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ERRATA

1 On page 26, 16th line from the bottom, for ‘‘Giekie’’, read
Getkie.

2 On page 61, 4th line from the top, for ““72’’, read 74.

3 On page 70, 3rd line from the bottom, for ‘‘biotite granite-
gneiss’’, read bdiotite granite and granite-gness.

4 On page 75, in column I, table of analyses, opposite soda,
for “4.46”, read 4.45; opposite ignition, for “0.36", read 0.39;
and opposite total, for “100.85”, read 700.87.

5 Omn page 77, Ist line at top of page, for ‘“the following”,
read the following species.

6 On page 83, 3rd line from the bottom, for “Itis”, read 7# zs.

7 On page 93, 17th line from the bottom, for “indentity”,
read ‘dentity.

8 On page 109, 23rd line from the bottom, for “map opposite
page 65, read map opposite page 8.

9 On page 115, 1st and 6th lines from the top, the word
““Hayne”’ should be spelt Hanye.

10 On page 117, 10th line from the top, the word ¢ Hayne?”
should be spelt Hanye.

11 On page 128, 15th line from the top, for “alleys”, read
valleys.

12 On page 139, 14th line from the top, for “has”, read Zave.

13 On page 218, 14th line from the top, for ‘“44.52" read -
44.61.

14 On page 241, in column VI, table of analyses, opposite
Na,Q, for ““4.22”, read 4£.82.

15 On page 243, table of analyses, for “ XIL V" read XZ/V .

16 On page 252, 18th line from the top, for “inmicroper-
thitic’’, read ¢z microperthitic.

17 On page 284, 2nd line from the bottom, for “Brauner”,
read Branner; also, in the references at the bottom of the same
page, transpose references ¢ and 3.

18 Omn page 3035, 7th line from the top, for “42.377, read
44.72; and, 8th line from the top, for “34.66%, read 37.07.
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LETTER OF TRANSMITTAL

GEOLOGICAL SURVEY OF GEORGIA,
Atlanta, September 2nd, 1go01.

To His Excellency, A. D. CANDLER, Governor and President of
the Advisory Board of the Geological Survey of Georgia,

Sir :—1 have the homor to transmit herewith the report of
Dr. Thomas L. Watson, Assistant Geologist, on a part of the
GRANITES AND GNEISSES OF GEORGIA, to be published as Bulletin
No. 9-A, A Preliminary Report on a Part of the GRANITES AND
GNEISSES OF GEORGIA.

As a rule, only those deposits, that have been, or are now be-
ing, worked, and those, included in the general areas, as’indicated
by the several maps, are included in this bulletin, other valuable -
deposits of these stones being left for a later report.

Very respectfully yours,
W. S. YEATES,
State Geologist.






INTRODUCTION

The present report, as the title indicates, embodies the study of
only a part of the granites and gneisses of the State. Excepting
the Paleozoic area, occupying the northwest portion of the State
and including the ten northwestern counties, all that part of the
State north of the Fall Line, which line extends from Augusta
through Macon to Columbus, contains somewhat extensive areas
of granitic rocks. Of this northern section, granites and gneisses
have only been quarried in those counties comprised within the
limits of the Piedmont plateau. Openings, of greater or less dimen-
sions, have been made in nearly every one of the Piedmont coun-
ties, where stone of this class was desired for local purposes; but,
up to the present time, less than a score of these counties include
the entire granite industry in Georgia.

Owing, therefore, to the rapid increase in the production of, and
output in, these rocks in the State, within the past few years, and
the enormous quantity of superior stone, thoroughly suited for all
grades of construction, decorative and monumental work, for which
granite is used, there was an urgent demand for an immediate and
thorough geologic study of the granites and gneisses, occurring in
the principal granite-producing counties. This report, then, is
limited to a study of the granitic rocks of the principal granite-
producing counties in Piedmont Georgia. Many counties, not here
included, contain, in all probability, equally as large areas of granite
and gneiss, as the ones reported on; and these will furnish mate-
ial for a second volume on this most important subject.

The report is divided into, and treated in, six chapters. Chapter
I discusses the physical and chemical propertles, varieties, geo-
logical age, mode of occurrence, history and uses, and origin of
granites in general ; also, the general geological and geographical
distribution of granites in the United States, with special reference
to those of the Atlantic Border region. Chapter II treats of the
general physical, chemical and economic properties of building
-stones, as relating more especially to granitic rocks. In the prepa-
tation of this part of the report, free and liberal use has been made

(15)
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of the following valuable publications, bearing on the subject,
namely: “Stones for Building and Decoration,” by George P.
Merrill; “ The Physical, Chemical and Economic Properties of
Building Stones,” by George P. Merrill; and ¢ Building and
Ornamental Stones of Wisconsin,” by E. R. Buckley. All ref-
erences to other publications used are made in the text.

In Chapter II1, Part 1, the general geology and physiography of
the Georgia portion of the Piedmont plateau is described. Part 2
gives a general detailed description of the individual properties by
counties, including the occurrence, the chemical and mineral com-
positions, and the physical tests, of the Georgia granitic rocks.

Chapter IV includes the general study of the chemic and litho-
logic characteristics and the correlation of the Georgia granitic
rocks.

Chapter V, Part 1, contains a statement and discussion of the
general principles of rock-weathering. In the preparation of this
part of the report, unlimited use was made of the published papers
on this subject, by Dr. Merrill, in the * Journal of Geology”, and
the “Bulletin of the Geological Society of America’ ; and in his
book, entitled ‘“Rocks, Rock-Weathering and Soils”. Part 2 of
Chapter V, contains a detailed study of the changes and processes,
involved in passing from fresh to decayed rock (weathering) as
especially applicable first, to the granites; second, to the porphy-
ritic granites; and third, to the granite-gneisses, occurring in
Georgia. o

Chapter VI concludes with tables of statistics, physical tests and
chemical analyses of the Georgia granitic rocks.

The map accompanying this report, on which is delineated the
areas of granite and gneiss, does not include all the areas of these
rocks in the State; but only the areas, studied by the writer in
the field and described in the text, are shown. A similar detailed
field-study of the remaining counties, which contain granites and
similar rocks, will, of course, add to the areas given on the map,
and will likely result in the extension of those here studied.
The writer has made a reconnaissance of several granite areas not
shown on the map; but he has not attempted to give them, for the
reason, that they have not been studied in sufficient detail and their
boundaries accurately enough traced in the field to warrant their
mapping. ‘The same convention or color is used to denote both the
granites and gneisses, for the reason that the gneisses studied and
reported on in this volume are believed to be true granite-gneisses,
i. e., derived from original intrusive granites.
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In each one of the areas designated on the map, numerous small
openings have been made in different places, and some rock taken
out for purely local purposes. Such openings are exceedingly small
as a rule,and could not be dignified by the name of quarry. These
openings have not, therefore, been marked on the map. Only
those, which are properly termed quarries, are given.






THE

Granites and Gneisses of Georgia

CHAPTER 1

GENERAL CONSIDERATIONS

DEeFINITION. — The exact origin of the term, granite, is some-
what obscure. It is probably derlved however, from the Latin
word, granum, meaning a grain, in reference to its granular text-
ure. Edward Hull® refers to 1ts use by Caesalpinus, as far back
as the year 1596, and, again, in 1698, in a publication by Pitton
de Tournefort. It was used by Werner,? in studying the rocks of
the Hartz mountains in 1775, and, ten years later, by Hutton 3
(1785), when in search for facts in proof of the igneous origin of
this rock. The name is also stated, to have been traced by Chateau
to the Italian word, granio, in reference to the different colored
grains. The exact usage in the above cases is not entirely clear ;
but it evidently related to rock texture and not to mineral com-
position, as it was apparently employed to designate rocks of a
coarsely granular character. ’

Whatever its derivation and usage then, it is employed by pet-
rographers, at present, to designate any /zoZo—crystalhne massive,

-granular rock, of igneous origin, composed of the two essential
minerals, quartz and a potash feldspar, either orthoclase or micro-
cline, or both. TUsually, one or more minerals of the mica, am-
phibole or pyroxene groups are present, to the extent of imparting

I A Treatise on Building and Ornamental Stones, London, 1872, p. 20.
2 1,yell’s Principles of Geology, 1883, 11th Ed., Vol. I, p. 6.
3 Ibid., p. 74.

(19)
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some distinctive character to the rock. Fach of these is evident
to the eye without the aid of a lens. More or less plagioclase
feldspar is invariably present, with numerous other minerals, in
microscopic proportions, which do not in any degree influence the
character or properties of the rock.

MiINERAL COMPOSITION AND STRUCTURE. — Prestwich® quotes
from Delesse the following proportion of the various mineral con-
stituents, determined for two well known granites : —

Egyptian Red Granite

Parts
Orthoclase Feldspar, Red . . . ¢ v v v i v v o v oo 43
Albite White . . . v ¢ v v v oo e e e . 9
Quartz, Gray =« « « « v « + v v ot e oo e 44
Mica, Black . « = = v ¢ v o v v v e v e et e e e e e e e 4
Total o ¢ v v v o vt e e i e e v e e e e e e e e . 100
Porphyritic Granite, Vosges
Parts
Orthoclase Feldspar, White . . . +« « v v ¢« ¢ ¢ 4« v v v o & 28
Oligoclase ¢ Reddish . . . ... ..« 7
Quartz, Gray « « « « « ¢ « « o o + + Ve e e e e e e e e 59
1 T Y
Total v & & v v v v e e e e e e e e e e e e e e e e e 100

In addition to the two essential minerals, quartz and a potash
feldspar (orthoclase or microcline), more or less plagioclase feld-
spar, generally albite or oligoclase, and the characterizing acces-
sory mineral or minerals, belonging to the ferro-magnesian group,
mica, pyroxene or hornblende, occur. Other accessories are found
in microscopic proportions, the most common of which are apatite,
zircon and magnetite, with less frequently sphene, topaz, garnet,
epidote, pyrite, allanite, beryl, tourmaline and flourite. ‘These
minerals oftentimes prove to be of scientific interest; but they are
not of any importance economically ; since they rarely exert any
direct influence, either on the appearance or the wearing qualities
of the rock.

The constituent minerals formlng any igneous rock-mass are
conveniently divisible into (a) essentialand (b) accessory minerals.
These are further divisible, according to whether they are the first
products of consolidation from the parent mass, or are products of

subsequent changes into (c) przmary or orzgmal and (d) secondary
minerals.

I Chemical and Physical Geology, Vol. 1., p. 42.
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The essential constituents of a rock are those minerals, which
are requisite and necessary, for the rock to retain its name. For
example, when the essential mineral, quartz, is absent from the
granite magma, or is present only to the extent of an accessory, the
rock is called a syenite. The accessory constituents are those min-
erals, whose presence or absence do not affect the name of the
rock : to wit, the presence of magnetite in granite. The accessory
mineral, predominating in the rock, and as a rule, present in such
quantity as to be recognizable by the unaided eye, is termed the
characterizeng accessory. Thus, biotite granite (granitite) is com-
posed of the essential minerals, quartz and a potash {feldspar, and
with enough of the accessory mineral, biotite, present, to impart a
distinctive character. Primary or orzgznal constituents are those,
formed upon the first comsolidation of the rock from its parent
molten magma. All the essential constituents are primary or
original ; but, conversely, not all the primary constituents are
essential ones. Thus, quartz and potash feldspar are both primary
and essential minerals in a granite, while magnetite and apatite
are primary, though not essential. Secorndary mineral constitu-
ents are those, which have formed, subsequent to the rock’s first
consolidation from the molten magma, and are traceable directly
to the agencies of weathering and alteration. For example, the
change of biotite into the secondary product, chlorite, in a granite.

A list of the most important minerals, occurring in granites, ar-
ranged according to the above, is given below —

CONSTITUENTS OF GRANITES?

Essential Minerals .

Quartz

Orthoclase

Microcline

Albite + FELDSPAR GROUP
Oligoclase

Labradorite J

¥ The Building Stomnes of the United States and Statistics of the Quarry Industry, by G. W,
Hawes (Geo. P. Merrill, Editor), Tenth Census Rept., 1880, Vol. X, p. 16.
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Accessory Minerals

Characterizing Accessories - , Microscopic Accessories
Muscovite ) Sphene
Biotite , Zircon
Phlogopite } Mica Groue Garnet
Lepidolite Danalite
Hornblende Rutile
Pyroxene Apatite
Epidote " Pyrite
Tourmaline Pyrrhotite
Acmite Magnetite

. Hematite
Ilmenite

Secondary Minevals, Due to Weathering and Altevation

Chlorite Calcite

Epidote Muscovite

Uralite T imonite

Kaolin Hematite
Magnetite

Structurally, the granites are holo-crystalline, granular rocks ;
and, as a rule, without perfect crystal outline (aZZozfrzomorp/zzc)
d1sp1ayed in the essential minerals. The feldspars, however, ap-
proach more or less perfect (idiomorphic) forms at times, when
the structure is referred to, as Aypidiomorphic-granular. 'This
irregular crystal outline of the constituent minerals (ankedra) has
been determined by interfering crystallization, resulting in each
mineral assuming the form imposed upon it by its growing
neighbors. As original products of crystallization from a molten
magma and interference on consolidation, the individual minerals
are rendered not only irregular in crystal outline ; but the grains
interlock in an intricate manner, imparting thereby a high rela-
tive strength to the rock. The constituent grains vary in size
from several inches down to bemg scarcely discernible by the
naked eye.

When unchanged by metamorphism, the granites are massive
rocks. Subsequent action, however, on a granitic mass chiefly
through pressure and recrystallization, results oftentimes in a
more or less perfect re-arrangement of the constituent minerals
along parallel or wavy lines, producing a secondary structure in
the mass (schistosity), forming the so-called granite-gneisses.
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True gneisses, however, are the resulting metamorphosed recrystal-
lized products of sedimentation, in which the original bedding
planes are generally preserved.

In granites, as in many of the other igneous rocks, one or more
of the minerals may stand out prominently as larger regularly or
irregularly bounded crystals, imbedded in a groundmass of finer-
grained crystallization. The large crystals have been conveniently
des10fnated phenocrysts,and are frequently quite conspicuous to the
unaided eye. Such a structure among igneous rocks is known as a
porphyritic one, and when developed in the granite magma, the
rock 1s termed a porphyritic granite.

The quartz and feldspar in granite may occur so intergrown or
intercrystallized in parallel positions, with coarse (macroscopic)
texture, that when cut in certain directions the section represents
a graphic appearance, and the structure is called pegmatitic or
graphic, and the rock is known as graphic granite. 'The micro-
scopic intergrowths of the two minerals, quartz and feldspar, are
frequently developed in granites. This structure is referred to as
micropegmatitic or granophyric.

The granites vary indefinitely in texture from fine, even gran-
ular to coarselv porphyritic types, in which the porphyrmc Teld-
spars are several inches in length. The feldspars are the only
porphyritically developed mineral species in granite. ‘The quartz
porphyries, which have essentially the same mineral and chemical
composition as the granites, and from which they differ mainly in
structure, contain quartz as the porphyritically developed mineral.
On solidification from the molten magma, quartz has been in all
cases the last mineral to crystallize out; and it occurs filling more
or less well defined areas and interspaces with irregular, inter-
locking outlines. On microscopic examination under a high-
power objective, the quartz anhedra are seen to contain numerous
small cavities partially or wholly filled with fluid or gas, or both,
containing usually sodium and potassium salts and carbonic acid
gas. Other inclusions in the form of rutile needles and prismatic
apatite and zircon crystals are commonly observed. Microscopic
mineral inclusions may be common to each of the essential con-
stituents in granite.

CrEMICAL CoMPOSITION. — The chemical composition is neces-
sarily controlled by the mineral composition of the rock, and
varies accordingly within certain prescribed limits.
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Some idea may be gained as to the varying composition of
granites in general from the following analyses :—

KiNDs AND LoocarLrries SiO, AlLO; FeO CaO MgO K,0 Na,0 HO

and or loss
Fe,04 on Ig-
Biotite granite, near Dublin, nition
IrelandT . . . . . . . 73.00 13.64 2,44 1.84 2.11 4.2T 3.53
Biotite granite, Silesiat . 73.13 12.49 2.58 2.40 0.27 4.13 2.6I
Biotite granite, Ralelgh
N..CI . .4 v v v 69.28 17.44 2.30 2.30 0.27 2.76 3.64
Hornblende granite, Salt
Lake, Utahr , . 71.78 14.75 1.94" 2.36 0.7I 4.89 3.12
Hornblende granite, Sauk .
Rapids, Minn.z . . . . 64.13 21.01 6.90 1.26 1,22 3.3

Gnelssmd biotite granite,
District of Columbiar . 69.33 14.33 3.60 3.21 2.44 2.67 2.70
Hornblende-mica granite,

Syene, Egypt® ... . 68,18 16.20 4.10 I.75 0.48 6.48 2.88
Granite near Ironton, Mls- )

souri? . . . . . ... 69.94 I5.19 2.48 I.15 0.92 4.29 3.95 0.99°
Biotite gramte Woodstock

Maryland?®. . . . . . . 71.79 15.00 1.8 2.50 0.5T 4.75 3.09 0.64°
Biotite granite, Dorsey Run '

Cut, Maryland®. . . . . 70.45 15.98 2.59 2.60 0.77 3.59 3.83 0.45°
Biotite gramte near Ogles- :

by, Georgia* . . . .. . 69.74 16.72 1.45 1.93 0.36  5.33 4.84 0.47°

Porphyrmc granite, near
Line Creek, Fayette
county, Georg1a‘ .. . 70.24 16.98 1.46 2.00 0.76 5.03 3.70 0.50°

Muscovite granite, Stone o
Mountain, Georgia® . . . 72.56 14.81 0.94 1I.19 .0.20 5.30 4.94 0.70°

Varying amounts of other constituents commonly occur in
granitic rocks ; but they are generally present in small propor-
tions, amounting frequently to scarcely more than a trace, which
may safely be omitted in the methods of ordinaryanalysis. Phos-
phoric anhydride (P,0,) in combination with calcium, as the min-
eral apatite, is almost universally present in granites, rarely ex-
ceeding 0.2 per cent., and frequently ranging as low as a few hun-
dredths of one per cent. Titanic oxide, usually present as titan-
iferous magnetite, or as ilmenite, and its alteration product, leu-
coxene, and as included needles of rutile in the quartz, and some-

I Quoted from Merrill, Geo. P., Rocks, Rock-Weathering and Soils, 1897, p. 66.

2 Haworth, E., The Crystalline Rocks of Missouri, Ann. Rep,, Missouri Geol. Survey, 1894,
Vol, VIII, p. 140. Contains, in addition, o.03 MnO; 0.13 P, Os; 0.25 TiO,,

3 Williams, G. H., 15th Ann, Rep., U. S.G. S., 1893~94, p. 672
4 Watson, Thomas I,., Analyst.

5 X,osson Ignition.

6 water.

7 Gave 1.09 per cent. of manganese oxide.

8 R, 1, Packard, Analyst.
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times replacing silica to a slight degree in the ferro-magnesian
group of silicates (mica, hornblende and pyroxene), amounts to as
much as o0.50 per cent., rarely more and generally less. Man-
ganese is frequently present in small and variable amounts.
Barium, strontium and lithium, while common, never occur except
in traces of less than o.10 per cent. Zirconium, present as the
mineral zircon, is very prevalent ; but in scarcely more than trace-
able quantities. Owing to the large amount of free quartz added
to that, present in the form of the silicates, granite is grouped as
the most acid member of the igneous rocks, with a range in the
silica constituent, from 65 to 8o per cent.

VARIETIES OF GRANITE. — From a mineralogical standpoint, the
prevailing accessory mineral present serves as a basis for classify-
ing or naming the various kinds of granite. Therefore, according
to whichever one or ones predominate, we have the followmg more
commonly occurring varieties: Muscovite granite, biotite granite
(granitite), muscovite-biotite granite, hornblende granite, horn-
blende-biotite granite, augite granite; and occasionally, epidote,
tourmaline or schorl, and chlorite granite. Aplite is a term used
by the Germans to designate a fine-grained granite composed almost
entirely of quartz and feldspar with but little or no mica, and
occurring mostly in dikes. The name, granitell, has also been
applied to rocks of this class. Pegmatite is a coarse-grained vein
or dike rock, consisting of an admixture of the essential minerals,
quartz, the acid feldspars, orthoclase, oligoclase, albite and micro-
cline—the last two being especially characteristic—with, in some
cases, a somewhat large proportion of rare minerals, and the more
acid micas, muscovite and 1ep1dol1te, and less frequently biotite,
and is considered a product of aqueo-igneous action.* Greisen is
the name applied to a rock consisting chiefly of quartz and mica,
with accessory topaz in some cases ; and is regarded as a product of
fumarolic action. The name unakite has been given a granite
rich in epidote with pink feldspars, occurring in the Unaka moun-
tains of Fastern Tennessee and Western North Carolina. Proto-
gine, though not very generally used, is the name given to the
variety of granite, in which the mica 'has been wholly or in part
replaced by talc.

The varieties of granite, occurring most frequently in the United
States, are very largely biotite, muscovite and biotite-muscovite
granites, and hence may be referred to as mica granites. The bio-
tite granites greatly predominate.

I Crosby, W. O., and Fuller, M. L., Origin of Pegmatite, Tech. Quart,, 1896, Vol IX, pp. 326-
356 ; American Geologist, Vol, XIX, p. 151.
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GENERAL PHYSICAL PROPERTIES. — The average specific gravity
of granite is 2.66, which is equivalent to 16614 pounds per cubic
foot, or, app1ox1mate1y, two tons per cubic yard. Merrill® says,
that according to Prof. Ansted, granites ordinarily contain about
0.8 per cent. of water, and are capable of absorbing some 0.2 per
cent. more; a cubic yard of the stone usually contains, therefore,
3.5 gallons of water. The compressive or crushing otrength of
granite varies somewhat widely; though it is usually included
within the limits of 15,000 to 20,000 pounds per square inch.

The granites vary in color, from a common light mottled-gray,
through a very dark blue—gray, to deep red or pink, imparted by
the abundance and kind of accessory minerals, and the vari-colored
feldspars present. A granite, in which muscovite is the character-
izing accessory mineral, is prevailingly light-gray in color ; while
the dark colored varletles invariably owe their deep color to an
abundance of black mica (biotite) or hornblende. All gradations
between these two shades occur, according to the relative abun-
dance and kind of the ferro-magnesian mineral, or minerals, pres-
ent as the characterizing accessory, and according to the tint of
the feldspars, and, in some cases, the quartz. The various shades
of green, pink and red, frequently observed, are largely due to the
similarly colored feldspars present.

GEOLOGICAL AGE AND MODE OF OCCURRENCE ——The granites
are massive, holo-crystalline, granular rocks. They were firmly
held at one time to be the oldest of known rocks. As Sir A.
Giekie? says, this idea doubtless originated from the fact, “that
granite is found rising from beneath gneiss, schist and other crys-
talline masses, which, in their turn, underlie very old stratified for-
mations.” On the’ contrary, gramtes are not in all cases, as was once
supposed, the oldest of rocks; but they are found associated with
and breaking through rocks of all ages, up to late Mesozoic and
early Tertiary time. They do, however, occur most frequently asso-
ciated with the older rocks of the earth’s crust, in the form of large
eruptive bosses intruded into the overlying rocks, and oftentimes
interstratified with the various metamorphic gneisses and schists,
forming the central part or core of mountain chains. It follows
therefore, from the origin of granite, which is discussed on pages
28-30, that its occurrence with the older and lower, instead of with
the newer and higher rocks of the earth’s crust is natural, and
-what would be expected As determined by Whitney and erkel
and, later, by geologists on the U. S. Geological Survey, the occut-

I Merrill, Geo. P., Stones for Building and Decoration; John Wiley & Sons, New York, 1897 ;
2nd Bd , p. 228, ’

2 Geikie, Archibald, Text-Book of Geology, 1893 ; 3rd EQ , p. 565.
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rence of granite in the western United States, ranges in age, from
Archeean up through the close of Jurassic time. Most of the
granites of the eastern United States have been considered of
Archeean age, though recent writers ascribe different periods of
intrusion, in the various portions of the Atlantic Border belt.
Some of the Vermont granites are considered by Hitchcock as
having been erupted, or protruded, during Silurian, or even Devo-
nian, time. Recently, Prof. Emerson® has concluded, from a study
of the relationship of the granites and tonalites of Old Hampshire
county, Massachusetts, to the surrounding schists and other rocks,
that they are of late Devonian or Carboniferous age. Granite does
not, therefore, belong exclusively to any one geological period;
but it has been intruded, at various periods.

THE HisTORY AND UsgES OF GRANITE.— A brief statement, re-
lating to the historical introduction of the use of granite in the
United States, may prove of some interest. Asfar back as the reign
of Zestus, chr of Thebes, 1,300 years before the Christian
Era, the crramte of Syene (‘“Syénite rose d’Egypte’’) is stated 2
to have been extensively quarried by the Egyptians, and fashioned
into various columns, obelisks, sarcophagi and statues. These are
to be found, at present adormng the various cities of the old
world, more especially those of modern Europe. Of more recent
date, are the granites of Italy and the adjacent islands (principally
Sardinia and Elba), France and the British Isles.

The first authentic record ® of the use of granite in the United
States was in the construction of stone buildings in Boston,
Massachusetts, between the years 1630 and 1650. The stone
was obtained from the loose, scattered boulders in the vicinity of
Boston. The methods employed for splitting and shaping the
rock were crude and expensive, and resulted in but few structures
being built therefrom. The beginning of the present century,
however, inaugurated changes in the method of splitting the
stone ; namely, that of drilling holes ond driving in wedges,*
which method is in vogue at the present time. The Massachu-
setts State prison in Charlestown, finished in 1805, and the Bunker
Hill monument and Kings chapel of the same place, were the
first structures built of granite split according to the above
method.  The use of granite in the United States properly dates
from the building of the above structures in Charlestown. For -

1 Monograph XXIX, U. S. Geol, Survey, 1898.

2 Bdward Hull, Op. Cit.

3 Wolf, J. E., 10th Census Report V01 X, pp. 282-285.
4 Techunically, “plug and feathers.”
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many years, quarrying was restricted to the loose boulders; and
the first account of any ledge quarrying was about the close of
the first decade of the present century. Work was limited, for
some time, to two varieties; namely, the so-called Chelmsford
light-colored granite, from near Lowell, Massachusetts, and the
dark-colored Quincy granite, of the same State. As early as the
year 1818, this granite is said to have found its way into Georgia;
and a church in Savannah was built of it, $25000 worth of the
stone being sold, it is said. It is further stated,® that in 1848
there were as many as thirty to forty blocks of granite buildings
in the city of Boston.

Up to within the last twenty years, however, the use of granite
in this country was in heavy massive forms of architecture, and
was then introduced, probably not more on account of its desira-
bility by the people, than because of its ready accessibility, when
transportation and labor were, as now, the important controlling
factors. Within the last two decades, however, the value of this
stone, from an artistic, as well as other points of view, for orna-
mental and interior decorative work, has been thoroughly tested,
as displayed in the interiors of the numerous public buildings
throughout the large cities ; and by shafts and monuments in our
cemeteries. Its wide range in properties, such as, hardness,
structure and texture,strength, susceptibility to high and permanent
polish, and especially the various and numerous shades and tints
of color, requisite qualities, eminently fits this stone for all kinds
and grades of ornamental and decorative work. It rightly de-
serves first rank as a building and ornamental stone, since it more
nearly meets the universal needs and requirements, than any
other. Precedence is given it, over all other stones for monu-
mental work. For street purposes, in the form of Belgian blocks
and curbing, it has been thoroughly tested; and a large number
of the streets of our principal cities are paved with this stone.
Further uses are made of it, for piers, dams for breakwaters, re-
taining walls and steps, and in bridge and culvert construction.
Wherever stone of great durability is required, granite is used.

The importation of granite from various foreign localities into
the United States, mainly as monumental stone, has been greatly
reduced, on account of, ﬁrst the tariff imposed on such material ;

- and, second the abundance varlety,supenor quality, ready accessi-
b111ty and Workab111ty of the granites within our own confines.

THE ORIGIN OF GRANITE.— As early as 1768, before Werner
had commenced his work at Freiberg, Raspe had advocated an

I Wwolf, J E., Op. Cit.
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igneous origin for the basalts at Hesse. Werner subsequently
made observations on the basalts of Saxony and Hesse, conclud-
ing, that they were not of igneous origin, but were chemical
precipitates from water. Thus arose a long and bitter contro-
versy between the two opposing schools of geologists, the Vul-
canists, who advocated the formation of certain rocks by igneous,
subterranean forces, and the Neptunists, who favored origin by
aqueous forces. About this time, Desmorest, after a careful sur-
vey and mapping of the rocks of the volcanic district of Au-
vergne, France, established, in a masterful way, their igneous
~origin, although unable to convince the Wernerian school.

Guided by the absence of stratification in granite-and its anal-
ogy, in mineral character, to rocks, which he considered of igne-
ous origin, Sir Charles Lyell says, that Hutton was led to believe,
that granlte was also of igneous origin, and was the first one to
prove it. Not satisfied with theory alone, Hutton set about to
find some facts, from field evidence, in support of his theory,
having in view mainly the discovery ‘‘at the contact of granite
and other strata a repetition of the phenomena exhibited so con-
stantly by the trap-rocks.”* Sir Charles Lyell also states, ? that
Hutton went to the Grampians, to test his theory, by surveying
the contact between the granite and the superincumbent stratified
rocks; and, when at Glen Tilt, he found in 1785, ‘‘the most
clear and unequivocal proofs in support of his views”. The
proof consisted of red granite veins (apophyses) intersecting the
mica schist and limestone, given off from the main granite mass ;
and alteration of the schist and limestone at the line of contact,
which is strongly marked by metamorphism from the intruded
granite mass.

