for the expense of hauling, or on paymenﬁ
to the owner of the pit of a small amount ranging from 5 to 25 cents
.2 yard, although larger sums have been demanded. At other places,
where the demand is greater, the owner or leaser of the pit uses his
own delivery trucks or teams and may charge from $1.00 to $1.50
a yard for the delivered sand. At larger pits where shipment is made
by' rail, brick and plaster sand costs from 40 to 60 cents a yard,
although 50 cents was the usual price in 1920; coarser sand, for con-
crete, costs from 75 cents to $1.00 a vard. Gravel at the pit costs
from $1.00 to $3.00 a yard, depending on the demand.
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Average price per yard of sand and gravel in Georgia
and the United States

&

Building sand vG:lass sand | Molding eand ~ Gravel
Year S

Georgia U. 8.. ! Georgia | U.S. Georgié U.S. | Georgia; U.S.
1912 . __ -$0.38 | $0.33 |- $0.97 ... $0.61 _550.43 $0.27
1913 _____ 0.37 0.32 j-.o_.o-- 1.06 1| §0.76 0.63 0.84 0.24
1914 __ 0.26 0.38 | __ 0.97 .| 0.60 0.64 0.66 04.2.3
1915..__..| 0.31 | 0.30 |.__:..| 0.85 | 0.70 | 0.59 | 0.65 | 028
1916 _____ 0.24 0.32° [ B 0.97 0751 0.69 0.50 0.31
1917__.__| 0.30 | 0.40 |-..__| 1.38 | 0.20 | 0.92 122 | 0.48
1918......| 0.40 | 0.50 [$1.00 | 1.04 | 0.37 | 1.04 | 1.08.| 0.57
1919 ... 0 0.45 |o_eooo| 101 |oooi| 0.58 (...l 1.05 |_______.

" Royalties.—In many-cases sand or gravel property is leased and
the owner pays a fixed sum per yard or car produced, and may or
may not be requlred to pay for a mmlmum production. For brick
or mortar sand the royalty is $2.00 s car, and for gravel from 5 to 25
cents per yard, although in 1920 the avetage for gravel was 15 to
20 cents. In some places an annual rent is paid the owner of a sand
deposit regardless of the amount produced.

To recover sand from navigable streams pe mission must be ob-
tained from the Unitéd States War Department by a petition which ,
describes the details of the proposed business. On other streams the
owner must be consulted.

Labor costs —In 1920 unskilled labor in sand pits, cost usually
about $3.00 per 10-hour day, although in some places such labor
could be had for $2.50 to $2.75, elsewhere as much as $3.25 and $3.50
had to be paid. In many places the contract system is in use and
the men paid a certain rate for each car loaded by hand, ranging from
$4.00 to $6.00, depending on the amount of selectlon required and
the difficulty of loading. :
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Markets.—The principal markets open to Georgia sand producers
are Atlanta and Birmingham, provided the pits are on direct lines
to these points. Macon and Savannah, although producing sand
within their limits, use some sand that has been shipped in. Due to
proximity to stone-crushing plants and to the cheapness of Birming-
ham slag, Atlanta, and to a large extent Macon, are independent of
the gravel supply. Augusta, Columbus, and Rome, owing to the
large amounts of sand and gravel locally available, use practically
no imported product. In most of the other Georgia towns of 2,500
population and upward there is a brisk demand for both the finer
grades of plaster and mortar sand and for coarse concrete sand and
gravel. The following is a list of the sand and gravel producers of

the State: |
SAND AND GRAVEL PRODUCERS IN GEORGIA IN 1920

Acme Sand and Supply Company, Atlanta, Georgia.

Alexander Sand Company, Junction City, Georgm '

Allon Sand Company, Zenith, Georgia.

Altamaha Supply Company, Brunswmk Georgia.

Atlanta Sand and Supply Company, Atlanta, Georgla

Atlantic Coast Line R. R. Company, Wllmmgton . C. Pit at Darrow, Ga.

Augusta Silica Mining Company, Augusta, Georgia.

Baum, Leo P., Dublin, Georgia.

Brockman, Edward Ringgold, Georgia; molding sand.

Brown, 0. O., Sand Company, Howard, Georgia. '

Centraldof Georgla Sand Company, Howard Georgia; steel molding and building
san

Clark, J. H., Ringgold, Georgia; moldmg sand.

Crutchﬁeld F. A., Flintstone, Georgia; molding sand.

Dillon, J. W., Thomasvﬂle, Georgia.

Downing, J. J., Nicholls, Georgia.

Downs, L. J., Junction City, Georgia.

Gailey, C. K., Conyers, Georgia; molding sand.

General Building Supply Company, Savannah, Georgia.

Georgia Sand and Gravel Company, Augusta, Georgis.

Harkey, W. C., Sand Company., Mauk, Georgia.

Heath, John M Talbottom, Georgla.

Hime Sand Company, Junction City, Georgia.

Hinson Sand Mines, Lumber City, Georgia; glass and building sand.

Houser, J., Tivola, Georgia

erkpatmck Sand and Cement Company, Birmingham, Ala.; steel molding and
building sand.

Lumber City Sand and Concrete Company, Lumber City, Georgia.

McElroy, J. E., Noreross, Georgia.

Macon Fuel and Supply Company, Macon, Georgia.

Morningstar, L. E., Junction City, Georgia.

Morris, W. Mercer, Columbus, Georgia.

Puckett, C. A., Emerson, Georgia.

Rome Sand and Gravel Company, Rome Georgia.

Rutledge & Chestnut, Columbus, Georgia.

Smiley Sand Company, Atlanta, Georgla

Thompson, J. T., Carrolton, Georgla

Watson, N. G., Rome, Georgia.

Wiggins, T. 0., Waycross, Georgia.
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!

PHYSIOGRAPHIC AN D GEOLOGIC FEATURES
OF GEORGIA

'PHYSIOGRAPHY

The physiographic features of Georgia present great contrast.
From a flat, featureless plain near the coast, the relief gradually be-
" comes - more pronounced toward the northwest until steep, rugged
. mountains, almost 5,000 feet in height, are encountered in the ex-
treme northern part of the state.

This diversity of topography includes five major divisions which
oceur in roughly parallel bands along the eastern border of the United
States from New York to Alabama. These divisions beginning at the
the Atlantic: Ocean, are the Coastal Plain, which extends to the Fall
Line, or roughly to a line passing through Augusta, Macon, and Col-
lumbus;. the Piedmont Plateatr, which extends'from the Fall Line to
the high mountain region of Georgia and is roughly limited on the
. north by a line from Clarksville through Marietta to Rockmart in
Polk County;-the Appalachian Mountains - which extend from the
Piedmont Plateau to the northern boundary of the state and on the
east to the Appalachian Valley area, roughly marked by .a line run-
ning south from Tennessee through Cartersville and Cedartown te
Alabama; the Appalachian Valley, which extends west from the Ap-
palachian Mountains and includes the rest of northwest Georgia ex-
cept a small area in Dade and Walker  counties; the Cumberland
Plateau, which includes parts of Dade, Walker, and Chatooga coun-
ties in the extreme northwest corner of the state.

The physiographic divisions of the state will be described in more
detail in the report preceeding the sections devoted to the deserip-
tion of the sand deposits of the geologic provinces: of the state.

GEOLOGY

Owing to characteristic differences. in origin,; texture, and struc-
ture, the rocks of Georgia are separated into three distinct divisions
which are common to the entire eastern border of the United States,
where they occupy long, irregular, but roughly parallel belts. - These
three provinces are the Coastal Plain, the Paleozoic area and the
Crystalline area. :

The Coastal Plain strata occupy most of the reglon known as the
- Coastal Plain, which is a relatively flat plain paralleling a great part
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A. GENERAL VIEW, C. C. McCARTY SAND PIT, 2% MILES SOUTH OF GAILLARD,
CRAWFORD COUNTY

-k X
ot d
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B. MINING SAND BY LOCOMOTIVE CRANE AND CLAM-SHELL BUCKET, ALLON SAND
COMPANY, 2 MILES SOUTH OF GAILLARD, CRAWFORD COUNTY
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of the entire Atlantic Coast of the United States. In Georgia it ex-
tends westward from the sea to the vicinity of the Fall Line which
" passes through Macon, Augusta, and Columbus. The Coastal Plain
sediments consist of alternating beds of sand, clay, marl, and lime-
stone.

The Crystalline area comes next, extending from the Fall Line
from Alabama to Maine and forms the basement upon which the
Coastal Plain sediments. were deposited. It occupies all that part
of Georgia northwestward from the Fall Line except all or part of
eight counties in the extreme northwest corner. '

The Paleozoic area occupies the seven or eight counties and parts
of counties in the extreme northwest corner of Georgia not included
in the Crystalline area. ILimestone, shales, slates, and sandstones,
which have been somewhat altered along the eastern margin, com-
prise this area.

Inasmuch as the sand and gravel deposits of Georgla are found
throughout the entire state in all of its three geologic provineces pos-
sessing characteristics distinctive of the division in which they occur,
the deposits of each will be treated separately. :
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DISTRIBUTION OF SAND AND GRAVEL IN GEORGIA
BY GEOLOGIC PROVINCES

THE GOASTAL PLAIN'

EXTENT AND SIZE -

Ths Coastal Pla,m of Georgia mcludes roughly, that part of the
state from the Atlantic Ocean to the Fall Line. The Fall Line extends
northeast and southwest across the state from Augusta through Mil-
ledgeville and Macon to Columbus and marks the location of rapids
and falls in the streams as they pass from the hard crystalline rocks
on the northwest to the soft or unconsolidated materials on the south-
east. The area of the Coastal Plain is approximately 35,000 squdre
miles, or seven-twelfths of the entire area of Georgia. Tt is part of
‘the great Coastal Plain bordering the eastern United States which
merges into the Gulf- Coastal Pldin bordering the southeastern states.

PHYSIOGRAPHY

In general appearance, the flat, or gently rolling topography of
the Coastal Plain shows a marked contrast to the rugged, hilly, and
even mountainous terrain peculiar to that part of Georgia north of
the Fall Line. Much of the plain. is practically the same as it was
- left when the sea retreated eastward. Its more rolling and even
rugged appearance as one goes northwestward is due to its greater
elevation and to the fact that the time elapsed since the retreat of
the sea has been longer, and consequently more opportunity has been

afforded weathering agencies and streams to cut into the original
even surface. '

Physiog’rapbically, the Coastal Plain is divided into a number of
distinctive parts, which, beginning at the coast, are: the Satilla Low-
land, the Okefenokee Plain, the Altamaha Upland, the Fall Line Hills,
the Dougherty‘Plain,- and the Southern Lime-Sink region.

1 Abstracted from the following sources:
011 Vea.tch Otto, Geology of the Coastal Plain of Georgia; Ga. Geol. Survey, Bull. 26, pp. 25-50,

Stephenson. L ‘W. and Veatch, Otto, Underground ‘Waters of the Coastal Plain of Georgia,
U. 8. Geol. Burvey Water-Su%)ly Pa.per 341, pp. 28-115, 1915.

Cooke, C. W. and Shearer K Depomts of Clalborne and Jackson age in Georgia, U. 8.
Geol. Survey Prof. Paper 120-C,
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Satilla Lowland and Okefenokee Plain.—Commencing at the
coast, a flat, sandy plain, from 40 to 60 miles wide, occurs broken
only by gentle depressions produced by the larger streams. - This
plain, which includes the Satilla Lowland and the Okefenokee Plain,
rises gradually from sea level to a height of 125 feet. The area is
marked by swamps, including the famous Okefenokee! and Buffalo
swamps, as well as less extensive swampy areas confined to the streams
and- coastal flats.

Altamaha Upland.—The Coastal lowland on the northwest
merges into the Altamaha Upland. The approximate division runs
from Springfield, in Effingham County, to Statenville, in Echols
County. It is marked by gently rolling, park-like topography, rang-
ing from 125 feet in elevation, near its eastern boundary, to 470 feet,
where it merges into the Fall Line Hills. Streams are more numer-
ous than in the Coastal Lowlands, and “wire-grass” and long-leafed
‘pine are the outstanding types of vegetation. Most of the streams
are bordered on their east or north banks by hilly belts of yellow
sand, rising from a few feet to 50 feet above the streams themselves.
The Altamaha-region is considered by many to be the most beau-
tiful in Georgia.

Fall Line Hills.—The relief of the Altamaha Upland becomes
sharper until the Fall Line Hills are reached. The division runs
roughly through Waynesboro, Tennille, Dublin, Cochran, Vienna,
and thence along Flint River to Decatur. County. It occupies a
strip 40 to 50 miles wide extending across the state and merging into
the Piedmont Plateau on the north. Its greater altitude and longer
exposure to denuding agencies have produced a somewhat rugged,
gullied terrain, marked by deep washes. The relief varies from 100.
to 350 feet. The “red” hills are most prominent, but an extensive
belt of gray sand hills, ranging from 4 to 7 miles wide, extends with
some interruptions from Augusta almost to Columbus.

The remarkable gullies near Milledgeville, and in Stewart County,
seven miles west of Lumpkin, are worthy of note in that they repre-
sent the extreme manifestation of modern erosion in this area.

The Dougherty Plain.—The Dougherty Plain, which occupies a
wedge-shaped area between Flint and Chattahoochee rivers, extends

1 Veatch, Otto, Geology of the Coastal Plain of Georgia: Georgia Geol. Survey, Bull. 26, pp. 44-46,
1911.
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north between the Fall Line Hills and the Altamaha Upland. It is
a relatively level area, with few hills and creeks, but has numerous
¢ircular depressions or lime-sinks. It merges into the Fall Line Hills
to the northwest; but rather sharply contrasts with the Altamaha
Upland to the east. -

The Southern Lime- sink region.—The Southern lee-smk

region occupies a narrow strip, 15 to 20 miles wide, along the south-

ern border of the state, extending from the vicinity of Flint River
to Allapaha‘River. - The topography is rolling, the depressions being
~ due largely to solution and caving of the underlying limestones.

GEOLOGY

~ As the Coastal Plaln topography 1S 80 dlﬁerent from that of the
rest of Georgia, its geology is even more unique when compared with
that of the state north. of the Fall Line.

Layer after layer of sediments ranging in composmlon from sand
to marl, .and in hardness from that of mud to flint have been deposited
by terre-strial and marine agencies from the Lower Cretaceous Pe-
riod to the present. These deposits, dipping gently to the southeast,

~ form the youngest in the state and were deposited directly upon the
upturned and truncated beds of the oldest rocks (Pre-Cambrian)-

in the state. Their thickness ranges from a few inthes, near the Fall
Lme, where the ancient basement is ‘exposed; to_ almost 4,000 feet
along the eastern margin of the state. This variation Is accounted
* for by the gradual recession of the sea, which exposed more and more
of the area to erosion, while still depositing material at the eastern
edge. For convenience and identification the deposits have been
divided and subdivided into series and formations. -

CRETACEOUS SYSTEM

, LOWER CRETACEOUS SERIES
The Lower Cretaceous deposits extend in a very irregular belt
from 2 to 30 miles in width from Augusta to Columbus and lie di-
rectly upon the Pre-Cambrian crystalline rocks. They consist chiefly
of coarse, cross-bedded, arkosic, and clayey sands of fresh, shallow
water- origin, and lenses of clay approaching kaolinite in composition.