Afterwards, when the igneous origin of granite was well estab-
lished, many geologists believed, that some granites were of meta-
morphic origin, inasmuch as gradations into gneisses, through
crystalline schists and unaltered strata, were seemingly traceable,
the granite representing the extreme, and the gneiss a less ad-
vanced stage of the process. Granite is now regarded as an igne-
ous rock ; and where such gradations into gneiss and schist occur,
they are looked upon as an alteration, accomplished through the
agencies of metamorphism of the original granite. Cases abound,
where gneisses can be shown, beyond doubt, to have been derived
from granite; these are sometimes called folzaz’ea’ granite or gran-
tte-gneisses. While some gneisses are derived from an original
granite mass, others are as certainly the derived products of meta-
morphosed sedlments

I Principles of Geology, 1883, 11th Ed., Vol. 1, p. 74. 2 1%id.
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Granite, then, 1s, from its position in the earth’s crust, referred
to and classified as a plutonic rock ; that is to say, a rock, which,
under certain peculiar conditions of heat and pressure, has cooled
from a molten state, at varying but great depths under masses of
overlying rock, into which the molten mass was intruded from
the earth’s interior. Wherever granite is exposed at the existing
surface, it is believed to be due to the removal, by denudation, of
the superrncumbent masses of rock, under which it originally con-
solidated. From these condrtrons, necessarily follows the holo-
crystalline, granular structure of the granites, whose individual
mmeral grains are irregularly and intricately interlocked, 1mpart-

ing thereby great strength to the rock.

The evidence, upon which rests the recognition of the igneous
origin of granite and other rock-masses among the older crystal-
line rocks, similar to those of the Piedmont belt of Georgia, de-
pends in part upon their field relations, and in part upon their
chemical and microscopical characteristics.

The rhyolites (liparites) have the same clhemical composition
as the granites ; but they differ in texture, and slightly in mineral
composition, and are considered the voleanic or effusive equiva-
lents of granite. ‘The two are grouped as the granite (plutonic or
1ntrusrve) and rhyolite (volcanic or effusive) groups of rocks.
The distinction is based primarily upon the position of the two in
the earth’s crust; the granites being formed deep below, while the
rhyolites were formed at or near the surface of the earth.

GEOLOGICAL, AND GEOGRAPHICAIL, DISTRIBUTION
OF GRANITES IN THE UNITED STATES

Granites are among the most common and wide-spread rocks of
the United States. They occur principally along the Atlantic
Border or Appalachian region ; in the western bordering States of
the Great Lakes ; and in the mountainous regions of the west, be-
ginning with the front range of the Rocky mountains and extend-
ing westward to the Pacific coast. Smaller detached areas occur
in several of the Interior Basin and Gulf States, especially Mis-
souri, Arkansas and ‘T'exas.

Since the granite industry has been, until very recently, almost
entirely restricted to the Eastern or Atlantic Border States, the
other areas may be dismissed in a few words.

I The granites of the Western United States have been, up to
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the present, only sparingly quarried. While the rock abounds in
both quantity and quality throughout various portions of the
West, quarrying is limited almost exclusively to California, Colo-
rado, South Dakota, Montana and Oregon ; and it is carried on
sparingly in Utah, Idaho, Nevada, Washington and Wryoming.
The granites of this section range in color, from light-gray to red ;
and in texture, from fine to coarse grain; and they generally carry“
biotite as the pr1nc1pa1 accessory mineral. In extent, they range
from the Fastern Rocky mountains to the Pacific coast, and from
Montana and Wyoming to Utah, in a north and south direction.
Various periods of intrusion have been assigned them, ranging
in age from Archaan up through Jurassic time. The first pro-
ducing quarry was opened in 1853, in the State of California.
The valuation of production® from 1890 to 1897 inclusive, by
States, is:—

California . . . . . . . . . o .. 0oL, . . $5,199,547

Colorado . . . & . . .o e e e e e .. 956,953
South Dakota® . . . « . . . v o .0 .. .« .. 693,524
Montana®. . . . . . . . .0 00 e e e e 93,800
Idaho . . . . . 0 o s e s e e e e e e e e 19,497
Navada® . . . . .. .. ... e e e e e e e e 12,100
Utah . . . . . .. e e e e e e e e e e e e e e e 29,030
Washington® . . . . . . 0 0. 00 e e e 5,800
Oregom . . v v v v v v vt e e e e e e s e e e e 74,700

Total v v v v v v e e e e e e e e e e e e e $7,084,956

IT In the Middle West and Northern Great Lakes region, quar-
rying is confined almost exclusively to two States; namely, Min-
nesota and Wisconsin, both of which yield large quantities of ex-
cellent granite of the gray and red, fine- and coarse-grained varieties,
carrying hornblende and biotite as the chief accessory minerals.
According to Professors Chamberlin and Winchell, and Dr.
Buckley, the granites of these two States are pre-Cambrian in age.+

The first active quarry was opened in Minnesota in 1868. The
outputs of granite in these two States, for the years 1890 to 1897
inclusive, was $3,241,266, as follows : —

I Nineteenth Ann. Rept., U. S. Geol. Survey, 1897-98 (1898), Part VI, p. 211.
2 A part of thisis the Sioux Falls Quartzite.
3 Total valuation for 1890 in Montana, Washington, Nevada and Arkansas equals $76,000.

4 gee the State reports issued by the Geological and Natural History Surveys of Wisconsin
and Minnesota.

5 Nineteenth Aun. Rept., U. S. Geol. Surv., 1898, Pt. VI, p. 2II.
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Minnesota . . . . . . e e e e e e e e e e e e e e $1,537,319
WIsSConsinn  « « & = v v v ¢ e e e e e e e e 1,704,947
Total « v v v - v .. e e e e $3,241,266

III In Missouri and Texas, limited areas of red and gray col-
ored granites have been worked. They consist chiefly of the bio-
titic variety ; although, in the former State, the red granites carry
but little of the accessory mineral. ‘The Arkansas rock, while it
is worked and marketed, to some extent outside of the State; and
while it is of fine quality and pleasing color, is not, petrograph-
ically speaking, a granite; but it is classed as an elaeolite-syenite
(fourchite).* The output? in these States for the years 1890 to
1897 inclusive, was $2,370,897, proportioned as follows : —

MiSSOUTL & v o ¢ v o s o o ¢ o o o o + o s o s o o o+ $2,047,756
TEXAS ¢ v o o o o o o o = 2 s o o 6 o o o s 5 s o v 4 190,041
ArKansas « o o v v« s e 6 v e e v u e e s e e e 133,100

Total . « . « « ¢ v ¢ v . & e e e e e e s W s o o $2,370,897

Quartz porphyries, granite porphyries and rhyolite occur in
various places over the western and northern areas of the United
States above described, which, on account of their occurrences,
and their mineral and chemical composition, are grouped as gran-
itoid rocks, and are employed, to some extent, for certain economic
structural work.

THE GRANITES OF THE ATLANTIC BORDER, OR
APPALACHIAN REGION, OF THE
UNITED STATES

Throughout the entire length of the Appalachian, or Atlantic
Border, region, from Northern New England to South Central
Georgia, similar geologic agencies have operated in producing
closely similar results. Contemporaneity of sedimentation and up-
lift, eruption and metamorphism have obtained throughout this
belt, with hardly more than variation in detail. The geologic
forces operating and the results produced have been remarkably

1 Williams, J. Francis, The Igneous Rocks of Arkansas, Ann, Rept., Geol. Surv. of Ark., 1890,
Vol. II.
2 Nineteenth Ann. Rept., U. 8. Geol. Surv., 1893, Pt. VI, p. 211.
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THE GR NVILLE GRANITE COMPANY'S ¢ RRY, NEAR GREENVILLE, M
GEORGIA, AND THE ERODED SURFACE IN THE ACCOMPANYING RESIDUAL CLAY.

Fig. 1. Shows the Graduation from the Residual Clay to the Fresh Granite.
Fig. 2. A Gullied Slope in the Deep Red Plastic Clay Derived from Biotite Granite,
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uniform over so wide a territory. Locai causes have been active
in producing minor changes over various parts of the belt, differ-
ing @omewhat in action and result; but they have not succeeded
in oblitera ating or masking the phenomena resulting from the gen-
eral regional Torces.

After leaving New England, the belt of igneous and metamor-
phic crystalline rocks, bears very rapidly inland, until after leaving
New Vork, it is, with but few exceptious, 1n°cce<51bie to naviga-
tiom, ﬂecess&uh restricting transportation to rail, in most of the
Southern Atlantic States. Nature has further favored the north-
ern section, as far south as Southern Pennsylvania, by removing
the entire mantle of residual decay and exposing the hard and
fresh rock, by glacial action, which has greatly facilitated quar-
rying over the entire New Bugland region. Notwithstanding the
depth of residual decay covering the fresh rock, tmoughout the
South Atlantic States, the rock outcrops are abundant, and quarry
location is by no means difficult,

Granitic rocks occur, to some extent, in each of the Atlantic
Border States, comprised within the above defined limits. A gen-

eral and brief description of the geologic aud geographic occur-
rence and distribution of the granites, and the granite industry in
the various Atlantic States, is here given : —1*

CONNECTICUT ——Bmh granites aud gnezs:es have been exten-
sively quarried in this State limited, for the most part, to thefol-
lowing counties: 141f:czme1é Fairfield, New Haven, Middlesex,
New Lenﬂou‘ Windham, To}liaﬁé and Ha tford. But few of the
Connecticut stones are smd to have been marketed outside of the
State, the greater bulk having been quarried almost exclusively
for local use. 'The granites are characterized as fine, even grained
to porphyritic rocks in texture, and light-gray to red in color ;
and they carry both muscovite and biotite as the chief &ccessory
minerals, with the latter prevailing. 'The pink colored orthoclase
phenocrysts in the coarsely porphyritic granite of LeetesIsland are
said to measure two inches and more in length, A coarsely crys-

talline red granite is said to ocecur at or near Lyme, in New Lon-
cton county, which rivals in beauty the celebrated Scotch granite
at Pererheaé but it is not worked on account of its being too ex-
pensive. v ery dark-gray hornblende gneisses, carrying in addi-
tion some biotm, are worked for S“‘iC"EEV local uses at Haadam
Greenwich and Bridgeport. The granite output in this State, for
the years 1890 to 189 7 inclusive, was valued at $6,229,952.

! The main facts have, for most of the States, bzen necassarily abstracted from the Annual
Reporis of the U. 8. Geol. Survey, and from *“Stones for Building and Decoration, i%¢7.” by
Geo. P. Merrill. Credit is given in the proper places, wherever State Reports or other publica-
tions were used.
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DELAWARE. — The production of granitic rocks in Delaware is
very limited. ‘The only locality, where quarries have been opened,
is near Wilmington. The rock is a dark-gray augite-hornblende
gneiss, used for general building purposes in the city of Wilming-
ton. A large increase in production, however, was realized in
1897, when a considerable quantity of the rock was quarried for
use as breakwater stone, by the U. S. Government. The output,
for the years 18go to 1897 inclusive, was valued at $1,474,345.

MAINE. 1 i i
out the State and the adjacent islands, The entire coast-line of
Maine is composed of granitic rocks, more or less suited to gen-
eral construction work, which, owing to the advantageous condi-
tions for the ready handling of the stone at, and the transportation
by water, has opened up a multitude of quarries along its coast,
thereby rendering it one of the foremost States in the granite pro-
duction of the United States.

According to Prof. C. H. Hitchcock,* the principal granite areas
of the State are the Mount Katahdn area; the Washington County

rea, included between Penobscot bay and Schoodic lake, and ex-
tending in a northeast direction into and through New Brunswick,
with an estimated length of 290 miles, and width of from 10 to
20 miles ; the Mount Desert area ; and the Jonesport-Calais (Wash-
ington County) -New Brunswick area. Great variety of color and
texture is observed among the granite rocks of Maine. They vary
from light to dark gray, through pinkish to red in color; and from
fine, even grained to coarsely porphyritic, in texture. The pheno-
crysts of feldspar are, in many cases, more than an inch in length,
and generally white, though sometimes pinkish, in color. They
consist of both the potash species, orthoclase and microcline, The
majority of the quarried stones are biotite granites; although bio-
tite-muscovite, hornblende, hornblende-biotite and chlorite varieties
are common. The gramtes of this State have been widely marketed
throughout the United States. So far as is known at present, they
are all pre-Cambrian in age. The largest quarries in the United
States are located at Vinaihaven, Maine. The output of the State
for the years 189c to 1897 inclusive, was valued at $13,262,647.

MAaRVYLAND. — The occurrence of granitic and gueissic rocksin
the State of Maryland is limited to the ancient mass of crystalline
and partially crystalline rocks, forming the Piedmont plateau, the
southern extension of which crosses Virginia, the Carolinas and
Georgia in a southwesterly direction. “The quarrying, however,
is comprised within a triangular area, bounded on the east by the

I Geology of Northern New England.



GEQOLOGICAL AND GEOGRAPHICAL DISTRIBUTION 35
Coastal Plain sediments,and on the west by the partially crystalline
rocks on the western slope of Parrs Ridge,* and is confined, for
the most part, to the counties of Cecil, Harford, Baltimore,
Howard, Montgomery, Frederick and Carroll. The guarries
oaerated are the Port Deposit, Frenchtown, Ellicott City, Wood-
stock and Guilford, with the lesser ones, at or near Dorsej, s Run,
Sykesville, Cabin Johrn’s bridge, Garret’t Park, Brookville ané’.
Franklinville; and in the vicinity of the city of Baltimore at
Jones’ Falls and Gwynn'’s Falls.

The granites of Maryland are better adapted to general con-
structional work than for monumental purposes. They contain
biotite as their chief accessory mineral, and are light- to dark-
gray in color, and medium fine-grained in texture. Some of the
areas present porphyritic facies, with the feldspar phenocrysts as
large as an inch, and more, in length. The majority of these
rocks are granite-gneisses, a result of the action of the agencies
or metamorphism, mainly pressure, and recrystallization, on the
original areas of massive granites. The output, for the years
1890 to 1897 inclusive, was “valued at $2,692,086.

MassacurUSETTS. — The granite industry in the United States
properly dates from the opening of the quarries at Chelmsford
and Quincy, Massachusetts, in the early part of the present cen-
tury (1825), where the stone for the famous Bunker Hill monu-
ment at Charlestown was obtained. The principal granitic arens
are those at Chelmsford, Quincy, Cape Ann, Rockport, Lynn and
Lynnfield. They consist of coarse-grained, dark bluish-gray to
greenish colored hornblendic granites, The Quincy rock carries
pyroxene in addition to hornblende, and is properly termed a horn-
blende-pyroxene granite. Considerable black mica of the species
lepidomelane, variety annite, occurs distributed through some of
the Cape Ann granites.

Coarse-grained biotite granites are said to be worked at Brock-
ton, Milford, North Faston, Framingham, Leominster, Fitchburg,
Clinton, Fall River and Freetown. An epidote granite, the only
one of this variety marketed in the United States, is quarried at
Dedham, Massachusetts. ‘The new Trinity church in Boston is
said to be built of this stone.

Numerous fine-grained, light-gray to pinkish colored gneisses
are quarried at various places in the State, the most notable locali-
ties being in the town of Westford, and at several points in Wor-
cester county. It is stated, that the former is a muscovite gueiss,
of fine quality, and that it has been quarried, for the past thirty-

I Mathews, E. B., Md. Geol. Surv. Rep, 1393, Vol. IL, p. 137.
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five years. The largest quarries in the State are those of Cape
Ann, in the town of Gloucester. The output in Massachusetts,
for the years 18go to 1897 inclusive, was valued at $16,241,473.

NEw HAMPSHIRE. — According to Prof. Hitchcock,” the quar-
ried granites extend, though not continuously, over two-thirds of
the central and eastern parts of the State, and belong in age to
the White Mountain series. The location of the quarries are at
Concord, Fitzwilliam, Milford, Sunceok, Farmington, Hooksett,
Pelham, Salem, Marlboro, Troy, Sunapee, Allentown, Hanover,
Rumsey and Mason. Theserocks are for the most part hght -gray
to whitein color, and of fine grain, carrying biotite and muscovite
as the chief accessory minerals, assocza;,ec'i with, in some localities,
hornblende and epidote.

The most important one of the New Hampshire granites is the
light colored miuscovite-biotite granite, of West Concord, Merri-
mack county. This is the stone, used for the superstructure of
the new Congressional Library building in ‘Washington, D. C.

(Gneisses are quarried in various places over the State, for strictly
lIocal use, the most notable quarries being those of Peterborough
and Lebmom The output, for the years 18g0 to 1897 :ntchmswe7
was valued at $4,989,314.

New JERSEY. — The so-called Archaean area, which includes all
the granitic rocks of the State, is very narrow in width, and crosses
New Jersey in a northeast-southwest direction. But few guarries
have been opened, y 1e1a1ng mostly a biotite gneiss, which has been
used almost exclusively for heavy construction work. 'The granite
proper has been wholly undeveloped, although a hornblende-biotite
variety is known to occur it Vernon valley. The output, for the
years 1890 to 18g7 inclusive, was valued at $2,827,233.

NEw YORK.— Notwithstanding the reported occurrence of
gneisses and granites, suitable for general economic purposes,
over various portions of the eastern and northeastern sections of
the State, the granite industry of New VYork is comparatively
swall. Prof. Smock ? ‘states, that quarries have been opened at
various points, in close proximity to the lines of railway along
the Hudson river. A coarsely crystalline, gray granite is reported
to have been quarried, for many years, at Breakneck and Storm
King mountain; but it has been used mostly within the State.
Among the true granites, a deep-red, coarsely crystalline hornblende
granite, containing some mica, is quarried at several points on
Grindstone Island in the St. Lawrence river, for monumental
work. ‘The output of granite, the greater part of which was trap-

I Geology of Northern New England.
2 Bull,, N. Y, State Museum, 1838, No. 3, p. 11.
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rock for road purposes, for the years 1890 to 18g7 inclusive, was
valued at $1,621,697.

Norts CAROLINA.— T'wo belts, or areas,” within which the
granitic and gneissic rocks are comprised, cross the State, in ap-
proximately a northeast and southwest direction. The eastern
belt, termed the “ Hastern Granites and Gneisses”’, includes a part,
or the whole, of the following counties: Vance, “Walker, Frank-
lin, Granville, Warren, Anson, Richmond, Wilscn, Halifax and
Edgecombe. This area is overlapped by the Coastal Plain forma-
tions, on the east, and the Jura-trias and crystalline schists, on the
west, 'The stone, within this belt, has been developed to only a
very moderate extent, three quarries furnishing practically all the
stone used, which is entirely local, for bridges, pavings, curbings,
foundations and, to some extent, buildings. ‘The most extensive
granitic masses in the State are limited to the so-called “Piedmont
Granite Belt”’, which is bounded on its east and west sides by
crystalline schists. This belt includes those granites occurring
in the following counties: Gaston, Mecklenburg, Cabarrus, Ire-
dell, Rowan, Davidson, Davie, Forsyth, Guilford, Alamance, Sur-
rey and Alexander. ‘The most important quarries are those of
Dunn’s mountain near Salisbury; Mooresville, Iredell county ;
and near Mt. Airy, in Surrey county. The granites of North
{arolina occur in unlimited quantities, and are of excellent grade,
displaying great variety of color and texture. They are well
suited to all grades of construction and decorative work. They
are prevailingly of the biotite variety, although some muscovite
and hornblende occur in places, as characterizing accessories. TIn
color, they vary from hgab to dark-gray hrouoh pinkish to red,
and in texture, from fine, and even coarse, gramﬂar through por-
phyritic facies. The output in the State, for the years 18g0 to
18g7 inclusive, was valued at $702,580.

PENNSYLVANIA.— This State furnishes nothing in the way of
granitic rocks to the markets, outside of its own limits. Up to
the present time, all the stone quarried is gueiss, with the quar-
ries grouped within close proximity to Philadelphia. 'These rocks
are comprised within the ‘‘ Southern Gneissic District”, as de-
fined by the Pennsylvania Geological Survey. ‘This district ex-
tends from the Delaware river, at Trenton, to the Susquehanna,
and lies south of the limestone valley of Montgomery. The quar-
ried rock is limited to three counties; namely, Berks, Delaware
and Philadelphia. These gneisses vary from light- to dark-gray
in color, and contain biotite and hornblende, with, in places, some
muscovite, as the characterizing accessory minerals. The rock is
used mostly for foundations in Philadelphia.

I Lewis, J. V., 1st Biennial Report, N. €. Geol. Surv., 1891~'92, pp. 57-1:1.
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RHODE ISLAND.— The granites of this State are particularly
noted and prized as monumental stones. hey are fine and even
grained in texture; light-gray to pink- in color; and consist
largely of the biotitic variety, although muscovite and some horn-
blende occur, in certain localities, as characteri rizing accessory min-
erals. For monumental stock, the Westerly and Niantic granites
are widely knnown throughout the United States. Unusual care is
exercised in selecting the stone at the Westerly quarries, incurring,
at times, it is said, financial loss, in sustaining the standard and
high reputation, the stone bears in all the markets, where it has
been shipped.

Other areas in the State, where granite is quarried, are Center-
dale, Pascoog, Newport, Smithfield, West Greenwich, Narragan-
sett, Coventry Center and Greenviﬁe. The yield in production
from these localities is small, when compared with Westerly and
Niantic ; and it is not marketed outside of the State. A greenish
hornblende gmneiss, of fine texture, is said to be quarried at Dia-
mond Hill, Providence county. The output for Rhode Island, for
the years 1890 to 1897 inclusive, was valued at $5,746,768.

Soura CArROLINA, — The productmn in this State is mostly for
local consumption. Notwithstanding the quantity and superior
quality of the stone found, no considerable amounts have been
placed in any of the markets outside of the State. A fine and
even textured, gray biotite granite, of excellent quality, is quarried
near Winnsboro, Fairfield county. A gramnite, of a slightly pink-
ish hue, is also said to occur in the same county. Other counties,
in which granite occurs are Charleston, Aiken, Lexington, Rich-
land, Edgefield and Newberry. The South Carolina rocks are
prevailingly biotite granites, with some hornblende occurring in
the Fairfield County stone. The output, for the years 18¢0 to
18¢g7 inclusive, was valued at $414,17q.

TENNESSEE. — Slight outcrops of granite and gneiss are said to
occur in several counties, in the eastern part of the State ; but the
stone is suitable, in the majority of cases, only for the roughest
work. In Cocke county, a very coarse-grained epidotic granite, of
a greenish cast, containing large porphyritic crystals of red ortho-
clase occurs at Bench mountain; but it has never been worked.

VERMONT. —More than two-thirds of the granite output in Ver-
mont is estimated to come from the quarries at or near Barre; and
the stone is known in the markets as Barre granite. ‘This stone
varies in color from light-, through medium- to dark-gray, the
latter being the most valuable, because of stronger contrast between

the polished and hammered surfaces. The Barre rock is a biotite-
muscovite granite. The quarries are located along a ridge, several
miles from the town of Barre, to which the rock is transported by
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both rail and wagons. The stone occurs in sheets, varying from a
few inches to several feet in thickness. Other granites occur in
ssex, Orleans, Caledonia, Washington and Windsor counties.
These are biotite and biotite-muscovite varieties. A continuous
belt of gneiss, beginning at the Massachusetts State-line, extends
through the middle portion of the State into Canada, yielding
much valuable material for local use. The true granites of Ver-
mont are regarded by Prof. Hitchcock as of Silurian, or possibly
evonian age.

Owing to lack of water transportation, the granite industry of
Vermont has not been as extensively developed, as that of the other
New England States, where variety and occurrence are as abun-
dant. The output for this State, for the years 18go to 1897 inclu-
sive, was valued at $5,089,314.

VIRGINIA.— As mapped by Rogers?®, the Archeean area in Vir-
ginia comprises a belt, having a general northeast-southwest direc-
tion, and is limited on the west, by the Blue Ridge, and on the
east, by the Coastal Plain sediments. Quarriable material occurs
in various places over the belt. The principal quarries are located
near its eastern edge, in the vicinities of Richmond and Petersburg,
occurring in the counties of Chesterfield, Dinwiddie and Henrico,
on or near the James river. The quarries near Richmond have
produced a large supply of stone, which has been marketed in all
the States south of New England, being used for general building
and monumental work, and for street purposes. One of the most
elaborate buildings iu this country, the War, State and Navy Build-
ing in Washington, D. ., was coustructed of the Virginia granite.

A fine-grained, light-gray muscovite-biotite granite, not yet quar-
ried to any extent, occurs near Fredericksburg; it is said to resemble
very cleseiy the Hallowell (Maine) and Concord (New Hampshire)
granites. A rock, closely resembling the Unakite of East Ten-
nessee and Westem North Carolina, is sazd to exist at Milan’s Gap,
Madison county. It is described, as a coarse-grained, somewhat
porphyritic granite, cousisting of quartz, dull red feldspar, and
aggregates of dull green epidote.

A blue-gray biotite gneiss is quarried for local use in the vicinity
of Lynchburg, in the counties of Amherst and Campbell. Musco-
vite granite is reported as occurring in Spottsylvania county.

The Virginia granites are all bictite bearing, and generally me-
dium-coarse gmmed and light-gray in color. They are said to cor-
respoud very closely with those of New England. The output, for
the years 1890 to 1897 inclusive, was valued at $1,413,174, which,
for the last four years of this period, was remarkably small, owing
to the pressing financial condition prevailing throughout the State.

® Geology of the Virginias, 18684,



CHAPTER 1l

THE GENERAL PHYSICAL, CHEMICAL AND ECONOMIC
PROPERTIES OF BUILDING STONES, AS RELA-
TING MORE ESPECIALLY TO GRANITE

Much of value has been written in recent years, relating to the
physical, chemical and economic aspects of building stones in
general, resulting necessarily in more or less re-statement. What
follows here, therefore, is, from necessity, largely in the nature of
a review,® with special emphasis laid on the above properties, as
more especially applied to the group of granitoid rocks. Since
the valuation of a stone, for building and other economic pur-
poses, depends wholly upon certain external and inherent charac-
teristic properties, physical and chemical in nature, by which the
stone is enabled to satisfactorily withstand, or resist, the various
forces or agencies tending to destroy it, great importance is
naturally placed npon a correct understanding and interpretation
of these factors. The determination of such value is based pri-
marily on three methods of investigation, which should be used

conjointly at all times, inasmuch as they are mutually interde-

pendent. They are (1) observation in the field and quarries of
the natural rock outcrops and exposures; (2) examination of the
stone in the various kinds of structures, in which it has been
used, after many years standing, to test its ability to withstand
the various forces, to which it is subjected ; and (3) laboratory
tests.

DURABILITY

DURABILITY is a most necessary desideratum in the valuation
of a stone; since it may be ever so accessible and workable, and
yet have no value as a building stone. “This quality of a stone
may be defined as the rock’s ca‘oamty to withstand the sum of
_‘those forces, chemical and physical, which tend to destroy it.

I In addition to the numerous text-books published, a number of the State Surveys have issued, -
from time to tiine, reports on Building Stones, several of which include somewhat exhaustive
and invaluable discussions of properties of stone in general. Two of these, the writer has con
stantly kept before him, in the preparation of this part of the report (Chapter I, Pt. 2), namely,
Bulletin No. 4, Wisconsin Geol. Surv,, 1898, by E. R, Buckley, and Vol II, Pt, IIa, Maryland Geof.
‘Survey, 1898, pp. 47-123, by Geo. P. Merrill

(40)
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FIG. I. PHOTO-MICROGRAPH OF DARK BLUE-GRAY GRANITE, FIG. 2. PHOTO-MICROGRAPH OF THE MEDIUM BLUE-GRAY GRAN-
FROM THE TIGNER QUARRY, NEAR ODESSADALE, ITE, FROM THE GREENVILLE GRANITE COMPANY'S QUARRY,
MERIWETHER COUNTY, GEORGIA. GREENVILLE, MERIWETHER COUNTY, GEORGIA,

Crossed Nicols x 74. Crossed Nicols x 74.
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This is made clear, when it is known that certain inherent char-
acteristics or gualities, which render a stone peculiarly suited for
one use, may render it entirely unsuited for another. To illus-
trate: Certain inherent qualities required of a stone, adapted to
an extreme climate, such as alternate freezing and thawing, are
not essential, when used in a climate that is uniform. ILikewise,
a stone required to be used in a locality, where free acid gases
predominate, would necessitate certain qualities, not requisite in
a stone, for use in a locality, free from such impurities.

All things being equal, therefore, a stone’s capacity to with-
stand such destructive forces will, as stated by Buckley,* depend
largely upon the following inherent factors: (1) Mineral com-
position; {2) Texture; (3) Hardness; (4) Strength; and (5)
Structure.

MineraL COMPOSITION. ? — A granite, as elsewhere defined, is
a holo-crystalline rock composed of the essential minerals, quartz
and an alkali feldspar, either orthoclase or microcline, or both,
with generally a third important or characterizing accessory min-
eral belonging to the ferro magnesian group of minerals, mica,
pyroxene or amphibole. In the case of the Atlantic Border gran-
ites, biotite is the prevailing characterizing ferro-magnesian ac-
cessory, although hornblende frequently occurs in many of the
New Hngland rocks. Other accessory minerals are almost always
present in association with the above, but not in sufficient quan-
tity to impart any distinctive character to the rock. At times,
however, and from the standpoint of weathering, plagioclase
occurs in quantity, sufficiently large to merit some attention.

Of the two essential minerals in granite, quartz and feldspar,
the former is the more refractory toward purely chemical agencies.
It suffers principally through the effects of mechanical agents,
which cause disintegration chiefly through unequal expansion
aud contraction, alternate freezing and thawing, and pressure.
The removal of silica, during the process of decomiposition of a
silicate rock, is derived very largely from the silicate minerals,
and not from the quartz.?

Investigation, by various workers, indicates, that the potash
feldspar species, orthoclase and microcline, are, as a rule, very
much more refractory under climatic conditions, than the more
basic soda-lime or plagioclase feldspars. This conclusion has
been amply verified, in recent years, by chemical analyses of fresh

I Building and Ornamental Stones of Wisconsin, Bull. No. 4, Wis. Geol. Surv, 1898, p. 35.
2 Only the igneous rocks and metamorphic gneisses, regardless of origin, will be treated.
3 Merrii, Geo. P., Rocks, Rock-Weathering and Soils, 1897, p. 234.

-
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rocks, and their corresponding residual decayed products, which,
by calculation, invariably show, for the igneous rocks, a greater
loss in the soda, than in the potash content, both being known to
have been derived exclusively from the component feldspar
species present in the rock. Until the rock has reached an ad-
vanced stage in weathering, the potash feldspars may lose but
little by decomposition; but they will become weakened, and
will be made to crumble by a mechanical splitting up, along the
cleavage lines (dZsiniegration). 'The final result in the weather-
ing of the potash feldspars is, in the presence of alkaline and car-
bonated waters, the removal of the potash by solution, and the
formation of kaolin. The incipient stage of kaolinization of any
feldspar individual may be recognized by the dullness and opacity
of the surface, consequent upon such change. A step further
usually results in the formation of muscovite, some calcite, and
kaolin. The alteration preducts are, however, largely controlled by
the species of feldspar, present, and the agencies, that are active in
producing thechange. Feldspathic alteration progresses, at times,
principally along the cleavage planes, when the size of the indi-
vidual becomes an important factor in its weathering.

The characterizing accessory mineral stands next in importance
to the two essential minerals in the granites, which in the case of
the Georgia granites is biotite, including quite frequently the
colorless mica, muscovite, in intimate association with the biotite,
and in sufficient quantity to classify the rock as a biotite-musco-
vite granite. With but few exceptions, biotite is the prevailing
accessory mineral, present, in the Atlantic Border granites. This,
however, is, in certain localities, replaced in part or in whole by
hornblende or muscovite, and, rarely, by augite. Other things be-
ing equal, the biotite, hornblende and augite generally prove less
durable than the feldspar, in potash-feldspar granitic rocks, owing
to the assumption of water (hydration) accompanied by a higher
oxidation of the iron. ‘The colorless mica, muscovite, a silicate of
potash and alumina, is, when present as a primary constituent,
very much more stable, under climatic conditions, than the black
species, biotite.

Owing to the eminent cleavage, imparting a highly fissile struc-
ture to the mineral, all micas admit of a ready percolation of
water along the cleavage planes, which in the case of the black
mica, biotite (a silicate of iron, magnesia and alumina), results in
a more ready disintegration, by the presence of water, and de-
composition from the peroxidation of the iron, a change from the
ferrous to the ferric state. Among the early changes to be noted
in the alteration of biotite, are a gradual loss of elasticity in
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the folize, accompanied by loss of transparency and leaching, re-
sulting in a bronze colored luster on the surface. Inthemore ad-
vanced stage of alteration, the mica folize gradually crumble
away, upon further removal of the bases in solution. Its decom-
position, however, is brought about very slowly, and its occurrence
in the form of small, thin folise, instead of large stout crystals in
the Georgia crranltes renders the biotite more refractory, and ac-
cordingly, less susceptrble to change, than otherwise.

The varieties of pyroxene and amph1b01e rich in iron, when
occurring as accessories, are less desirable, on account of the com-
parative readiness, with which they decompose, through means of
oxidation of the iron from the ferrous to the ferric state. The
iron-free varieties of pyroxeneand amphibole are more stable under
ordinary atmospheric conditions, and are, therefore, more durable
and desirable as mineral constituents.

The commonly occurring.sulphides of iron (pyrite and mar-
casite) are objectionable accessories in a rock, when present in ap-
preciable amounts, on account of the readiness, with which they
oxidize, causing unsrorht]y discoloration.

TEXTURE.— Texture becomes a very important factor in thedura-
bility of a rock, since it conditions, in part, the pore space, upon
which anumber of other requisite properties rest. Increase the
pore space, and the rock’s capacity for absorbing water is increased,
the deleterious effect of which is apparent in extreme tempera-
tures. In addition to this, the rock’s strength to withstand strains,
to which all stones are subJect in large massive structures, is ac-
cordingly diminished.

The manner of contact, uniformity in size, and closeness of the -
individual grains, are the controlling factors, conditioning tex-
ture. ‘The pore space varies with the kind of rock, the manner,
in which the individual grains are brought into juxtaposition,
and the size of the mineral particles in the same rock type.
Furthermore, pore space and structure are interdependent. The
pores in a rock may vary quite appreciably in size, being in many
cases too small, to be detected by the microscope.

Under certain conditions, a fine-grained rock may become as
porous as a coarse-grained one ; the - pores, in the case of the fine-
grained rock, not being so large, but more numerous. Recentex-
periments by Buckley,® upon fine-and coarse-grained rocks of
Wisconsin, would seem to disprove the idea of some, that the size
of grain isindicative of the degree of porosity. Other things be-
ing equal, size and uniformity of grain, will, in a large measure,
condition the manner of weathering.

! Building and Ornamental Stones of Wisconsin, Bul. No. 4, Wis. Geol. Surv., 1898.
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In granites, as in other igneous, granular rocks, the individual
particles or grains closely and intricately interknit or interlock
with each other. The igneous rocks, therefore, as a group, are
characterized by an interlocking structure in the mineral particles,
which imparts greater strength and reduces the porosity of the
stone belonging to this class, by enabling it to resist disintegra-
tion longer, thereby increasing the durability. For this reason,
the granites have a low percentage of pore space, and, correspond-
ingly, a high compressive or crushing strength.

HARDNESS. — By the hardness of a building stone is meant its
resistance to wear. It is dependent, perhaps, more upon the state
of aggregation of the component minerals, and the firmness, with
which they adhere to one another, than upon the actual hardness
of the individual minerals. This is well illustrated in the case
of sandstones, which are composed of hard and indestructible
quartz grains, that, in some instances, are so put or cemented to-
gether, that the stone will crumble, under the pressure of the fin-
gers. In other cases, the quartz grains may be so firmly cemented
by silica, as to produce one of the hardest of rocks.

At times, and under certain conditions, however, rock hardness
is dependent upon other factors. For, of two rocks having the
same uniform-sized grains and a similar state of aggregation, their
hardness can only be compared, by that of the component minerals.
In still other cases, mineralogical composition becomes a control-
ling factor,and is well illustrated when the hardness of two granites
is compared, in which not only the mineral composition enters,
but a knowledge of the relative abundance of the constituent
minerals in each case is necessary, as well.

Such tests, however, are necessary, only when the material used
1s subject to constant friction or abrasion, such as in steps and
walks, subject to the friction of the feet ; and in dams and break-
waters, subject to the friction of the water ; also, in certain other
instances, when the material is subject to wind blasts of sand.

In the paving of streets with Belgian blocks, where the stone is
subject to such constant and heavy wear, this test becomes an im-
portant one.

To sum up the controlling factors of hardness, they are found
to be — (1) Aggregation of the constituent grains—the firmness
or compactness, with which they adhere, thereby diminishing pro-
portionately the pore space; (2) Actualhardness of the individual
grains or mineral particles; (3) The size and relative abundance
of the component minerals ; and (4) The mineral composition.

1 See page 43.
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The state of aggregation of the individual mineral particles in
building stone is a most important factor, since it not only condi-
tions, in part, the hardness, but the stone’s working qualities, as
well.

STRENGTH. — The adaptability and suitability of a stone, for the
various kinds of constructional work, have been based, more, in the
past, upon the compressive strength of a stone, than upon any
other single property. This may be attributed mainly to the fact,
that, until recent years, few other tests were made. 'The value of
the test unfortunately has in this way, been greatly overestimated.
So thoroughly in accord are the writer’s views with those of Prof.
George P. Merril], that he quotes in full from Prof. Merrill’s re-
port.t ¢ Much has, in times past, been written on the subject of
the crushing strength of building stones, and hundreds of tests
have been made, * * *. A few words only on the subject are
here necessary. It is doubtful if in any but the most extreme
cases it is necessary to continue this line of investigation. The
results thus far obtained are sufficient for us to formulate general
rules, and the average results obtained are so wvastly in excess of
all ordinary requirements, that they may safely be ignored. A
stone so weak as to be likely to crush in the walls of a building,
or even in a window stool, cap or pillar, bears so visible marks of
its unfitness as to deceive no one with more than an extremely ru-
dimentary knowledge on the subject. It is rare to find a stone
that will not show, under the methods of testing now in vogue, a
crushing strength of atleast 6,0001bs. to the square inch, while many
stones, particularly those of the granite group, will range as high
as 20,000 to 30,000 lbs. to the square inch. Since the first named
amount is ten-fold more than is likely to be required of it in any
but the most extreme cases, the absurdity of making further tests
is manifest.” Prof. Merrill further says, in this connection : —
““In fact, it is the weathering quality of a stone more than its ulti-
mate strength, that should concern us, * * * *7,

STRUCTURE. — This is an important factor, in the consideration
of any rock, used in the various grades of economic work ; since
upon it depends, in a large measure, the life and durability of the
rock. All parting planes, such as jointing, sedimentary or bed-
ding lines, and schistosity ; and all planes of lamination of what-
ever nature, as well as fractures, are considered planes of weak-
ness in a rock. These render the stone more susceptible to the
active agents of weathering, and less suited for certain classes of
work, than a massive rock like granite, in which these natural

I Merrill, Geo, P., Md. Geol. Surv, Rept., 1393, Vol. II, Pt. IIa, p. 65.
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parting planes are absent. Such lines are usually of macroscopic
dimensions, and accordingly, visible to the unaided eye, and are
commeonly referred to as macroscopic structure. ‘There are often-
times present, however, in all types and varieties of rock, many
incipient cracks, such as lines of fracture dividing individual
mineral grains—crushed zomnes, surrounding and filling the inter-
spaces of the component minerals, that cannot be detected by the
naked eye. These are due to mechanical stress, and are especially
characteristic of the metamorphic rock, gneiss. Such weaknesses
are apparent only through the aid of a microscope, and are crrouped

under the head of microscopic structure.

Again, some rocks are exceedingly fine-grained, in some cases,
glassy, and can be passed upon, as to their qualifications for
building or ormamental stones, only through microscopic study.
Whether a rock is coarse- or ﬁne-gramed a microscopic study is
of the utmost importance; since some of the most important fac-
tors, such as mineral composition, structure, state of aggregation
and impurities of whatever nature, can be definitely determined,
in the consideration of stone for economic purposes. Great care
should be exercised in the use of laminated stone in structures
since it is shown elsewhere in this report, that only the strongest
stone should be laid on edge, in large massive buildings. Not
only is the structure of a stone of vital importance to the archi-
tect and builder, in placing the stone; but it is of untold value
to the quarrymen, as well. This is especially true, with rocks
of sedimentary origin, where structure and composition are sub-
ject to greater variation, than those of igneous origin,

Coror.—The color of a rock should form one of the essential
considerations in the selection of stone. Fspecially should this
apply in large cities, where, in the erection of residences, the color
remains unbroken, in frequent continuous rows of buildings con-
structed out of the same colored stone. In such cases, a judicious
scattering of light and dark colored structures, would prove more
pleasing from an artistic standpoint, and also add to the beauty
of both house and street. In case of the massive structures,
common to the business centers of our largest cities, consideration
should be had, mainly, in the selection of a stone upon its strength
and durability, Also, in certain parts of a structure, especially
the steps, the power to withstand abrasion, and not color, should
be the controlling element. For interior decorative work and
monuments, color should again prove the controlling factor.

The color of igneous rocks (crystalline) in general is ascribed
mainly to three causes: (1) Mineral composition—the presence
or absence of colored minerals; (2) The distribution and size of
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the individual minerals; and (3) the physical condition of the
feldspar individuals. Accordmgly granites may be grouped as red
and gray, dependent upon the color of the feldspar, whether red
or white, and sometimes the color of the quartz. The gray gran-
ites, accordlng to a preponderance of the ferro-magnesian acces-
sory, and, to some degree, the size of the component minerals,
are further classified as light and dark colored granites. The
lightest colored granite would, therefore, necessitate a preponder-
ance of white feldspar, with an admixture of the ferro-magnesian
constituent, muscovite. An excellent illustration is found in the
- famous Stone Mountain granite of Georgia. The darker colored
granites, likewise, contain proportionately more of the dark
colored accessory, biotite, pyroxene or horunblende, and less of
the feldspar constituent.

It is observed, that the hammered surfaces of rocks are lighter in
color than corresponding polished surfaces. Prof. Merrill’s ex-
planation for this® is, that the individual mineral grains on the
immediate surface of the stone, are so broken up by the impact of
the hammer, that the light is reflected instead of absorbed by
them, resulting in whiteness. Conversely, a polished surface is
rendered darker, owing to the elimination of these and other
irregularities of the surface, by careful grinding, resulting in a
smooth and even surface, which absorbs, instead of reflects, the
light falling upon the surface. This becomes an important factor
in the selection of material for monumental purposes, where con-
trast in polished and hammered surfaces is necessary.

GEOLOGICAL AGE.—Only in a very general way, is the geo-
logical age of stone of much economic value. Metamorphism has
been active in producing changes in rocks of both igneous and
sedimentary origin, belonging to the various geological horizons,
with the effect, that the changes have been very much more wide-
spread and complete- among the older, than among the younger
rocks. While probably in the majority of cases such changes
have been productive of rocks, better suited for the various uses
they are made to serve; yet it can also be stated, that meta-
morphism has, in many 1nstances developed structural weaknesses,
and made prominent other blemishes, which render a rock but
little suited for any grade of work.

At present, nearly all the stone quarried, to any great extent, in
the United States, belongs to the older geological horizons, scarcely
any being of later date than Triassic. So far as age relation-
ship has been established, in the case of the granites quarried in

I Maryland Geol. Surv. Rept., 1898, Vol. 11, Pt. ITa, pp. 63-64.
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the United States, up to the present, they belong, in most cases,

among the oldest rocks, and are mostly Archzan and Paleozoic
in age.

CONSIDERATION OF THE CRITERIA FOR DETERMIN-
ING THE VALUE OF STONE FOR GENERAL
ECONOMIC WORK

Certain tests are requisite, in all cases, for establishing the cor-
rect value of stone required for use in general economic work.
As previously stated on page 40, these tests may be summed
up, under three general headings, and regarded in the nature of
criteria essential to proper valuation, as follows :—*

I Fieldstudy of the natural rock outcrops and exposures, and
in the quarries.

2 Careful examination of the stone placed in the various
structures, such as buildings, monuments etc.

3 La-boratory tests.

To the trained geologist, the first would prove, in every case
perhaps, the most satisfactory. Such observations, however, when
conducted singly, are, at best, wholly incomplete ; but when care-
ful field-study is combined with the requisite laboratory tests, cez-
tain definite conclusions may be reached, regarding the stone’s
ability to withstand the manifold agencies, to which it is subjected,
when exposed in structures. ‘Therefore, no single one of the above
criteria should be considered in itself sufficient; but the three
should be used conjointly.

: FIELD-STI&DY

Obviously, the most important factors, upon which the economic
quarrying of stone is based, can be obtained by this method
only. Oftentimes, stone varies considerably in different parts of
the same quarry. The color may not be decided and umniform,
throughout the various parts of the same quarry. Certain impuri-
ties, which tend to discolor the rock on exposure, such as the sul-
ph1des of iron (pyrite and marcasite) may be present in some por-
tions, to the extent of injury, while absent it others. Segregations,
blotches etc. may also be numerous over parts of the quarry. In-
cipient jointing and fracturing may be present in some layers, and

1 Buckley, E. R., Bulletin No. 4. Wisconsin Geol, aud Nat. Hist. Surv., 1898, p. 46.
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FIG. I. PHOTO-MICROGRAPH OF HORNBLENDE-GNEISS (AMPHIB- FIG. 2. PHOTO-MICROGRAPH OF PORPHYRITIC GRANITE, FROM
OLITE), FROM THE T. B. TIGNER QUARRY, ON THE THE McCOLLUM PLACE, NEAR COWETA STATION,
MACON & BIRMINGHAM R. R., MERIWETHER COWETA COUNTY, GEORGIA,
COUNTY, GEORGIA, X 74. Crossed Nicols x 74.
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absent in others; or the jointing, veins and dikes may occur
crowded together, rendering the stone unsuited for any kind of
work. Lamination, bedding and schistosity planes may occur.
Any of these when present are essential, and can be determined
only by field observation. Field-study alone can determine,
whether the natural exposures are adapted to the opening of
quarries, and the grade of work, for which the stone can be used.
A knowledge of the extent of the stone, that is, whether in suffi-
cient quantity to justify working, is a factor of vital importance,
and must rest solely with this method. Other subsequent ele-
ments, of prime consideration, dependent upon field observation,
are accessibility and workability of the stone.

Permanence of color and durability of stone may be satisfacto-
rily determined in this way ; since the stone in its fresh condition
can be contrasted with the weathered outcrops, which, in our South-
ern States, have been exposed to varying climatic vicissitudes, for
an indefinite period of time, resulting usually in a covering of re-
sidual decay, of considerable, though varying, thickness. From
such an examination and study, a general idea may be gained, as to
the rapidity, with which the rock resists weathering, and also the
manner, in which such degeneration is brought about; for, fre-
quently, incipient weaknesses, not observable in the fresh rock, are
oftentimes clearly visible in the weathered portion of the rock. In
this way a careful study of the weathered product is essential, in
bringing out any inherent qualities tending to lessen the durability
of fresh stone, when placed in structures.

EXAMINATION OF STONE IN STRUCTURES OF LONG STANDING

The value of making an examination of the stone, used in build-
ings and other general economic work, has long been recognized ;
and, as Buckley states, possibly on account of the readiness and
ease, with which such observation can be prosecuted, its value has
in many instances been overestimated.

It not infrequently happens, that defective stone is placed in
buildings, where the maximum standard of perfection is required.
This can be traced directly, as resulting from the use of improper
methods in quarrying; from rough and careless handling; and
from the dressing of the stone. It cannot, in all cases, be ascribed
to an original inherent defect in the stone, as some are inclined
to do.

The elements of time, location and size of building are factors,
in conditioning the life of the stone used ; and they must be con-
sidered, in its selection. Contrast the conditions, which surround
a building in a large city, with those, to which a building, con-
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structed out of the same stone, in a rural district, are subjected ;
and it becomes at once apparent, that they are affected unequally,
with respect to degree and kind of agent or agencies operating.

At present, granite has come into general use in the cities, for
monuments and shafts. The recency, therefore, in the use of
granite for monumental work, militates against any data for esti-
mating the stone’s durability. In some instances, however, where
~ the first granite shafts were erected in the United States from im-
ported granites, and necessarily of some years’ standing, the cli-
matic agencies are beginning to manifest themselves to some de-
gree, mostly in the nature of pitted surfaces and a roughening of
the polished faces. The polished face of granite readily exposes
to view the various textural irregularities, and, at times, other
inherent weaknesses, present in the rock. .

An examination of the materials, used in the past, in rough
work, such as for street purposes etc., will reveal much, concerning
the suitability and desirability of various kinds of stone, used for
this grade of work. Other things being equal, the usual require-
ments to be met, in the selection of a stone for this class of work,
are its ability to withstand weight inducing strains of whatever
nature ; abrasion ; alternate freezing and thawing ; frost action;
and alternate expansion and contraction.

I,ABORATORY 'TESTS

The physical and chemical characteristics of the stone from each
quarry should be carefully determined, by a complete series of labo-
ratory tests. ‘This is more often a subject of neglect, than other-
wise, among architects, builders and quarrymen. Such tests should
be demanded,in every case, prior to the use of any stone, in order
that serious results may be avoided after placing the rock in a
building. Again, it has been, and is largely the custom to-day, to
have only one test made, and that, the crushing or compressive
strength test, by which the durability of the stone is measured.
This is certainly grossly erroneous; since frequently it happens,
that the stone showing the highest crushing strength is less dura-
ble, than one having a lower strength, and the other requisite
inherent qualifications for durability.

In order that a stone may be judged as suitable for any grade of
constructional economic work, it is important, that it be critically
examined in the laboratory, as to the presence or absence of any
inherent weaknesses, and its power of resistance to the multifarious
physical and chemical agencies, to which it necessarily becomes
subjected, in all classes of structural work. The important tests
involved, therefore, in a wise and judicious selection of a stone, are
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grouped and treated under the three following general heads: (a)
chemical ; (b) microscopic; and (c) physical.

CHEMICAL TrsTS.—An accurate determination of the elemen-
tary composition of a rock is possible, only by means of a chemical
analysis. The chemical nature of a rock naturally varies with its
mineral composition, and the varying proportions of the compo-
nent minerals present. In a very rough way only, can a knowl-
edge of the mineral composition of a rock serve as a guide, in
-approximating the true composition of even the essential elements.
This necessarially follows, since, even in the most representative
rock types, there is frequently considerable range in the essential
elements, such as silica, alumina, lime, magnesia and the alkalies
in granites. At present, this variation is believed to be greater,
than at first recognized, some years ago; since it is now generally
held, by all “philosophical petrographers,” that gradations occur
‘between all kinds of the igneous rocks, and hence, there is proba-
bly less ground for sharp divisions into well represented rock types,
‘than formerly. For example, a granite may grade into a syenite in
-one locality, and into a diorite, in another.

The relative and exact amount of any deleterious substance can
be ascertained only upon chemical analysis. The presence or ab-
-sence of such, may be determined as readily by microscopic, as by
chemical methods. The two work conjointly, the one serving to
.confirm the other.

. Chemical analysis is always mnecessary in rock classification ;
since it is one of the controlling factors, in the classificatory
scheme, in vogue among petrographers, at present. ‘The principle
is based primarily upon the amount of silica present, the rock
taking its place accordingly in the scheme, as either acidic, basic,
‘or intermediate, with reference to the percentage of this ingredient.
In the chemical analysis, the determination of the bases, how-
ever, is just as essential, to meet the ultimate needs of classifica-
tion, as the silica.

It is plain, therefore, that chemical analysis is not only valuable,
but an essential adjunct, in the consideration and determination of
the qualities of building stone. For a detailed discussion of the
chemistry of the Georgia granites and gneisses, with the table of
.analyses, see Chapter IV of this report.

Microscopic TEsTs.— The microscopic study of a rock is prob-
ably capable of revealing more, concerning the real value of a
stone, from the standpoint of durability, than any other single labo-
ratory test; since its essential physical and approximate chemi-
cal elements are thereby determinable. Obviously, therefore, this
places the microscopical examination of thin sections of rocks as
~one of much practical value, and accordingly, of great importance.
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By means of the microscope and thin sections, one can readily
determine the mineral composition, and the relative abundance, as
well as the state of aggregation of the mineral particles, which
are important factors in estimating the durability of stone. Chemi-
cal analysis, as elsewhere stated, also affords a means for determin-
ing the mineral composition of a rock. Microscopic examination
will further indicate the manner, in which the individual minerals.
interlock in the case of igneous rocks; and the kind and relative
abundance of the cement, and the closeness, with which the grains
are cemented, in the case of sedimentary rocks. It shows, in addi-
tion, the structure of the rock, which is a most important factor ;
and the presence or absence, and the nature of impurities; also
strains, cracks, gas bubbles, and other similar weaknesses, as well
as the character of each. In all cases, microscopic study is made
one of the essentials, in determining the origin and classification of
rocks; and oftentimes it becomes the prime factor in such deter-
minations.

Special emphasis will be given the microscopic study and ex-
amination of the Georgia granites and gneisses, in the following

ages.’

P Prvsicar, TEsTS. — While, in the past, stone has been sub-

jected to numerous artificial tests, of a physical character, for the
purpose of determining its durability and desirability for use, it.
can hardly be denied, that this phase of the subject is fraught

with many difficulties. ‘The difficulties, attending such tests, are
due mainly to the impossibility of placing the stone under exactly

similar conditions, when in use, and of actually representing
artificially the forces, to which it is subjected under normal atmos--
pheric conditions. It becomes nécessary, therefore, in any one or

more tests applied in the laboratory, to exaggerate the normal

conditions, so far as they may be known. Furthermore, the
natural forces in actual operation, producing change, are subject

to wide variation ; and the satisfactory application of any set of’
tests must determine not only the stone’s ability to effectively
withstand the action of such external forces to-day, but its ability-
to withstand them, after a long number of years of exposure.

The principal forces, to which stone, used in structures, is.
necessarily exposed and subjected, are (a) chemical action of the
atmosphere; (b) physical action of temperature changes; and
(c) the crushing and shearing forces, necessitated from the stone’s.
position in the structure. It will be obvious, that some of these

I For a detailed description of the petrography of the granites and gneisses of the State, see:
Chapter IV of this report.
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tests will prove more efficacious, than others; and they should
accordingly be more strongly emphasized. The principal tests,
at present in vogue, for determining the durability of building
stone, may be mentioned, as follows : —

1 Strength Tests. Rarely, the transverse strength and the
modulus of elasticity are determined. ‘The test as generally made
consists only of the compressive or crushing strength.

2 Permanence of Color.

3 Specific Gravity and Weight of Stone per Cubic Foot.

4 Porosity and Ratio of Absorp‘mon

5 Extreme Heat.

6 Alternate Freezing and Thawmcr

7 Alternate Expansion and Contraction.

8

Corrosion—the Action of Various Gases, such as CO,, SO,,
Cl etc.

TEST TO ASCERTAIN THE COMPRESSIVE OR CRUSHING STRENGTH

Up to the present time, architects and builders have employed
this test more universally, for determining the value of a stone
for constructional work, than any other single one. The long
period of time, during which, and the great number of varieties
of building stone, to which, the test has been applied, enables a
correct value to be a551gned It is now generally agreed, that a
stone possessing a compressive strength of 600 pounds per square
inch, is sufficiently strong for all ordmary building purposes; and
any ‘excessive strength s practically of no importance, further
than denoting dens1ty and, therefore, greater resistance to atmos-
pheric agencies. Since, in all cases, the granites have indicated
the greatest compressive strength over all other kinds of building
stone, ranging from four to ten times the maximum strength re-
quired, it would seem that further tests of this nature on granites
would prove of little value, other than to satisfy a long established
custom. The numerous tests,already made on the different kinds
of stome, have also brought out the fact, that a stone is weaker,
when saturated with moisture, than When dry, and has a greater
capacity, when laid on bed, than on edge. For the above reasons,
this test has generally been omitted, for the Georgia granites.
Tests, however, of the most reliable character, have been made
on three varieties of the Georgia material; and they are given
as follows:—
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COMPRESSIVE STRENGTH TESTS I

 Pressure per
LocArLIry : NErflsbter TIéIScZZVd Size Square Inch
in Pounds

pany’s Quarry, Oglethorpe

Diamond Blue Granite Com- % 7,304 On Bed 3.07x 3.06x 3.04 26,340
County, Georgia

7,307  On Grain 3.16x 2.99 x 3.10 23,860

The following tests on specimens of Stone Mountain granite
and Lithonia granite-gneiss were made in 1887, at the Washington
Navy Yard : —?2

Crushed

LocarIry Dimensions at Pounds Remarks
Lithonia. . . . . . 2.00” x 2.00” x 2.02” 76,000
L L. . 2.,00” x 2,01 x 2.00” 83,400
“  (No.j3z)... 2.006” x 206" x209” 52650
“ . 2.01” x 2.01” x 2.01”7 . « . Did not crush at 85,0001bs.
pressure,
“ o000 .. 2007 x1.087 % 1.087 . . . Did not crush at 85,0001bs.
pressure.
Stone Mountain . . 2.05” x 2.00”/x 2.01” . + «» Did notcrush at 85,000 1bs.
pressure,

X9 13

. 1.99”7 x 1.99’/ x 2.00” 50,325
. . 1.99” x 1.99”/ x 2.00” 48,760
“ “ . . 2,02/ x 3.02” x 2,03/ 65,610

(X3 43

For results of other tests made on specimens of this stone, see
under crushing strength tests in Chapter VI. _

It will be observed from the above figures, that the compressive
strength of these Georgia granites 1s many times in excess of the
maximum required strength of stone, for building or other con-
structional purposes.3

Generally, only the compressive strength test is made on stone
used in constructional work ; although the transverse-strength and
the modulus, or coefficient-of-elasticity, tests have occasionally
been made and used.

Other durability tests, which serve to indicate the resistance of
the stone to certain physical (mechanical) and chemical forces,
generally include absorptiveness, specific gravity, freezing, micro-
scopic examination and chemical analysis; and, less frequently,
color, abrasion, heat and porosity.

TEST TO0 ASCERTAIN PERMANENCE OF COLOR

The change in the color of a rock, used in constructional work,
usually results from a change in the form of combination of the

I Made at the Watertown Arsenal in'1894.
2 Granite Pavements, compiled by Venable Bros., Atlanta, Ga., 1893, p. 20.

3 For an exhaustive series of tests upon American stone, and a general description thereof,
the reader is referred to the work of General Q. A. Gillmore, of the U. S. Corps of Engineers,
published in the Annual Report of the Chief of Engineers, for 187s.
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iron. ‘The most common source for such discoloration is the
ready oxidation of the sulphides of iron (pyrite or marcasite) and
the protoxide carbonate. Laboratory tests comsist, therefore, in
detecting the presence of sulphur and the rapidity of oxidation.

Tests, to ascertain the effect and rapidity of oxidation on stone,
by means of an artificial atmosphere, have been successfully con-
ducted by Dodge*® on the Minnesota stone, and, afterwards, by
Jackson 2, on some of the California bu11d1n0 stone.