‘Beds-of pure white argillaceous: sand and irregular, thin, deposits of

clayey gravel occur through the formation. The sand if washed
would ‘be suitable for glass or construction purposes and the gravels
are thick enough in many places to supply local road material.
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UPPER CRETACEOUS SERIES

Eutow formation.—The Eutaw formation is of relatively small
.extent in Georgia. Although its basal beds resemble those of the
"Lower Cretaceous, it overlies the latter unconformably. It consists
of coarse, arkosic, micaceous sands interbedded with lenses of dark
clay. The upper parts consist of compact, green, marine clays and
lignitic beds, overlain by gray, limy, and clayey sand, and mergmg
into sandy limestones in places.

Ripley formation.—The Ripley formation is exposed in central
and west-central Georgia and is conformable with the Eutaw when
the latter is present. The materials composing the Ripley forma-
tion are almost entirely marine, consisting of gray, limy fine-grained
. sands and clays. '

~The Cusseta sand member consists of irregularly bedded. sands
with smaller clay lenses. As a rule the sands are coarse-grained and
resemble those of the Midway beneath.

The Providence sand member consists mamly of coarse- and fine-
grained, irregularly bedded sands with lenses of clay.

TERTIARY SYSTEM
EOCENE SERIES

Midway formation.—The Midway -is a shallow water, marine
formation, consisting of colored sands and clays in the lower part, and
of marls, clays, and thin, usually impure, fossiliferous limestones in
the upper part. '

Wilcox formation.—The Wilcox formation usually consists of
sandy, glauconitic shell marl; dark lignitic sand; and lignitic sandy
clay. In Schley and Macon counties red sands with pure white clay
occur and are probably referable to the Wilcox.

CLAIBORNE GROTP

McBean formation.—The McBean formation is made.up of
sandy, shell marls and clayey, calcareous sands. Its extent is lim-
ited to valleys in Richmond and Burke counties. No sand or gravel
deposits of commercial value occur in it. In southwest Georgia along
- Chattahoochee River blue- to ash-colored calcareous and sandy fos-
siliferous marls occur which belong to the Claiborne Group, and have
not yet been differentiated.



1

150 GEOLOGICAL SURVEY OF GEORGIA
:J:AOKSON GROUP

Deposits of Jackson age attain in Georgia their greatest thickness
east of Mississippi.

Ocala limestone.—The Ocala limestone is' a thick deposit of
flinty limestone and marl. Its largest extent is in southwest Georgia
between Flint and Chattahoochee rivers, where it is usually marked
by residual boulders of flint, and by soft gray limestones that are
encountered in wells.

Barnwell formation.——The Barnwell formation consists prin-
cipally of argillaceous sand becoming red or mottled on weathering.
Local clay and chert layers with occasional limestone beds occur.
The lower part of the formation consists of clay lenses, most of which
resembles fuller’s earth. This material constitutes the Twiggs clay
member. Although the Barnwell formation is exceptionally sandy,
the sand is of such impure character that it is of little value for con-
struction purposes.

OLIGOCENE SERIES

Chattahoochee formation.—The Chattahoochee formation out--
crops in a strip a few miles wide from the vicinity .of Cordele south-
westward. through Camilla and Bainbridge to the extreme southwest
corner of the state. It consists of gray, compact, fossiliferous lime-
stone, and a few thin sandstone layers and cherty replacements at
its base. No commercial sand oceurs in it.

Alum Bluff formation.~—The Alum Bluff formatlon is of consid-
erable extent in Georgia parallelmg most of the streams of the Alta-
maha. Upland and Southern Lime-sink region, and presents a niimber
of varying lithologic phages. It is composed mainly of greenish, or
gray, calcareous clays and marls interbedded with argillaceous and
feldspathic sand and sandstones. Beds of coarse conglomerate and
hard vitreous quartzite are fairly common. Beds of fuller’s earth,
rounded siliceous and calcareous nodules, and beds of low-grade phos—
phate are also characteristic of the formation. _

Although considerable sand occurs in the Alum Bluff, it is usually
so argillaceous as to be practically useless commercially. The con-
.glomerate has broken up-in places and thin, surficial deposits of clean
gravel, well suited for concrete, have resulted. :



! SAND AND GRAVEL DEPOSITS . 151

PLIOCENE SERIES

Charlton formation.—The Charlton formation outerops along
the St. Marys’ River, in Charlton and Camden counties. It is made
up of soft, white, clayey hmestone and fossiliferous clay and is not
a source of sand or gravel.

QUARTENARY SYSTEM
PLEISTOCENE SERIES

COLUMBIA GROUP

Okefenokee formation.—The Okefenokee formation and the
Satilla formation occupy a strip along the entire coast of Georgia ap-
proximately 20 miles in width. The Okefenokee formation occurs
~as a thin coastal terrace deposit of incoherent gray sand, and as ter-
“race deposits bordering many of the larger streams of the Coastal
Plain of Georgia. '

The fluviatile deposits consist chleﬂy of red, clayey sands, pebbly
in places, and coarse gravels. Along some of the streams a gray in-
coherent sand appears to be the only deposit. The gravels and sands
occurring near Montezuma, Lumber City, Fort Gaines, Omaha, and
Columbus are probably referable to this formatlon as are the gravels
found along the Fall Line. )

Satilla formation.—The Satilla formation occupies a terrace
belt paralleling the Atlantic Ocean and extending westward from 20
to 30 miles. It consists of greenish and bluish marine clays, green
sands, and thin gravel layers. The clays are generally massive, and
the sands are fine-grained and white on the surface, but become gray
to brown at depth. These sands are used locally for bulldmg pur-
. poses and as a source of brown dye.

The fluviatile terrace deposits of this formation form low plains
a few feet above the Coastal Plain rivers and consist of clays, sands
and gravels and afford sources of commercial gravel and sand in a
few cases.

Undifferentiated deposits.—Extensive areas in the Coastal
Plain are underlain by vari-colored deposits of sand, grit, and clayey
sand which may be quite indurated in places. This material has
generally been considered the equivalent of the Lafayette formation,
but its exact age is uncertain, and in Georgia it is known as the- Alta-
maha formation.
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Its clay content is too large to afford a suitable source for sand,
but its Weathered products, accumulating in and along streams, af-
ford numerous sources of sand for local use.

Surficial gray sands.—A gréat part of the Coastal Plain of Georgla
is covered with a veneer of white to gray, fine-grained sands, ranging
from a few inches to many feet in depth, their general average is from
one to two feet. They attain 4 maximum thickness on the north
and: east sides (left hand) of many of the rivers and large creeks of
~ the area, affording an almost inexhaustible supply of fine- and medi-
um-grained sand. These sands are sometimes very pure, both in the
stream bank deposits and in the widespread surficial deposits, making
them suitable for use in the manufacture of glass.

. Thick deposits of yellowish sand, ranging from 2 to 5 miles in
width, paralle] the Fall Line, with several interruptions, from ‘Augusta
almost to Columbus. A rough stratification prevails in the lower
half of ‘their thickness where the clay content usually increases. In
places these sands are over 40 feet thick, although they usually range
from 10 to 25 feet. Their exact age is uncertain, but it is probably
comparatlvely recent. Numerous sand pits have been opened in
bhese depos1ts along the railroads crossing them

'DETAILED DESCRIPTION OF INDIVIDUAL COUNTIES

APPLING COUNTY

The surface of Appling County consists principally _bf gray sands
underlain. by sandy clays at depths ranging from one to eight feet.
Sand is most abundant on narrow terraces along Altamaha River,

" which bounds the county on the north, and in small hills which irreg-

ularly line the north side of Little Satilla River.

The surficial sand is fine-grained and dirty, but some local deposits
: 'appear to be pure enough for glass. The best building sand occurs
in the bed of Altamaha River and to a much less degree in Little Sa-
tilla River. Sand for local use is obtained from stream branches or
from the surficial deposits. '

ATKINSON COUNTY

Loose sand, ranging in depth from a few inches to 6 feet, and
underlain by yellow and reddish cldys, covers most of the county.
No sand is commercially worked, although large deposits of pale yel-
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low, clean, medium-grained sand compose the upper half of hills from
30 to 45 feet high which extend in an almost uninterrupted belt along
the east side of Seventeenmile Creek, and which are found to a lesser’
extent along Satilla River. Sand, suitable for brick mortar, plaster,
or sand-lime br'ck, comprises from 1,000 to 2,500 feet of the width
of the belts.

Some sand occurs east of Allapaha and Withlacoochee rivers,
bounding the county on the west, but there is very little sand at the
Georgia & Florida Railway crossing of Allapaha River. Bars of
fairly coarse white sand occur along both rivers, but such sands are
practically inaccessible due to the swamp.

Practically no sand of commercial value exists near a railroad,
although the Atlantic Coast Line at Millwood approaches to within
two miles of the deposits along Satilla River.

BACON COUNTY

Loose yellowish to white, fine- to medium-grained sand: covers a
considerable part of Bacon county to-a depth of from 2 to 6 feet. Some-
times local deposits are sufficiently pure for the manufacture of glass,
but distance from transportation prohibits their use.

Extensive sand hills border the east side of Big. Hurricane Creek
from the vieinity of Alma southward to the county line. This sand
1s yellow, medium-grained, and clean. It is particularly prominent
along the Atlanta, Birmingham & Atlantic Railway, east of Alma,
where it forms a belt 1,500 feet wide and over 10 feet thick. Seven
hundred feet of this width exceeds 20 feet in thickness. Tts greatest
apparent thickness is 25 feet at a point 200 feet east of where the-
following section was taken:

Section of sand deposit on Big Hurricane Creek, east of Alma

Feet
Sandy s0il- _ . oo 1
Fine, yellow sand__ __________ L _____ 4
Medium-~grained yellow and gray sand____________________ 4-7

Irregular, poorly stratified sand. Reddish clayey sand forms
strata lines 1 to 4 inch wide occurring every 2 to 6 inches 4-7

The sand here is somewhat coarser and of better quality than
the usual type of sand bordering the South Georgia streams. Sample
T-248, representative of the deposit, has a fineness modulus. of 1.40
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and 41 per cent is' retained on the 48-mesh screen. The organic mat-
ter shows a color value of 100. The sand is pale yellow and is com-
posed almost entirely of sub-angular to angular stained quartz.

On the public road just east of Big Hurricane Creek bridge, and
about one mile east of Alma, the local sand supply for Almsa is ob-
tained from a small pit. Sand also occurs in small quantities along
Little Hurricane Creek in the western part of the county.

BAKER COUNTY

~ Thin, surficial sands, generally white, cover most of the area of
Baker County. ‘Borderimng Flint River and Ichawaynochaway and
Chickasawhatchee creeks, irregular terrace deposits of rather inferior
sand occur. Good coarse sand occurs generally in Flint River, and
medium-grained sand is found in small bars along the two creeks

* mentioned above.

A large sand bank occurs below the mouth of Ichawaynochaway
Creek on Flint River at the Kelly place, and dunes of medium-grained,
yellovvlsh sand occur along Flint River 19 miles below Newton. This
sand is qmte similar to-that occurring in Mitchell County opposite
Newton. - (See sample 7-220, in table.) .

"The local sand supply of Newton is obtained from the banks of

. Cooleewahee Creek, half a mile north of-the town on the Albany road.

This sand is fine-grained, but is suitable for plaster or brick mortar.

The whiteness of this sand suggested its use for glass-making and
an analysis was made.

Analysis of sand from Cooleewahee Creek, ‘Newton

Magnesia (MgO) - - e 0.12
Alumina (AlsOs) - e 0.12
Iron oxide (FeoOs) o - o oot it i 1.97
Siliea (S102) - o oo o e 98.21

(1 99.72

- BALDWIN COUNTY

No sand or gravel is' commercially worked in Baldwin County,
although sand in large quantities occurs in Oconee River, and small,
gravel deposits are scattered over the county near the Fall Line.
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Baldwin County pit.—Six miles southwest of Milledgeville on
the Upper Macon road (Dixie Highway) a small pit has been opened
in a deposit of coarse, red, clayey sand, with gravel layers from 6 to
18 inches thick, in the upper and lower parts of the pit and under-
lain by mottled clay. The deposit extends along the road for 400
feet and for a little over half that distance to either side of the road,
covering about 4 or 5 acres. The red, gravelly sand and clay is about
7 or 8 feet thick at the center of the pit and is used for local road ma-
‘terial. Sandy, gravelly clay of this character is rather common in
the county, particularly in the southern part. .

Red, coarse, clayey sand 6 feet thick occurs in cuts along the road
from the Lower Macon road to Darling, a quarter of a mile from the
Macon road. On the Lower Macon road between 4 and 5 miles from

Milledgeville, cuts expose a maximum of 10 feet of red, coarse sand

with a few pebbles and some white kaolin balls scattered through it.

Similar sand 7 feet thick occurs in the village of Darling on the
Milledgeville-Gordon road close to the railroad. Such sand is of little
value except for local road purposes, unless freed of its clay content.

Oconee River.—Qconee River has immense quantities of excel-

lent medium- to coarse-grained sand in its bed which can be easily

obtained at Milledgeville by pumping. This sahd was used in the
construction of the electric plant at Mﬂledgevﬂle and the concrete
is of remarkably high quality. :

Fishing Creek.—Fishing Creek, which runs close to the Georgia
Railroad from near Milledgeville to the Jones County line, has deposits
of clean, coarse sand suitable for concrete work along most of its course.
A small amount occurs in this creek near the crossing of the Dixie
Highway, a mile southwest of Milledgeville. Eight miles west of
Milledgeville, where the Georgia Railroad crosses it, 10 feet of me-
dium- to coarse-grained, clean, concrete sand occurs along the creek
banks for some distance along the stream. This deposit may be
large enough to warrant development.

Camp Creek.—On the Gordon road, 4 miles from Milledgeville,
brown sand similar to that found in Oconee River, occurs in Camp
Creek from 5 to 10 feet thick and over an area 75 feet wide along the
stream. The banks above are composed of red, pebbly, clayey sand
for 200 feet back from the stream.

S
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BEN HILL COUNTY

In many barj&s of Ben Hill County a fine-grained, gray sand oc-
curs, from 2 to 4 feet thick, but it is of no value commercially.

Fitzgerald.—Very little good sand occurs close to :Fi_tzgerald,
although a fine-grained sand is found covering the surface to a shallow
depth just north and northeast of the town near the Camp Brooklyn
road. Most of the local sand supply is obtained.from the Sydney
Clare pit, 3 miles northwest of Fitzgerald on the Seba (Rochelle) road.