Since the Georgia granite is practically free from all substances,
likely to produce a permanent change in color, or prove a source
of ready discoloration, the color test has been omitted. Pyrite
occurs sparingly in the greater portion of the granites and gneisses
of Georgia, but not in sufficient quantities, or even distributed in
anything like uniformity throughout the rock, to bring the stone
into disrepute, on account of unsightly discoloration, resulting
from such change, under prolonged atmospheric action.

The test, as performed by Prof. Dodge 3 upon the Minnesota
rock, was upon rectangular specimens, varying in size, from one
inch to one and a half inches in diameter. The specimens were
dried in a bath at 212°F., until all moisture was expelled ; after
which, they were removed from the bath, cooled and weighed.
They were then exposed, in a specially devised apparatus, to the
fumes of concentrated nitric and hydrochloric acids, in the pres-
ence of black oxide of manganese, giving rise to the evolution of
chlorine gas. The fumes thus liberated exercised strong oxidiz-
ing and corrosive effects on the samples. After having been ex-
posed for a certain length of time, the specimens were removed
and washed, and such changes in color and staining as were pro-
duced, were noted.

SPECIFIC GRAVITY

The Specific Gravity of a rock may be defined as"the ratio of its
density to that of distilled water, at 4° C. (39.2° F.), that is, a
comparison of the weight of the rock with that of an equal bulk
of distilled water, at the above temperature. Another way of ex-
pressing it is: The gravity is the expression for the weight per
unit of volume for a stone,

Since the weight per cubic foot, the strength and the absorp-
tiveness (porosity) of the stone are dependent upon density, this
property becomes a very important one, practically. Mineral com-

I Rept., Geol. & Nat. Hist. Surv., Minnesota, 1872-32 (1884), Vol. I, P. 185.
2 g=venth Ann. Rept., State Mineralogist, California, 1837, p. 205. 3.Op. cit., p. 186,
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position and density are definitely related ; since it has been ob-
served, for those rocks having the same mineral composition, the
densest have proven the heaviest, least absorptive, generally the
strongest, and, as a rule, accordingly, the most durable,

The specific gravities of the Georgia granites and gneisses ap-
pended in the table, Chapter VI, were determined by suspension in
distilled water, upon carefully selected fragments, weighing from
ten to twenty grammes, and from which all included air was pre-
viously expelled by boiling, according to the method given by
Clarke and Hillebrand.* The weight in air, divided by the loss of
weight in water, is the specific gravity sought. ”

Formaula

Weight of Stone in Air
Sp. Gr= :

Wt. of Stone in Air— Wt, of Stone in Water

WEeIcHT PER Cusic Foor

The weight of stone, expressed in pounds per cubic foot, be-
comes, at times, of considerable practical importance and con-
venience. It is obtained by multiplying the specific gravity of the
stone by 62.5, the weight in pounds of a cubic foot of water at 4°

C. (39.2° F.).

- The weight of stone is again commonly expressed by the num-
ber of cubic feet contained in a ton (2,000 pounds), and is ob-
tained, by dividing 2,000 by the weight of a cubic foot of the stone,
expressed in pounds. The tables of Chapter VI contain the spe-
cific gravity, ratio of absorption, weight per cubic foot, and the
number of cubic feet in a ton, for the various types of the Georgia
granites and gneisses.

PorosIity

By porosity is generally meant the amount of pore space in a
rock. The method, ordinarily employed for obtaining the por-
osity, is as follows :2 The sample is heated to a temperature of
100° C., to expel all moisture. It is then cooled, weighed and im-
mersed in distilled water, where it is allowed to remain, until
‘‘bubbles cease to be given off.”” The surfaces of the specimens
are then quickly dried by wiping with bibulous paper, and they
are again weighed. The difference in the two weights represents
the weight of water absorbed, which, when divided by the weight
of the stone dried, represents the porosity.

1 Bul. No. 148, U. 8. G. S., 1897, P. 23. 2 Bul., Wisconsin Geol. Surv., 1898, No. 4, p. 68.
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THE C()LE;(UTAR RY NEAR NEWNAN, GEORGIA, SHOWING, IN VERTICAL SECTION, GRANITE WEATHERING
FROM THE LOOSE SOIL AT THE TOP, 'I‘HR()UG][";’I‘IIE PARTIALLY DECAYED, TO THE FRESII
GRANITE, THE DECAY HAVING PROGRESSED ALONG HORIZONTAL LINES,
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The following objections are urged against this method by
Buckley.® All moisture cannot be expelled at the temperature of
100° C. Complete saturation is not produced by immersion, until
“‘bubbles cease to be given off.”” The result obtained is not the
porosity ; but it is more aptly termed the ¢ ratio of absorption.”

Buckley’s method for computing the pore space in the case of
the Wisconsin rocks is as follows: Two inch. cubes are heated
in the air bath at a temperature of 110° C. to uniform weight; and
subsequently they are cooled and weighed. The specimens are
then immersed in water under pressure, by special device, through
the means of an air-pump and bath, and are allowed to remain
thirty-six hours, when they are removed ; the surfaces, freed from
adhering water by bibulous paper; and the specimens, quickly
weighed. 'The difference in the two weights, multiplied by the
specific gravity and added to the dry weight, gives the “sum.”’
¢‘The difference of the dry and saturated weights, multiplied by
the specific gravity of the rock, [is] then divided by the sum.”
‘The result thus obtained, is the actual pore space percentage.

RATIO OF ABSORPTION

A discrimination is here made between porosity and ratio of
absorption. The former relates to the percentage of pore space,
while the latter is “the percentage of the weight of absorbed water
to the average weight of the dry sample.” By absorptiveness is
meant the capacity of the stone to absorb or take up water, from
which data the ratio of absorption is deduced. ‘The specimens of
‘Georgia rock, upon which this test was made, were carefully
selected, and were roughly cubical in shape, varying from 8o to
140 grammes in weight. The blocks were freed from all sharp
edges, corners and deep cavities; and were dried at a temperature
of 110° C., to expel all included moisture; and were cooled and
weighed. They were then suspended, by means of twine, from a
support in a vessel. of distilled water, to an approximate depth of
five inches, and were allowed to remain, without being disturbed,
for exactly forty-eight hours. The temperature of the water
remained constant throughout the entire period of immersion.

As soon as removed from the water, each specimen was care-
fully swabbed, and was allowed to remain on a table in the labor-
atory for a few minutes, in order to free the block from any pos-
sible adhering moisture on its surface; it was then rapidly
weighed. The difference in the two weights represents the weight

I Bul., Wisconsin Geol. Surv , 1808, No. 4, p. 69. 2 1bid., p. 372.
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of water absorbed. ’T'he weight of water absorbed, divided by the
weight of stone (dry), is the percentage of absorption.

Formaula

Wt. of spec. immersed in ] % Wt. of spec,
Percentage of  water for any given time dry

E x 100
absorption=

Wt. of spec. dry

Hear TrsT

If sufficient heat 1s produced; and is continued for a long enough
time, any one of the various kinds of building stones will be par-
tially destroyed. Necessarily, this varies for the variety of stone;
as the manifold tests, already made, emphasize, that different build-
ing stones indicate a great difference in capacity, with which they
withstand high temperatures. This test consists generally of care-
fully selected and prepared samples, of a uniform size. One-to two-
inch cubes are usually employed, and are placed in a furnace, and
gradually subjected to an intense heat, the registry or degree of
temperature being noted by means of the pyrometer. The samples.
are then removed, and are allowed to cool slowly; or, what 1s fre-
quently done, cooled rapidly by plunging while hot into cold water.
Subsequently, they are carefully examined as to effect. The speci-
mens may be removed from the furnace and examined at any stage
during the process.

FRrREEZING TrsT

The value of this test has long been recognized, and several
methods have been devised for carrying out such in the laboratory.
In this case, as in others, it becomes necessary to exaggerate more
or less largely the real or actual conditions; since, after judicious.
placement of the stone in a wall, it seldom becomes saturated with
water except perhapsat or near ‘“water-line.” The test employed
may be either natural or artificial. ‘The natural test consists in
alternately freezing and thawing, usually in cold storage rooms,
the selected samples of stone for the test, the rate and temperature,
being left to the discretion of the operator. ‘The artificial test is
based upon the principle of inducing internal stresses by means of
the crystallization of some absorbed chemical salt by the stone,
representing after a fashion the natural freezing of absorbed water.
The weighed cubes of stone, of given dimensions, are saturated for
a given time with a boiling solution of some prepared soluble salt,
generally sulphate of soda, and are allowed to dry. During the
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drying, the absorbed salt crystallizes and induces stresses somewhat
analogous to those induced by frost action.’

ExXPANSION AND CONTRACTION TEST

This becomes of value in the weathering of stone, and in making
the proper allowance for expansion in parapet walls. Col. Totten
found in 1832 the rate of expansion per inch for each degree of
temperature for granite to be .000004825 inch. The Ordnance
Department of the United States Army? has made use of the fol-
lowing method: The carefully prepared and measured bars of
stone (20 inches long) are placed in baths of cold water with a tem-
perature of 32° F.; thence into boiling water at 212° F.; and back
again into cold water. Tests made according to the above method
on eleven specimens of granite, from nearly as many different
States gave results for the amount of permanent swelling, ranging
from .0o1g inch in case of California granite, up to .0co71 inch in
case of Massachusetts stone, with a mean average for the full num-
ber of specimens of .0o40 inch.

COrRROSION TEST

This test is practically of no value in the case of granites, and is
seldom applied. It relates chiefly to all calcareous rocks, such as
limestones and marbles, and those sandstones, whose grains are
cemented together by means of a calcareous cement.

I Tuquer, Dr. I, McI,, Trans. Amer, Soc. C. E., 1895, Vol. 33, pp. 234~247.
2 Rep’t on Tests of Metals, Etc..at Watertown Arsenal, U. S.War Department, 1895, p. 322.



CHAPTER III

PART 1

‘GEOLOGY AND PHYSIOGRAPHY OF THE PIEDMONT
PLATEAU

It will be observed, by referring to the map facing page 64,
‘that the State is, broadly speaking, divisible into three geologi-
-cally distinct areas, which, named in their order from southeast .to
northwest, are: (a) #ke Coastal Plazn, (b) the Crystalline Belt,
.and (c) the Paleozoic Area. The three areas are unlike in topog-
raphy, kind, age and, to some extent, origin of their rock ; and they
.are further differentiated from each other, by somewhat sharp and
well defined boundaries. A line, drawn from Augusta through
Milledgeville and Macon to Columbus, separates the Crystalline .
Belt from the Coastal Plain on the southeast. Thisis an irregular
-contact, formed by the overlapping of the Coastal Plain sediments
on the upturned and highly tilted ancient crystalline rocks of the
‘Crystalline Belt. It crosses the State in an approximate south of
west course. On the northwest, the Crystalline Belt is separated
from the Paleozoic Group by the “Cartersville Fault.”” Thisis a
-somewhat irregular line, passing south from a point located a few
miles east of Cohutta Springs, in Murray county, to the vicinity of
-Cartersville in Bartow county, and thence bearing south of west to
Esom Hill, Polk county, where it passes into Alabama.

Upon phys1ograph1c: grounds, the so-called Crystalline Belt and
‘the Paleozoic Group are each capable of differentiation into several
-distinct physiographic provinces, of more or less widely varying
character. As previously defined,* the Crystalline Belt in Georgia
has hitherto included the Piedmont Plateau and the Appalachian
Mountains physiographic provinces; while under the Paleozoic
‘Group, has been placed the Georgia equivalent of the Appalach-

1 C. W, Hayes, Physiography of the Chattanooga Dist. in Tennessee, Georgia and Alabama ;
agth Ann. Rept., U. 8. G. S. 1897-'98 (1898).
(60)
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ians’ Valley province, and, in the extreme northwestern part of
the State, a small area of the Cumberland Plateau province. More:
accurately speaking then, and without regard to the area of each,
the State is divisible, as will be seen by the map facing page 72,
into the following five distinct physiographic provinces,” which,
named in their order from southeast to northwest, are: (a) the
Coastal Plain, (b) the Piedmont Plateau, (c¢) the Appalachian
Mountains, (d) the Appalachian Valley, and (e) the Cumberland -
Plateau. An approximate parallelism with each other and the
Atlantic Coast line is observed in these belts, with a general north--
east-southwest trend. ‘The Georgia equivalent of each of the
belts represents, therefore, their southern extension or prolonga-
tion along the eastern border region of the United States.

Fig. 1

Ideal Section Illustrating the Relationship between the Piedmont Plateau and the-
Coastal Plain. a. Crystalline Rocks (Gneiss, Schist, Granite Etc.). b. Creta-
ceous Sands, Clays, Marls and Limestone. c¢. Tertiary Sands, Clays, Marls and
Limestone, e. Lafayette Sand, Gravel and Clay. 1i. Columbia Sands.

The granitic rocks, treated in this report, are entirely within the-
limits of the Piedmont Plateau province, which is an elevated belt
of country, having a northeast-southwest extension along the east--
ern base of the Appalachian mountains, and disappearing under the-
Coastal Plain sediments on the southeast. It occupies the middle
northern portion of the State. The Plateau differs markedly from:
the Coastal Plain in the nature and origin of its surface features.
and the age and kinds of rock. The almost horizontal beds of the-
Coastal Plain, including strata ranging in age from Cretaceous up-
ward, lie unconformably across the bevelled edges of the highly
tilted and disturbed crystalline rocks of the Plateau. The line of

I Hayes, C. W., Physiography of the Chattanooga District in Tennessee, Georgia and Ala--
bama ; 39th Annual Report, U. S, Geol, Surv., 1897-98 (1898), pp. 1~59; especially pp. 11-13.
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contact between the two provinces was early recognized and known
as the “Fall Line.” Owing to the difference in geologic conditions
in the two provinces, the traversing streams undergo a marked
transition along this line.

The transition in the rocks of the Plateau on the northwest to
the highly metamorphosed and folded strata of the Appalachian
region is less distinctly marked, and by no means so sudden, as the
change from the Coastal Plain. ‘The Piedmont region is charac-
terized as an undulating or rolling plain, with an altitude along
its western edge of about 1,000 feet, and sloping gradually sea-
ward, with an elevation along the Fall Line, or the Plateau’s east-
ern limit, of 250 to 300 feet. Residual masses of unreduced areas,
such as Kennesaw, Lost and Stone mountains, rise several hundred
feet above the general level of the upland surface of the Plateau.

A close examination of the map further discloses the fact, that
the major streams of the Plateau preserve a general parallelism, in
their courses across the Piedmont Plain; and with the single ex-
ception of the upper course of the Chattahoochee river, the general
trend of the major streams is approximately at right angles to the
northeast-southwest course of the Plateau. ‘The streams have
apparently maintained their courses across the Plain, regardless of
the foliation and differential hardness of the rocks. They have cut
. through the deep mantle of soil and decayed rock, and frequently
into the fresh and harder rock beneath, resulting in the cutting of
deep and narrow valleys, in the upland surface, and preserving low
and more or less rounded hills and ridges of slight and gentle curv-
ature among the interstream areas. With the exception of the
Savannah and Chattahoochee rivers, the trunk streams  all head
within the limits of the Plateau. These two have encroached upon
the Appalachian’s territory, by pushing their headwaters into its
area. The Chattahoochee heads near the Carolina line, and flows,
in nearly a southwest course, across the Plateau, when, near the
middle-south portion of the Plateau at the Alabama line, it turns
southward and continues to the Gulf, marking from this point the
boundary between Georgia and Alabama. As shown by Camp-
bell,” this stream presents an unsymmetrical aspect, with reference
to its tributaries. Since the establishment of the minor drainage
features on the Plateau, some have, on account of more favorable
conditions, encroached upon the northeast drainage area of the
Chattahoochee, by pushing the divide headward into its territory.

Campbell has further shown a strong southeast slope for the

T Drainage Modifications and Their Interpretation; Journal of Geology, 1896; Vol IV, pp.
672-673.



GEOLOGY AND PHYSIOGRAPHY OF THE PIEDMONT PLATEAU 63

Plateau, since its elevation in middle Mesozoic time. This slope
has enabled the minor drainage lines to establish straight and
tegular courses at right angles to the main course of the Chatta-
hoochee, but forming in the basins of the other trunk streams a
symmetrical drainage, of the normal dendritic type.

This condition has, in geologically recent time, facilitated the
capture of the head-waters of the Chattahoochee by one of the
Savannah tributaries in the region of Tallulah Falls;* and in the
vicinity of Gainesville, a second capture is imminent; as at one
point one of the streams has extended its course headwards, within
" a short distance of the Chattahoochee, whose elevation is given
by Campbell, as 100 feet below that of the Chattahoochee.

The western drainage portion of the Piedmont Plain, skirting
the base of Pine Log Mountain near Cartersville, lies wholly
within the drainage of the Etowah basin.

THE ROCKS AND STRUCTURE OF THE PLATEAU

The Piedmont Belt is composed of completely holo-crystalline
rocks, which afford at present but little evidence of ever having
been deposited as sediments. Whatever may have been their
origin and structure in the beginning, they have been subjected to
so many vicissitudes of profound dynamic metamorphism, mainly
through pressure and re-crystallization, that proof of sedimenta-
tion is scant. ‘This metamorphism has induced a secondary folia-
tion in the rocks, by arranging the mineral constituents along
parallel lines, which evidently bear little or no relation to the
possible original bedding planes in many of these rocks.

The rocks consist prmc:lpally of granites, gneisses and schists,
cut by a series of younger basic eruptives, principally diabases
and diorites. Along the northwestern limits and in other parts of
the Plateau, a belt of basic ferro-magnesian silicate rocks, contain-
ing the corundum deposits, are found crossing the State in
an approximately parallel direction with the axis of the Pied-
mont Plateau; and they have been classed as eruptive rocks by
King.? Alono the eastern, middle northern and southwestern
parts of the Plateau, are found belts of quartzite and, in some
places, limestone.

I Hayes, ¢ W., and Campbell. M. R., The Relation of Biology to Physiography; Science, 1g900;
Vol. XII (N. S.), pp. 131-133. Davis, W. M., Current Notes on Physiography — Tallulah Gorge,

‘Georgia; Science, 1901, Vol. XIII (N. 8.), p. 871. Jones, S. P., The Geology of the Tallulah
Gorge ; Amer. Geol., 1901, Vol. XXVII, pp. 67-75.

2 A Preliminary Report on the Corundum Deposits of Georgia, Geol. Surv. of Georgia, 1804,
“P. 133 :
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Throughout the Plateau region the rocks have a prevailing
southeast dip, approximating 50°; and strike from 20° to 30° west
of south. T,ocal variations, however, in both dip and strike are
wide-spread and marked, over the region.

At present, nothing can be said definitely concerning the origin
of the schists of the Piedmont region; but it is certain that all
the granites and gneisses thus far studied are of igneous origin,
and represent several periods of intrusion.

SOILS OF THE PIEDMONT PLATEAU

Throughout the Piedmont region in Georgia, and, in fact, the
entire area of the South Atlantic Border States, the bed-rocks are
mantled with a deep and heavy covering of vari-colored residual
decay. Outcrops of the fresh rock occur along the valleys and
stream courses, where the latter have sunk their channels below
the depth of residual decay. In the granitic portions of the belt, -
low, flat surfaces and dome-shaped masses of fresh granite are ex-
posed in the inter-stream areas, where removal has kept pace with
decay. In a general way, color serves as a basis of division of the
soils into (a) red and (b) light-gray. As shown in a subsequent
part of this report,’ the distribution of these soils and the chemi-
cal decomposition over mechanical disintegration of the iron-
bearing silicates are the main factors controlling the color. -

As one of the criteria for the recognition of such a base-leveled
plain (Piedmont Plateau), Davis says: 2 ¢ the deep soils of the
upland plain and the rocky walls of the narrow steep-sided val-
leys are as important witnesses to the once lower position of the
plain and to the uplift by which its present altitude has been
gained as are the forms of the upland and the valleys.”

REsuME: To recapitulate, the Piedmont region must be con-
sidered as an old, dissected and base-leveled upland, whose present
altitude has enabled the streams now active, to incise rather deep
and narrow channels through the covering of decayed rock and
oftentimes into the hard rock beneath. Without stating the
reasons, the plain has been shown to pass through at least two
periods of base-leveling; one in Cretaceous, and the other in
Tertiary time. ‘These two plains in the Georgia portion of the
Plateau practically coincide, and are not readily visible as sepa-
rate plains. Only a few unreduced residuals, of small dimensions,
rise above the old base leveled upland, whose surface, while not
entirely featureless, is one of broad and gentle undulations, with
a distinct and gradual seaward slope.

I Chapter V, Part 2. v ‘ i
2 The Peneplain, by W, M. Davis, Amer, Gepl., Vol. XXIII, No. 4, 1899, PP. 214-215.
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FIG, I. PHOTO-MICROGRAPH OF A PHENOCRYST OF MlCROCLlNE, FIG, 2. PHOTO-MICROGRAPH OF BLUE-GRAY GRANITE, FROM THE
SHOWING INCLUSIONS OF QUARTZ AND OF CARMICHAEL QUARRY, NEAR FAIRBURN,
OTHER FELDSPAR SPECIES, CAMPBELL COUNTY, GEORGIA,
From Porphyritic Granite, from the McCollum Place, near Coweta Crossed Nicols x 74.

Station, Coweta County, Georgia. Crossed Nicols x 74.
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Concerning the Plain, farther north in Virginia, McGee says: T
“_—it must be regarded as the basal portions of a vast mass of
inclined rocks, of which an unmeasured upper portion has been
planed away.” '

AGE OF THE PIEDMONT PLATEAU ROCKS

Definite differentiation and correlation of the rocks forming the
Piedmont Plain in Georgia are yet in an unsettled state, so far as
they are based on detailed work. They have not been assigned,
except in a very general way, to any definite horizon or horizons
in the geological time-scale. Thus far, all workers are agreed in
calling them pre-Paleozoic rocks. So far as the writer's work on
the granitic type of rocks within the province is concerned, they
represent different periods of intrusion, and cannot, therefore, be
assigned the same relative age.? In every case studied, they
have been found to intrude upward into the older schistic rocks,
and have been exposed at the surface by means of erosion.

PART 2

DESCRIPTION OF INDIVIDUAL PROPERTIES

HEARD COUNTY

Heard county lies immediately west of Coweta county, next to
the Alabama State-line. Extensive areas of foliated granite and
gueisses, of good quality, are found in various portions of the
county; but, due to the lack of transportation facilities prin-
cipally, none of the outcrops have been worked, save for local use
in the county. In driving from Newnan, the county-seat of
Coweta, to Franklin, the county-seat of Heard, in a southwesterly
course, a distance of nearly twenty-five miles, the prevailing rock
crossed is gneiss. The most extensive granite exposure in the
county occurs three miles southwest of Franklin, which, on

1 Nat. Geogr. Mag., Vol. VIII, 1896, p. 263.

2 No facts have thus far been found, discrediting in any wise the belief, that the latest of the
granitic masses in the Georgia region are pre-Paleozoic in age,
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account of its extent and manner of outcrop, is known as ¢ Flat-
rock.”

Tuar FLAT-RoCK QUARRY. — This extensive body of rock occurs
three miles southwest from Franklin, the county-seat of Heard
county, and includes, at the lowest estimate, 400 acres in one con-
tinuous flat-surface outcrop, the relief of which is broken here
and there by knolls of slight elevation. The rock is owned by a
number of individuals, the following among whom are the prin-
cipal: T B. Redmond and A. J. Kitcheuns, Texas, Georgia; J. O.
Kirk, Viola, Georgia ; and Miss M. E. Lasby, Franklin, Georgla
The remainder of the property is controlled by a large number of
individuals, who own only a few acres per person.

More or less rock has been quarried at places over the outcrop,
for the past forty years. A shop stands near one edge of the rock-
exposure, where stones for local monuments have been shapened
and polished, and inscriptions chiseled in them, for the past thirty
or forty years. A number of grave-stones had been completed,
and were ready to be placed in the cemeteries, at the time of the
writer’s visit, which revealed not only the good quality of the
work done with the limited appliances at hand, but attested the
excellent grade and the superior working qualities of the rock, as
well. In all) there have been seven openings made, indicating
the removal of a considerable quantity of rock from some. It has
been used principally for monuments and grave-stones, and for
building purposes in Franklin, where some of the stone was used
in the construction of the county-jail and the new court-house,
recently built. Parts of the outcrop are well set, in a heavy
growth of excellent pine timber.

The rock is a fine-grained, foliated biotite granite, in which the
component minerals, quartz, feldspar and biotite are readily distin-
guished by the unaided eye. Each of these minerals apparently
occupy well defined areas in the hand specimen. The mica has
a dull, grayish-black tone, and is distributed along roughly parallel
lines through the rock, in areas of grouped shreds, which vary
from 2 to 20 millimeters in diameter, imparting the characteristic
foliated structure seen in the hand specimen. When broken at
angles to the foliation, the parallel arrangement of the mica is
quite marked ; but, when split along the foliation, the mica areas
appear to be 1rre0ularly distributed through the crroundmass as it
were, of the light-colored minerals, quartz and feldspar, imparting
somewhat of a porphyritic appearance to the rock. ‘This distri-
bution of the biotite, in the perfectly white granulated and lively
appearing feldspars and quartz, give the rock a decidedly speckled,
but pleasing look.
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Microscopically, the rock (Museum No. 1,894) 1s made up of
complexly interlocking grains of quartz, microperthitic ortho-
clase, and about equal portions of microcline and plagioclase,
with a few stout, aggregated shreds of biotite occasionally inter-
grown with muscovite filaments. In size and crystal outline, the
minerals are inequidimensional and wholly allotriomorphic. Irreg-
ularly rounded quartz grains-are usually enclosed as drop-like inclu-
sions in the larger feldspar individuals. The schistose structure
is not apparent under the microscope, and the rock texture is allot-
triomorphic-granular, as contrasted with idiomorphic-granular.
The biotite is partially altered to chlorite. A few microscopic
grains of garnet, with a reddish cast and without crystal outline,
are present.

Dynamo-metamorphism is shown under the microscope in the
partial peripheral shattering of the quartz and feldspar; lines of
fracture; and irregular double—refractmn common to the larger
quartz and feldspar grains.

A chemical analys1s of specimens of this rock in the Survey
laboratory gave the writer the following results: —

Silica, SI0, « « « ¢« ¢ v e v e e et e e e e e e e e e 74.96
Alumina, Al,O5 « v v v v v v v v v v v e e a e e e e e 13.71
Iron Sesqui-oxide, Fe, 0, . . . . . e e e e e T e e e e 0.90
Time, CaO . . & & v v v e v e e e e e e e e s e e e 1.02
Magnesia, MgO . « « . v o« v e v v v s e e e e e e 0.24
Soda, Na,O . ¢ v ¢ v v o v o v o o v o o o s o o a o o s s 4.68
g ) « PO G 4.79
Tgnition + v v v o v v v e v e e e e e e e e e e e e e s 0.44

Total o v ¢ v e e e e e e e e e e e e e s e e e e s 100.74

The above analysis indicates a highly siliceous rock with a Iow
percentage of iron, lime and magnesia. The potash and soda,
1t will be observed, appear in approximately equal proportion. A
comparison of this analysis with analyses of the granite-gneisses
from DeKalb, Gwinnett and Rockdale counties shows very close
agreement.

Other tests made yielded the following figures : —

Specificgravity at 19°C.. . . . . ... Lo c L 2.648

Weight of one cubic foot of stone expressed in pounds . . . . 165.50

Number of cubic feet of stone contained in one ton
(zooopounds) . . . . ... e 0l e e e e e e e 12.0

A careful examination of the natural outcrop of this rock in the
field, where it has been exposed to the attack of the atmospheric
forces for an indefinite time, geologically speaking, shows, that it
resists, to a remarkable degree, the agents of disintegration and
decomposition. ‘The sap—partially decayed surface rock —is ex-
ceedingly thin over all parts of the rock surface. No imperfec-
tions or blemishes of any character were observed in the natural
exposure of the rock.



68 DESCRIPTION OF INDIVIDUAL PROPERTIES

A survey made in 18go of an extension of the Chattanooga,
Rome and Southern railroad by way of Carrollton to Columbus,
Georgia, passed within one and one-half miles, east, of the above
granite area.

THE WYNN QUARRY.—This quarry is- owned by Messrs. J.
M. Buttrell, of Hogansville, and S. B. Heard, of Franklin, Geor-
gia. 'The quarry islocated in an extensive ledge outcrop of rock,
exposed along a very steeply sloping hillside, approximately o0
yards, slightly east of south, from the county court-house build-
ing. The rock quarried has been used for bu11d1ng purposes in
the town of Franklin.

In the hand specimen, this is the same rock as that described
above at ¢¢ Flat-rock,” three miles southwest from Franklin, ex-
cept that the metamorph1srn has progressed a little further, and
resulted in producing a thin, but distinctly laminated or banded
granite-gneiss. In addition to the quartz, feldspar and biotite,
numerous scattered small grains of red garnet are distributed
through the hand specimen.

A microscopic study of a thin section of this rock (Museum
No. 1,893) reveals an allotriomorphic-granular rock, in which the
laminated or schistose structure is mot visible, The rock is a
biotite granite-gneiss, composed of the mineral species, quartz,
orthoclase with microperthitic 111tergrowths of albite, microcline
and plagioclase, with single scattered foils of biotite. Good cleav-
age is observed in some of the orthoclase individuals. Plagio-
clase is less abundant than microcline. ‘The usual quartz and feld-
spar grains are enclosed as drop-like inclusions by the larger indi-
viduals of these minerals. Some chlorite, muscovite and epidote
are present as derived or alteration products. Lines of fracture
and undulous extinction, common to the large quartz and feldspar
anhedra, and the fine-grained mozaics of these minerals, are sug-
gestive of the effects of strong dynamo-metamorphism.