Sydney Clare property.— Fairly good coarie sand ocecurs on the
Clare farm just to the south of the Seba road. The followmg sec-
hon is exposed: ‘ - _

Section of Sydney Clare property, 8 miles worthwest ) df

~ Fitzgerald
- . Feet
Soil and coarse, gray sand_ . ______.__________________.__ 1
Coarse; yellowish sand, somewhat clayey but well graded____. 2
Pale red, coarse sand, wavy stratification lines’}4 inch thick
and 34 to 1 mch apart. Parts are indurated for 3 or 4
" inches showing large ¢lay content:_________ . .. ________ 34 -
White to yellowish, medlum- and coarse-grained sand with
- ~ small: amount of elay_ oo ol 1-2

- Irregular layers, 2 to 3 mches thick, of pebbles from / to 34 inches

in diameter occur through the sand. Sand has been removed from
about two acres, but apparently several times that area still remains
untouched, the thickness of which ranges from 4 to 8 feet. In places
the thickness is decreased by the underlying clay coming almost to
the surface. On the whole, the sand’should make good concrete. It
is hauled to Fltzgerald in trucks and teams and used locally. Sample
T-235, representative of this sand, has a fineness modulus of 2.71,
" and 88 per cent is retained on the 48-mesh sieve. It has just a trace
of organic matter. The sand is pinkish-gray and the coarser quartz
grains are rounded, but those less than 10 mesh are angular.
_ This sand, occurring as it does at a comparatively high elevation,
is a remnant of an ancient stream deposit, probably Pleistocene in
age. Similar high-level deposits of sand in smaller quantities and
less favorably situated commercially, occur at a few other points in
the county, notably north of Ashton School on the Broxton road,
and at Union School in the extreme eastern part of the county.
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Allapaha River.—Alohg the eastern side of Allapaha River, in
the western part of the county, is a belt of sand ranging from 400 to
800 feet wide and from 8 to 15 feet thick. The sand is of medium -
coarseness, clean, and white to pale yellow. It is mined for local
use south of the Fitzgerald-Rebecca road, just east of Rebecca. It
forms low bluffs 15 to 20 feet above the river bed and 300 feet back
from it and has a width of 400 feet. The sand averages about 10
feet in thickness, the upper 6 feet is loamy, but the lower 4 feet, as
exposed in the pit, is composed of coarser, clean, white sand.

This sand belt continues along the river.in both directions beyond
the county boundaries, but its occurrence at the Atlanta, Birming-
ham & Atlantic Railway crossing 214 miles southeast of Rebecca is
worthy of note. The belt at the railroad is about 700 feet wide, be-
ginning 800 feet east of the trestle, and is 15 feet thick over most
of the width; 10 feet of this, however, is below the railroad grade.
No stratification lines occur in the sand, nor does it appear to have ever
been mined. It is similar in character to the sand along Seventeen-
mlle Creek near Douglas (see T—%’4 in table). Another extensive
‘area of shallower sand of this type occurs in the northern part of the
county on both sides of House Creek.

Numerous bars of excellent coarse—gramed sand oceur in Ocmulgee
River, which bounds the county on the northeast, but this is prac-
tically"inaccessible except for transportation by boat.

BERRIEN COUNTY

~ Loose, gray sand covers a large part of Berrien County to depths
ranging from 1 to 10 feet. Clays and sands alternate to a depth of
about 50 feet below the surface near which level Alum Bluff strata
are encountered.

Nashuville—The local sand supply for Nashville is obtained 1.2
miles northwest of the town on the Tifton road, 200 feet west of With-
lacoochee Rivér. This sand is said to be the best close to Nashville
and is rather ﬁne—gréﬁned but suitable for plaster and brick work.
The lower white sand is a little coarser and cleaner and is the best.



158 -GEOLOGICAL SURVEY OF GEORGIA

Section at small sand pit, northwest of Nashuville

- ) Feet
Loamy, yellow, fine-grained sand ___ __.__________________ _4-5
* Yellowish-white to white fine-grained sand._.____._____._... 3 .

. Sample 7-237, representative of this deposit, has a fineness modu-
lus of 1.42 and 44 pér cent is retained on the 48-mesh sieve. The or-
- ganic matter in the sand shows a color value of 500. The grains are
mostly ‘of stained, angular quartz.

The sand along Withlacoochee River is not so prominent as along
Allapaha River or other rivers, and at the crossing of the Georgia &
Florida Railway there is practically none of any account. At Sandy
‘Bluff; however, west of the river, and a third mile south of the rail-
road trestle, north of the Adel road, the sand is 10 feet thlck usually
"yellowish to white, and fine-grained in texture. This sand is not
available, as a cemetery covers most of the area.

Allapaha River.—The sandy belt east of Allapaha River con-
tinues through Berrien County, but is much thinner and narrower,
and the sand is of poorer quality than in Irwm County to the north.
At the Ocﬂla Southern Railroad crossing, near the Allapaha-Ocilla
road, 414 miles north of Allapaha, only from 3 to 4-feet of silty, fine-
‘grained sand is exposed in the cuts, although it probably attains a
greater thickness. The belt is half a mile wide here, but clay comes
close to the surface at several points. A somewhat coarser sand
occurs south of the Tiver in a small deposit 4 or 5 feet thick.

" At the Atlantic Coast Line Railroad crossing of the river, 3 miles
east of Allapaha, .a poor grade of sand, very fine-grained and silty,
shows in the railroad cut 500 feet east of the trestle. The belt is
2,000 feet wide, but 1,000 feet of this exposes yellowish red clay be-
neath, and in the rest of the cut the thickness is from 8 to 10 feet,
although in places it is thinner. To the north of the railroad the
hill rises somewhat indicating a thickening of the sand. In the river
itself a small bar, typical of the bars occurring at intervals along the
river, and made up of white, coarse sand, occurs. )

The entire noxjﬁhern part of the county is very sandy. Dug Wells
have passed through from 5 to 10 feet of coarse, gray sand in many
places, and in some instances a thickness of 15 feet and more has been
noted. TWO miles east of Milltown the Satilla terrace is prominent
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and is about 15 feet above the river. Veatch? gives the following
section: '

Section at wagon bridge two miles east of Milltown

Pleistocene Feet
Satilla formation
3. Brownish or chocolate-colored sand, gray or white over
the surface of the plain__ ___ ___ ___ _________________
2. Brown or yellow, coarse sand, quartz, and quartzite peb-

‘bles, also contains small white pebbles of phesphate.__ 2
Oligocene . ‘
Alum Bluf formation
1. Greenish, laminated sandy elay-___________. __________ R

Glass sand.—At many places thicknesses of from 3 to 5 feet of
pure white sand occur associated with ecypress swamps and other un-
drained depressions. The original yellow or gray sand has probably
been leached of its iron oxide content by the organic acids produced
in the swamp humus, and the sand is apparently pure ernough for
glass manufacture. Deposits of this kind occur throughout the county;
their thickness is uncertain and they depend upon the size of the
swampy area for their extent. The sand is of little value now, due
to lack of rail transportation, but it may be a future source of supply.

Pure, white sand also underlies the yellowish sand to a thickness
of from 3 to 6 feet along Withlacoochee River and represents ancient
deposits made by the river. No analyses were made -of any of this
sand, but the reader is referred to the analysis of 7-238 (p. 180), a
similar sand occurring west of Little River on the Adel-Moultrie road.

BIBB COUNTY

Sand is produced commercially in Bibb County from Ocmulgee
River, at Macon, and was formerly mined at Hardy’s Crossing. Nu-
merous gravel deposits occur near the city of Macon, and some of
these are used as a local source of road and building material.

Ocmulgee River.—The Macon Sand and Supply Company op-
erates two 6-inch Morris centrifugal pumps driven by 25- and 35-
horsepower engines from the west bank of Ocmulgee River about 1,000
. feet above the Spring Street bridge in the city of Macon, on the South-
ern Railway. The river at this point is normally from 2 to 5 feet deep,
and the nearest shoals are one mile above, consequently the spot is

1 Veatch, Otto, and Stephenson, L. W., Geology of the coastal plain of Georgia: Georgia Geol.
Survey, Bull. 26, p. 445, 1911.
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well locdted to maintain a constant sand supply. Kach pump is ca-
pable of producing from 7 to 8 carloads a day, using up to 250 feet
of pipe, and pumping can be carried on as deep as 20 feet, or until
‘solid rock is reached. With every additional 20-foot joint of pipe
after 250 feet, the sand capable of being pumped daily is reduced
one-half carload. The sand from the river is run through a half-
inch mesh screen, which is laid across the car as it is loaded, to rid it
of .twigs and other foreign matter, and it then passes into the car from
which the water and clay drain off leaving the clean sand behind.
It is necessary to stop with wood all eracks and chinks in the car
larger than a quarter inch or a large proportion of the sand will be
lost in transit. - This work may take as much time as the actual load-
ing: of the car. No trouble has been experienced sincé the pumps
were installed in -obtaining an adequate supply of sand. Sample

T-7" A, representative of the sand as shipped, shows a fineness modulus

of 2.83 and 95 per cent retained on the 48-mesh sieve. A concrete

strength ratio test made by Prof. F. C. Snow at the Georgia Tech

Laboratory gave 128 and 181 per cent of normal at 7 and 28 days,
re‘speotiV‘ely It contains only.a trace of.organic matter. The sand

-is used locally or shipped to Atlanta and other pomts on the Southern

Rallway in Georgia. :

‘Bast of the river, opposite Macon, generally a few hundred feet
from. the stream,.. patches of coarse, gray sand, well suited for con-
crete Work ‘are found. These deposits are usually small, rarely more
than an acre in extent and from 1 to 6 feet deep, but they should
afford a local supply of fairly good sand.

Further back from the rlver the sand becomes finer and on the

‘slopes of the second terrace it is dug from banks along the roads or

~ streets and hauled across the river to Macon. Sample 7-63, ob-
tained a few hundred feet north of the Central of Georgia Railway,
~about a third mile from the river, shows a fineness modulus of 1.75

~and 37 per cent coarser than 48 mesh. Practically no organic matter
occurs in the sand. Such sand is suitable only for brick mortar and
should only be used for concrete where a coarser sand is not/avaﬂ-
able. . | : . -

“Walnut Creek.—Three miles northwest of Macon, where the

Camp Wheeler road crosses Walnut Creek, near the county line, the -

creek is 25 feet wide and has a bottom 250 feet across. Fairly good

{
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A. WATER PIPE AND SAND SLUICE USED IN HYDRAULICING SYSTEM, ATLANTA
SAND & SUPPLY COMPANY. 1 MILE SOUTH OF GAILLARD, CRAWFORD COUNTY

B. GENERAL VIEW, ALTAMAHA SUPPLY COMPANY, 3% MILES EAST CF EVERETT
CITY, McINTOSH COUNTY
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sand in large quantities occurs in the bed and along the banks of this
stream and should be well suited for local construction and road-
building work. ]

Hardy’s Crossing.—For two or three miles southeast of Lizella
on the Macon & Birmingham Railway, a very sandy belt, an exten-
sion of the one so prominent in Taylor and Crawford counties to- the
south, occurs. One mile west of Hardy’s Crossing there is an aban-
doned sand pit of an acre in extent, to which a spur track has been
laid. The cut shows from 10 to 12 feet of sand which is underlain
by yellow clay. The sand is gray, fine-grained, and below the upper
foot or two it is very clean and free from organic matter.

Tittle property.—Mrs. J. M. Tittle of Macon, owns 13 acres at
Hardy’s Crossing. Prior to 1908 sand was shipped from this prop-
erty. The pit, just east of the crossing, covers over an acre. About
10 acres of this property appear to be underlain by sand from 6 to
15 feet deep. The sand is gray and coarser than that west of the
crossing. Sample 7-10, obtained from the pit face on this property,
shows a fineness modulus of 1.93 and 69 per cent coarser than the 48-
mesh sieve. The sand contains only a trace of organic matter. It
is grayish-yellow and except for a few grains of feldspar and ilmenite
the sand is composed of clean, angular quartz grains. This sand is
well suited for brick and plaster mortar and may also be used for con-
crete, although a coarser sand would be preferable.

One mile east of Hardy’s Crossing, ten acres appear to be covered
with sand to a depth suitable for commercial development. The
sand is similar to that further west. '

- Sand in small amounts, but of good quality and sufficient for local
road uses, occurs along and in Rocky, Tobesofkee, and Echeconhee
- creeks, throughout most of their courses in the county. - .

GRAVEL DEPOSITS

Macorn.—The Fall Line, or contact of the unconsolidated Cre-
taceous sediments and the ancient Crystalline basement, runs across
Bibb County from northeast to southwest, passing through the city
of Macon. The clays and sands just southeast of this contact are
favorable places for the occurrence of gravel. A number of such
deposits exist in.the county, but they are usually too thin or of too
limited extent to warrant extensive commercial development. They
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afford a. fair supply of road material and havealso been used, after re-
moval of the clay by washing, for concrete aggregate. In the vicinity
of Macon the gravel occupies the hill tops south and west of the city.

Just west of the Central of Georgia Railway yards, 2 miles
south of Macon, and a little north of the overhead bridge, clay gravel
from 5 to 10.feet thick occurs, generally at or near the tops of hills.
The pebbles are of sub-angular quartz and range from 14 to 4 inches
in diameter, although their average size is from 1 to 2 inches. In
- the road paralleling the railroad, and about 1 OOO feet west of it, two
road cuts show the following sectlon -

Sectwn 1,000 feet east of Oentra;l of Georgm Railway
two mzles south of .Macon

. - ) Feet
Pebbly, sandy 808l o ililo_ L miemee B
Clay gravel e 2-5
Red, elayey sand_ - ... e 1-2

Sandy, clay gravel ____ . ____. 1-5

The lower bed in the section is very irregular, changing to white
sand and thinning out entirely in short distances. It also contains
limonite .coneretions. The gravel exposed in this section does not
exténd:to: the top of the hills to the east which dre underlain by an-
other layer Probably a total of 30 acres are underlain- with gravel
" in this locality. Sample 7-60, taken from the upper layer in the |
section given above, shows a fineness modulus of 6.46 and 76 per
_cent retained on the 4-mesh sieve, with 18 per cent of the pebbles
larger than 114 inches. The clay content of 12 per cent makes an
excellent cementing material, adapting the. ‘gravel for use in road
construction. If washed of the clay it would make concrete aggre—
gate. The pebbles are rounded, granular quartz, but are rather soft
and easily broken.

.- A cut on the Central of Georgia Rallway 5 miles south of Macon
was also examined. :

Section on Central of Georgia Railway, 5 miles south

of Macon
Feet Inches
Sandy soil. . e ————— e 2
Red, clayey, well-cemented gravel ___________________ 2
Reddlsh-brown Iy o 5
Red clayey gravel . . e 3 6

" Red, clayey, slightly indurated sand.. .. ... _.___.____ 12
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This material is suitable only for road purposes, as the propor-
tion of gravel is too small to warrant washing. It is typical of the
- Cretaceous gravels in the vicinity of Macon. The sand at the base
has wvariable lenses of white kaolinitic sand from 1 to 3 feet thick
containing black specks of ilmenite. Sample 7-8, representative
of the white, kaolinitic sand so common along the Fall Line, shows
a fineness modulus of 2.59 and 92 per cent coarser than the 48-mesh
sieve. The clay content is 15 per cent. Such sand would make
excellent concrete aggregate if washed of its clay and if found with
a cover thin enough to warrant mining.