Outcrops, in boulder and ledge form, of granitoid rock, are con- -
tinuous from the Coweta-Heard county-line into Franklin, along
the Newnan-Franklin wagon-road. The residual decay of this.
rock-type along the roadside reaches, oftentimes, depths of 40 to
50 feet in exposed vertical section, consisting for the most part of
stiff red and yellow, and less frequently, mottled clays.

A belt of dark-blue hornblende gneiss, similar to that occur-
ring in Meriwether, Troup and Gwinnett counties, outcrops across
the Chattahoochee river from Franklin.
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TROUP COUNTY

Troup lies immediately south of Heard county and next to the
Alabama line. Several areas of gneiss are found in the county,
some of which have been worked to a limited extent.

One and one-half miles west from LaGrange, on Moore’s place,
ledge outcrops of a fine-grained gneiss occur along a small stream
known as Moore’s branch. Some of the rock has been quarried
for street paving, foundations and retaining-walls in LaGrange.
It is a fine-grained, vari-colored and irregularly banded biotite
granite-gneiss. The layers vary in thickness, and from dark-gray to
nearly white in color, according to the amount of biotite present.

A thin section of rock (Museum No. 1,904) from one of the
dark-gray layers, indicates, under the microscope, a very fine-
grained, allotriomorphic-granular rock, composed principally of
quartz and orthoclase, with some microcline and plagioclase
present, and an abundance of small plates of biotite, completely
altered to a dark greenish-brown opaque chlorite without crystal
outline. Quartz is the predominating mineral present. From the
few scattered, ragged-outline crystals of quartz and feldspar in
the thin section, the rock affords some evidence of having been at
otle time a coarse-gramed granite, subsequently subjected to pro-
found metamorphism and reduced almost entirely to a mozaic of
fine-grained, interlocking quartz and feldspar, which exhibit
marked undulous extinction between crossed nicols.

A similar examination of a thin section under the microscope
of a specimen (Museum No. 1,905) from omne of the white and
nearly biotite-free layers of the same rock, reveals the same fine-
ness in grain and texture; but it contains nearly equal propor-
tions of microperthitic orthoclase and microcline, while the
amount of plagioclase remains practically the same as for the dark
layer (Museum No. 1,904), and it contains a greatly decreased
amount of biotite. The orthoclase species of feldspar also contains
increased microperthitic intergrowths with a second feldspar in
the light-colored layer. ‘The light- further differs from the dark-
colored layer in showing an excess of the feldspar constituent over
the quartz.

Outcrops of the same rock occur from three-quarters to a mile
west of LaGrange, and are more or less comntinuous from this
point to the opening described above.

A dark-blue colored and finely banded hornblende-gneiss, simi-
lar to that occurring in Meriwether, Heard and Gwinnett counties,
described elsewhere in this report, outcrops in several places near
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the corporate limits of LaGrange. Several of these have been
opened, and the rock used for foundat1on and other rough work
in the town.

THE MOUNTVILLE QUARRY. — Located a quarter of a mile from,
and on the north side, of the Macon and Birmingham railroad,
eight miles east of LaGrange, and one mile west of Mountville, is
an extensive outcrop of contorted biotite granite-gneiss. ‘The ex-
posure includes three to four acres of flat surface rock. Omne sur-
face “raise” has been made in the outcrop, and some rock has been
quarried for street purposes. The rock is easily worked, readily ac-
cessible, and is an excellent grade of material for street purposes. It
represents the westward extension of the large body of contorted
biotite granite-gneiss, crossing Meriwether county in an east and
west direction from Odessa to Woodbury. ‘This area of contorted
granite-gneiss is similar in every respect to the Lithonia belt in
DeKalb county.
~ In the hand specimen (Museum No. 1,892), the rock is a light-

gray, medium-grained, irregularly banded contorted Dbiotite
granite-gneiss, carrying a few scattered grains of magnetite in places.

Microscopically, it is a massive granular, fine-grained rock,
without trace of the schistose or laminated structure shown in the
thin section. It is composed of complexly interlocking anhe-
dra of quartz, microperthitic orthoclase, microcline and plaglo-
clase, with biotite plates more or less altered to chlorite and epi-
dote. Quartz is the predominating mineral. It contains numer-
ous fracture lines, and, in addition, displays the characteristic un-
dulous extinction between crossed nicols. ~ ‘The relative abundance
and proportion of the feldspar species present in the rock is ortho-
clase> microcline> plagioclase. The larger individuals of feld-
spar and quartz contain abundant microscopically enclosed grains,
of varying dimensions and rounded outline, of the same minerals.
Small areas of crushed fine-grained quartz and feldspar, partially
surround the larger grains of these minerals, and, in most cases,
are quite numerous. Microscopic inclusions of zircon and apatite
and a few idiomorphic crystals of magnetite, complete the list of
minerals present. A comparative study of a thin section of the
rock with that from the Lithonia belt of contorted granite-gneiss
in DeKalb county, reveals the practical identity of the two rocks.

MERIWETHER COUNTY

~ Extensive areas of fine- and even-grained biotite granite-gneiss,
of excellent quality, well suited as monumental and general build-
ing stone, and for street work, in the form of Belgian blocks and
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curbing, are found in Meriwether county. ‘The granitic rocks of
Meriwether, which as stated above, consist of true granites and
gneisses, are intimately associated in occutrence; but they are
not of the same age, as is shown in a subsequent part of this
report. ‘They may; however, for convenience of statement, be
~ grouped and defined at present as one continuous belt, extending
in an easterly course from near Mountville in Troup county, the
most westerly outcrops, entirely across the central portion of the
county into Pike county on the east, including the Odessa, Green-
ville, Harris City, Woodbury and Flint river granitic areas. A
number of quarries have been opened at various points over the
belt, and a rather large supply of stone has been quarried from
some.

GRANITES

The true granites occurring in Meriwether county are massive,
and fine- to medium-grained in texture; dark-gray in color ; and
intimately associated with the contorted granite-gneisses described
below. ‘Therelationship of the massive granites and the contorted
granite-gneisses is discussed in a subsequent part of this report.

THE A. M. Hirt PrAckE. — T'wo and a half miles from Green-
ville, are boulder outcrops of a dark-gray granite, extending over
some eight to ten acres, along the course, and near the headwaters,
of Red Oak creek. As traced,the belt has apparently a northeast-
southwest course, with an approximate length of two and a half
miles, and is from one to three quarters of a mile wide. The
most southwesterly outcrop of this rock occurs in front of the
Strozier dwelling (old Jackson place), four miles west from
Greenville. The belt crosses lots of land owned by the following
persons : Messrs. A. M. Hill, O. Ward, G. J. Martin, J. M. Terrell,
and the heirs to the Jackson estate.

Megascopically, the rock is a medium-grained, dark-gray biotite
granite, of excellent quality. The writer was informed by Mr.
Hill, that the rock is susceptible of a high polish, which is certainly
in full accord with specimens of a similar rock occurring on Mr.
T. B. Tigner’s place, which show a very high polish.

Microscopic study of a thin section from a specimen of this rock
(Museum No. 1,869) revealed a medium-grained rock composed
of the potash feldspar species, microperthitic orthoclase and mi-
crocline, with quartz, some plagioclase and large, stout aggregated
plates of brown colored and strongly absorbing biotite. An .
abundance of large grains of a brownish colored, slightly pleo-
chroic epidote, with irregular crystal outline, occurs. ‘This granite
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shows, on chemical analysis, an increased percentage of lime (CaO)
over that of other granites found in the State. ‘The feldspar and
quartz grains are allotriomorphic in outline, and are further chai-
acterized by the usual inclusions, with marl;ed zonal structure,
common to the feldspars. Biotite occurs, more or less altered to a
dark, opaque chlorite, and is associated with occasional foils of
muscovite. Prismatic inclusions of apatite are somewhat numer-
ous and large in size. ‘The quartz anhedra contain extremely
fine and greatly drawn out thread-like filaments, which could not
be definitely identified, but which are probably rutile. Peripheral
shattering of the larger quartz and feldspar grains, marked irregu-
lar double-refraction, and lines of fracture common to the quattz,
indicate the usual mechanical strain.

A chemical analysis of specimens of this rock, in the laboratory
of the Geological Survey, gave the writer the followmg results: —

Silica, S10, « v ¢« v ¢ 4 vt v i s e e e e e e e e e e e 62.52
Alumina, Al,O, .8
Iron Sesqui—oxide, Fe,Oy """ " nmm s 23-5
Time, CaO . . . v v i e e s e e e e e e e . 3.24
Magnesia, MgO . . . . . v v v v v b i e e e e e 1.55
Soda, Na,0 5
Potash, K 0 % R I 8.57
Ign1t1on .......................... 0.54
- 100.00

A comparison of this with the analysis of the Tigner granite?
shows the two rocks to be essentially the same. The Hill and
Tigner granites show a smaller percentage of silica and a propor-
tionately increased percentage of alumina, iron, lime and magnesia
over that of the finer-grained biotite granite quarried by the Green-
ville Granite Company near Greenville. The total percentage of
alkalies is approximately equal in each case.

The properties of the Hill granite render it especially suitable
and desirable as a monumental stone.

The color of the partially weathered portion of this granite is
a light yellowish brown, due to the partial decomposition of the
biotite. ‘The weathered specimen is still hard and firm rock, in
which the black mica (biotite) is highly lustrous, and the feldspars -
are more or less dull and opaque, from partial kaolinization.

Other tests, made on specimens of the rock, yielded the follow-
ing results:—

Specific Gravity . . v . v i v i 4 et e ek e e e e e 2,731

Weight of one cubic foot of stone expressed in pounds . . . . 170.68

Number of cubic feet of stone contained in one ton
(zooopounds) « « + . 44 o. oo . T & o1

1 By difference. 2 See p. 74.



PORPHYRITIC GRANITE, NEAR PALMETTO, GEORGIA

Fractured Surface of a Partially Worked-up Boulder, Showing the Texture of the Rock.
. Eroded Surface of the Residual Clay, from the Porphyritic Granite,
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These figures may be compared with the similar ones obtained
from tests made on specimens of rock from the Tigner quarry.

THE T. B. TIGNER QUARRY.— This quarry is located in the
7th district, approximately six miles slightly south of west from
Greenville, two miles from Odessadale, and half-a-mile south of
the nearest point to the Macon and Birmingham railroad. The
rock outcrops as large boulders over an extensive wooded slope on
the two sides of the public wagon-road. Several boulders have
been worked up, on the east side of the road in the pine woods.
A polished specimen of the granite was shown the writer at Mr.
Tigner’s house, which was eminently satisfactory. The excellent
finish, which this stone is susceptible of taking, both polished and
hammer-dressed, is well shown in an eight-inch cube on exhibition
in the State Museum in the State Capitol building in Atlanta.
The few stones quarried have been used for local purposes. The
first opening was made in 1891.

Megascopically, the rock is a medium-grained, dark blue-gray
biotite granite, of excellent quality, and admirably suited for monu-
mental stock.

A thin section of the rock (Museum No. 1,872), studied under
the microscope, revealed an allotriomorphic-granular biotite
granite. It is composed of the feldspar species, microperthitic
orthoclase, microcline and a good proportion of plagioclase, with
quartz and large aggregated plates of biotite, intergrown with oc-
casional muscovite foils. Like the similar granite found on the
A. M. Hill place, a large proportion of a brownish colored, slightly
pleochroic epidote, of large size grain, usually of very irregular
crystal outline, occur; though several idiomorphic crystals were
observed in the thin section. Evidence points to this mineral’s
being a derived product, and not an original mineral, from the
interaction of the feldspar and biotite. Plagioclase is fairly
abundant, and is present as stout, lath-shaped crystals, polysyn-
thetically twinned. Biotite occurs as large, grouped plates, with
marked basal cleavage, strong absorption, and brown in color,
containing some inclusions, and partially altered to chlorite.
Somewhat large prismatic inclusions of apatite are quite numer-
ous. ‘The larger quartz and feldspar grains are crossed by numer-
ous lines of fracture.

The composition of this rock is shown in the chemical
analysis below, made by the writer in the laboratory of the Geo-
logical Survey :—
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Silica, Si0, « v ¢« v ¢ v i e e e e e e s e e e e e e e 63.27
Alumina, ALLO; + « ¢ v o v v v v v v v e o ot e e e e 19.93
Iron Sesqui-oxide, F€,0; . v « v v v v v v o 6 o 0 0w - 2.82
Lime,CaO . « « ¢« ¢ v v v v i d et i e e e e e e e e e . 289
Magnesia, MgO .+ v ¢ v v v v v v v e e e e e e e e e e 0.49
Soda, Na,0 . . & ¢« v v v v s v e v e v s o e e e e e 4.14
Potash, K,O0 v 4 o v v v v v v v v it e e v e e e e e 4.85
Ignition « « v o v v L e e e e e e e e e e e e e e e e - 0.86

JTotal v v v o e i s e i e s e e e e e e e e e e 99.25

It will be observed from the field and laboratory descriptions of
this rock, as given above, that it is essentially the same granite as
that described from the A. M. Hill property. Hand specimens
of the rock from the two localities cannot be distinguished.

Other tests made on this rock yielded the following figures :—

Specific Gravity . « « « + . v . 000 . e e e e e e 2.739
Weight per cubic foot of stone expressed in pounds . . . . . 171.18
Number of cubic feet of stone contained in one ton

(2,000 poundS) « v ¢ ¢ e v v e 44 e s e e e e e e e e s 11.6

THE GREENVILLE GRANITE COMPANY’S QUARRY.— This quarry
is located just beyond the corporate limits of Greenville, approxi-
mately one mile northeast from the county court-house. The
quarry is worked under the control of the following gentlemen
from Greenville, Georgia, who compose THE GREENVILLE
GRANITE CoMPANY: Dr. E. B. Terrell and Messrs. B. O. and
A. M. Hill. '

The quarry was leased, for a period of three years by the above
company, from Mrs. Mary Robertson on a royalty. Since the
quarry was first opened, the first lease has expired; but it has
been renewed for a second period. The stone quarried has been
used principally for cemetery and building purposes in Colum-
bus, Georgia. St. Luke’s church in Columbus was partially built
of stone from this quarry. The rock outcrops as boulders over an
extensive area, which are imbedded in a prevailingly stiff, red
residual clay. One opening has been made, and worked to an ap-
proximate depth of 30 feet along the quarry face.

Megascopically, the rock is a medium-fine and even-grained,
dark blue-gray biotite granite, of excellent quality, and is superior
as a monumental stone. Scattered shreds of muscovite show up
in the hand specimen. Feldspar crystals, averaging five milli-
meters in length and two in width, tabular parallel to the clinopin-
acoid (o10), and twinned according to the Carlsbad law, are beauti-
fully shown in specimens of the rock.

Under the microscope, a thin section from a specimen (Museum
No. 1,866), revealed a medium fine-grained allotriomorphic-granular
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rock, composed of quartz and the potash feldspars, orthoclase and
microcline, with some plagioclase and biotite intimately associated
with muscovite shreds. 7The potash feldspars constitute the most
abundant mineral constituents present, showing Carlsbad twin-
ning and microperthitic intergrowth with a second feldspar,
albite. Single plagioclase individuals are scarce. An unusually
large proportion of rounded quartz and feldspar microscopic, drop-
like inclusions characterize the larger grains of these minerals.
The quartzes contain, in addition to the inclusions of prismatic
apatite, long drawn out and fine thread-like filaments of rutile.
Biotite is present as single and grouped plates exhibiting the usual
brown color and strong absorption, and carrying inclusions. It is
somewhat altered to chlorite, and is partially intergrown with a
good proportion of large shreds of colorless, but slightly pleochroic
muscovite. Prismatic inclusions of zircon are also common to
some of the component minerals present.

Analysis of specimens of the fresh and decayed granite from
this locality yielded the writer, in the laboratory of the Geological
Survey, the following results : —

I II IIX v

Gilica, Si02 -+ + « v v e v oo 69.88 54.57 5I.29 48.35
Alumina, AloO3 - « - « 4 . « « . . 16.42 25.g0 20.69 28.03
Iron Sesqu1-ox1de Fe 03 ... ... 1.96 4.69 6 33 475
Time,Ca0 . . i ¢ v v v v v o v o 1.78 0.05 0.07 2.97
Magnesia, MgO . . « . . . . ¢« . . . 0.36 0.21 0.14 3.45
Soda, Na-0O . . . .. .. e o s e . 4.46 2,16 I.I2§ .
Potash, K20 « v v v o v v v 0 v o 563 2.87 1.50§ 935
Ignition . . & & v o v v 0 v 0 0. 0.36 10.14 10.36  6.1I0

Total . . . &« « ¢ v v v v o & o 100.85 100.59 100.50 T100.00

I Analysis of fresh granite.

II Analysis of decayed granite taken 10 feet below the surface.

III Analysis of decayed granite taken 514 feet below the surface,

IV Analysis of partially decayed granite, collected from the Greenville-Griffin
public road between the bridge and Greenville.

Recalculating the figures under columns I, IT and III to a basis
of 100, and assuming the iron to be constant a total percentage
loss for the entire rock, of 61.85 per cent.,?is shown, in passing
from the fresh rock to the stage of decay 1nd1cated in column II.
In the same way, a total loss for the entire rock, of 71.82 per cent.
is represented, in passing from the fresh rock to the stage of
decay indicated in column III. These changes clearly mark the
action of chemical forces in reducing the fresh rock to a highly
ferruginous, stiff, red clay.3

T By difference.

2 For method of calculation, see Chapter V, Part 2,

3 For a detailed discussion of the changes incident to the weathering of this rock, see Chapter
V, Part 2.
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Other tests made gave the following figures : —

SpecificGravity . + « v v oo ool e oo oL 2.662
Weight of one cubic foot of stone expressed in pounds . . . . 166.37
Number of cubic feet of stone contained in omne ton (2,000
pounds) . . . . . o e e e e e e e e e e e e e e 12.0
Percentage (ratio) of absorption . . . . . . . .. . . L ... 0.086

The rock from this quarry resembles very closely that quarried
in the Oglesby blue granite area in Elbert county, described else-
where in this report. In chemical and mineral composition, the
two rocks are apparently identical. ‘The Oglesby granite is a
shade darker in color, and slightly finer in grain, than the Green-
ville rock. Spec1mens of the polished and hammer-dressed granite
from this quarry were shown the writer in Greenville. They
very forcibly illustrated the excellent finish, the stone is capable of
taking. The properties of this granite should make it a most
desirable stone for monumental stock.

The rock weathers finally, to a deep red, highly ferruginous,
stiff clay, reaching to a depth of many feet, through which are
occasionally distributed boulders of the nearly fresh granite. ‘The
exposed surfaces have been deeply trenched and furrowed by the
falling waters, until a depth of fifty feet is reached in extreme
cases.

Frar SHOALS. — An extensive exposure of foliated granite, ex-
tending for some distance along Flint river, in both Meriwether
and Pike counties, occurs twelve miles east of Greenville, and ap-
proximately the same distance west from Zebulon, the county-
seat of Pike, at Mr. D. N. Freeman’s mill. ‘The granite outcrops
extend for some distance back from the river, on the Meriwether
side of the stream. The same rock is said to outcrop two and a
half miles slightly south of east from this exposure, at Neal’s
station on the Southern railway, in Pike county. A few rocks
were gotten out some years ago for mill and bridge piers, which
includes all the work done in this section, in the way of granite
quarrying.

Megascopically, this isa medium-grained, light-gray, distinctly
foliated, biotite granite, in which the component minerals, quartz,
feldspar and biotite, are readily, recognizable by the unaided eye.

A thin section of the rock (Museum No. 1,877), examined under
the microscope, indicates a medlum-gramed allotriomorphic-
granular granite, without trace of laminated or schistose structure
visible. It comsists of quartz, microperthitic orthoclase, micro-
cline and plagioclase, with biotite. The quartz usually occurs
as large anhedra occupying well defined spaces. They are crossed
by lines of fracture, and exhibit wavy extinction. ‘The feldspar
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‘constituent consists as above stated, of the following, named in the
order of their abundance: Microperthitic orthoclase, plagioclase
with small extinction angle measured on the lamellee in basal sec-
tion, and microcline. Peripheral zones of finely crushed grains of
quartz and feldspar are frequently observed about the borders of the
larger grains of these minerals. Prismatic inclusions of apa-
tite and zircon are very common to the feldspar and quartz an-
hedra. Chlorite, muscovite and epidote are present in the usual
proportions, as derived, or secondary products, from the biotite
and feldspar comnstituents.

The chemical composition of this rock is shown in the follow-
ing analysis, made by the writer, in the laboratory of the Geo-
logical Survey :—

Silica, Si02 - ¢+ v v v e i e e e e e e e e e e e e e e e 74.80

Alumina, Al203 « « v v v v ot e e e e e e e e e e 15.46
Iron Sesqui-oxide, Fez03 « v « v v v v ¢ v v v v v v o . 1.04
Lime, CaO . . ¢« v v v i ot e et e e e e e e e e e e e 0.82
Magnesia, MgO . . . . ¢ .« v v v b e e e e e e e e 0.11I
Soda, NasO . . v v v v v v vt e i v v e e e e e e 4.80
Potash, K20 . . « + & & vt v vt bt v vttt e v e e 2.52
Ignitiom . . . . . . . . . o Lo 0.31

- 99.86

The small percentage of lime, and the large increase of soda,
over the potash content, points to albite as the species of the
plagioclase feldspar present. This is further confirmed by the
optical properties of the plagioclase individuals present in the
rock, which were studied in a thin section of the granite under
the microscope.

GRANITE-GNEISS

The gneisses may be readily distinguished in the field from the
typical massive granites, by their marked schistose structure, the
layers of which are usually considerably contorted. In mineral
and chemical composition, the two types of rock cannot be distin-
guished so readily, inasmuch as they are practically identical.

Mrs. M. J. HirL’s PROPERTY. — T'wo miles west from Green-
ville, the county-seat of Meriwether, occur flat-surface and boulder
outcrops of a contorted, light-gray biotite granite-gneiss, extending
over approximately ten acres. None of the rock has been quarried ;
but it is an excellent stone for street pavements, in the form of
blocks and curbing, and can be easily worked. The rock has a
decidedly pinkish cast in places, due to the pink color of a part
of the feldspathic constituent.

One and a quarter miles south from the above exposure, and
two miles southwest from Greenville, occur outcrops of a similar
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character and of the same rock, over some twenty-five acres of
a gently sloping hill. The rock has been opened at one point,
and some of the stone has been quarried. 1t is well suited to the
various kinds of street work. Hand specimens of the rock show a
highly contorted, light-gray biotite granite-gneiss, with a decided
pinkish cast, resulting from the color of the feldspar. Scattered
grains of pyrite and veins of pegmatite were observed in places
along the quarry face, but not to a damaging extent.

A microscopic study of a thin section of this rock (Museum No.
1,868) indicates a fine-grained, allotriomorphic-granular granite-
gneiss, with a roughly schistose structure, apparent. Itiscomposed
of complexly interlocking grains of quartz and the potash feldspars,
orthoclase and microcline, with plagioclase and small foils of
biotite. The quartz and feldspar grains are extremely irregular
in outline, and display no tendency to idiomorphism. Dynamo-
metamorphism is strikingly manifest in the thin section, in long:
drawn out and roughly parallel crushed areas of ﬁne grained
quartz and feldspar.

THE ODEssA QUARRY.—This quarry is located six miles west
from Greenville in the 7th district, and half-a-mile north from
Odessadale on the LaGrange-Greenville wagon-road. At the low-
est estimate, there are apparently 15 acres of sheet or flat-surface
rock in the quarry exposure. The quarry is located in an out-
crop, with a moderate slope toward a small stream occupying the
valley bottom below, which facilitates easy working. Approxi-
mately one and a half to two acres have been stripped, and worked
to a depth of eight to ten feet, which includes some four to six
sheet “raises’’ in superposition. Work was first begun about six
years ago, and continued through a period of three years, with no
quarrying done since, the Georgia Quincy Granite Co., of Macon,
being the operators. The stone quarried was used pr1nc:1pally for
river-work by the United States Government in the St. John’s
river, Florida, and for street paving in the form of Belgian
blocks. A side-track was in operation at the time of work-
ing, from the quarry to the Macon and Birmingham railroad at
Odessadale. ILarge quantities of the stone have been quarried.

The rock is an irregularly banded, highly contorted, light-gray
biotite granite-gneiss, of a most excellent grade, and admirably
adapted to the various kinds of street work. Itisin every respect the
same rock as that quarried at Lithonia in DeKalb county. Hand
specimens of the rock from the two localities cannot be distin-
guished. It is a continuation of the same rock-mass as that de-
scribed on Mrs. M. J. Hill’s place, and differs from it only in the
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feldspar’s being entirely white, while the Hill rock hasa decidedly
pinkish cast. The quarry area is cut by veins of pegmatite and
dikes of a finer-grained dark-gray biotite granite; and, in places,
segregated areas of black mica (biotite) and scattered grains of
magnetite occur.

A microscopic study of this rock (Museum No. 1,867) reveals a
fine-grained, allotriomorphic-granular rock, without trace of the
schistose structure shown in the thin section. It is composed of
the closely interknitted mineral individuals, quartz, microperthitic
orthoclase, microcline, plagioclase and biotite. ‘The feldspar con-
stituent is in excess of the quartz, and the large feldspar individ-
uals contain rounded drop-like inclusions of quartz, and other
feldspar species. 'The plagioclase gives small extinction-angles
with the twinning lamellee in basal sections, and approaches idio-
morphic lath-shaped forms in crystal outline. ‘The biotite is more
or less altered to chlorite. Pressure metamorphism is shown in
the peripheral shattering, wavy extinction, and lines of fracture,
in the large grains of quartz and feldspar.

A chemical analysis made in the Jaboratory of the Geolog1cal
Survey, from specimens of rock collected from this quarry, yiz'3=~
the writer the following results : —

Silica, SiO2 « « = v v v v @ et e e e e e e e e 76.37
Alumina, Al,O3 v« + v v v v v b i e e e e e e e 13.31
Iron Sesqui-oxide, Fe,O3 . . . . . . . . . . .. .. .. 1.21
Lime, CaO . . . . . . v o v e sl e e e e e 1.13
Magnesia, MgO . . . . . . . . . Lo o0 e e e 0.I0
Soda, NazQO . . . . v o v v v o i e e e e e e e e 4.02
Potash, KO . . . .« v v v v v v vt e e e e s e e 3.68 -
Ignition . . . « « v v v 0 o vt e e e e e e e e 0.20
Total . v . v v v e e e e e e e e e e e e e e e 100.02
SpecificGravity « « & v v v 4 o v v v e e e e e e 2.642
Weight of one cubic foot of stone expressed in pounds . . . . 165.12
Number of cubic feet of stone contained in one ton
(2,000 pounds) . . . . . 4 e e e bt e s e e e e e s 12.1
Percentage (ratio) of absorption . . . . « . . . . . . . .. 0.056

A comparison of the above chemical analysis with analyses of
the Lithonia belt of contorted granite-gneiss, in DeKalb, Gwin-
nett and Rockdale counties, indicates, at once, the practical iden-
tity of the rocks.

Outcrops of this rock occur at numerous points along the La-
Grange-Greenville wagon-road, between Mrs. Hill’s place and the
Odessa quarry. Starting at the Odessa quarry and travelling in a
slightly south-of-east course, outcrops of the contorted granite-
gneiss may be seen on the following properties: Mrs. M. H.
Dillard, J. M. Terrell, G. J. Martin, H. W. and A. F. Hill and
Mrs. M. J. Hill, to and beyond Mrs. Hill’s mill.
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CeEDAR Rock.—This property is owned jointly by Messrs. J. L.
Robertson and T. S. Wright, and is located four miles southeast
from Greenville and two miles slightly south of east from Harris
City. ‘T'he outcrop covers at least one hundred acres, and is a flat
doming mass of contorted granite-gneiss. Before reachmg the main
exposure, outcrops of the rock were noted on the south side of Ken-
dall creek, where it is crossed by the public road, three miles
southeast from Greenville. From this point to ‘“‘Cedar-rock”
proper, it is continuous. Near this point on the stream and on
the northeast side of the wagon-road, a large body of mica-schist
is exposed The gneiss begins to outcrop again near Harris City,
and is exposed at numnerous places along the Greenville-Harris
City wagon-road to Render’s trestle, one mile south from Greenville.

This is the same light-gray, contorted biotite granite-gneiss, as
that described from the Odessa quarry, in which the component
minerals, quartz, feldspar and biotite, are readily distinguished
by the unaided eye. It can be easily worked ; ; 1s readily accessible .
to the railroad ; and is an excellent stone for street purposes. No
work has been done on this property looking to its development.

TuE H. W. Hirl, PROPERTY.— Approximately twelve acres of
flat-surface and boulder outcrops of the same granite-gneiss, as that
described above, occur one and a half miles southwest from Harris
City, and abouta quarter of a mile north from the Harris City-
Stinson public road, in a field. One opening of slight dimensions
has been made in the sheet outcrop, where the fresh rock could be
seen to an.advantage. Hand specimens of the rock from this local-
ity and the Odessa quarry cannot be distinguished, except that the
former is somewhat coarser in grain. A few scattered garnets are
shown in the hand specimens of the Hill rock.

A thin section from a specimen of this rock (Museum No. 1,870),
studied under the microscope, revealed a massive, a110tr10morph1c~
granular rock, in which the schistose structure, so characteristic
of the rock, is not shown. - It is composed of the potash feldspars,
orthoclase, with microperthitic structure, and microcline, and
the soda-lime feldspar, oligoclase, with quartz and biotite. Thein-
dividual crystalline grains are nearly equal in size. ‘T'he microscope
also indicates a slightly coarser-grained rock than the Odessa gran-
ite-gneiss. The feldspar constituent is in excess of the quartz. The
usual microscopic inclusions abound in the larger grains of quartz
and feldspar. The biotite also carries some included material, and
is somewhat altered to chlorite and epidote. Mechanical st_rain 1s
shown in the wavy extinction and lines of fracture, common to the
large grains of quartz, and less frequently, the feldspar.
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OTHER EXPOSURES OF BIOTITE GNEISS. —Omne mile east from
Cedar Rock, along the public wagon-road, is an outcrop of con-
torted biotite gneiss. A quarter of a mile east from Render’s
dwelling, and on the same side of the road, is exposed about one
acre of flat-surface outcrop of this rock. Numerous outcrops are
to be seen along the wagon-road for a distance of a mile northeast
from this place.

On Mr. Sanders Sims’ place, three and a half miles west from
Woodbury, on the Woodbury-Greenville wagon-road, is a flat-surface
outcrop of approximately one acre of the gneiss.

On Mr. L. J. Render’s place, four and a half miles west from
Woodbury, on the south side of the above wagon-road, is a ledge
outcrop of a coarse-grain, roughly contorted biotite gneiss, in
which there are a dozen or more acres of the rock exposed.

A thin section of this rock (Museum No. 1,878), under the
microscope, showed a medium coarse-grain rock, without a trace
of schistose structure. It comsists of interlocking quartz and
the feldspars, microperthitic orthoclase, microcline and plagioclase,
with large, stout intergrown plates of biotite. The quartz and feld-
spar individuals are allotriomorphic as to crystal outline. Disc-
shaped intergrowths of quartz and feldspar, as micropegmatitic
structure, are very common, and are frequently inclosed by some.
of the larger feldspathic grains with drop-like inclusions of quartz
and feldspar. Inclusions are also common to some of the biotite
shreds. Fracture planes and wavy extinction are characteristic of
the quartz, and some of the feldspar individuals.

On Mr. R. D. Render’s place, three miles east of Greenville,
where Walnut creek is crossed by the Woodbury-Greenville wagon-
road, are large boulder outcrops of gneiss. Outcrops of the same
rock also occur on top of the hill along the same road, two miles
east of Greenville.

Two miles northwest of Greenville, along a small stream, and
directly on the west side of the Hogansville-Greenville wagon-
road, is a one and a half- to two-acre outcrop of contorted biotite
granite-gneiss on the Atkinson Brothers’ place.

Omne and a quarter miles east from Harris City, on Mr. A. J.
Barnes’s place, are extensive outcrops of the same rock. The
rock outcrops again two miles southwest of Harris City, on Mr.
N. T. Wright’s place.

A diabase dike, of considerable width, and traceable for several
miles in a north and south direction, is exposed along the Harris
City-Woodbury wagon-road, six miles slightly south of east from
Greenville. This dike is found near, and has a course at right
angles to, the east and west belt of gneissic rock. No contact
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has been found between the diabase and gneiss; but, while field
evidence did not entirely reveal the actual cutting of the one rock
by the other, it is certain, that, since the diabase dike has been
traced in a north-south direction, for many miles to the north and
south of the granite-gneiss belt, it cuts the gneiss, and is, therefore,
more recent in origin. The numerous dikes of trap rock, found
cutting the schists and gneisses of the Piedmont plain, are Meso-
zoic in age, and are the southern correlatives of the more numer-
ous and extensive basic eruptives dlssectmg the middle and
northern Atlantic seaboard.

A thin section of the dike rock made from a hand specimen
collected from the above locality (Museum No. 1,871), indicated
a typically normal, fine and compact-grain, dark blue-gray dia-
base. ‘The rock is composed of colorless, slightly pleochroic
augite, allotriomorphic-granular in outline; lath-shaped plagio-
clase ; and idiomorphic magnetite crystals. It displays the char-
acteristic ophitic structure. )

HORNBLENDE (GNEISS

Ture T. B. TIGNER QUARRYV.—An extensive area of a dark
greenish black, distinctly laminated and fine-grain hornblende-
‘gneiss outcrops along the Macon and Birmingham railroad to
the east, about a half to three quarters of a mile from Mr.
Tigner's dwelling-house. The rock has never been systemati-
cally quarried. The railroad has cut directly across a portion
of the belt, where considerable stone has been taken out, and
good sections of the rock are now exposed in the cuts. An eight-
inch polished and hammer-dressed cube of this rock, on exhibition
in the State Museum at the Capitol in Atlanta, shows, that the
stone takes an excellent finish.

A thin section of the rock (Museum No. 1,875), studied under
the microscope, revealed a fine-grain, banded or laminated horn-
blende-gneiss. The laminated structure is due to definite orienta-
tion of the ferro-magnesian silicate, hornblende, along parallel lines.
‘The rock consists of hornblende, quartz, and potash and plagioclase
feldspars, with epidote and some calcite, as secondary minerals.
The mineral individuals are each allotriomorphic in outline.
Hornblende is the principal mineral present. It makes up at least
two-thirds of the rock-mass. It occurs as allotriomorphic plates,
elongated in the direction of the prismatic cleavage. The marked
cleavable grains are light yellowish-brown, parallel to the cleavage
direction, and dark greenish-brown, at right angles to this direc¢-
tion. Extinction angles, measured with the cleavage planes,
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varied from 10° to 24°. More than half of the hornblende is par-
tially altered to chlorite, and differs quite markedly from the re-
mainder, in being massive and without definite cleavage-partings,
green to blue-green in color, more feebly pleochroic, and weaker
double refracting. ‘The hornblende individuals are much larger
in size, than any of the other minerals present.

This rock is quite similar in all respects to that described from
Gwinnett county, occurring four miles southeast from Lawrence-
ville (Museumi No. 1,938). It weathers to a deep red and highly
ferruginous stiff, clayey mass.

COWETA COUNTY

Coweta county contains extensive areas of even-grain gran-
ites; their accompanying coarse-grain porphyritic granites; and
gramte-gnelsses of excellent quality, well adapted to general build-
ing and monumental purposes. These rocks are fairly well distrib-
uted over the county. A number of quarries have been opened at
various places, and considerable stone has been quarried from
some, which has been used almost exclusively for local purposes.

GRANITE

The granites are medium fine-grain, -gray, biotite varieties,
confined, for the most part, to the central, eastern and southern
}.)ortmns of the county.

The fine-grain, gray granites from this and the adjoining coun-
ties, Campbell and Meriwether, resemble quite closely in grain,
texture and color, specimens of the Fitzwilliam granite of New
Hampshire, included in the 1oth Census collection of building
stones, in the U. S. National Museum, Washington, D. C. More
or less similarity is also observed between the Coweta-Campbell
counties gray granites and specimens of biotite granite, included
in the above collection from the Westham Granite Co., Manches-
ter, Virginia, and the J. B. Mitchell Co.’s quarries in the Tucka-
hoe district, near Richmond, Virginia.

THE Sam Hirt Quarrv. — This quarry is located three and a
quarter miles slightly south of east from Newnan, the county-seat
of Coweta, and au eighth of a mile from, and on the east side of,
White Oak creek, near the edge of the gently sloping stream-
valley. Itis owned by Mr. Samuel L. Hill, of Newnan. The gran-
ite outcrops more or less continuously over some twenty to thirty
acres of land, extending from the above named stream back to
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the quarry. The quarry was opened about fifteen years ago, to
obtain rock for the Central of Georgia railway, and was worked
for a period of two years, averaging a large force of hands per day.
In a direct course across the stream-valley, the quarry is not more-
than three quarters of a mile from the railway, between which
points, a switch could be laid and operated at nominal cost. At
the time of the writer’s visit, the quarry-opening was nearly filled
with water; but the apparent depth and width of the opening in-
dicated, that a large amount of stone had been quarried. The
quarry outcrop is only a few feet higher than the level of the
stream, which will necessitate the use of machinery for remov-
ing the water, if quarrying is continued to any depth.

The rock is cut by a series of joint-planes trending south 35°
east, and by a system of fine-grain dikes of biotite granite, of
shght width, quite numerous in places, and approximately paral-
lel with the jointing.

Megascopically, the rock is a medium fine-grain, dark blue-
gray, biotite granite.  In addition to the quartz, feldspar and
biotite, scattered foils of muscovite are apparent to the unaided
~eye. The rock is quite uniform in color, grain and texture.
Hand specimens of this and the Cole quarry granite described
below, cannot be distinguished. The rock specimens from these
localities resemble very closely the Oglesby blue granite in Elbert
county. No free iron oxides were anywhere observed in the rock.

- Microscopically, it is an allotriomorphic-granular rock in texture,,
composed of intricately interlocking grains of quartz and the feld-
spars, orthoclase, microcline and plagioclase, with folia of biotite..
The quartz and feldspar individuals are entirely without crystal
outline, and frequently occur intergrown in the form of micro-
pegmatitic structure. The feldspars are usually characterized by
a well marked banded or zonal structure. The orthoclase occasion-
ally shows micropegmatitic intergrowths with a second feldspar, and
1s the predominating feldspar present. Plagioclase and microcline:
occur in approximately equal proportions. Biotite is present with
its usual color and absorption, and is variously altered to chlorite
and epidote. Scattered shreds of muscovite occur associated with
the biotite. The quartz and feldspar individuals are further
characterized by prismatic inclusions of accessory apatite and
zircon. Mechanical deformation is manifested in the usual cata-
clastic phenomena.

‘The chemical composition of the rock is indicated in the follow-
ing analysis made by the writer, in the laboratory of the Geologmal
Survey : —
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Silica, Si0z .« v .o oo e e e e e e e 68.38
Alumina, AloO3 - .« v v 0 v v e v sl e e e e e e 17.79
Iron Sesqui-oxide, FeoO3 . . . « . « . o o o o o oL, 1.21
Iime, CaO . . . . . o 0 Lo s e e e e e e e e 2.85
Magnesia, MgO . . . . . . . . . L0 e e e e e 0.72
Soda, NaO . . . . . . . v o v v v v e e e e e 4.36
Potash, K20 . . . . . . . . . o vt i v v 3.57
Ignition . . .« ¢ L L oL Lo e e e e e e e e e e e 0.78

Total . . . . . . . .. e e e e e e e e e 99.66

Other tests made yielded the following results:—

Specific Gravity . . . . . . . . Lo e s e e e e e e 2 689

Weight of one cubic foot of stone expressed in pounds . . . . 168.06

Number of cubic feet of stone contained in omne ton
(zjooopounds) . . . . ..o L e e e e e e e . 11.9

The rock weathers into a light-gray granitic sand, slightly
stained or colored by iron oxide derived from the incipient decom-
position of the biotite. It crumblesapparently into the incoherent
sandy mass principally from hydration and temperature changes.
In the advanced stage of decay, the derived product is a stiff, red
clay—the result of the chemical decomposition of the feldspar and
biotite.

An eight-inch polished and hammer-dressed cube, on exhibi-
tion in the State Museum at the Capitol in Atlanta, indicates
the excellent finish the rock from the Hill quarry is capable of
receiving. The stone is well suited to the various grades of
work, for which granites are used. Abundant water-power is
within close proximity to the granite outcrops.

The section traversed between Newnan and the Hill quarry to
the southeast of Newnan, is composed of a finely laminated mica-
schist, occasionally cut by diabase dikes, of varying widths. In no
instance, was the diabase actually found cutting the granites, a fact
due, most likely, to a lack of exposures, from the heavy mantle of
residual decay; it is in evidence, however, that the granite has
been intruded into the mica-schist. The rock sequence for this
locality, then, is mica-schist, granite and diabase. |

Tur R. D. CoLE QUARRY. — This quarry is located half-a-mile
east of Newnan, in an open field, where a flat-surface outcrop, of
less than an acre of the granite, is exposed. A number of smaller
outcrops of the same rocks were observed, in places, in the same
field. In the quarry, the decay is clearly visible to a depth of
fifteen feet from the surface downward. This zone is very fit-
tingly termed a ¢ sheet zone”, since the rock apparently lies in
sheets of variable thickness, which are made more apparent from
the weathering progressing along the invisible horizontal parting
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planes (rift) of the granite-mass. From this depth down, the
rock appears perfectly massive, and is of a very superior quality.

The quarry was opened about twelve years ago, and has been
worked subsequently, from time to time, when stones for local pur-
poses were obtained. It has been used mostly as a building stone
in the town of Newnan, from which cotton mills, ware-houses,
and other buildings have been built, either in whole or in part.
The quarry opening is a fairly large one, and has been worked to
a depth of twenty-five to thirty feet, indicating a large amount of
stone quarried.

Megascopically, the rock is a medium fine-grain, dark-gray,
biotite granite, in which scattered plates of muscovite are visible.
It resembles very closely the Oglesby blue granite in the hand
specimen. Comparison of specimens of this with the Sam Hill,
Carmichael and Greenville Granite Company’s rock, can hardly
be distinguished. A slight variation in color and grain of the
rock from the above localities, occurs, as would be expected, for
localities so widely separated; and yet a glance is sufficient to
establish the practical identity of the rock over the region.

The rock is cut by two well defined sets of joint-planes having
east-west and north-south directions, and about equal develop-
ment. :

In addition to the joints, numerous veins, composed of coarsely
crystallized quartz and feldspar, and some biotite, with occasional
muscovite, intersect the rock in all directions. A majority of the
veins seemingly conform, however, with the north-south set
of joints.

Microscopically, this is a fine, even-grain biotite granite, com-
posed of interlocking crystals of quartz and feldspar, with biotite
and some muscovite. The feldspar constituent consists of or-
thoclase with some microperthitic intergrowths, microcline and
plagioclase, in about equal proportions. Marked zonal and twin-
ning structures are common to the feldspars. The quartz and
feldspars are allotriomorphic in outline. Biotite occurs with
the usual color and absorption, and is greatly altered to epi-
dote, with and without crystal outline, which exhibits faint
pleochroism and high double-refraction. The large partially idio-
morphic plates of epidote display perfect cleavage, parallel to
(oor) and a very much less distinct parting parallel to (100) in
sections parallel to (o10). ‘The change from biotite to epidote is
well marked, and some of the larger cleavable grains contain frag-
mentary centres of the fresh and partially altered biotite. Pris-
matic inclusions of apatite and zircon, and some chlorite and mus-
covite as secondary products, are present in the thin sections.
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Chemical analyses of specimens of the fresh and partially de-
composed rock yielded the writer the following results, in the
laboratory of the Geological Survey :—

I II I

Silica, Si0, . . . . . . o oL o L. 69.08 61.18 56.99
Alumina, Al,O35 . . . . . .. ... 17.67 22.80 26.02
Iron Sesqm -OX: de, Fe,O057 . . . . . .. 1.41 1.74 1.91
ILime, CaO . . . . . . . .. .. .. 3.27 3.06 0.75
Magnesia, MgO . . . ..o 0.64 0.34 0.17
Soda,NaO . . . . . . .. ... 4.56 E . 1.9T
Potash, K,O . . . . . .. . .. ... 3.29 7:94 2.40
Ignition. . . . . . . .. . ... ... 0.56 2.94 9.76

Total . . . . . . o o 0 100 48 100.00 99.91

I Analysis of fresh granite.
IT Analysis of partially decomposed granite taken ten feet below the surface.
IIT Analysis of decomposed granite taken five feet below the surface.

Re-calculating the analyses incolumns I and IIT on the basis of
100, and assuming the alumina to remain constant, which serves
as a basis for estimating the amounts lostand saved per each con-
stituent present, a total percentage loss for the entire rock of 38.48
per cent. was obtained in passing from the fresh rock to the stage
represented in the decay under column III. :

On comparing the analysis of the Cole with the Hill granite, a
very close agreement throughout will be observed, except in the
percentage of lime, which is somewhat higher in the case of the
Cole granite, because of the increased amount of epidote present.

Other tests made were : —

Specific Gravityat 19°C. . - . . . . oL o0 L 2.700
Weight of one cubic foot of stone expressed in pounds . . . . 168.75
Number of cubic feet of stone contained in one ton

(2,000 POUNIAS) + - o v 4 4 4 e e e e e e e e e e e 11.8

The granite from this quarry is well adapted to general build-
ing and monumental work.

A thin section, made from a partially weathered specimen of the
granite (Museum No. 1,895), indicated some decay in the biotite
and feldspars, resulting in the liberation of iron oxide from the
former, which discolors the section to some degree, and a partial
kaolinization of the feldspars. A somewhat larger proportion of
biotite is present in this section, than in that made from the fresh
rock (Museum No. 1,887).

The final product of weathering is a hlghly ferruginous, stiff red
clay. The manner and process of weathering of the granite from
the Cole quarry is detailed in Chapter V, Part 2, on Weathering,
in this report.

Between 150 and 200 yards west of the Cole quarry, a second

ICalculated by difference.
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opening has recently been made in a heavy banded gneiss, and
some of the rock has been quarried for local purposes in Newnan.
The mineral bands of this rock are strongly contrasted in color.
The very dark layers are composed principally of highly lus-
trous plates of black biotite; while the white bands are made
up of quartz and feldspar, with occasional small crystals of red
garnet.

THE OVERBY QUARRY. — Approximately one and a half acres
of exposed rock, as sheet or nearly flat-surface outcrops, occur in
and along a tiny stream 100 yards from the Overby dwelling-house,
and ten miles slightly north of -east from Newnan. It is further
located nine miles northeast from the Sam Hill quarry, with out-
crops of the same rock traceable between the two.

The property was sold by the owner, Mr. M. H. Overby, in
January, 1899, to Mr. J. H. Wynn. One raise has been made,
extending over most of the outcrop, and the rock quarried was
used for bases to monuments; sills to windows and doors in
buildings ; and retaining walls in cemeteries.

Macroscopically, the rock is a medium uniform-grain biotite
- granite, of medium gray color. It is a shade coarser in grain, and
lighter in color, than the similar rock described above, from the
Cole and Hill quarries; and it is difficult to distinguish in the
hand specimen from the Carmichael granite in Campbell county,
and that of the Greenville Granite Company in Meriwether county.
The component minerals, quartz, feldspar and biotite, are readily
identified by the unaided eye. Microscopically, the rock is the
same as that described from the above quarries, with which it is
compared.

A chemical analysis of the granite from this quarry yielded the
writer, in the laboratory of the Geological Survey, the follovvmcr
results —

Slhca SIO,2 v v v e e e e e e e e e e e e e e e e 68.81
Alumina, Al,Oq . . « v « « v o v c oL e s e e e e 17.67
Iron Sesqm-omde }*eZO« B 1.13
Lime, Ca0 . . « v « v v v v o v e e e e e e e e e e 2.17
Magnesm, MgO .. .. .. s e e s e e e e e e e e e e e 0.50
Soda, NaO . v v v v v v v o v b v v vt s e e s e e e T 4.97
Potash, K2O . . . . v ¢t o i v v v it e e e e e e e e 3.90
Tgnition « + v v v v v v e e e e e e e e e e e e 0.56 °
Tolal v v v o v o et e e e e s e e e e e e e e 99 71

Qutcrops of apparently the same granite were observed at two
points, three and a half and five miles, respectively, west from the
Overby quarry, along the Newnan public wagon-road. Outcrops
of thisrock are more or less continuous from the quarry along the
same road to a point five miles east of Newnan.
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Tue J. H. NEELY PLACE. — A slight opening has been made
in a boulder outcrop, occurring near a small stream, half-a-mile
southwest from Sharpsburg, and a quarter of a mile from the
depot on the Central of Georgia railway. The outcropis very
small at this point.

Megascopically, the rock is a very finegrain, medium-gray
biotite granite, closely resembling the granite from the Cole quar-
ry. Muscovite is apparent in the hand specimen. A few veins
were observed cutting the rock in the quarry.

A thin section of therock (Museum Cat. No. 1,884),examined un-
-der the microscope, revealed a fine-grain, allotrlomorphlc granular
granite, composed of interlocking quartz orthioclase and some
plamoclase, with small folia of biotite and muscovite shreds. No
microcline was present in the slide. Micropegmatitic or granophyric
intergrowths of quartz and feldspar were not observed in thin sec-
tions of this rock. The feldspar and biotite were somewhat
altered to chlorite, epidote, muscovite, kaolin and some calcite.

Outcrops of granite were noted at the following points along the
Sharpsburg-Newnan public road : Atthe crossing of Bailey’s creek
by the Sharpsburg-Newnan wagon-road, sevenn miles from New-
nan ; at the crossing of the same road by Goodwin creek, six miles
from Newnan; and between the two streams. The prevailing
country-rock between Newnan and Sharpshurg is mica-schist.

Mrs. J. D. MORELAND’S PROPERTY. — Half-a-mile west from
‘Grantville, in the southern part of Coweta county, occur outcrops
of an irregularly banded grano-diorite gneiss. The rock is exposed
-on both sides of the wagon-road, near a small stream at the foot
of ahill. Some of therock has been quarried from the outcrop
on the south side of the road, and used for foundations and rough
work in Grantville.

Hand specimens indicate a medium coarse-grain, distinctly black-
and-white-speckled rock. The biotite is distributed through the
rock in small areas of grouped plates, of brilliant lustre and
black color, with which always occurs an abundance of lemon-
vellow epidote. The rock isirregularly banded, and contains some
segregations. Neither of these structures is apparent in the
hand specimen. T,arge crystals of magnetite are scattered through
the rock-mnass.

A thin section (Museum No. 1,889), under the microscope, indi-
cated a medium-grain, hypidiomorphic-granular rock in texture,
composed of the following minerals, named in the order of abun-
dance: Quartz, plagioclase and orthoclase, with biotite and several
plates of cleavable hornblende with strong absorption. Epidote in
large quantity, chlorite, some calcite, and muscovite are present as
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derived or secondary minerals. Plagioclase is the predominant feld-
spar present. It shows strong idiomorphic tendency in outline.
No microcline occurs. Biotite, as large plates with deep color,
strong absorption, and marked basal cleavage, is very abundant
in grouped or aggregated areas. It is greatly altered to faintly
pleochroic and strongly double-refracting epidote, with and with-
out c¢rystal outline. The idiomorphic crystals of epidote exhibit

marked cleavage parallel to (oo1), and a less well defined parting
parallel to (100), in sections parallel to (o10). The occurrence of
epidote in this rock, as marked cleavable crystals, is very simi-
lar to that in the granlte from the Cole quarry; but it is much
more abundant in the Grantville than in the Cole granite. The
alteration from biotite is shown in numerous cores of partially
decomposed biotite in the larger epidote crystals.

The chemical composition of the Grantville rock is shown in

the following analysis made by the writet in the 1aboratory of the
Geological Survey : — ‘

Silica, SI02 « v v v o v e e e e e e e e e e e e e e e e 66.92
Alumina, Ala O3+« v v v v v v b e v e e e e e e e 18.19
Iron Sesqui-oxide, FezOq « « .+« v v v v v 0 v 0 v 0 e o 3 05
Lime, Ca0 . . . . & ¢ it e e e e e e s e e e e e e 4.95
Magnesia, MgO . . . .« « .« ¢« v o+ . e e e e e 1.26
Soda, Na>O . . o . v v v v v v vt e v v e e e e e e 3.83
Potash, K20 . ¢« ¢ v v v v v v v v v v v v v e e ain o e 2.02
Ignition . . . . . e e e e e e e e e e e e e e e e e e e 0.46

Total v & v v v Lt s e s e e e e e e e e e e e 100.68

The increase in the percentage of soda over that of the potash,
added to the lime content, indicates the preponderance of soda-lime,
over potash, feldspar. Thls fact is corroborated by the microscope.
The high percentage of lime is attributed to the increased amount
of epidote present. 'T'he increased proportion of biotite in the rock
is shown in the rather high percentages of iron and magnesia.

The outcrops of the rock indicate crumbling from temperature
changes and hydration, into a coarse-grain, gray granitic sand,
in which no chemical change is apparent further than feldspathic
kaolinization. A cut in the wagon-road, fifty paces from an out-
crop, reveals, however, a more advanced stage in the weathering
of the rock. At this point, chemical forces have been very active,
and the rock is reduced to a highly ferruginous, deep red and
stiff, clayey residual product.

A second outcrop occurs one and a quarter miles s]lghtly south
of west from Grantville on Mr. T'. M. Zellars’ place. The rock

has been worked, to some extent, and a fair quantity of stone
taken out.
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Granite outcrops are first seen on the south side of Camp creek,
three miles north from Grantville, along the Newnan-Grantville
public road, and are more or less continuous into Grantville.

TrE LyNpoN HILL PROPERTYV. — One mile southeast from the
court-house in Newnan, a small outcrop of fine-grain, very light-
colored, nearly mica-free granite occurs. Rock was being quar-
ried, at the time of the writer’s visit, for foundation-stone, to be
used in a church building. Stone was quarried some years ago
from a near-by exposure of the same rock.

A thin section of the rock (Museum No. 1,903), under the
microscope, revealed a medium-grain granite, composed princi-
pally of quartz and feldspar with occasional small shreds of bio-
tite and muscovite. Orthoclase is present in great excess over
the microcline and plagioclase feldspars, and the rock may be said
to be composed principally of quartz and orthoclase. Numerous
inclusions of apatite and zircon, and rounded grains of quartz and
- feldspar, in the form of drop-like inclusions, occur in the larger
individual crystals. Afew intergrowths of quartz and feldspar,
as micropegmatitic structure, are present. ‘This property is
owned by Mr. A. J. Lyndon, Athens, Ga.

PorRPHYRITIC GRANITE

The porphyritic granite area is limited to the northeast section
of Coweta county, and is the equivalent of the same rock occur-
ring to the north and east, in Campbell and Fayette counties, re-
spectively.

As indicated by specimens in the 1oth Census collection of build-
ing stomes, in the U. S. National Museum, Washington, D. C.,
coarse-grain porphyritic biotite granite, resembling, in every re-
spect, that of the granite area of Coweta, Campbell and Fayette
counties in Georgia, occurs near Rockingham,in Richmond county,
North Carolina, and Mt. Monroe, Iredell county, in the same State.
A description of the rocks from the Georgia area would answer
equally well for the similar ones in North Carolina.

THE McCoLLuM QUARRY. — On the property of Mr. J. R. Mc-
Collum, of Newnan, Georgia, occur several outcrops of a coarse-
grain porphyritic granite, nine miles northeast from Newnan, on
the Atlanta and West Point railroad, near Coweta station. Ap-
proximately one acre of the exposed granite occurs three eighths of
a mile slightly north of east from the station, on a gently sloping
hill.  OQutcrops are seen along several small streams, from two to
two and a half miles south of east from the above field-exposure,
the principal one of which includes one and a half acres, located
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about one hundred yards from the east fork of Shoal creek, and
two miles east from Coweta station. A good section of the par-
tially fresh and decayed rock is shown in a cut of the Atlanta and
West Point railroad, a short distance north of the station. The
-exposures on Mr. McCollum’s place indicate a belt approximately
three miles long, in a northwest-southeast course, and as much as
three quarters to one mile wide, in places. Several handsome
blocks of the stone have been collected for exhibition purposes.
‘One of these is on exhibition in the State Museum at the Capitol
in Atlanta. The excellent finish, the rock is capable of receiv-
ing, is well shown in the pohshed and hammer-dressed faces of
the eight-inch cube in the State Museum.

Meoascoplcally, the rock is a very coarse-grain porphyritic
biotite granite, of medium-gray color. The porphyritic minerals
are the potash feldspars, orthoclase and microcline.

A thin section (Museum No. 1,901), made of one of the pheno-
crysts, showed the characteristic microcline structure and inclu-
sions of all the groundmass minerals under the microscope.

Chemical analyses of specimens of - the fresh and decomposed
phenocrysts from the rock gave the writer the following results : —

Fresh Partially Deco-

. Feldspar posed beldspar
Silica, 8105, = v v v v v v h e e e e e e 64.40 59.70
Alumina, Al.O3 . . . . .« . . .. .. 18.97 21.73
Iron Sesqm-ox1de Feo03 . ..+ .0 .. 0.37 0.60
Time; CaO . . . . . . o v 0. 0.59 0.04
Magnesia;, MgO « v « « « v v v v v v 0 v .. trace trace
Soda, Na O . . . . . . .o v v v v v v 3.60 2.09
Potash K,O. .. ... ... e e e e e 11.40 13.80
Ignition .................. 0.19 3.00
Total . v v v v . ., e e e e e s 99.52 100.96

Specific Gravity . . . . . .. ... 0. L 2.60 (Thoulet’'s Solution)

The phenocrysts measure two inches and more in length, in ex-
treme cases; and are prevailingly irregular in outline; but they
-are frequently tabular, parallel to the clinopinacoid (o10), and
twinned according to the Carlsbad law. Cleavages parallel tothe
base (oor)and clinopinacoid (o10) are generally well developed.

M1croscop1cally, the rock is very coarse-grain, and porphyritic
in texture, and is composed of quartz and the potash feldspars,
and plagioclase with biotite. The quartz anhedra are crossed by
lines of fracture, and, in addition, display wavy extinction. The
plagioclase 1is 1ath-shaped in outhne and exhibits broad twin-
ning-bars with small extinction angles in -basal sections, indi-
-cating a feldspar near oligoclase. The orthoclase shows good cleav-
age and is intergrown with both plagioclase, probably albite, and
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quartz in the form of microperthitic and micropegmatitic inter--
growths. Biotite is present in large grouped plates, with deep
color, strong absorption, good basal cleavage, and containing nu-
merous inclusions. Some epidote, chlorite and muscovite occur
as secondary minerals. The feldspars contain an unusually large
proportion of fairly large prismatic inclusions of apatite.