A cut on the Central of Georgia Railway 414 miles south of Macon -
shows the following section:

Section 414 miles south of Macon on Central of Georgia

Railway
’ Feet Inches
Sandy loamy soil ___ ool 1
‘Medium grained, yellow, clayey sand________________ 1
Red, clayey quartz gravel ___________ S 1 6
Coarse grained, clayey sand______ S, 1 6

Clayey, quartz gravel. . _______ . .. _____________
White, kaolinitic sand containing pebbles of white

The upper sand in this section contains too much clay for use in
building, but when mined with the gravel should make a’ good, well-
cementing road material. The white sand at the base of the sec-
tion was analyzed to determine its value for glass purposes, but the
iron content of 1.25 per cent is too high. This iron occurs mostly
combined with titanium in the mineral ilmenite, which occurs through
the otherwise pure white sand in small, almost invisible, black specks.

Analysis of white sand on Central of Georgia Railu)ay, five
miles south of Macon

Moisture at 100°C _ _ __ . 0.06
-Loss on ignition_ - - __ . e _____ -1.93
Lime (C80) oo oo e trace
Magnesia (MgO) - . 0.34
Alumina (AloO8) - e 3.95
Ferric oxide (FeoOs) oo . 1.25
Titanium dioxide (TiOs2) o e 0.36°
Silica (Si02) - - oo e e 92.56
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Six miles south of Macon on the Central of Georgia Railway, cut
show lenses of gravel 1 to 2 feet thick. These lenses may unite to
form a, deposit of good road gravel 5 or 6 feet thick. About 5 acres

appear to be underlain with clay gravel a quarter mile north of Rut-
~ land Station. The overburden is variable and may be too thick to
permit recovery of the gravel. The irregularity and thinness of the
gravel must also be considered. :

Macon-Columbus road (Wire road).—Many outerops of gravel
.occur along the old “Wire” road between Macon and Lizélla. North
of this road, 34 miles from Macon, small pits have been opened in
the gi'avel It is a sand gravel only a foot or two thick and most of
it has been removed The cut on the south side of the road shows
5 feet of clay gravel

A mile south-of the road at thls point a high hill, clearly visible
from the road, is capped with a sandy, clayey quartz gravel. A pit
was in operation on the south side of the hill about 1914, and most
of the gravel_ was hauled away for constru¢tion purposes after having
been first washed and screened at the pit. The opposite side of the
hill appears to still contain considerable gravél, although not so good
as that on the south side. A pile of good coarse concrete sand con-

- taining about 25 car loads has been formed from the gravel screenings.
The, hill containg about 15 acres either in the pit or untouched, and
the gravel ranges from -1 to 4 feet in thickness. _

On the Columbus read, 7 miles from Magcon, clay gravel up to 8
feet in thickness appears in road cuts for 500 feet. The upper 4 feet
of the gravel is usually sandy, but the lower part has'a red clay ma-
trix. A well on the Amerson. property, at the 7-mile post, is 17 feet
deep, and shows only a few feet of gravel at the bottom. Further
west of this road 4 or 5 feet of clay gravel is exposed in a road cut west
of a srhall ditch. Sample 7-66 is typical of the clay gravel along the
Columbus road and was obtained at the cut on the Amerson property.
It shows a fineness modulus of 6.44 and 73 per cent coarser than 4
mesh. The clay content is 14.3 per cent, it has a higli cementing value,
and is composed of tough, quartz pebbles. A large deposit may exist

- up or down the branch from the Columbus road.

 Saunders’ property.—From 15 to 20 acres on the. Reuben Saun-
ders’ property, 134 miles west of Lizella, are covered with coarse, quartz
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gravel. Most of this has worked down from the tops and sides of
surrounding hills where 1t is at the most about 5 feet thick and covers
from 1 to 2 acres.

Castleberry property.—The Robert Castleberry property, two

miles west of Lizella on the Knoxville road, and a quarter mile from -

the Macon & Birmingham Railway, has a sandy gravel deposit cover-
ing several acres. Prospect pits dug m 1917 are reported to have
penetrated an average of 214 feet of gravel. The pebbles are of fairly
tough granular quartz and range from 14 to 3 inches in diameter.
the gravel is used locally and although this deposit is probably the
largest in this vicinity it would not warrant commercial development
except to supply the local demand for concrete or road building.

BLECKLEY COUNTY

The Ocala limestone underlies the northern three-quarters of
Bleckley County, ahd the remainder is covered with the variegated
clays and sands of the -Altamaha formation. Sand for even local
construction purposes is of iare occurrence throughout most of the
county, and none is produced for commercial purposes.

Some sand occurs east of Gum Swamp Creek, but the amount is
small and the quality poor. Sand used for construction purposes
in Cochran -is generally scraped up from ditches or obtained from
nearby branches. A sample from a small branch north of Cochran
is typical of the sand found in such small deposits. This sand (7-245)
is yellowish-brown, and the grains are mostly angular quartz. The
fineness modulus is 2.13 and 75 per cent is retained on'the 48-mesh
sieve. - The organic content shows a color value of 100.

BROOKS COUNTY

The surface of Brooks County is mostly sandy and underlain at
depths of from a few inches to several feet by -clays and clayey sand
and still deeper by Alum Bluff strata which outcrop along some of
the streams. Although considerable surficial sand exists in the county,
deposits of commercial value are meager.

Quitman.—Sand for use in Quitman has been obtained from a
pit on the A. 8. Perry property, 1.4 miles east of Quitman on the Val-
dosta road, just west of Okapilco Creek.” About one and a half acres
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have been uncovered showing a maximum thickness of from 4 to 5
feet of loamy, fine-grained sand becoming coarser near the bottom.
At the east end of the pit the sand is somewhat coarser and of better
quality.. From 1 to 2 feet of sandy soil must be removed to expose
the building sand. Sample 7'-240, taken from this pit, shows a fine-
ness modulus of 1.49 and about 45 per cent is retained on the 48-
mesh sieve, indicating a rather fine-grained sand. The organic con-
tent shows a color value of 100.

Similar deposits, less favorably situated with respect to roads,
occur a half mile south of Quitman on the South Georgia Railway,
and one mile east of the town on the Atlantic Cosst Line Railroad.
A small deposit also oecurs 114 miles north of Quitman on a planta—
tion road leadmg north from the lumber mill.

Okapilco Oreek.—A fairly coarse, clean, gray sand obtained
from Okapilco Creek, 2 miles north of the Quitman-Valdosta. road,
- has been used in the construction of the concrete bridge across that
creek. The sand is much better than any seen elsewhere around
. Quitman. ’

W'Lthlacoochee Rwer —Wlthla,coochee Rlver forming the boun-

L dary between Brooks and Lowndes couities, has a number of bars

of coarse, white sand; similar, although somewhat finer- sand is found
along the stream above the channel, particularly near the Blue Springs
bridge. The sand is underlam usually with blue or green clay at a
depth of from 2 to.5 feet. ' :

The Satilla ‘terrace which extends along Wlthlacoochee ‘River
ebout_ 20 feet above the bed is covered with fine-grained sand which
becomes coarse and even pebbly a few feet below the surface. No-
samples of this sand were analyzed, but some of 1t appears sufficiently
pure for glass manufacture.

Other deposits.—Small scattered deposits of sand, ranglng from
loamy and clayey to coarse and elean, occur throughout the county,
especially on terraces, or on the. terrace slopes of streams, Deposits
of this character occur on both sides of Piscola Creek as far west as
Dixie. A rather large deposit is found just west of Piscola, in the
southwest part of the county, and near Ochlawilla Church in the
southeast part of the county. Most of these deposits are so far from
railroads as to be of only local value.
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BRYAN COUNTY

No commercial sand pits are operated in Bryan County. The
potential sand and gravel deposits of value are restricted to bars in
and along Canoochee and Ogeechee rivers and to sand belts north
and east of Canoochee River.

Canoochee River.—Sand hills occur east of Canoochee River,
but their height is not so great as along Altamaha River at Barring-
ton and Ludowici. On the Claxton-Pembroke road, east of the river
from 5 to 7 feet of yellow, fine-grained sand has been deposited upon .
~ clay. In the river bed, and in bars, there are large quantities of white,
medium- to coarse-grained sand from a few hundred square feet to
almost an acre in extent suitable for building purposes. This sand
in the river bed has the property of whistling or singing when the
heels are shuffled through it.  The Seaboard Air Line Railway crosses
_ the river west of Groveland and furnishes the only means of trans- -
portation of sand for commercial purposes from the river in the
county, except in the eastern part of the county where the main line
of the Seaboard crosses the river north of Ways Station.

Ellabell.—Along the Ellabell-Clyde road, 3 miles north of Clyde,
a coarse sand grading into a fine, sandy gravel occurs for a distance of
1;000 feet. The gravel appears to be confined to the tops of the
higher areas, and although it may appear extensive on the -surface,
it is not likely to exceed 2 feet in thickness at any point.‘ No rail-
road runs within 5 miles-of the material. :

On the Ellabell-Guyton road, 3 miles north of Ellabell, a cut shows
6 feet of fine-grained, loamy sand and red clay beneath. Deposits
of this character are typical of the county and are of questionable
value even if located on a railroad or close to a market.

Other deposits.—Throughout the county the surficial sand
ranges from 2 to 8 feet in depth and is underlain by yellow, red, and
blue plastic. clays. This sand is fine-grained and has a large amount of
organic matter and is of poor quality for building purposes; occasionally,
however, it becomes coarser and cleaner and suitable for such uses.

The white sand exposed in the bars of Canoochee River is be-
lieyved to be sufficiently pure for the manufacture of glass. Constant
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replenishment of the bars ‘would go on if they were to be exploited,
but the most serious question at present is that of transportation.

BULLOCH COUNTY

No sand is produced in Bulloch County in quantitie_s». large enough
for shipment.

Statesboro.—Most of the sand used locally in Statesboro is ob-
tamed from the J. B. Lee pit,-on the Savannah road about a mile
from the courthouse. ‘The pit covers 114 acres, and the sand as shown
ranges from 10 feet in thlckness at the northwest end to 6 feet at the
southeast end.

Sectzon at southeast end of J. B. Lee s pzt Statesboro.

' , Feet
Sandy soﬂ_______________________-____-d__._ ____________ 1
Fine-grained, yellowsand_. ... ___ . __...... 3
Medium~grained, yellow sand .. . ... _...___ 2.
White; medium-grained sand of irregular extent and thick- 19
B8 e e et e -~
Reddish-yellow elay. .- .. 1+

The northwest end of the pit shows a reddish-brown clayey sand
of inferior quality. The sand is. hauled to all parts of Statesboro,
the price depending on the length of the haul. A’ slightly higher
charge is made for the white sand. The sand was used in concrete
paving of the streets-of Statesboro. Sample 7'-264, from this pit,
showed a fineness modulus of 2.12 and 80 per cent coarser than 48
mesh.

Ogeechee River.—Ogeechee River has in its. bed, along practic-
ally its entire course on the northeast and eastern margin of the
county, coarse sand and gravel from 1 to 38 feet thick and - very
little mud or clay. At the crossing of the Savannah road (Dixie-
Overland - Highway) the sand and gravel is particularly prominent
and was used in the concrete Work on the new bridge constructed
in 1920.

‘The east and north sides of many of the streams in the county

" have deposits of fine-grained sand. This is especially true of Lotts
© Creek. East of Register and near the Central of Georgia Raﬂway,
. the belt is 500 feet wide and from 4 to 10 feet thick.
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BURKE COUNTY

Considerable sand occurs in Burke County near Keysville and
in and along Savannah River, and gravel is reported on the southeast
edge of the county, but neither sand nor gravel is produced commer-
cially in the county at this time. '

Waynesboro.—Sand for local use in Waynesboro is obtained
from the Glenn Fulcher property, on the Augusta road, two miles
from Waynesboro. The part dug over is about two acres, ranging
from 2 to 4 feet deep, and the sand is'fine-grained, loamy, and white,
suitable only for brick mortar. Sample 7-263, from this pit, has a
fineness modulus of 1.68 and 54 per cent coarser than 48 mesh.

Keysville—In 1895 considerable sand was shipped from the
J. P. Clarke property in Keysville to an Augusta glass company, and
in 1906 an elaborate plant for the manufactu e of cement blocks was
_installed and operated for a few years.. The sandy area in and around
Keysville covers about 500 acres. The upper 2 to 4 feet is usually
a clean, white sand, sufficiently pure for glass making.

Analysis of white sand from J. P. Clarke property,
Keysville, T-262 '

Loss on ignition_ __ _______ . ______. 0.30
Lime (CaO)e_ . ___._ 0.00
Magnesia MgO). - .. 0.14-
Alumina (Al9Og) .. 0.55
Ferric oxide (FegQg) - . _____.__ 0.32
Manganous oxide (MnO)_____ .. . ________. 0.09
Titanium dioxide (TiO9) - i - oo oo oo 0.14
Silica (S109) - - e 98.30
Total. . e 99.84

Beneath the white sand is from 5 to 15 feet of yellow, fine- to
medium-grained sand below which red and white clay, interbedded
with coarser yellow sand, occurs. Sample 7-262, from this deposit,
has a fineness modulus of 1.75 and 68 per cent coarser than 48 mesh.
As two lines of the Georgia & Florida Railway diverge at Keysville,
there is adequate rail transportation.
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CALHOUN COUNTY

The surface of Calhoun County is usually covered to a depth of
from a few inches to several feet, with gray, fine-grained sand. No
commercial sand deposits are either worked or.known in the county.
. Band for building. purposes is usually shipped in from Albany or Co-
lumbus or else scraped up from creek beds or ditches.

Finé-grained sand occurs in the beds or along the banks of Chicka- -
sawhatchee, Ichawaynochaway and Pachitla creeks, but the amount
is small and the quality poor. Small areas of white sand are scat-
tered through the county near streams or sloughs, and an analysis
of some from Pachitla Creek on the Morgan—Arhngton road is given.

.dnalyszs of ‘sand from Pachitla Creek, Morgan- .drlm,gton
road, Calhoun Countly

; Iron oxide: (Fe203)____; _____________________________ 2.00
- Siliea (S102) - - ool e N 97.10
’ TOtal- - - e 99.10

The iron content of this sand is too high for glas's-makiﬁg.

CAMDEN COUNTY .

The surface of Camden County -is covered with sand which is
underlain by clays and clayey sands. Sand is obtained commer-
cially from St. Mary’s River above St. Mary’s. Deposits of black
. sand occur on the coastal islands which may be later utilized as a
source of the rarer elements and are described in Appendix B, p. 377.

St. .Ma;rys ——Accordmg fo 8. W MecCallie,? sand from the bed
of St. Mary’s River is loaded on barges and shipped to St. Mary’s
and the adjoining coastal islands for local use. Most of this sand is
obtained 2 or 3 miles above the town and is a fairly coarse, clean,
white sand. : B}

CANDLER COUNTY

No sand or gravel has been produced in Candler County except

for local purposes.