Chemical analyses of the fresh and weathered rock from this.
locality yielded the writer the following results : —

I 1T I11

Silica, SiO2 . . « .« « v o o o ... 63.65 60.28 53.58
Alumina, Al, O3 . . . . .« . .. T. . 20.46 22.45 26.27
Iron Sesqm ox1de Fe:03 . . . . .. 2.20 2.53 3.07
Lime,CaO . . . . ¢« o o oo ... 3.38 0.83 0.17
Magnesia, MgO . . . « v v v . o . . I.50 0.58 1.44
Soda, Na-0 . . . . . . ¢« .« o . .. 4.75 o 1.88
Potash, K20 . . « « « v o v « .« .. 4.58 7-¢4 3.85
Ignition . . . . . . . . .. .. 0.42 5.49 9.02
Total . . . v . v v v v o v v 100.94 100.00 99.28

I Analysis of the fresh porphyritic granite.
II Analysis of partially decomposed porphyritic granite.
III Analysis of partially decomposed porphyritic granite collected in the At-
lanta and West Point railroad cut,

Re-calculating the analyses in columns I and III to a basis of
100, and estimating the percentage loss for the entire rock, in pass--
ing from the fresh rock to the stage in decay represented under
column III, we find a total loss of 35.07 per cent.

On comparing the analy51s in column I of the above porphyrltlc :
granite with that of its correlative from Fayette county,? the in-
dentity of the rock from these localities becomes apparent, chemi--

cally.

An excellent section exposing the residual decay of the porphy--
ritic granite to a depth of 20to 30 feet, may be seen in the Atlanta.
and West Point railroad cut, a few hundred yards north of Coweta
station. ‘The color of the residual product at this point, is pre-.
vailingly light-gray, stained a dull yellow from the decomposition
of the mica folia, and mottled with the large, white, kaolinized
phenocrysts of feldspar. Portions of fairly fresh, hard and firm
rock are seen in places through the cut. The granite is readily
traceable for five miles along the railroad, north of the McCollum
place, into Palmetto. On the east side of the road, may be seen
gullies 15 to 20 feet in depth, trenched inthe red residual clay de-.
rived from the porphyritic granite. The residual soil from the-
decay of the granite is prevailingly red in color, in this locality.

Beginning at Coweta station and extending 250 to 300 yards.

I Calculated by difference. 2 See page 103.
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north along the railroad, is a large body of finely laminated mica-
schist, which, at the above limit from the station, comes in direct
contact with the granite. The contact between the decayed prod-
ucts of the two rocks in the cut is very sharp and easily traced.
To the north of this point, the schist is seen to overlie the
granite at many places.

A number of exposures of the contact between the weathered
products of the granite and schist may be seen to good advantage
at different points along the wagon-road between Coweta station and
Palmetto. The relationship between the schist and granite is
therefore apparent. The schist forms the country-rock, and is
older than the porphyritic granite. The younger rock was in-
truded into the schist, and subsequently, exposed by means of
erosion and removal of the overlying mass of schist, and, it may
be, other rocks, of which no record has been left.

GRANITE-GNEISS

As the name implies, the type of granitic rock here designated
is characterized by a distinct schistose or laminated structure.
The mica folia have been orientated along definite parallel lines
or planes, in the direction of their longer diameters, imparting a
regular and thin banded structure to the rock. Extensive areas
of this rock occur in the northwest section of Coweta county, bor-
dering the Chattahoochee river, and beyond, in Heard and Car-
roll counties, on the west and north, respectively. ‘The rock
outcrops as flat surfaces and low, dome-shaped masses, forming the
prominent hills and ridges in this section. The surface configu-
ration is much less subdued in this, than in other portions.of the
county, and the topography is more characteristic of ‘‘the hill-
and-valley type” than elsewhere observed. ‘['he most extensive
outcrop is that known as Flat-rock, which derives its name from
the character of the rock-exposure at the surface. It is located in
the 42k district, eleven miles northwest from Newnan. The rock -
begins to outcrop at Mr. B. H. Pearson’s house, one mile south of
the river,and is continuous across the river into Carroll and Heard
counties. \

A few rocks have been quarried, from time to time, in various
places ovet the belt, for local purposes, such as chimneys, founda-
tions etc.; but no regular or systematic quarrying has been at-
attempted. ‘T'he main body of the rock exposed in Coweta county
is six miles from Sargent, the nearest railroad point.

Macroscopically, the rock is a light-gray, thinly laminated,
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biotite granite-gneiss, in which quartz, feldspar and biotite are
readily identified by the unaided eye. It somewhat resembles in
structure typical “augen-gneiss.”’ Veins, an inch and more in
width, cut the rock-mass in places.

A thin section from a specimen of the rock (Museum No.
1,886), showed, under the microscope, a medium fine-grain allo-
triomorphic-granular rock, without a trace of the schistose structure
apparent. The rock consists of feldspar, quartz and biotite, with
a good proportion of muscovite. The feldspar constituent con-
sists of approximately equal amounts of orthoclase with albitic
intergrowths (microperthitic structure) and microcline, with
some lath-shaped crystals of plagioclase. This fact is confirmed
by the analysis, below. The arrangement of mineral inclu-
sions along definite lines is quite characteristic of the plagio-
clases. The microcline structure is increased in the thin sec-
tion of this rock, and may possibly be derived in part from
orthoclase as a result of pressure. The effects of pressure meta-
morphism are manifested in the peripheral shattering of the larger
quartz and feldspar individuals. Inclusions are common to the
quartz, feldspar and biotite. Epidote, garnet, muscovite and
chlorite are present in microscopic proportions as secondary min-
erals.

The chemical composition of the rock is shown in the following
analysis, made by the writer in the Geological Survey laboratory : —

Silica, SIO2 .« ¢ v v e e e e e e e e e e e e e e 73.95
Alumina, ALO; -+ « « . ¢ v i i e e e e e e e e e e e 14.23
Iron Sesqul ox1de O 1.29
Lime, Ca0 . . . & .« « . vt vt e e e e e e e e e e e 1.07
Magnes1a, MgO . v« v v it e e e e s e e e e e 0.23 .
Soda, NagO . . & .« & v i v v i et e e e e e e e e 4.61
Potash, K- 0O . . . . .. .. e e e e e e e e e e e e 5.29
Ignition . . . . v ¢ v i e e e e e e e e e e 0.25
Total . & v v v b e e e e s e e e e e e e 100.92

A comparison of this analysis with that of the Flat-shoals rock
in Meriwether county, and Elat-rock in Heard county, practically
establishes their chemical identity. While the rocks from the
above localities vary more or less in appearance, they are charac-
terized by the same structure, and mineral arid chemical compo-
sition.

Two 8-inch cubes, of this rock from the Bevins quarry, just
across the line in Heard county, polished and hammer-dressed, in
the State Museum at the Capitol in Atlanta, indicate, that it is
capable of taking a good finish. The polished face of one of the
Museum specimens 1is across the foliation or schistosity ; and the
feldspars and quartz present somewhat drawn-out or slightly



96 DESCRIPTION OF INDIVIDUAL PROPERTIES

lens-shaped areas between the biotite layers, in the direction of the
lamination, with a striking ““ augen ’ appearance.

. Seven miles somewhat north of west from Newnan, on the
opposite side of the stream from Mr. Summers’ house, is an exten-
sive outcrop of a medium fine-textured, laminated, dark-gray
biotite gneiss, crossing the highway. The gneiss at this point
apparently contains more biotite, than the main body of the Flat-
rock. 'The prevailing country-rock, traversed along the highway
from Newnan to Flat-rock, is mica-schist, cut in places by dikes.
of a basic rock, dzabase.

PIKE COUNTY

Pike county lies immediately south of Spalding county and east
of Meriwether, with extensive areas of excellent granitic rock
found within the borders of each. ‘The Pike county rock consists.
of porphyritic granites and biotite gneisses. While no quarrying
has been domne in this county, large areas of the two varieties of
rock mentioned exist, which are easily accessible and can be readily
worked.

Beginning in the western limits of the town of Zebulon, the
county-seat of Pike, along the main east-and-west street, are ledge
and boulder outcrops of a coarse-grain biotite gneiss, continuous
along the east side of a deep ravine, half-a-mile west of the town.
Some of the surface rock from this outcrop was quarried and used
as lintels and steps in the old court-house, built in 1848. Most of
this material has been used again, for the same purpose in the new
court-house recently completed "The rock used was unfortunately
surface material and partially weathered, presenting somewhat of
a dead and unattractive appearance, Wh1ch by no means does the
stone full justice. The feldspars are consequently rendered dull
and opaque from kaolinization.

Microscopically, the rock is a semi-porphyritic foliated granite,.
composed of interlocking aggregates of quartz; the potash feld-
spars, microperthitic orthoclase and microcline ; soda-lime feld-
spat, probably oligoclase ; and biotite. ‘The potash feldspars are
the porphyritically developed minerals, and are usually surrounded
by a crushed zone of a fine-grain mozaic of quartz and feldspar.
A schistose structure has been induced by metamorphism, causing’
a re-arrangement of the biotite folia along somewhat definite
parallel lines. It is further shown in the crushed zomes, the
numerous fracture planes, and the wavy extinction in the quartz
and feldspar grains. ‘The feldspars are variously altered by
kaolinization, manifested in the opaque and cloudy condition of
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STONE MOUNTAIN QUARRIES,

Fig. 1. A Quarry on the South Side of the Mountain,
Flg. 2. The Hanye Quarry, on the Northwest Side of the Mountain.
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their surfaces. The biotite is present usually as grouped aggre-
gates of intergrown foils arranged along approximately parallel
lines; and also, as scattered single folia. In parallel polarized
light, it is deep-reddish to light-brown in color, with strong
absorption and good cleavage. Single small shreds of muscovite
are occasionally intergrown with the biotite. Alteration of the
biotite into chlorite, some epidote and ferric oxide occur.

Five miles northwest from Zebulon and one mile from the Georgia
Midland branch of the Southern railway, is a flat-surface outcrop,
of approximately one acre, of a coarse-grained, dark-colored bio-
tite gneiss, along the Hollinsville-Zebulon wagon-road. The rock
contains a large proportion of black mica; and the component
minerals, feldspar, quartz and biotite, are easily identified by the
unaided eye. Qutcrops of gneiss, carrying an abundance of black
biotite folia, and suitable for rough work, occur in various places
in the county—principally at the following points: Quit post-
office, in an open field on the west side of the Griffin-Zebulon
turnpike, and at Moore’s mill, in a stream-bed, where the stream
crosses the above wagon-road, a quarter of a mile south of the
Spalding county-line, and eight miles north of Zebulon.

THE Frat Rock PORPHYRITIC GRANITE AREA.'—This large
body of rock is located nine miles slightly north of west from
Zebulon, and four miles west from Concord and Jolly, stations on
the Georgia Midland railroad. At the lowest estimate, the area
contains 50 acres of continuous flat-surface outcrop. Owing to
the manner and extent of the outcrop and to the numerous clus-
ters of Cedar trees generally found growing over the rock-surface,
it is known as “Flat-rock” and “Cedar-rock,” respectively. The
rock has never been worked, except now and then a surface “raise”
is made, and some stone is obtained for chimneys and foundations
for the dwelling-houses in the immediate neighborhood. The
stone can be easily quarried, and is of excellent quality.

In the hand specimen, the rock is medium-grained, varying from
even-granular to distinctively porphyritic in texture, and assuming
more or less of a gneissoid or banded structure, in places. The
component minerals, quartz, feldspar, biotite and some muscovite,
are quite readily distinguished by the unaided eye. Biotite is very
abundant,and is uniformly distributed, imparting a medium dark-
gray color to the rock. In the porphyriticfacies of the rock-mass,
the white phenocrysts are of the potash feldspars, orthoclase and

I Also known as Cedar Rock.
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microcline, from 10 to 30 millimeters long, and from 5 to 10 milli-
meters broad They are tabular, parallel to the clinopinacoid (010),
with good cleavage development parallel to the base (co1) and the
clinopinacoid (o10), and are usually twinned according to the Carls-
bad law. Enclosures of biotite folia, of the same dimensions as
those occurring in the groundmass, are very abundant in the feld-
spar phenocrysts.

Microscopically, the rock consists of porphyritically developed
orthoclase embedded in a coarse-grained groundmass of interlock-
ing quartz, microperthitic orthoclase, microcline and some lime-
soda feldspar (plagioclase), with biotite foils intimately associated
with occasional muscovite shreds. ‘The quartz anhedra form well
defined areas, filling the feldspar interspaces. Twinning among
the various feldspar species, according to the Carlsbad, albite and
pericline laws, is quite common and characteristic. With the ex-
ception of the biotite, all the essential groundmass minerals are
allotriomorphic in outline. Orthoclase is present as idiomorphic
crystals porphyritically developed, and as allotriomorphic grains in
the groundmass. The feldspar phenocrysts enclose, in addition to
the biotite, irregular grains of quartz and other feldspars. Biotite
is the chief accessory mineral, and has a deep-brown to yellowish-
brown color, good basal cleavage, and strong absorption, and is
intergrown with some muscovite. It is more or less altered to
dark-green, opaque - chlorite, and, to a less degree, to a slightly
brownish, pleochroic epidote. Inclusions of prismatic apatite and
zircom, with small ovals of micropegmatitic 1ntergrowths of
quartz and feldspar, are usually present.

The chemical composition of this rock is shown in the following
analysis, made by the writer in the Survey laboratory : —

Silica, S102 o v & v v v v i e e e e e e e e e e e e e 70.24
Aluming, AlzO03 « « v v o ¢ 6 o 4 v e w e e e e e 16,78
Iron Sesqui-oxide, FezO03 + « ¢ ¢ v ¢« v v v o v v v 0 v 1.46
Lime, CaO ¢ v v v v v v v o o o v v s o s e e e e 2.00
Magnesia, MgO . « & ¢ v v v v 0 v v 0 e et e e e 0.76
Soda, NazO &« o v v v e v v o 0 v v v 0 e 0 v a0 o v 3.70
Potash, K20 + &« & v ¢« « v 4 v 6 v s s 6 o o v o o o o o o 5.03
Ignition « v v o v o v vt v e et s e e e e e e e e 0.50

Total « & & v v 4 v o s b h e e e e e e s e e e 100.47

A weighed portion of the finely-powdered fresh rock, digested
for three hours in 100 c.c. of boiling half-normal hydrochloric
acid, gave 9.91 per cent. of soluble material.

Compare the above analysis with analyses of porphyritic granites
from Baldwin, Columbia, Greene, Hancock, Coweta and Fayette
counties, Georgia, and the percentages of the various constituents
are readily seento be remarkably uniform. The rock,in the hand
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specimen, also closely resembles that from Baldwin, Columbia and
Greene counties. The ratio of phenocryst to groundmass in the
Pike County granite, for the area as a whole, is very much
smaller than for the same rock in the counties mentioned above.
The porphyritic facies is only developed in small, local areas
through the rock-mass, which is, for the most part, an even-grained
granite.

The weathering of this rock is, in every way, similar to that of
the porphyritic granites in the above named counties. The feld-
spars crumble in part from kaolinization,and, in part, they split up
into smaller particles along the cleavage planes; and the entire
mass is more or less discolored from the oxidation and leaching of
the biotite shreds. By a continuation of this process, which is both
physical and chemical, the fresh rock is finally resolved into a coarse-.
grained, granitic sand composed of grains of the component min-.
erals, feldspar quartz and mica.

SPALDING COUNTY

Spalding couanty lies immediately north of Pike county, and
areas of both granite and granite-gneiss, suitable for various grades.
of work, occur. Quarrying has been limited to outcrops occurring -
outside of the northern limits of Griffin, the county-seat of Spald-
ing.

At Rocky Branch, where the stream is crossed by the Zebulon-
Griffin public road, three miles south from Griffin, there are flat-
surface outcrops of a medium coarse-grained biotite gneiss. Hori-
zontal-surface outcrops, containing three to six acres in the expos-
ure, occur in the stream-bed and on both sides of the stream. No.
stone has been quarried at this locality.

THE TURNER QUARRY.— This quarry is located one mile a lit-
tle west of north from Griffin, on the east side of,and about 100.
yards from, the Central of Georgiarailway, along a small ravine.
About two acres of surface outcrops are exposed as horizontal sheets..
The quarry was opened .some years ago, and a large quantity
of the rock was quarried for use along the Central of Georgia rail-.
way. Some three or more successive “raises’” have been made, and
the stone has been worked up. Small stained areas occur in places.
in the rock along the quarry face, resulting from the decomposi-
tion of the magnetite (an iron oxide) grains present.

The rock is a medium coarse-grained biotite granite, carrying a
fair quantity of muscovite. When broken in a certain direction,
the rock shows a re-arrangement of the mica and light-colored.
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minerals along. approximately, parallel lines, imparting somewhat
of a schistose structure. = In the hand specimen, some of the feld-
spar grains show a slight porphyritic tendency; are usually twinned
according to the Carlsbad law; and have good cleavage. Musco-
vite is more abundant in the hand specimen, than under the micro-
scope, in thin section. The component minerals are readily recog-
nized macroscopically. '

Studied in thin section under the microscope, the rock is a coarse-
grained biotite granite, consisting of an aggregate of interlocking
grains of quartz, and the feldspar species, orthoclase with some
microperthitic intergrowths, microcline and plagioclase, with in-
tergrown foils of biotite and some muscovite. - The quartz is
usually present as a coarse-grained mozaic occupying well defined
areas, and also as single grains filling the feldspar interspaces. The
orthoclase is frequently intergrown with a second feldspar in micro-
perthitic structure; and, in some cases, it shows good cleavage
development parallel to the base (oor) and the clinopinacoid (o10).
‘The microcline displays the characteristic grating structure, and
encloses numerous rounded, drop-like inclusions of quartz, and
other feldspar species. Some plagioclase with rudely lath-shaped
outlines, and polysynthetically twinned, occurs. ‘Twinning ac-
cording to the Carlsbad law isalso common to the potash feldspars.
Biotite occurs as stout intergrown foils of medium color and strong -
absorption, and is intergrown at times with muscovite shreds. It
commonly carries microscopic inclusions, mostly zircon crystals.
Prismatic inclusions of apatite are common to some of the feldspar
grains. Micropegmatitic intergrowths of quartz and feldspar are
quite commonn.

The chemical compos1t1on of this rock is shown in the following
analysis made by the writer in the laboratory of the Geological
Survey : —

Silica, SiOz2 « v+ o v v« o o o o o s o 0 « C ot e e e e e 69.07
Alumina, Al2O03 ¢« v v v v 0 0 s 0 v e e e e e e e . . 16.56
Iron Sesqui- ox1de FeaO3 ¢ v v v i v v v v o i e o o 0 v s 1.37
Lime,CaO. . . . . . . e e e e e e e e e e e e s e 1.83
Macnes1a, MEO ¢ v v v v e e e 4 v v vt e e e e e e e 0.76
Soda. Na20 . v v ¢ v v o v v v o v v o v 6 s v n 0w e e 4.66
Potash, K20 .+ « ¢ v o v v v v o v v v 6 a v o o 0 v o« 5.02
Tgnition « & ¢ o v v v v v v i i e e e e e e s e e e e e e 0.92

o 100.18

Located one mile north of Griffin on the Camp Stevens wagon-
road and on the south side of a ravine, a quarter of a mile “due
west from the Turner quarry, are outcrops of the same granite.
‘These are near the foot of a long hill sloping 30° to 35°% and occur
along the lower slope and ravine, on each side of the Wagon-road,
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and over most of the hillside. A slight surface-stripping has been
made at one point on the east side of the road, where a few rocks
have been quarried.

The rock is a medium coarse-grained light-gray biotite granite,
displaying a slight schistose structure. It isthe same rock asthat
quarried at the Turner quarry, except that it contains somewhat
less muscovite and magnetite.

THE BEECHER QUARRY.— This quarry is located just back of
the cotton mills along the course of a small stream, between the
Turner quarry and the rock-outcrops found along the Camp
Stephens wagon-road. The granite outcrop includes several acres
in extent, with small openings made in several places; and a small
amount of the rock has been quarried. Anmnother outcrop of the
same rock occurs near the cotton mill along the Central of
Georgia railway. The rock is a medium coarse-grained, light-gray
biotite granite, composed of quartz, feldspar, biotite and musco-
vite ; and is the same body of granite as that in which  the
Turner quarry has been opened. An 8-inch cube collected from
this quarry and now on exhibition in the State Museum at
the Capitol in Atlanta, shows that the rock takes a high polish and
works well under hammer. It also possesses strong enough con-
trast between the polished and hammered surfaces, along with the
texture and color, to render it a fairly desirable rock for monu-
mental purposes.

THE DICKERSON PrLACE. — This property is located seven miles
from Griffin in the Mt. Zion district, and two-thirds of a mile from
the Atlanta & Florida R. R. (Southern railway). Some twenty
acres of exposed rock are found on the place.- No regular or sys-
tematic quarrying has ever been attempted. The rock is a medium
coarse-grained dark-colored biotite granite, of good quality. It
contains an increased amount of biotite over similar rocks occur-
ring in Spalding county, and is accordingly darker in color. A
part of the feldspathic constituent displays a slight tendency to-
wards porphyritic development in places. Aun 8-inch cube, pol-
ished and hammer-dressed, on exhibition in the State Museum at
the Capitol Building in Atlanta, indicates the excellent qualities of
this granite.

FAYETTE COUNTY

The granitic rock of Fayette county consists of the porphyritic
type, occupying the central, northern and western portions of the
county ; and represents, in the outcrops near I.ine creek in the
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western part of Fayette, an extension of the porphyritic granite
occurring near Coweta station in Coweta county, and Palmetto in
Campbell county. No regular quarries have been opened; but
some rock for local purposes, such as chimneys, foundations ete. ,
has been obtained, from time to time at numerous places in the
county.

THE A. J. MCELWANEY PLACE.—Ten miles west from Fayette-
ville and five miles east from Coweta station, on the Atlanta and
West Point railroad, is an extensive outcrop of a coarse-grained
porphyritic granite. ‘The outcrop is about one hundred yards east
of Line creek, which stream marks the boundary between Fayette
and Coweta countles and is located directly on the mnorth side of
the Fayetteville-Newnan public wagon-road. The exposure con-
tains approximately eight acres in all, and lies mostly in one
flat-surface mass, although a few boulder outcrops are mnearby.
The only work done consists of a small amount of stone stripped
from the surface for chimmueys, in the immediate neighborhood.
The rock contains numerous rounded areas, six inches and more
in diameter, of fine-grained, dark-colored, slightly porphyritic
segregations, composed principally of b1ot1te with feldspar as the
porphyritic mineral. ‘These areas are not extensive enough,
however, to, in anywise, damage the rock.

The rock is a coarse-grained, porphyritic biotite granite, of
uniform character and excellent quality. White, opaque ortho-
clase occurs as the porphyritic mineral. ‘The phenocrysts are 15
to 25 millimeters long, tabular parallel to the clinopinacoid (o10),
and usually twinned according to the Carlsbad law. Twinning
in the feldspar phenocrysts of this rock, however, is less frequent
than in some of the other porphyritic granite areas in the State.
Feldspar is the most abundant mineral present, with quartz next.
The quartz is slightly dark in color, the grains measuring 5 to 10
millimeters in length. The biotite is present as stout plates,
‘measuring 3 to 4 millimeters in diameter, and is very black in
ccolor. The marked characteristics of the component minerals,
-which are in strong contrast with each other, render them easily
identifiable in the hand specimens.

Microscopically, the rock is a coarse-grained porphyritic biotite-
-granite, composed of quartz and the feldspars, orthoclase with
microperthitic structure, microcline and soda-lime feldspar
{(plagioclase), with biotite and a few shreds of intimately associated
‘muscovite. The groundmass consists of a coarse-grained mozaic
.of feldspar, quartz and biotite. ‘The porphyritic mineral is micro-
perthitic orthoclase, usually enclosing irregularly shaped grains
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of quartz, feldspar and biotite, variously orientated. Some of the
groundmass feldspar crystals are twinned according to the Carlsbad
law, and are allotriomorphic in outline and somewhat altered.
Biotite occurs as aggregated intergrown shreds with deep color
and strong absorption, and to some extent is altered to chlorite
and epidote. Micropegmatitic intergrowths of quartz and feld-
spar, and prismatic inclusions of apatite are frequently observed.
In addition to the few primary shreds, secondary muscovite,
resulting from feldspathic alteration, occur. ‘The quartz and feld-
spar indicate the usual strained condition from the numerous frac-
ture planes crossing the crystals.

The chemical composition of the rock from this locality is
indicated in the following analysis, made by the writer in the
Survey laboratory : —

Silica, S10; - « & ¢ v 4 v v e e e e e e e e e e e e e e 70 88

Alumma ALO .« v v it e e s e e e e e e e . 15.86
Iron Sesqu1 oxlde FeaOp v v v v v v v o v e e e e e e 1.77
Time, Ca0 . . . v« ¢ v v v o 0 e e e e e e e e e e .. LY9
Magnesia, MZO . + « v v v v 4« « b v b et s e e e e 0.93
Soda, Na2O . ¢ ¢ v v v v v it v v e e e e e e e 3.94
Potash, K20 . v v ¢ v v v v v v v v v v e e e e e 4.64
Ignition . . . . . . . . .. e e e e e e e e e e e e e 0.49

Total « v & v v v v e e e s e e e e e e 100.30
Specific Gravity » . . . . oo 0w oo e 2.659
Weight of one cubic foot of stone expressed in pounds . . . 166.18
Number of cubic feet contained in one ton (2,000 pounds) .  12.0

This rock is somewhat lighter in color than its correlative
occurring just across the line in Coweta and Campbell counties.
The chemical analysis accordingly indicates a slight decrease in
biotite and a corresponding increase in free quartz in this, over
the similar McCollum and Palmetto rocks, in Coweta and Camp-
bell counties.

Weathering is promoted by hydration and oxidation, and the
rock is accordingly reduced to a coarse-grained, rusty colored
granitic sand, by both physical and chemical agencies.

THE BENNETT'S MILL RoCK.— Two and a quarter miles west
from Fayetteville, at Mr. C. E. Bennett’s mill, are numerous
boulder outcrops of a porphyritic gneissoid granite carrying an
abundance of black biotite. The rock is medium coarse-grained
in texture, and contains a greater proportion of biotite than the
McElwaney granite described above, and iscorrespondingly darker
in color. The rock begins to outcrop as large boulders on each
side of the public road, one and a quarter miles west of Fayette-
ville, and is more or less continuous to the McElwaney rock near
Line creek, a distance of some eight to nine miles. It has a
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decided banded or schistose structure, due to a re-arrangement of
the mica folia along approximately parallel lines.

In many places along the road-side, the residual decay from the
porphyritic rock, is seen to good- advantage in sections, twenty-
five and more feet in depth, without any trace of the fresh or
even partially fresh rock, shown. The decay is a medium vari-
colored ferruginous clay, containing the embedded white, kaolin-
ized feldspar phenocrysts of the fresh rock still imtact, which
impart a beautiful mottled appearance to the clayey mass.

CAMPBELL COUN TY

Extensive areas of fine, even-grained biotite granite and coarse-
grained porphyritic granite, of excellent quality, occur in Camp-
bell county, limited, for the most part, to the southern and eastern
sections of the county. These areas represent, as is shown by
field- and laboratory-study, the northern equivalents of more exten-
sive outcrops of the same rocks, southward in Coweta and Fayette
counties ; more especially, in Coweta, elsewhere described in this
report. ‘They are, therefore, correlated parts of the same granite
masses. Granite quarrying has been very.limited, in this county.
It is restricted to two localities in the immediate vicinity of the

towns of Palmetto and Fairburn, along the Atlanta and West Point
railroad.

THE PALMETTO AREA.—'The granite found in this section con-
sists entirely of the coarse-grained porphyritic type, outcrops of
which occur to .the south of Palmetto, near Coweta station in
Coweta county, and again to the southeast in Fayette county, near
Linecreek. A half-dozen or more outcrops, in the form of boulders
and flat-surface masses of the porphyritic granite, occur within a
radius of from three to four miles. It is quite uniform in character
throughout the area, and some rock has been quarried from several
of the exposures for local purposes.

Two miles southwest of Palmetto, on Mrs. M. A. E. Steed’s
place, and near the head-waters of a small stream, occur flat-surface
exposures of the porphyritic granite. Some of the rock from
this locality was quarried for local use, many years ago. In the
outcrop, the rock indicated at the surface an advanced stage of decay,
which rendered it almost impossible to obtain fresh specimens.
The porphyritic feldspar phenocrysts are two or more inches in

length ; and they are commonly twinned according to the Carlsbad
law.
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FIG. I. PHOTO-MICROGRAPH OF THE LIGHT-GRAY GRANITE, FIG. 2. PHOTO-MICROGRAPH OF THE CONTORTED BIOTITE GRAN-
FROM STONE MOUNTAIN, DEKALB COUNTY, GEORGIA. ITE-GNEISS, FROM THE CROSSLEY QUARRY, NEAR
Crossed Nicols x 74. LITHONIA, DEKALB COUNTY, GEORGIA,

Crossed Nicols x 74
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Outcrops of the same rock occur near the wagon-road in Mr. Ed..
Daniels’ field, approximately one and a half miles southwest from.
Palmetto, on the place adjoining Mrs. Steed’s.

The main track of the Atlanta and West Point railroad crosses
large outcrops of the porphyritic granite for several hundred yards-
to the north of Palmetto depot, and as far south as Coweta station
a distance of five miles,

A large boulder outcrop of this granite occurs three-quarters of a.
mile east from Palmetto, on Mr. W. G. Williams’s place, on the
south side of and near the public wagon-road.

On Dr. H. L. Johnson’s place, half-a-mile east from Palmetto,.
and on the north side of the wagon-road, occurs a large boulder
outcrop of the coarse-grained porphyritic granite, in which the-
feldspar phenocrysts are unusually large and stout. This outcrop-
has been worked, and the stone used in building the ware-house at
Palmetto depot. The rock remains very homogeneous in char--
acter, and is cut by several pegmatitic veins.