Metter—The best sand close to Metter occurs on the W. L. Jones
- place; 3 miles south of the town on the Cobbtown road. The over-
burden is 2 feet thick, but the sand is coarse-grained, clean, and hence
of excellent quality. The deposit covers several acres.

1 Oral communication.
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Deposits of fine-grained sand are common throughout the county,
but they are not suitable for concrete work. A deposit of this kind
occurs on the J. M. Lee property, 2 miles northwest of Metter.

Fifteenmile Creek.—Fine-grained sand, from 8 to 15 feet thick,
occurs in a belt from 500 to 1,000 feet wide east of Fifteenmile Creek
along most of its course in the county. At the Central of Georgid
Railway crossing east of Metter, the belt is 800 feet wide and the
sand 10 feet deep. Further north the sand becomes deeper, and the
belt widens until about 5 miles north of the railroad where it appears
to reach its greatest development. .

Canoochee River.—A belt of fine- to medium-grained, gray to
yvellow sand about a mile wide extends east of Canoochee River along
its entire course in the county. The sand ranges from 10 to 35 feet
in depth, and its topography is rolling. The sand is exposed along
the Central of Georgia Railway east of Canoe Station, although only
a part of its total thickness can be seen. The deepest cut is 500 feet
west of the station and shows 8 to 10 feet of sand for 900 feet. A
well at the sawmill, north of the railroad, and 10 feet below the top
of the highest part of the sand hill at this point, encountered over 15
feet of yellow sand. West of the first railroad cut is a depression which -
is succeeded by 1,500 feet of what appears to be deep sand, although
only a small cut was necessary here for the railroad. Sample 7-265,
from this deposit, has a fineness modulus of 1.71 and 65 per cent coarser
than 48 mesh.

CHARLTON COUNTY

The eastern part of Charlton County is flat and sand-covered,
while the western part forms a portion of the great Okefenokee Swamp.
Incoherent white and yellow sands cover a large part of the county.
They are underlain by red and white sands and clays of Pleistocene
or Pliocene age, and still deeper by the clays, marls, and limestones
of the Charlton formation. :

Folkston.—Gray to white sand becoming pale yellow at a depth
of a few feet is exposed just east of Folkston, according to Veatch.:
The sand here averages 6 to 8 feet in thickness, but locally it
attains a depth of 15 to 20 feet. Elsewhere in the county the sand
ranges in depth from 2 to 15 feet. Along St. Mary’s and Sa-

1 Op. cit., pp. 426, 427.
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tilla, rivers, the sand has been piled up into a permanent ridge which
borders these rivers particularly on the west. -

St. Maris River.—A number of sections observed by Veatch:!
along St. Mary’s River show from 2 to 6 feet of white to brown sand
belonging to‘the Satilla formation and occuring from 10 to 25 feet
above the river bed. It is likely that sand of this type attains a thick-
ness of from 15 to 20 feet throughout the county, but very little of
commercial value lies close to the railroads. A

A deposit of brown to black indurated sand cemented with or-
ganic acids frony which brown dyes are made, lies three miles west of
St. George, and smaller deposits of lower grade material have been
found along the Suwannee Canal near Camp Cornelia. A detailed
- description- of these deposits is given on page 373.

. CHATHAM COUNTY

The surface formation of most of Chatham County consists of fine-
grained quartz sands of the Satilla formation. Argillaceous sands with
reddish and bluish clays occur beneath the surficial sands and in places
are exposed at the surface. Sand is commercially produced from
Savannah River. Bank deposits of sand are scattered through the
- county; partlcularly along Ogeechee River.

. Savannah River.—The General Bulldmg Supply Company of
Savannah, of ‘which Mr. F. H. Opper is presid nt, has been dredging
from the bed of Savannah River from 5 to 6 miles above Savannah
‘since 1911." A one-yard clam-shell bucket is operated by means of
" a 40-horsepower hoisting engine on a dredge boat, and the sand is
- piled on a lighter of 100 cubic yards capacity and towed to a wharf
at the city, from which it is transferred to boats for shipment to Jack-
sonvﬂle, Charleston, and sea-coast points, or to railroad cars for in-
terior shipment. The sand in the river bed ranges from 1 to 8 feet
deep and generally lies in long, narrow strips parallel to the direction
of the stream. The river is-from 16 to 18 feet deep. The coarser
sand is found in the deeper part of the channel and the dredge gener-
ally works there. Beneath the sand a white gravel is usually found,
* the pebbles being about one inch in diameter. 'The gravel or sand
is underlain by’ gray mud or clay. . In order for the dredge to work
effectively there should be at leagt 4 feet of sand in the river bed.
The dredge has been working in practically the same location, 6 miles

1 Op. cit., pp. 393, 400.
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west of Savannah, opposite the Whitehall plantation, since 1916.
A hole may be dredged out during the day, but it is usually filled up
over night. Sample 7-35, taken from the lighter during dredging,
shows a fineness mudulus of 2.19 and 93 per cent coarser than 48
mesh. The color value of the organic content is 100. Concrete tests
of sand from Savannah River made by the Pittsburg Testing Labora-
tory, gave a tensile strength of 229 pounds per square inch or 100
per cent of the strength of concrete made from standard Ottawa sand.
Tests of sand from bed No. 4, and reported to Mr. W. F. Brown,
county engineer, showed 109 per cent of the standard sand strength.

Analysis of sand from bed of Savannah River, 6 miles north
' of Savannah

Soda (NaoO) o e 0.10
Potash (KoO) . e 0.15 -
Time (CaO)_______ e e 0.24
Magnesia MgO) . _ . e .o. trace
Alumina (AleOg) .. 1.94
Ferricoxide (FeoOs) - v ie_-- 1.15
Manganous oxide (MnO) - __ o eeaia- trace
Titanium dioxide (TiOe) . _ - ez 1.33 .
Siliea (S109) _ - 94.85 -
Total - o o e 99.74

Salt Creel.—Excellent, quartz gravel is reported to occur be-
neath the marshes adjoining Salt Creek, near the Seaboard Air Line
Railway crossing. The material is spotty, however, and is found in
- two layers separated by a layer of mud, 2 or 3 feet thick. The upper
layer is 3 feet thick and the thickness of the lower layer has not been
determined. The spotty character and the thinness of the deposit
has prevented its development up to this time.

A narrow belt of fine-grained, yellow sand lies north of Ogeechee
River westward from the old Ogeechee Canal. The deposit is no-
where mo-e than a mile wide, and its thickness ranges from a few feet
to 12 feet. It is typical of the fluvial sand hills common in South
Georgia and is of small value at this time.

On a small branch entering Odeechee River from the north and
crossed by the Savannah-Darien road, 12 miles south of Savannah,
a white sand is found which is representative of much of the sand
occurring along the streams in Chatham and adjoining counties.
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.dnalysz,s of sand from Ogeechee River branch, 12 miles south
of Savannah, T-3}

Loss on ignition_ __ - 0.20
Aluming (Al208) oo v oo 0.01
Ferric oxide (FeoOs) . o 0.79
Titanium dioxide (TiO2). - . ... trace
Silica (810 g)  — oo et e e 99.06

Total. L 100.06

‘The iron content of the sand is.low enough to warrant its use in the '
manufacture of colored bottle glass, if a deposit sufficiently large for
commercial development can be located along a railroad.

| CHATTAH(“)OCHEE, COUNTY

Although no sand or gravel is commercially exploited in Chatta-
hoochee County, large deposits of sand are found not far from the
Central of Georgia and Seaboard Air Line ra,llways in the center of .
the county, and also in Upatoi Creek. Gravel i is found on the ter- -
races overlooking Chattahoochee River.

The Fall Line sand-hill belt crosses most of the northern part of
the county where it is from 2 to 4 miles wide, and the sand ranges
in depth from 5 to 15 feet. The extent of the belt is not so uninter-
.rupted as is-true in Taylor Talbot, and Crawford counties, nor is
rail transportation so convenient. ~Between Ochillee and Christo-
pher the Central of Georgia Railway follows Ochillee Creek and no .
sand is exposed except in thé stream bed, although considerable quan-
tities of sand occur on the higher ground from a quar er to a half
mile from the rallroad between these two points.

Upatoz Creek.—Excellent deposits of coarse, white sand and gravel
occur in bars along Upatoi Creek almost from Chattahoechee River
to the Buena Vista road. Large bars are especially prominent at and
between the Seaboard Air Line and Central of Georgia railway bridges.
The terrace above the creek contains some gravel that has been’ used
for local road- building.

‘Fort Benning Military Reservation.—Although no longer part
of the county, deposits of gravel formerly included in the county and
now in the reservation may be mentioned here.

Just within the main entrance to Fort Benning 8 miles from Co-
lumbus a small pit has been opened with.a 14-yard Marion steam shovel.
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The gravel occupies a small hill in the forks of the in-going and out-
going roads and appears to underlie at least 4 acres.

Section at gravel pit at entrance to Fort Benning

Feet
Red clay and fine-pebbled gravel. . ________._ . __ . _____.__ 3
Coarse elay gravel _ _________ . 3
Sandy clay and gravel___________________________________ 3-4

The gravel is used in gravel road construction in the reservation.

Rocky Creek.—On both sides of Rocky Creek from 20 to 40 feet
above the stream on the old Lumpkin road 12 miles south of Co--
lumbus, large deposits of gravel occur. North of the stream on this
road the gravel is composed of medium-sized quartz pebbles in a
highly cemented clay matrix and has been quarried for road material.

Section north of Rocky Creek on Lumpkin road,
12 miles south of Columbus

‘ .Feet
Hard, red, clay-gravel _________ .. 5-6
Partially indurated stratified yellow clay_ ... ... _.___ 6~
Coarse, clayey gravel _________ .. 3

The cover inc_feases toward the top of the hill and the thickness
and extent of The gravel lenses is variable, although apparently con-
tinuous along the stream. A

South of the creek on this road from 3 to 7 feet of solid gravel
occur, having medium to coarse, well-rounded pebbles. The cover
ranges from a few inches to 7 feet. Beneath the upper gravel, coarse
sand and gravel at least 5 feet thick are found. The material is ex-
cellent for road building.

It is probable that gravel such as that described occurs on the
first terrace overlooking Chattahoochee River along its entire course
through the reservation and that it will be th'cker and more extensive
close to tributary streams.

CLAY COUNTY

No large deposits of commercial sand or gravel have been opened
in Clay County, although small pits near Fort Gaines supply most of
the local demand.

J. C. Sutton property.—A gravel pit has been opened on the
Locofokee Road 1.8 miles north of Fort Gaines about 200 feet west of
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the road. The pit is near the top of a 25:foot hill and is about a tenth
of an aere in extent and shows a loamy, pebbly cover 2 or 3 feet thick.
The gravel ranges from 2 to 5 feet in thickness and consists of quartz,
quartzite, and a few limestone fragments, genera]ly rounded, and
from a quarter inch up to 2 inches,; with an average size of one inch.
A clayey sand occurs with the pebbles which becomes more clayey
near the bottom, until the underlying limestone is reached.a féw inches
beneath the floor of the pit. Sample 7-272 from this pit shows a .
fineness modulus of 5.40 with 61 per cent of the pebbles retained on
a 4:mesh screen. The pebbles are of sub angular fa,lrly tough quartz
ar quartmte
. Gravel of similar character but of uncertain' thickness, caps another
hill -just west of the pit. A small knob about 200 yards south of this
Jast hill shows, in the gullies, about 5-feét of sandy gravel covering
the surface. It is concentrated near the base of the hill and probably
a half acre is covéred with good gravel to' a maximum depth of 5 feet.
A cut in the road 200 yards south of the pit shows 4 feet of clay gravel
suitable for road material. Most of the depo.its in this locality ap-
pear to be thin veneers only, very irregular and. dlscontmuous in their

extent. The Central of Georgia Railway is about a half mile east of .
~ these deposits. -

Magruder Oreek .—On the Eufaula—Fort Games roa,d 13. mlles '
north of Fort Games large quantities of excellent quartz:gravel occur
in. Magruder ,Creek for several hundred yards north and south of the
bridge. (Plate VIII-B). The creek channel is ordinarily about 30
feet wide, and the first bottom is from 100 to 150 feet- wide and is
covered with white sandy gravel ranging from 2 feet thick in the
channel to as much as 6 feet further back: The pebbles are rounded
tp sub-angular and range from a quarter inch to 3 inches in size. The
sand is well graded.’ Sample T-225 shows a fineness modulus of
5.54 and has 57 per cent coarser than 4 mesh. This material was
used in the construction of the hydro- electric plant on Pataula Creek
one mile south of the deposit.

The bank of the, first terrace overlooking the creek on the north
shows. the followmg section:

Section of bank on Magruder Oreek Just west of Eufaula-
Fort Gaines ro__ad bridge

“Yellow elay overburden. _. ... .. il .l________.. 3-7
- Sandy, white to yellow gravel- ... .l .. _______ 8

Blue, green, and black elay _ .- ______ mmeiime—— el 3
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A. SAND STREAM, 1 MILE NORTH OF TAZEWELL, MARION COUNTY

B DRAG-LINE INCLINE AND SCREENING PLANT, RUTLEDGE & CHESTNUT, BULL
CREEK, 3 MILES SOUTHEAST OF COLUMBUS, MUUSCOGEE COUNTY
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Strata of this nature probably underlie, for some distance along
-the creek, the entire first terrace or second bottom which ranges in
width from 100 to 200 yards. Northwest of the bridge as much as 12
feet of good sand-gravel lying between blue clay strata is exposed in
the stream cut. At this point the cover ranges from one foot near
the stream to six feet further back. The clay below has an irregular
upper surface. The origin of both this gravel and that in the stream
bed is due to the weathering, and subsequent deposition by streams,
of a large deposit lying close to the stream and extending from a point
half a mile below the. bridge to two miles above it. Distance from
rail transportation will probably prevent the use of these large de-
pesits for some time. '

F. M. Gay, Jr., property.—Just south of Magruder Creek on the
Eufaula-Fort Gaines road and 25 feet above the bridge level, 10 feet
of excellent sandy clay gravel shows in the road cut and has been
used in the construction of the road. Streaks of sandy clay from 1 to
4 inches thick run through.it, but the entire deposit will run 50 to
60 per cent pebbles over a quarter inch in diameter. It extends for
200 feet along the road and apparently is of considerable extent, cov-
ering at least 50 acres. - The cover increases from a few inches to 10
feet near the top of the hill overlooking Magruder Creek.

On the same road 0.4 mile south, 4 feet of gravel outcrops in the
road, and 0.2 mile north.of Pataula Creek the same thickness of fine-
grained sand-gravel is exposed in road cuts.

Gravel of this character usually occurs on the second terrace over-
looking Chattahoochee River and is exposed by the creeks which
cut through the scarp. It is usually all of similar nature and well
suited for road building, although its remoteness from railroads is a
hindrance to its present development.

J. C. Neeves property.—Seven miles from Fort Gaines on the .
Blakely road a few feet of sand and clay gravel show in road cuts at
the top of a small hill. Very good but small deposits of gravel occur
in Colomokee Creek and in its tributaries; and although the location
is inaccessible for commercial purposes these and other deposits may
- serve for future use in the construction of concrete roads or bridges in
this part of the county. ,

Edward King property.—One mile north of the Early County

line, on the Fort Gaines-Blakely road, there is a small hill on which
the sand and gravel does not exceed 3 or 4 feet in thickness.
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CLINCH COUNTY

Sand closely underlain by red and yellow clay, covers most of
Clinch County; and at a greatér depth the blue clays and clay@y. sands
of the Alum Bluff formation are found. -

Alapaha River.—~The Satilla terrace continues along Allapaha
River, but is not everywhere marked by deep sands. On the south
side of a small creek, about 3 miles north of Mayday, in the south-
west corner of the county on the Statenville-Stockton-road, from 8

" to 12 feet of fine-grained, irregularly stratified, clayey sand occurs.
. “Burficial sand appears between this creek and Stockton ranging in -
*  depth from 2 to 10 feet, although it is so remotely situated as to be
of no commercial value: Along the Atlantic Coast Line Railroad
‘between Stockton and the river no sand of cornmercial value occurs.
 Small bars and deposits of white sand, suitable for glass-making,

oceur in and along Allapaha River throughout its entire course along

the western edge of the county.

In the northeast part of the county, near Arabia Church, a de-
posit of over 10 acres of pure white sand oceurs suitable for glass-mak-
ing;" but distance from a railroad is likely to prevent development.

'COFFEE COUNTY

The surface is covered largely with gray sand generally from a
few inches to 3 feet in thickness and underlam by the usual yellow
or red clay and sandy clay. :

Seventeenmile Oreek‘—Seventeenmﬂe Creek: Jproves no excep-
tion- to the general rule throughout South Georgla that the larger
streams have deep sandy .belts on their northern or eastern sides.
_ This belt is very prominent near Douglas at.the Atlanta, Birming-
ham & Atlantic and Georgia & Florida railway crossings, but it ex-
tends practically through the entire county from a quarter to three-
quarters of a mile in width, and from 8 to 25 feet in thickness.

Just west of Chatterton on the Atlanta, Birmingham & Atlantic
Railway, and 6}4 miles east of Douglas on the -Nicholls road, J. J.
Downing operates a sand pit. The pit has been Worked at intervals
‘since 1902, and about an acre ‘has been uncovered. The working
face is 400 feet long and the sand is from 20 to 25 feet thick. The
following section is shown:
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Section at J. J. Downing’s pit, west of Chatterton

Feet

Sandy soil with roots and vegetation______________________ 3
Rather loamy, yellow, gray sand__________________________ 3
Pale yellow sand with red, clayey sand strata oné-quarter

inch thick and one inch apart. Most of this sand is g

rather fine-grained, sharp, and elean_.__ _______________ 13
Coarse, yellow sand, irregularly distributed over the pit. .. ._ 1
Shell of irregularly distributed, red, sandy clay, very hard,

extends in streaks or occupies isolated spots____________ 1
White, fine-grained sand with yellow strata through it, be- -

comes pure white below. ___________.________________ 3

The sand is used in Douglas for concrete street paving, in Fitz-
gerald and other South Georgia towns, and in the foundries of the
Atlanta, Birmingham & Atlantic Railway. Private tests showed it
to contain one per cent of silt and the 7-day mortar test is said to
have shown it to be 10 per cent better than standard Ottawa sand.
(See T-234, table). Twelve hundred feet west of this pit, on the
railroad, another ridge 8 feet above the grade makes favorable con-
ditions for working the sand. v

On the Georgia & Florida Railway, just east of its crossing of Seven-
teenmile Creek, similar sand occurs in the same wide ridge, from 8
to 20 feet thick. No sand is worked at this point, however. The
Douglas-Broxton road runs through this part of the belt about 214
miles north of Douglas. '

On the Broxton-Barrows Bluff road, between Prigden and Dicky’s
Farm, several acres of coarse, gray sand up to 6 feet thick occur along
the Georgia & Florida Railway. - The probable extent of this coarse
sand is small, but there appears to be plenty in this vicinity and, in
fact, in the entire northern part of the county, for local use.

Ocmulgee River, bounding the county on the north, may be a fu-
ture source of sand supply for construction work in that part of the
county, but at present its large bars of coarse sand are accessible
only to transportation by boat. :

COLQUITT COUNTY
The surface of Colquitt County is covered with sand in the eastern
part, but a light sandy loam is characteristic of the most of the rest
of the county.

Moultrie—The deposits from which Moultrie obtains its lccal
sand are of poor quality, the sand being fine-grained and clayey and
the deposits not extensive. Some loamy sand of poor quality occurs
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in a 5-foot bank east of Ocklocknee River, 1.3 miles west of Moultrie
on the Camilla road, and in the river bed small deposits of a fairly
good medium- to coarse-grained sand occur. On. th&~Doérun road,
2% mités northwest. of Moultrie, a small pi /.:bgen/wo\rk“e/d on the
Bay place. The sand here is loamy and the deposit usually less
than 4 feet thick. A sample (7-239) from this deposit showed a
fineness modulus of 1.34 and 41 per cent was retained on the 48-mesh
sieve- The organic content gave a color value of 800.

Sand from the v1cm1tv of Okapiléco Creek, one mile east of Moul-
trie, on the Adel road, is also used locally. This sand is similar to
- that from the other sources. Between Moultrie and Thomasville
~ ‘there is practically no sand even for local use.

Little River. —On the Moultrle-Adel road west of Little River
the fol]owmg section is shown:

Sectwn west of Little River on the Moultrze Adel road

Feet
Dirty, yellow, sandy clay and s11ty sand_ . ___________ P
Fine-grained, white sand__.._.. B PR 8 (73

A sample of the white sand was analyzed to see Whether 1t was
pure enough for glass and the folloWlng results obtamed

14

./Slnalyszs of sand /'rom Little River, Adel-Moultrie road T-238

Lime (CaO)_________;____________g_____-_;________'__ 0.00
Magnesia (MgO) . .o 0.11
Alumina (Aleg) ________ e e o - 0.11
Ferric oxide (FeoOg) - oo oo 0.94
Siliea (SiO9) oo ___ IO R ¢ 2 s 4
. Total ___________________________________________ 99.78

-1t is not known whether this white sand extends to the Georgia
& Florida Railway crossing one mile to the north, but it is typical
of the sand so generally seen in this part of the “wire grass” region
along streams and in swampy areas. A coarser-grained, white sand,
probably of small thickness, parallels the west sule of the rlver a few
~ hundred feet back from it.

COOK COUNTY

The éurféée of Cook Counday~ is sandy to a ‘depth of from a few
inches to several feet and is underlain by clays and sands of the Alum
Bluff formation. Local accumulations of sand, particularly near
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branches, supply Adel, Sparks, and the other towns of the county
with sand of fair quality for less important work. No sand hills oc-
cur east of Little River as was the case to the north in Tift County,-
either at the South Georgia or the Georgia & Florida railway cross-
ings, although within the river small bars of medium-grained, white
sand oceur, and the river bed itself is composed of similar white sand.

On the Adel-Moultrie road considerable sand occurs, probably
varying in depth from 3 to 1C feet, but it is not sufficiently thick or
persistent to be of much commercial value.

CRAWFORD COUNTY '

Immense quantities of commercial sand are produced annually in

the county from a number of pits along the Southern Railway and
shipped to every part of the state as well as to points in adjoining
states. ' - ‘
The sand area of Crawford County forms a part of a belt extend-
ing with some interruptions from Richmond County almost to Co-
lumbus. It ranges from 2 to 6 miles in width, and the sand is from
5 to 30 feet thick. The surface is undulating, the thicker sand oc- -
curing usually where the land is highest. The valleys of the few
streams cutting the area usually expose the underlying Cretaceous
white clays, and in the shallower valleys, where the clay is not ex-
posed, the sand is usually thinner but coarser than that on the hills
and ridges. :

McCarty sand pits.—Near the southeast margin of the sand belt,
on the Southern Railway, C. C. McCarty of Fort Valley operates two
pits on land leased from W. P. Carr. The southernmost pit 1s one
and three-quarter miles north of Zenith and covers several acres. The
face of the pit is about 18 feet high, the upper 5 or 6 feet of the sand
being fine-grained and gray in color. (Plate IX-A.) The next 8 to
10 feet is reddish-yellow to brown and slightly coarser than that above
although still fine-grained. Alternating clayey layers from 14 to 2
- inches thick and layers of paler, cleaner sand, 2 or 3 inches thick,
give a wavy or corrugated appearance to this portion of the face. The
lower 3 or 4 feet of the pit is coarser and usually yellow. The sand
is loaded on cars by hand labor with wheelbarrows and is shipped
principally to Atlanta. Only one grade is produced. Sample 7-69
. is representative of the pit and shows a fineness modulus of 1.90 with
72 per cent coarser than 48 mesh.



182 .+ GEOLOGICAL SURVEY OF GEORGIA

The second McCarty pit adjoins on the ‘'south that described above
and occupies several acres. The face shows an average thickness of
18 feet of sand. The sand is similar to that in the other plt except
that the coarser sand at the bottom is usually thicker, ranging from
4 to 6 feet, and consequently the sand from this pit is of better quality
than that from the other. Sample 7-70 is typical of the lower part
of the deposit, and-shows a fineness modulus of 2.12, with 79 per cent
coarser than 48 mesh. ’

- A large abandoned pit, formerly
5&,7/0, g : | operated by L. A. Spillers of Gaillard,
: . . - is located just south of the pit described
above. The sand appears to be finer-
grained and hence of poorer quality than
that to the north. The color is reddish-
brown and the clay content large. No-
sand has been shipped from this pit for
a number of years. o

(
dllon Sand§ Company. — Several

& ndred yards north of the McCarty
pits the Allon Sand Company, managed

20234 . acres and operates a - pit just

north of the Armour fertilizing plant.
This pit covers several acres, and the

sand is approximately 11 feet thick at

o a % % , » the present working face at the south
“Geatetamies Y .| . end of the pit near the railroad, but it.
Zenith increases to 15 feet further west. This

Fig. 12. Sand pits along South- pit is rather remarkable in not having
ern Railway between Gaillard the stratified condition so apparent in

and Zenith. - the other pits in this part of the sand .
1, Smiley pit; 2 & 3, Atlanta belt.
Sand & Supply Co., Rollo pits;

4 & 5, Allon pits; 6 & 7, M- A 10-ton Buffalo locomotive crane
Carty pits; 8, Spillers pit. with & 34-yard clam-shell bucket and
a 35-foot boom is used. (Plate IX-B.) A 50-ton car can be easily
loaded in 114 hours with this crane. The upper 4 feet is fine-grained,
“pale yéllow and clean and is removed first and sold for brick and plas-
ter mortar- purposes. Below this a pale yellow, medium- to coarse-

by Mr. F. €. Chevis of Gaillard, owns .
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grained sand almost white in places and averaging 5 to 6 feet in thick-
ness occurs. This sand i1s used throughout the state for concrete
aggregate and has even been shipped as far as Nashville, Tenn. Sample
T-64 is representative of the concrete sand, and a granulometric anal-
ysis shows a fineness modulus of 1.59 with 52 per cent coarser than

48 mesh. The sand has only a slight trace of organic matter.

Beneath the concrete sand reddish-yellow clay is encountered. At
~ the west end of the pit, where the sand is thicker, just above the clay
+ from' 18 inches to 2 feet of sharp, fine-grained, pale yellow to white
sand, silky in texture, is found. This sand is in great demand by
plate glass companies and marble finishing works for abrasive pur-
poses. Sample 7-63a, representing this abrasive sand, has a fineness
modulus of 1.27 with 27 per cent coarser than 48 mesh.

Where the clean sand grades into the clay at the pit bottom, a
clayey sand, making an ideal coarse molding sand, occurs, which is
~ shipped to Savannah and Atlanta foundries, where it commands a
good price. East of the railroad and opposite the Allon sand pit,
the underlying red clay comes to the surface, but the sand content
is high enough to make a coarse molding sand similar to that found
at the contact of the sand and clay in the main pit. A small pit has
been opened here and molding sand is shipped from it. Considerable -
fine-grained molding sand is said to occur along the creek a quarter
mile east of the main pit.

Considerable prospecting has been done in this vieinity. Wells
show as much as 18 feet of sand and more in places. ~ A hole at a
spring southwest of the pit showed 20 feet of white sand with a high
kaolin content. Auger borings east of the railroad showed a large
acreage of sand from 14 to 20 feet thick.

The cover of sandy soil and roots is being removed from this por-
tion of the property to a depth of 2 feet by hand and loaded into one-
yard dump cars hauled by a small dinky. Formerly a ladder wagon-
loader was used to handle this sand, but due to rapid wearing of parts
by the sand, which it is practically impossible to keep from the work-
m/g parts, it is no longer used.

Atlanta Sand and Supply Company.—The Atlanta Sand and
Supply Company, of Atlanta, owns over 400 acres of land along the
Southern Railway and operates the Rollo sand pit north of the Allon
sand pit. The face is several hundred feet long and the sand pale
yellow to brown. The top of the main face is 25 feet above the track
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and the sand at the face 15 to 18 feet thick from the floor to' the top.
At the north end of the pit, the upper 5 feét is fine-grained and yellow
and is underlain by from 1 to 4 feet of coarse clayey sand contain-
ing numerous sub-angular pebbles up to 14 inch in diameter. Be-
neath the coarse layer alternations of yellow and reddish fine and
coarse sand with a. rather high clay content occur from 8 to 12 feet.
At the track level a mottled sandy clay shows. A Vulean steam
shovel having a- §-yard dipper. has recently been installed, which
loads the sand dry. - A car can usually be loaded in 40 minutes with
this machine.

At the north end of this pit the sand is mined by playing a power-
ful jet of water against the face which carries the sand down an in-
-clined wooden sluice which was about 150 feet long when v1s1ted and
had a 4 per cent slope. (Plates V-B, X-A.) The sand then passes
through a +3-inch screen and into the railroad car. The spur track
was formerly on the up-hill side of the main line, but this has been
moved to the other side of the main line to increase the fall from the
pit face, the sand sluice passing beneath the main line. Temporary
partitions are placed in the car permitting the sand from the sluice
to be retained while the water runs off carrying some:of the silt and
clay with it. The water is pumped through an 8-inch plpe first and
then through a 5-inch ‘pipé from a pond produced by darming a small
stream about 130 feet vertically below the pit. - From the 5-inch
pipe ‘the watér passes through a 114-inch nozzle directly striking the
face of the pit at the rate of 500 gallons per minute. No attempt is
made t6 clear away the surface vegetation before jetting. The entire
system is about 1,100 feetlong. The pumpis 12 x 10 x 24 inches. By
this method only three mer are required, one to take care of the pump,
one at the face to handle the hydraulic jet, and one in the car being
loaded. -A car of 30 to 40 tons capacity, either of the gondola or box
type can ordinarily be loaded in an hour and a half. At the same
time the sand is partially washed ‘and the twigs and foreign matter
screened out. - o

Sample 7-61 was taken from the upper part of a car being loaded
at the time of the writer’s visit. The, sand is pale yellow, clean, and
has a fineness modulus of 1.88 with 68 per cent coarser than 48 mesh.
The color value of the organic content was 100. Concrete strength

ratio teé’gs_ made by Prof. F. C. Snow at the Georgia School of Tech-
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nology on sand from this pit showed 143 and 120 per cent at 7 and
28 days, respectively.

A chemical analysis of the natural sand from this pit was made
and its results typify the chemical character of most of the sand in
the Fall Line sand-hill belt.

Analysis of natural sand from JAtlante Sand and Supply
Company’s pit, Gaillard, Geordia

Loss on ignition_ _ _ ... oo oo ___.___ - 1.04
Soda (NaoO) e trace
Potash (KoO) . oo trace
Lime (Ca0) oo il .00
Magpesia (MgO) - - e .00
Aluming (Al90g) - oo e e oeo 1:09
Ferric oxide (Feg08) oo oo oo oo el 0.72
Titanium dioxide (TiOg) - - o oo oo e e 0.19
Silica (8i0¢) -« - e 96.90
Rarer earths_ o eeeoas 0.00

Total_ - oo 99.94

A partially’ worked-out pit adjoins the  present workings on the
north and about a mile south of Gaillard. According to Mr. J. C.
West,. former superintendent of the pit, there is a total thickness of
30 feet of sand here, 15 feet of which lies below the track level
and consequently can not be recovered at present. The sand is fairly
uniform throughout with only slight traces of stratification. Sample
T-62 represents an average sample of the natural sand taken over a
vertical distance of 8 feet about 10 feet below the top of the pit. A
mechanical analysis showed a fineness modulus of 1.98 with 66 per
cent coarser than 48 mesh. The organic content showed a color value
of 40. , ‘

A typical section of the strata underlying the property is shown

in the record of an auger boring furnished by Mr. West and made a
short distance back of the pit face.

Section in boring at Atlanta Sand and Supply Company’s
pit, Gaillard, Georgia
Feet Inches

Yellow, fine- to medium-grained sand_ ______________ 12

Kaolin_ _ . e 1

Fine yellowsand . __ _____ _____ ________ . _______ 10-12

Fine white sand_ . _ . _________ e e 0-18
"Redelay. .. o l_____ 2-3

‘White elayey sand_ _____________________ . _____.. 1
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Smiley Sand Company.~—The Smiley Sand Company, of At-
lanta, has leased 13 acres of sand land from W. P. Carr along the South-
ern Railway about a half mile north of Gaillard. A pit was opened
in 1919 and a travelling derrick with a 30-foot boom and a Rawson
34-yard clam-shell bucket was installed. A 35-horsepower Lidger-
wood hoisting engine is used. The pit is worked by making a narrow
cut about 40 feet wide for the length of the property; from 6 to 8 cars
can be loaded at one setting of the derrick and then the outfit is moved
back about 15 feet. Four men are employed.

Section at pit of szley Sand O'ompany, Qaillard .

. Feet

Sandy soil with roots_ .o . 1
Yellow to brown, fine-grained sand. . ___________________ -5
Medium-grained, pale yellow to yellow-brown, faintly strat-

ified and having irregular streaks and small splotches of

elayey sand - i
White, hard micaceous, fine- to medlum-gramed sand _____. 3. .

C 16

. The whité sand is not usually loaded as it is hard to loosen with
the grab-bucket in use. Beneath the white sand a red and yellow
sandy clay with lenses of white clay occurs. = -

- Mills propérty '-—The"/Mlke Mills property hes north of the Ro-
berta—Gaﬂlard road and west of the railroad, but-that part of it con-
taining sufficient sand to work-lies almost half a mile from the railroad.

At Gaillard a small, pit was formerly worked east. of the track, a

few hundred feet south of the road. Sand somewhat finer than that
further south occurs here. North of Gaillard the red clay comes so close
+0 the surface in the area directly adjoining the railroad as to prevent
the commercial use of the sand, except over small areas.
vl " Harrison property.—On the Ella Harrison property, along the
Southern Railway, 1 mile north of Roberta, a half acre sand pit has
been opened, and sand has been shipped to various points. - The ma-
terial is very fine-grained and about 7 or 8 feet, thick over several acres.
.The sand is not stratified and is underlain by the usual red and yellow
clay. Sample T-67 is typical of the deposit and shows a fineness
modulus of 1.53 with 51 per cent coarser than 48 mesh and has only
a trace of organic matter

GRAVEL s

Roberta-Reynolds road.—Three miles southwest of Roberta,



SAND AND GRAVEL DEPOSITS ‘ 187

three feet of clay gravel with tough quartz pebbles from 14 to 2 inches
in size outcrops along the road for almost a quarter of a mile. The
gravel is associated with irregular layers of coarse sand and fine gravel
in red clayey sand and has been used in road construction for which
it is fairly well suited.

Four miles from Roberta, southwest of a'small branch, the sand
belt begins and extends for some distance along the road. The cuts
show up to 7 feet of sand underlain by red clay. Further west the
material becomes coarser.

Flint River.—On the Crawford County side of Flint River, 1,000
feet back from the channel, a coarse bouldery gravel of tough quartz
pebbles was noted along the Reynolds-Roberta road. The thickness
does not appear to exceed 2 to 3 feet, although detailed work along the
river from this point may disclose workable deposits. Gravel is said to-
extend up and down the river from this point for three fourths of a
mile occurring mostly on the J. M. Walker property.

Roberta-Macon road.—On the edge of Knoxville along both '
the Columbus and Byron roads, three thin layers of clay gravel from
1 to 114 feet thick separated by 1 or 2 feet of clay with rounded gran-
ular quartz pebbles ranging from 14 inch to 3 inches in diameter, are
found. The deposit is small and is used for local road building.

On the Macon road 4 miles from Knoxville, thin surficial gravels
occur from 1 to 114 feet thick. The gravel outcrops in the road cuts
overlying schist and caps the tops of some of the surrounding hills.
Eight and a half miles from Knoxville on the same road, similar thin
gravel layers are found in the Lower Cretaceous strata in the road cuts.

Other deposits.—In the northern part of the county which is
underlain by schists, gneisses, and granites, the sand and gravel sup-
ply is restricted to the beds of the streams. Most of the streams have
deposits of good coarse-grained sand and some gravel with the quartz
content ranging from 75 to 95 per cent of the material.

CRISP COUNTY

No sand is produced commercially in Crisp County, although Flint
River which forms the western boundary of the county has large, but
rather inaccessible deposits. Throughout most of the county a surfi-
cial deposit of gray to yellow sand occurs ranging from 1 to 4 feet in
thickness. Such sand is very fine-grained and generally leamy and
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consequently of little value except “for unimportant local work.
When concentrated in ditches or along streams it is cleaner and
coarser, usually yellow, and generally forms the supply for local work
not demanding & high-grade sand.

Flint River.—Numerous bars of medium- to coarse-grained brown
sand in Flint River pomt to a large supply should the demand war—
rant. the expense of installing a pump and other necessary equipment
to recover it. The most favorable place for pumping would be near the
Seaboard Air Line Railway crossing west of Daphne.

DECATUR COUNTY

Aside from the use of sand in the manufacture of concrete brick

/at the plant of the Decatur Concrete Works at Bainbridgé neither sand
‘nor gravel is exploited commercially in Decatur County. Large quan-
tities are found east of Flint River near ‘Bainbridge, and also near
Faceville. This sand is fine-grained, pale yellow, and suitable for
- a plaster or brick mortar Sample 7220 taken from similar deposits
east of Flint River and opposite Newton, in Mitchell County, has a,
fineness modulus of 1.63 and 59 per cent coarser than 48 mesh.. At
\Facevﬂle...f..the sand is buff and has a large amount of organic matter.

Fine- to medium-grained sand occurs in Sprlng Creek, and at Brin-
son small deposits of white, ﬁne—@ramed sand occur west of the stream
- on the Jakin road.

Chattahoochee River, forming the western boundry of the county,
has enormous amounts of medium-grained sand, suitable for local con-
struction work, but not likely to be comm‘ercially developed for some
time,although the Atlantic Coast Line Railroad crosses the river west
of Saffold.

 Decatur Concrete Worlks.—The plant of the Decatur Concrete
Works is located opposite the Georgia, Florida & Alabama Railroad
depot at Bainbridge. Various articles of concrete are manufactured

- here including pressed concrete brick. The sand .is obtained from a
pit along the Atlantic Coast Line Railroad just east of the bridge. This
-7 ¢ gand is yellow and somewhat fine-grained, the deposit covering several
' ~acres. Sand is also obtained between the depot and the river and
about an eighth of a mile behind the plant. The sand here is coarser
than at the other deposit, the particles ranging up to a half inch in

. size and are freer from loam. The sand from the pit is mixed with
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cement in the proportion of 1 to 3 or 1 to 4, according to the quality
of the brick desired, together with a small amount of water to enable
the mixture to be molded. The mix is then molded into bricks in
. a Helm press and the bricks are then placed on racks under cover to
harden. The capacity of the plant is about 12,000 bricks a day.

DODGE COUNTY

Surficial leached or wind-blown sand covers most of Dodge County
from a depth of a few inches to several feet. No deposits of sand are
worked commercially in the county, although Ocmulgee River has
large deposits, and bank sand also is found north of Gum Swamp and
other creeks. : :

Eastman.—A deposit of buff to yellow, fine-grained sand similar
to that found east of Helena, occurs east.of Little Ocmulgee River
~ (Gum Swamp Creek), three and a half miles east of Eastman. Where
the Eastman-Dublin road crosses the deposit, it is about 1000 feet
wide, and from 5 to 10 feet thick, beginning 500 feet east of the creek.
A red, clayey sand belonging to the Atlamaha formation underlies the
vellow sand. Near the creek white sand, possibly suitable for glass,
is exposed beneath the upper yellow sand. Neither the thickness nor
the extent of the white sand could be determined, but it indicates that
the sand occurring along this stream at Lumber City and, also outcrop-
ping east of Helena, is probably continuous along most of the stream’s
course. This sand is used for local building purposes in Eastman.

Ocmulgee River.—Ocmulgee River, forming the southwest bound-
~ary of Dodge County, has many bars of medium- to coarse-grained
brown sand, well suited for concrete purposes. The only point ac-
cessible to rail transportation is at the Seaboard Air Line Railway
crossing between Rhine and Abbeville, elsewhere the use of boats will
be required in case the demand warrants the pumping of the sand.

Peacock property.—Thin, irregular patches of gravel are found
on the J. Peacock plantation, west of the Dublin road. No deposits
more than 2 to 24 feet thick were seen. The gravel is sandy and the
pebbles, which are f angular quartz, range in size from a quarter inch
to 2 inches. This gravel has few commercial possibilities, although
it has been used in concrete construction at Eastman.

Low property.—Several small deposits of sandy gravel occur on
the Thomas Low plantation, 4.7 miles from Eastman, on the Cochran
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- road. The pebbles are of angular to sub-angular quartz and attain a
maximum size of two inches. Several deposits occur on the property,
generally an acre or two in extent, and probably under 2 feet in thick-
ness. The upper 8 or 10 inches of the gravel is scraped up and
hag been hauled to- Eastman and other pomts for building and road
- purposes.

Near Gresston, along the Seaboard Air Line Railway, and near
Empire, along the Seaboard Air Line and Wrightsville & Tennille
railroads, gravel occurs generally under.2 feet in thickness and of only
local value. The Gresston deposit occupies an irregular area north-
east of the railroad and extends roughly parallel to it for almost 2 miles.
A sample obtained from a small deposit at Gresston is characteristic
of the many areas of this type of sand in the county. Twenty-five
per cent was retained on 10 mesh and 15 per cent was silt and clay.
The fineness ‘modulus is 2.52.

Other deposits.—A number of isolated areas of coarse, yellowish-
white, gravelly sand occur in the county, similar to that near Gress-
ton. The largest areas of this type occur at the-heads of some of the
creeks flowing into Ocmulgee River, in the western part of the county,
notably Cypress River, Mosqmto Creek, and other smaller creeks. A .
deposit ¢covering over 100 acres occurs about 5 miles east-northeast

of: Bastman. A -smaller- ares lies & half miile northwest of Beehive in
_ the northeast part of the county, and a still smaller deposit is located
just-east of Chester, on the Wrightsville & Tennille Rallroa,d in the
northern part of the county

DOOLY COUNTY
_ The- western half, and a strip across the northern part of Dooly
County, is underlain by Ocala limestone, expressed on the surface by
‘the characteristic red and gray residual clayey sands and clays and
some limestone outerops. The remainder of the county is covered
“with mottled clays and sands of the Altamaha formation which in
places is indurated. No commercial sand is produced in the county,
and few deposits of even local value occur, although Flint River has
latger supplies, but these are usually inaccessible.
A somewhat fine-grained gray sand occurs along Flint River and
is suitable for most construction purposes. A sample of sand of this
type obtained at Murray’s Ferry, 11 miles west of Vienna, was tested
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by the U. 8. Bureau of Public Roads and found to produce concrete
having a tensile strength of 90 per cent of that made from standard
Ottawa sand. This sand contained 0.4 per cent of silt and a little or-
ganic matter.

Mechanical analysis of sand from Murray’s Ferry

Per cent retained on following mesb sizes:

Mesh size. ... 10 | 20 | 30 | 40 [ 50 I 80 | 100 | 200 | 200
Percentage. ... 04| 9 |352 29.2’16.6( 70| 1.0 10| 0.6

DOUGHERTY COUNTY

The sand deposits of Dougherty County are restricted mostly to
the vicinity of Flint River. An extensive sand hill deposit occurs
along the river just opposite Albany, and smaller deposits occur in and
along tributary streams.

Albany.—Tift Hill is the local name given to a rolling, sandhlll
area lying east of Flint River opposite Albany, and to the south and
west of the Atlantic Coast Line Railroad. Over 400 acres are here -
underlain with fine- to medium-grained, yellowish, clean sand, rang-
ing in thickness from 10 to 40 feet.

Albany Sand, Lime and Cement Company.—A pit has been
operated for some time on the north side of Tift Hill, 1.6 miles east of
Albany on the Atlantic Coast Line Railroad. The pit occupies about
2 acres, and the face is from 5 to 20 feet high. The sand is very uni-
form throughout the pit both vertically and laterally, although a slight
increase in grain size and a decrease in color is noticed toward the bot-
tom of the pit. The usual clayey sand strata are lacking in this de-
posit, only faint lines of slightly darker sand, a few grains in thickness,
being noted. The sand is loaded on cars with wheelbarrows and ship-
ped to various points throughout South Georgia. From 2 to 4 cars
daily are usually loaded. A sand dryer for drying sand for use in loco-
motives has been built. The dryer consists of a furnace around which
a compartment has been built of sheet iron capable of holding about
10 cubic yards of sand, An elevator is fed from an opening in the dryer
so that the dried sand can be elevated to a hin above, from which cars
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or locomotives can be loaded. The sand here is similar to that repre-
sented by sample 7-210, which has a fineness modulus of 2.02 and 88
- per cent coarser than 48 mesh. It has practically no organic matter.

Sand extends along the Atlantic Coast Line Railroad in both direc-
tions, and small pits for local use have been opened at several points.
"Three tenths of a mile west of the large pit on the Albany road, a

smaller - pit covermg a few thousand square feet with a face from 12 to
lo feet, high, is operated.

Tift Silica Brick Company.—The Tift Silica Brick Company,
Mr. A. S. Bacon of Albany general manager, has a large sand pit at
Albany Junction on the Atlantic Coast Line Railroad 214 miles south-
“west of the Albany court house. The pit covers several acres, and the
exposed face ranges from 15 to 30 feet in height. The sand is pale
. yellow, composed entirely of quartz, and is remarkably clean and uni- -
form.  Faint stratification lines dipping from 30° to 40° to the east-
ward and consisting of*slightly coarser grains in layers }4 inch thick
and with from 2 to 6 inches between the'layers, occur in the lower two
thirds of the deposit. Practically,no silt or ¢lay is in the sand, although
the clay substratum is exposed in places in' the. pit floor. The undu-
lating topography of the sand hill, visible from the top of the pit
banks, consists of small hills reachlng a maximum of 40 feet
'above the railroad grade with intervening valleys or depressmns where
the clay appears to come very close to the surfaee Sample T-210
from this pit has a fineness modulus of 2.04 and 88 per cent'is retained
on the 48-mesh sieve. Only a trace of organic matter occurs.

The sand from the pit is used in the manufacture of sand-lime bricks
which are said to compare very favorably with clay brick in strength
'and prlce The sand from the pit is shoveled into a tram-cai hauled
by a small electric locomotive which deposits it on a bucket elevator .
by which it is delivered to a bin in the upper part of the brick plant.
The sand ‘s fed from this bin to a short belt conveyor from which an
arbitrarily regulated portlon (usually 15 per cent) is removed by a
scraper and allowed to pass into a tube-mill where it is thoroughly
ground and mixed up. with the caustic lime which. forms the binder.
The tube mill is 5 by 22 feet and made by the Power & Mining Manu-
facturing Company. The sand and lime are ground until 90 per cent
of the mixture passes 200 mesh, and it is then mixed with the rest of
the sand which was carried along the belt conveyor beyond the tube
mill. It is first mixed dry and then goes to a pug mill where enough
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A. EXCAVATION BY DRAG-LINE ON BULL CREEK SAND AND GRAVEL BAR, RUT-
LEDGE & CHESTNUT PLANT, 3 MILES SOUTHEAST OF COLUMBUS, MUSCCOGEE COUNTY

B. PACE OF MUSCOGEE COUNTY ROAD GRAVEL PIT, 3% MILES EAST OF COLUMBUS
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water is added to hydrate the caustic lime. After thorough mixing it
is raised by means of a bucket elevator to the top of a silo divided into
two equal parts of 100,000 pounds capacity each. - The mixture is emp-
tied into one of the halves where it remains for 24 hours. Each day
one half of the silo is being filled and the other half is being emptied.
The sand-lime mixture is conveyed from the silo after moistening with
sufficient water to give it good pressing qualities, to a Jackson & Church
rotary brick machine, having 12 molds and a daily capacity of 28,000
bricks, where it is submitted to 10,000 pounds pressure per square inch.
As the bricks are taken from the rotating molds they are piled on steel
trucks and then wheeled into the steam cylinder which is 72 feet long
and 6 feet wide. When the cylinder is full of bricks it is closed and
live steam led in and brought to a pressure of 135 pounds per square
inch and maintained for 10 hours after which the bncks are removed
and ready for shipment.

At the time of inspection in the summer of 1919, a 150-horsepower
outfit of the Buckeye Engine Company was used. The plant has
since been electrified. About 110 horsepower is required to operate
it. : :

The capacity of the plant is about 22,000 bricks daily. The prod-
uct is a smooth brick, white to pale cream in color, having an absorp-
tion of 14 per cent and with a crushing strength of 3200-3700 pounds
per square inch and a transverse strength, or modulus of rupture, of -
450 pounds per square inch. The bricks are sold principally throughout
South Georgia. ' '

Muckafoonee Creek.—On the terrace west of Muckafoonee Creek,
800 feet northeast of the Georgia-Alabama Power Company’s dam,
excellent coarse sand has been deposited to a depth of a foot or two
and is used for local construction work. At this point the creek bank
shows the following section which may be typical of the bank for a
very short distance, although the lower sand is of such good 'quality
that it would seem desirable -to test the deposit to determme 1ts ex-
tent and thickness of the cover.

Section on Muckafoonee Creek near Flint River

Feet
Flood-plain sand deposit, fine to coarse__ - _.___.___ 16-114
Fine-grained yellowtoredsand__ _______________.____. 4~

Coarse, gritty, sharp, pale yellow, excellent for concrete
and overlying the Ocala limestone_ _______________ 5 -6
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Other. deposits.—Sand somewhat similar to that at Tift Hill oc-
eurs in a much smaller deposit on the Georgia Northern Railway, 800
feet east of Flint River; opposite Albany. The deposit extends for
400 feet along the track and ranges from 8 to 10 feet in thickness; to
the north, however, the tongue which crosses the railroad widens out
into am area of about 75 acres. Along the track to the southeast the
sand merges into a red, clayey sand. The deposit has not been worked.

" Very little sand occurs along Flint River at the upper terrace level,
south of Albany to the Mitchell and Newton courty lines. On the
first terrace, good coarse sand is-found in a few places, but usually a
ﬁne—gramed loamy material, p0s51b1y smtable for moldmg pﬂrposes
oceuples the ﬂood plain. - \

) EARLY COUNTY
No sand is produeed for shlpment in Harly County, and sma]l plts
generally supply the local demand. _ . N

‘Underwqod pro,perty.—Gulhes have exposed a medium-grained
yellow to white sand on the John Underwood property along Mill Creek
on the Bluffton ‘road, a little over a mile north of Blakely. A small
pit has been: opened in’ the gullies, and over 400. wagon-loads have been
hauled to Blakely for local use. The good sand is at least 5 or 6 feet
thick and is stratified. The lower part is white, and the upper part is

o diséolored by clay carried from ‘above by water. From 5 to 11 feet of

red, sandy clay covers the desirable sand, so that extensive operation
- of the.deposit must be made in a narrow strip close to the éreek where
the cover is at its minimum thickness. At present the sand is obtained
by removing it from under the covering of sandy clay, and then remov-
ing the cover to worked-out parts of the pit after it has fallen in. Sam-
ple 7-211 shows a very uniform-grained sand having a fineness mod-
ulus of 2.15, with over 99 per cent retained on the 48-mesh screen. The
color is orange, and the grains are of rounded and sub-angular quartz,
highly stained with clay and iron ox1de The organic content shows
a color value of 700. '

. Buchannon property.—Mr. W. A. Buchannon owns land on the

opposite side of the creek from Mr. Underwood, and the conditions
affecting the sand deposit there are practically the same. A sample
from' this property analyzed by Dr. Edgau Everhart gave the follow-
ing results
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Analysis of sand from W. A. Buchannon property,
Blakely, Ga.

Loss on ignition. - .- .o .. 0.38
Lime (Ca0) - 0.24
Magnesia (MgO) - . 0.12
Alumina (AleOg). - -—:-. 0.39
Ferric oxide (FeoOg) o oo .. 0.14
Manganous oxide (MnO)_ . _____._____.._ 0.00
Titanium dioxide (Ti©s)_ _ . ____. 0.09
Siliea (810 9) - - - oo e e 98.41.

Total e 99.77

This sand is very pure and is suitable for glass. The extent of the
deposit is apparently large, but the distance from a railroad (three-
quarters of a mile), and the inconvenience of working the deposit due
to the thick overburden over most of it are disadvantages that must
be considered. ' '

Further east along Mill creek on the property of Wm. J. Davis,
a white sand of unknown extent and thickness and apparently suita-
ble for the manufacture of the cheaper grades of glass occurs.

Considerable sand is found at Everett’s Mill pond northeast of
Blakely, but the cover here is thick. It is possible that detailed pros-
pecting may show deposits of good sand close to the railroad along this
same creek where the overburden is less.

ECHEOLS COUNTY

Echols County is practically flat, poorly drained,-and covered al-
most entirely with sand to a depth of from a few inches to several feet
which becomes thicker on the terraces along Allapaha and Suwanee
rivers. No commercial sand is produced in the county, although thick
deposits occur near Statenville on the east side of Allapaha River.

Statenville.—The town of Statenville is built on the sand hills of
the Satilla formation bordering Allapaha River on the east. This
sand is from 10 to 15 feet thick on the Valdosta road just above the
bridge, and the belt is from 200 to 300 feet wide and extends up and
down the river from this point for several miles. The sand is fine-
grained and somewhat clayey except about 8 feet below the surface
where a coarser cleaner sand from 2 to 3 feet thick usually occurs. The
character of the deposit can be easily seen in the gullies just-south of
the road. 7-242, taken from the road cut, just east of the bridge,
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" shows a fineness modulus of 1.54, and 50 per cent coarser than 48 mesh.
The color value of the organic content is 125. The grains are of an-
gular or sub-angular quartz and slightly coated with clay and iron
oxide.

Sand of similar character and thickness is encountered in the Stock-
ton road in Statenville just south of Troublesome Creek. A strip of
sand 200 feet wide and from 6 to 8 feet thick occurs on the south side
of the same creek where the Statenville Railway crosses it.

A chemical analysis of sand collected by Otto Veatch from the ter-
race above Allapaha River just north of Statenville gave the follow-
ing results:

./Znah/sisvof sand from Satilla terrace at Statenville

. Loss on lgnltlon_________;___'_ _____ P -4
Ferric oxide (FeqOg) - . ___ [, 17
Titanium dioxide (TiOo) - - oo .18
Siliea, (Si09) - oo . 97.89
Undetermined ... ______ . ___._.__. [ 1.32,

Total_ _ L i__ll.. 100.00

The sandy belt continues along the river mtermlttenﬂy to the north-
ern part of the county, but it is practically absent at the Georgla &
Florida Railway crossing at Mayday.

EFFINGHAM COUNTY

| . White and ‘yellow sand ranging from a few inches to several feet
in depth and underlain by clayey sands and clays covers a large part
of the northern three-quarters of the county, and in the southern part
of the county gray Pleistocene sands appear on the surface. No .
sand pits are operated in the county on a commercial scale, although
unlimited sand is afforded in the bars of Savannah River, and consid-
erable quantltles occur along the east side of Ogeechee River and in
the river 1tself

: ;S’avannah River.—Sand depos_its along Savannah River are of
two types. (1) Sand which forms bars in the stream bed. This sé_md
- is dredged further down the river, a few miles above Savannah, and
is representative of the sand in the river in the vicinity of Effingham
County. The sand is medium- to coarse—gramed umformly graded,
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and suited for concrete work (see T-85 in table). The sand can be re-
covered by means of centrifugal pumps or dredges and loaded on barges
or else put on board cars at the Seaboard Air Line crossing north of
Clyo. (2) Sand deposits which cap the bluffs overlooking the river
consist of the Pleistocene terrace deposits. At Parachuchla Bluff, 55
miles above Savannah, 15 feet of gray to pale yellow sand, without
indication of stratification, is exposed. Such sand, so far from rail
transportation, will probably not be utilized for a long time.

_ Ogeechee River.—Deposits of gray and pale yellow sand form-
ing the Satilla terrace occur along Ogeechee River in Effingham County.
At Eden the sand is exceptionally prominent and has commercial pos-
sibilities. - Sand (sample 7-251) on the property of C. F. Highsmith,
west of Eden, is said to cover over 100 acres and range from 10 to 20
feet in thickness. The highest part of this sand hill is about 20 feet
above the swamp. The sand has a fineness modulus of 1.77 with 66
per cent retained on the 48-mesh screen. It has practically no organic
matter or clay. . ,

Within the bed of Ogeechee River, for its entire course along the
county border, are excellent deposits of white coarse gravel and some
sand, ranging from one to four feet thick. This gravel was used in
the construction of the bridge over the river on the Dixie-Overland
Highway. ' '

Other deposits.—Two miles south of Guyton, in the northern
part of the county, the Central of Georgia Railway cuts through from
3 to 5 feet of fine-grained sand for about 800 feet. Between Ivanhoe
and Guyton, along Ogeechee River, very little sand is cxposed. Sur-
ficial fine-grained sand from 1 to 4 feet in depth characteristic of the
county is exposed along the railroad between Guyton and Egypt.

EMANUEL COUNTY

Large quantities of sand and many small deposits of gravel occur
throughout Emanuel County, associated especially with the streams,
but none are now being utilized although formerly some were worked.

Swainsboro.—Local sand is easily obtained from the gullies and
branches close at hand. On the Tye farm, 1 mile south of Swains-
boro on the Tom road, a road cut and gullies show 5 feet of gravel,
the upper 18 inches of which is a sand gravel. The pebbles are of white,
sub-angular quartz up to 2 inches in diameter. The gravel shows for
300 feet along the road and appears to underlie with little cover 15
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. acres in the fields to either side of the road, along a small creek. The
gravel would make an .excellent road-surfacing materisl.

Corsey property.—CGravel covers a large acreage on the R. W.
- Corsey property, 5 miles'from Swainsboro-on the Tom road. Although
the gravel has the appearance of- great depth and thickness, only 1
foot was found in the well of a tenant house, 800 feet north of the road.
The gravel is most promment at and near the hill tops. It is likely
that the gravel occurs in several thin layers from a few inches to a
foot in thickness with from 3 to 10 feet of clay between and also that
the .concentration of the sand and. gravel by the washing out of the
clay has given it the appearance of great thickness. Sample 7-50,
typieal of this deposit and most surficial gravel deposits in the county,
has a fineness modulus of 7.46 and 84 per cent coarser than 4 mesh.

From the Corsey property and to within a mile of Tom on the Wad-
ley Southern Railroad, fine- to medium-pebbled gravel shows at many
places along this road. At no place was a thickness exceeding 4 feet
noted, such material however, can be used with httle trouble in sur-
- facmg local roads.

Blun.—At Blun, on the Georgia & Florida Railway, on the prop-
~ erty of G. W. Wiggins, 600 feet west of the railroad,-one or two acres
are underlain with from 1 to 4 feet of clay gravel suitable for surfac-
ing roads. The deposit has a cover of about a foot of sand and clay.
In 1908 a small pit was opened, and a few carloads were shipped to
Savannah forroad building. The deposit, however, did not prove ex-
tensive enough for large shipments. - '

Adiian.—Numerous thin deposits of gravel and coarse sand oc-
cur near Adrian along the Wrightsville road and along Ohoopee River,
both on the terrace hills overlooking the stream, or as concentrations
in the stream. These terrace deposits continue down the river to Nor-
rist