Another exposure of the same rock is seen three-quarters of a.
mile north of Palmetto, near the contact of the porphyritic granite
mass with that of a large body of mica-schist.

Megascopically, the rock is a very coarse-grained porphyritic
biotite granite, of medium-gray color. Owing to the extreme
coarseness of texture, the porphyritic structure is not altogether so-
typically marked as in finer-grained rocks. The porphyritically
developed mineral (feldspar) grades imperceptibly from the very
large irregular and sometimes stout tabular phenocrysts into the-
groundmass minerals, making it difficult usually to distinguish
between groundmass and phenocryst feldspar, except in extreme
cases. ‘The porphyritic feldspar varies from extremely irregular
crystals, 30 by 30 millimeters, with good cleavage and abundant
inclusions of biotite, to somewhat idiomorphic crystals, tabular
parallel to the clinopinacoid (010), and twinned according to the-
Carlsbad law, with cleavages parallel to the base (oo1) and clino-
pinacoid (010). ‘The feldspars are invariably white in color. The
biotite occurs in somewhat well defined areas, averaging 10 to 13,
millimeters in diameter, very black in color, and highly lustrous ;.
while the coarse vitreous quartzes stand out in moderate relief from.
the feldspar and mica. Microscopic examination indicates, that
the potash feldspar is the porphyritically developed species—either
orthoclase or microcline, or both. '

Microscopically, thin sections of the rock (Museum Nos. 1,8g0-
and 1,891) revealed a very coarse-grained, porphyritic rock, in
which no sharp line or marked differentiation between groundmass.



106 DESCRIPTION OF INDIVIDUAL PROPERTIES

and phenocryst appears. The porphyritically developed mineral
(feldspar) grades imperceptibly, as regards size, from phenocryst
.on the one extreme to that of the groundmass on the other. The
feldspar constituent consists of the potash species, orthoclase and
‘microcline, and lime-soda plagioclase, which, from its optical
properties, is near oligoclase. When taken together, the feldspar
«constituent is greatly in excess of the quartz and biotite, which
becomes feldspar > quartz > biotite.

A thin section, made from a hand specimen of the rock, collected
from Dr. Johnson’s place, showed no microcline present. Some
-of the orthoclase contains marked microperthitic intergrowths of
-a second feldspar, albite. ‘The feldspar and quartz are entirely
:allotriomorphic-granular. Biotite occurs as large, stout aggregated
plates with the usual characteristic brown color and strong absorp-
tion, and is occasionally intergrown with foils of muscovite. In-
clusions are usually common in the biotite. Epidote, muscovite
:and some chlorite occur as secondary minerals derived from the
partial alteration of the feldspar and biotite. Apatite inclusions
- are frequently observed.

A thin section of one of the feldspar phenocrysts from the
Johnson rock showed the characteristic microcline structure under
the microscope. The complex albite-pericline twinning, producing
the characteristic microcline (gridiron) structure, was typlcally
-developed. Some biotite shreds and several large microscopic crys-
‘tals of plagioclase were present, as 1nc1u51ons in the microcline
phenocrysts.t

The rock weathers prmc1pa11y by means of d151ntegrat1on pro-
'ducing granulation through temperature changes, which is aided
to some degree by chemical decomposition, shown in a partial
kaolinization of the feldspars, rendering them dull and opaque,
and in the partial oxidation and subsequent leaching of the iron
.oxide of the biotite, discoloring the mass a rusty color.

THE FAIRBURN AREA.— The type of granite occurring neatr
Fairburn, the county-seat of Campbell county, is a medium-fine and
'even-gramed massive, light-gray biotite granite, well suited for
building and monumental work. Small quantities of the rock
have been quarried, from time to time, for local use, from several
-of the outcrops. The only quarry, at present producmg rock for
:shipping purposes, and not strictly for local use, is that recently

opened on the old Westbrook estate, owned by his daughter, Mrs.
‘Cora J. Carmichael.

I For chemical analyses and further description of the southern portions of this rock area,
:see under granites of Coweta and Fayette counties, pages 92, 93 and 103.
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Mrs. Cora J. CARMICHAEL'S QUARRY. — This quarry is located
‘two and a quarter miles N. 25° E. from Fairburn, and a quarter
of a mile east from the Atlanta and West Point railroad. It was
leased for five years, beginning May, 1898, by the Patterson Broth-
-ers, of Atlanta, when it was first opened for the quarrying of coping
and monumental stone for the cemetery in Jacksonville, Florida.
The rock outcrops as boulders over some ten to fifteen acres of
ground, a number of which have been worked up. Up to the
time of the writer’s visit, June, 1899, it was estimated, that thirty-
five cars of stone had been shipped. Derricks for handling the
_stone were intact, and it was one of the few quarries in the State
working at that time. The right-of-way has been obtained, and
1t was the intention of the lessees to put in a side-track from the
Atlanta and West Point railroad to the quarry. The rock extends
to and across the railroad, and is exposed in several places along
‘the track of the above road.

Megascopically, it is a very uniformly even and fine-grained,
‘medium light-gray biotite granite, in which the quartz, feldspar
-and mica are readily distinguished in the hand specimen. The
‘quarry area is cut by a northwest-southeast set of joint-planes,
which are more or less smooth and slicken-sided along their sur-
faces, indicative of some movement. A few veins of slight
-dimensions were also observed. Therock is susceptible of a high
polish, and is admirably adapted to monumental and general build-
g purposes.

Under the microscope, a thin section of this rock (Museum No.
1,888) indicated a fine-grained, allotriomorphic-granular granite,
composed of an admixture of interlocking quartz and the feldspar
species, orthoclase with microperthitic structure, microcline and
plagioclase, with single scattered plates of biotite occasionally inter-
grown with foils of muscovite. The feldspar constituent makes up
more than 60 per cent. of the total rockmass. The quartz has:its
usual characteristic occurrence, as in rocks of this type. Some
‘micropegmatitic intergrowths of quartz and feldspar occur. The
biotite is variously altered to a green and brown colored, opaque
.chlorite, and a pleochroic, highly double-refracting epidote. Con-
siderable muscovite and epidote occur, as secondary minerals.
The essential minerals are characterized by an allotriomorphic
-outline.

Mechanical strain is manifested to some degree in the thin
section, in slight peripheral shattering of the larger quartz and
feldspar grains, and in marked undulous extinction and numer-
-ous lines of fracture crossing the larger feldspar and quartz indi-
viduals.
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A chemical analysis of the rock from this quarry yielded the

writer, in the laboratory of the Geological Survey, the followmg
results —_

Silica, Si0z2 « v ¢ v v 4 e e e e e e e s e e e e e e e s 69.55
Alumina, AloO3z v v v v v v v v e v h v e e e e e e e 16.72
Iron Sesqui-oxide, Fe2a03z + v « v v v v v o v v v 0 v v o W 0.99
Lime,Cal . v v ¢ v v v v v et v s e s e e e e e e 1.69
Magnesia, MgO . ¢« v v ¢ s v ¢ ¢ o o o 1 s o 0 0 b0 . oa s 0.27
Soda,Na.0 . . . ... ... S PR 5.88
Potash, X20 .« . . . ¢ v v v ¢ v o v e e e e e e e e 3.94
Ignition v . ¢« & v v v v h e e e e e e e e e e e e e 0.27

Total & o o v v v 4 e e e e e i e s e e e e e e 99.31

A comparison of this with analyses of the similar rock from the
Sam Hill and R. D. Cole quarries in Coweta county, shows very
close agreement in chemical and mineral composition. A large
part of the stone, used in the building of the new church in Fair-
burn, came from this quarry.

Other tests made yielded the following results: —

Specific Gravity at24°C. . . . . . ... ... 2.658
Weight of one cubic foot of stone expressed in pounds . . . . 166.12
Number of cubic feet of stone contained in one ton ' ‘

(2,000 pounds) « .+ . . o oL oo e 12.0

From a half to three quarters of a mile east from the Carmichael
quarry, on the Westbrook place, occur outcrops of the same rock,
from which some stone is said to have been quarried for ch1mneys
some years ago. Outcrops of a similar granite occur as far north
as 4 miles from Fairburn on the Atlanta and West Point railroad.

On Mr. W. T. Roberts’ place, one and a quarter miles southeast
from Fairburn, just off the Senoia wagon-road, occurs a fairly
large boulder outcrop of the same granite as that described from
the Carmichael quarry. The outcrop has been partially worked.
It is cut by veins and joint-planes.

Microscopically, a thin section of this rock (Museum No. 1,897)
showed a fine-grained, allotriomorphic-granular biotite granite, com-
posed of microperthitic orthoclase, microcline and plagioclase feld-
spars and quartz, with shreds and foils of biotite, more or less
altered to chlorite and some epidote. ‘The microscope further
indicates that the quartz and feldspars crystallized simultaneously,
as the two minerals mutually interfered, and in many cases, are
intergrown in the form of micropegmatitic structure. -Marked
zonal structure is common to many of the feldspar crystals.

Twinning is quite common among the feldspars present. Epi-
dote, chlorite and muscovite, as secondary products or minerals,
and primary inclusions of apatite crystals, occur. Irregular
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double-refraction, lines of fracture, and small crushed areas of
quartz and feldspar indicate more or less mechanical strain.

At Mr. U. E. Humphries’ place, approximately one mile east
of Fairburn, outcrops of the same rock occur, from which stone
for foundations and other purposes, for buildings in Fairburn,
were gotten.

The granites are associated with large bodies of mica-schist,
which 1s the prevailing country-rock. While no definite contact
between the two rocks could be entirely established, on account of
the heavy covering of residual decay, other field relations strongly
indicate, that the granite was intrusive in the mica-schist.

REsuME OF THE GRANITIC ROCKS OF CAMPBELL, COWETA, Fav-
ETTE, HEARD, MERIWETHER, PIKE, SPALDING
AND Trour COUNTIES

As may be seen from the above detailed description of the
granitic rocks occurring in these counties, extensive workable
areas of different grades of granite are found, thoroughly suited
for all classes of work, in which granite is used. The distribution
of the granite in the above counties may be seen by referring to
the map opposite page 65. Practically no systematic quarrying
has been carried on, in any part of the above section ; although
quite a large supply of rock has been quarried for purely local
purposes, from time to t1me, covering a period of some 15 to 20
years, which has resulted in the partial development of a goodly
number of small quarries. Only a very limited supply of the
rock has been shipped outside of the State. The outcrops are
usually of large dimensions, and practically free from soil-covering.
The quarries opened are well located with reference to transporta-
tion facilities by rail, and admit of easy working. The most
extensive areas of the rock and the largest quarries are found
mostly in Coweta and Meriwether counties.

The rock consists of fine, even-grained, medium- to dark-gray
~ biotite granite; coarse-grained, porphyritic biotite granite; and
biotite granite-gneisses. In texture and structure, the rocks vary
from massive, even-granular, through coarse-grained, porphyritic
granites, to highly schistose and laminated granite-gneisses. They
vary but slightly in color, having usually a medium to dark-gray
tone. In mineral and chemical composition, the three types show
practically no variation, but are remarkably close and uniform.
Mineralogically, they are composed of quartz and the feldspars,
orthoclase containing nearly always some microperthitic struc-
ture, microcline and plagioclase, with biotite as the characteriz-
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ing accessory mineral, associated usually with more or less musco-
vite. The relative abundance of the component minerals may be
expressed as follows: Feldspar including all species > quartz >
biotite > muscovite. The component mineral grains are closely
and complexly interlocked, imparting thereby great strength
and durability to the stone.

Representative 8-inch cubes of the three granite types, collected
from the principal quarries in this section of the State, polished
and hammer-dressed, on exhibition in the State Museum at the
Capitol in Atlanta, show the excellent finish these granites are
capable of receiving. ‘

The chemical relation of these rocks is readily brought out in
the following table :—

: I II IIT v v VI VII
Si02 . . 63.27 63.65 66.92 68.38 69.08 69.55 69.88
Al203z . 19.93 20,46 18.19 17.79 17.67 16.72 16.42
Fe.05 . 2.82 2.20 3.05 1.21 1.41 0.99 1.96
CaO .. 289 3.38 4.95 2.85 3.27 1.69 1.78
MgO . . 049 1.50 1.26 0.72 0.64 0.27 0.36
Na,O. . 4.14 4.75 3.83 4.36 4.56 5.88 4.46
K20 . . 485 4.53 2.02 3.57 3.29 3.94 5.63
Ignition . 0.86 0 42 0.46 0.78 0.56 0.27 0.36

Total . 99.25 100.94 100.68 90.66  1C0.48 99.31 100.85

_ VIII IX X XI XII X111 X1V
8102 . « 69.07 70.24 70,88 73.95 74.80 74.96 76.37
Al,03 . 16,56 16.78 15.86 14.23 - 15.46 13.71 13.31
Fe203; 1.37 1.46 1.77 I.29 1.04 0.go I.21

CaO . . 1.83 2.00 1.79 1.07 0.82 . 1,02 1.13
MgO .. o046 . o076 0.93 0.23 0.11 0.24 0.1I0
Na.0. . 4.66 - 3.70 3.94 4.61 4.80 4.68 4.02
K0 .. 502 5.03 4.64 5.29 2.52 4.79 3.68
Ignition . 0.92 0.50  0.49 0.25 - 0.31 0.44 0.20

Total . 100.19  100.47 I00.30  100.92 99.86  100.74  100.02

I Analysis of granite from the T. B, Tigner quarry, Meriwether county.
II Analysis of porphyritic granite from the McCollum quarry, Coweta
county.
IITI Analysis of grano-diorite-gneiss near Grantville, Coweta county.
IV Analysis of granite from the Sam Hill quarry, Coweta county.
V Analysis of granite from the Cole quarry, Coweta county.
VI Analysis of granite from the Carmichael quarry, Campbell county,
VII Analysis of granite from the Greenville quarry, Meriwether county.
VIII Analysis of granite from the Turner quarry, Spalding county,
IX Analysis of porphyritic granite from Flat Rock, Pike county, 9 miles
west of Zebulon.
X Analysis of porphyritic granite, near Line creek, Fayette county.
X1 Analysis of granite-gneiss from Flat-rock quarry, Coweta county.
XII Analysis of granite-gneiss from Flat Shoals, Meriwether county.
XIII Analysis of granite-gneiss from Flat-rock, Heard county.
XIV Analysis of granite-gneiss from Odessa quarry, Meriwether county.

Absorption tests, made on two specimens of granite from Meri-
wether county, yielded the following figures : —



DESCRIPTION OF INDIVIDUAL PROPERTIES IIT

Percentage (ratio) of absorption. . . . . . . .. 0.086 (Greenville)
“ ‘ e e e 0.056 (Odessa)

These figures are in close agreement with similar tests made on
granites occurring in other sections of the State, and indicate,
that the stone from this area 1s likely to suffer but slightly from
the freezing of absorbed water—{frost action.

A careful examination of the natural outcrops of the rock in
the field, shows, that the stone begins to weather from tempera-
ture changes and hydration, and in many cases, it is resolved by
these agencies into an incoherent mass of granitic sand, which is
but slightly stained or discolored by iron oxide, derived princi-
pally through oxidation from the iron-bearing minerals present.
This serves to illustrate the slight effect of chemical forces, active
in the early stages of weathering; and it further shows, that the
rocks of this type are damaged principally through mechanical
agents. 'The final limit in the decay of these rocks results in a.
highly ferruginous, deep-red, stiff clay as a residual product.

The prevailing country-rock is a thinly fissile mica-schist, in
immediate contact with the granites, which, from the relationship
of the two rocks, indicates, that the granites have been intruded
into the schist, and exposed subsequently by denudation. The
schists are also cut, in numerous places, by a younger series of
basic eruptive rocks, diabases.

DEKALB COUNTY

The most extensive areas of exposed granite and granite-gneiss.
in the State occur in DeKalb county, including the famous Stone-
Mountain and Lithonia areas. Other outcrops of granmite are
found in places over the county; but they are by no means so
large and important, as those mentioned above. As early as 1845
or 1850, some evidence that granites were worked into tombstones,
is apparent in the country church-yards; but nothing authentic-
can be learned regarding the first development of the granite
industry. Records show, however, that some granite was quarried
at Stone Mountain before the Civil War. The first effort toward
a systematic introduction of the Georgia granite seems to have
been made by the Stone Mountain Granite and Railway Company,.
operating at Stone Mountain, between the years 1869 and 1882.
This company was succeeded by the Venable Brothers in 1882, to
whose efforts the present popularity of the Georgia granmite is.
directly traceable.

In the Stone Mountain-Lithonia section, the granitic rocks are
exposed at the surface, in the form of huge bosses which measure
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several miles in circumference at their bases, and rise in the case of
Stone Mountain, to an elevation of 686 feet above the surrounding
-country.

Stone Mountain proper Pine (Little Stone Mountain), Collins-
‘ville, Arabia, Rock Chapel and McDaniel mountains form distinct
bosses, rising to conspicuous elevations above the surrounding low-
land plane. All these, with the exception of Stone Mountain, are
-composed of highly contorted, light-gray biotite granite-gneiss, of
remarkably uniform texture and composition, and form a part of
the well-known Lithonia belt of contorted granite-gneiss.

With the exception of a few stunted or diminutive pines and
cedars, moss and lichens, the bosses (mountains as they are locally
‘termed) are entirely barren of verdure. They are free from soil,
-save along some of the jointing surfaces, where partial disintegra-
“tion has taken place, and enough of the residual earth has been
left, to sustain the scanty plant growth mentioned above.

That the present huge boss of granite, appropriately named
-Stone Mountain, is but the remnant of a once existing, much
larger granite mass, is shown in the numerous outcrops of the
-same rock extending over a belt, several miles in width, of a
moderately undulating, nearly flat surface immediately sklrtmg
the present mass. ‘This is more especially true of the east, north
and south sides of the ridge. Quarries yielding the same grade
of excellent light-gray granite have already been opened in some *
of the larger and more favorably located outcrops in the border
zone. It would seem, as is held by Dr. George P. Merrill, that
“the existing boss, Stone Mountain, owes its p1esent form to ex-
-foliation,

Stone Mountain creek flows directly across the lowland belt of
-dissected granite, near the northern and eastern sides of the ridge
proper, and is tributary to Yellow river. The former stream is
_joined near the eastern limits of the ridge by a smaller stream,
which heads just outside of Stone Mountain village, and main-
tains its course close to the southern and eastern base of the moun-
tain. ‘These streams, especially the larger one, Stone Mountain
- creek, have greatly aided in the reduction of the present imme-
- d1ate1y adjacent lowland plane.

Stone Mountain forms one of the few conspicuous,. unreduced
residual masses found rising above the general surface-level of the
‘Georgia Piedmont-Tertiary peneplain. T'hat this and the adjacent
masses of hard contorted granite-gneiss, in the Lithonia area to the
-south, were not reduced to the same approximate level of the sur-
roundlno plane, can be readily accounted for, by differential rock-
.hardness, and remoteness from the major strearms in the region.
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STONE MOUNTAIN AND ITS QUARRIES.

This noted granite property, owned and controlled by Messrs.
Venable Brothers of Atlanta,is located about 16 miles east of Atlanta
in the eastern part of DeKalb county on the Georgia railroad. The
entire property includes some 2,200 acres. The huge dome-shaped
ridge rises 686 feet above the adjacent lowland plane; measures
seven miles in circumference at its base ; and includes 563 acres in
the exposed granite mass: Itis certainly the most striking geolog-
ical phenomenon in the Fastern United States, and surpasses any-
thing of its kind yet known in the way of exposed granite.® Itis
stated, that a careful estimate made by a competent engineer
of the exposed granite in the mass above the surface-level of the
plane is placed at 7,543,750,950 cubic feet.? The boss is elliptical
in shape, with its longest axis trending northwest-southeast, and
its steepest side facmg northward.

Records show, that some rock was quarried from the somewhat
disintegrated and decomposed ledges of the ridge as early as 1843
to 1850. ‘The first systematic quarrying, however, was begun in
1869, when the Stone Mountain Granlte and Railway Company
was chartered by Messrs. John T. Glenn, S. M. Inman and J. A.
Alexander, citizens of Atlanta. In 1882, the present owners,
Messrs. Venable Brothers, of Atlanta, purchased the entire prop-
erty of 2,200 acres, and immediately began developments for ex-
tensive quarrying. ‘The annual output outside of the State rap-
idly increased from ten car-loads, under the management of the
former company, to twenty thousand car-loads under that of Messrs.
Venable Brothers. '

It was through the efforts of Messrs. Venable Brothers, that the
development of this property gained for Georgia the high rank and
reputation, the State now holds among the other granite-producing
“States in the Union, as a granite producer. For some years, De-.
Kalb county, limited exclusively to the output from the Stone
Mountain and Lithonia areas, produced all the granite shipped
outside of the State; and, in amount of production, it has always
ranked first among the numerous granite-producing counties in
the State.

Numerous quarries, yielding most excellent and beautiful stone,
have been opened and extensively worked along the western and
southern flanks of the ridge. Notwithstanding the very large
amount of stone quarried for building and street purposes, and to
some extent for monumental stock, and shipped to the principal
towns and cities in the south and west, the appearance of the ridge

1 gSee Plate I; also, Purington, C. W., American Geologist, 1894, Vol. XIV, pp. 105-108.
2 GRANITE PAVEMENTS ; compiled by Venable Brothers, Atlanta, Ga. ; 1893.
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barely indicates a beginning in the quarrying industry. The
doming mass'is apparently formed of layers of varying thick-
nesses, leaving no visible lines of separation, except at the surface,
where it has been subjected to weathering. These are cut at r1ght
angles by a well defined set of joint planes, which, in connec-
tion with the slope, afford superior facilities for easy quarrying.
Every facility, in the way of modern equipment for work, such
as emngines, boilers, steam-drills and other appliances and ma-
chinery, has been added. Some eight miles of railway are oper-
ated from the main line of the Georgia road at Stone Mountain
station to and around the base of the ridge. ‘The equipment is
probably equalin all essentials to that of any of the larger quarries
in the Hast; and this renders the company abundantly able to
handle, with considerable ease, stone of any desired dimensions
and shape. As opened in 1893, the Stone Mountain quarries
were capable of yielding a total capacity of 25,000 paving-blocks.
per day. At present, this can be increased to any desired output.

As seen from the chemical and physical tests below, the stone is.
thoroughly adapted to all kinds of structural and street work. Ithas.
been employed most extensively as a building-stone, and almost as
largely as a street material, in the form of blocks and curbing; also,
to a much less extent, as monumental stock. It has been shipped
to most of the principal towns and cities in the south and west,
where it is used as a paving and building stone. Some of the hand-
somest massive structures in the above sections are built in whole,
or in part, from this granite.

Macroscopically, the rock is an even-textured, medium-grained,
light-gray, biotite-bearing muscovite granite. Practically no va-
riation in color, texture and composition is observed throughout
.the mass; but, on the contrary, the rock remains remarkably uni-
form over the entire area. T'wo sets of well defined joint-planes,
cut the granite mass, but jointing structure is by no means as charac-
teristic of Stone Mountain as of other granite masses. ‘The planes,
where observed, show nearly equal development. Omne set has a.
northwest-southeast direction, with the other cutting this set at
approximately right angles. Some movement is indicated in the
mass by the highly slickensided surfaces of the joint-planes. These
are coated with damourite, which dlstmctly shows the striations.
produced by the movement The rock is further cut by peg-
matitic veins, which vary in width from a fraction of an inch to
18 inches. These have the characteristic vein structure. They
have no definite directions ; but they cut indiscriminately, and are
composed mainly of quartz and feldspar, with some tourmaline,
biotite, muscovite and garnet. Several small knife-edge veins of
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fibrous, felt-like tourmaline were observed on the floor of the Hayne
(pronounced Hay-ne) quarry.

In some of the quarries, the surfaces of the major joints are
coated in some cases with a lemon to sulphur-yellow incrus-
tation. ‘This incrustation, thinly coated by hyalite, is particularly
abundant on the jointing surfaces exposed in the Hayne quarry,
located on the northwest side of the ridge. The hyalite forms
a clear, colorless, glassy coating over the surface of the urano-
phane. The yellow mineral was examined chemically some years
ago in the laboratory of the Geological Survey by Mr. R. L.
Packard. In his report to Prof. W. S. Yeates, State Geologist, by
whom it had been submitted for examination, he says : —

“The yellow incrustation on the granite was examined by the
blow-pipe and gave reactions for uranium. A qualitative exam-
ination in the wet way showed lime and phosphoric acid. Misled
by this, the mineral was supposed to be autunite (a hydrous phos-
phate of uranium and calcium) and an analysis was undertaken.
The mineral was scraped off from the rock as carefully as possible
and foreign pieces picked out until it seemed to be nearly homo-
geneous under the lens. In this way, o.1310 gramme was ob-
tained for analysis, which gave : —

5 o < 13.28
S1O2 & v v v e e e e e e et e e e e e e e e e e e e e e 18.55
(UOz)z,F8203P205 ................... 4.95
Algo R T T S S S T T N 633
0 1 6.6
MO v v v v i d e e e e e e e e e e e e e e I 9§
T(UO,)2 « v v o v e e vt vt e e e e v e e e s e e e e 47.18
Total . . v ¢ v o v o v v oo L e L e e 98.91

This result showed that the micas and perhaps some quartz and
feldspar from the granite were mixed with the yellow mineral.
Another specimen “of a dull lemon or sulphur-yellow color was
scraped off as before, as carefully as possible and weighed. The
weight was 0.5120 gramme. As it was impossible to separate
the impurities, the weighed mineral was treated with HNO,
which left a residue of o, 2460 gramme. 0.2660 gramme was
therefore taken for analysis, which gave : —

which with the ignition previously obtained points to unrano-
phane. It was obviously impossible to make any further deter-
mination of the-SiO,. The phosphoric acid was found to be zery
small and confined to the uranium-iron precipitate. This mineral
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blackens before the blow-pipe and in this respect resembles urano-
phane.”

In the hand specimens of the rock, the Stone Mountain granite
somewhat resembles certain granites from New Hampshire and
Maine ; but it is generally found to be more even in texture, and,
as Dr. Hawes says, is richer in both quartz and mica. In its
appearance, however, it more closely resembles the well known
Concord granite of New Hampshire. As already stated, the Stone
Mountain granite is remarkably uniform in color, texture and
composition, and is entirely free from macroscopic and micro-
scopic blemishes of any character. Free sulphides and oxides of
iron are practically unknown in the rock. Somewhat rounded
and irregular lighter colored areas, consisting of quartz and feld-
spar, containing groups of jet- black tourmaline crystals of slender
prismatic habit, rarely displaying the terminal planes, are quite
common in this rock. Asarule, these areas are usually so small,
and otherwise inconspicuous, as to be quite unnoticeable, except
upon close inspection. Since this is true, and since tourmaline is
practically stable under normal atmospheric conditions, these small
groups of radiated crystals do not in anywise injure the stone.

The component minerals, quartz, feldspar and the micas, mus-
covite and biotite, are readily recognized by the unaided eye.
Muscovite greatly predominates over the biotite in the hand speci-
mens.

Microscopically, the rock is a medium-grained, allotriomorphic-
granular granite, composed of an aggregate of complexly interlock-
ing quartz and feldspar grains, with numerous grouped plates and
shreds of muscovite, and some biotite. The quartz is of the usual
granitic kind, irregular in outline, and displays evidence of some
stress in wavy extinction and lines of fracture. Thefeldspar constit-
uent consists of irregular, varying-sized crystals of orthoclase
with microperthitic structure; microcline, the larger grains of
which show some tendency to tabular habit; and scattered, lath-
shaped individuals of polysynthetically twinned plagioclase. The
orthoclase usually shows good cleavage, while the microcline
exhibits, in a typical degree, the characteristic gridiron or grating
structure. The plagioclase individuals give small extinction
angles measured on the twinning-plane, in basal sections, which
indicates a feldspar near- oligoclase. The larger feldspar individ-
uals generally contain rounded drop-like inclusions of quartz and
other feldspar species. Muscovite is the predominating accessory
present. It occurs, for the most part, as grouped shreds, with
good basal cleavage and strong double-refraction, and always
appears perfectly fresh. Biotite is more sparingly present as
single shreds and filaments, with marked basal cleavage, deep
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color and strong absorption, partially altered, in some cases, to a
reddish-brown chlorite. The biotite shows a tendency to segre-
gate into small bunches, in places. A part of the muscovite is of
secondary origin, derived from feldspathic decomposition. Pris-
matic inclusions of apatite and zircon complete the list of minerals
present in the rock.

The chemical composition of this granite is shown in the two
following analyses made by Mr. R. L. Packard in the laboratory
of the Survey from specimens collected by Prof. Yeates from the
Hayne quarry :(—

I 11

Silica . . . . . . .. e e e e e e e e e 72.56 71.66
Alumina . . . .« ..o L ... e o . I4.8:1 16.05
Tronoxide . + . . ¢ v v 4 o . o 0o o 0. 0.94 0.86
TAME & v v 6 e v e e e e e e e e e e e e e 1.19 1.07
Magnesia . « « ¢« v v 0 v v e e e e e e e 0.20 0.17
Soda . . . - . v e e e e e e e e e e e e e 4.94 4.66
Potash . . . . . . . e e e e e e e e . 5.30 4.92
Ignition « . . . v . v v v o 00 o . . .o 0.70 1.00

Total « . . « . « . . .. S e e e . « 100.64 100.39

I Analysis of the perfectly fresh rock,
II Analysis of a spawl, which was exposed for three or four years on' the
dump-pile at the quarry.

The above analyses indicate a very acid granite, in which con-
siderable free quartz is present. The alkalies, potash and soda,
are present in nearly equal proportions. The rather low percent-
age of lime and the correspondingly high percentage of soda sug-
gests the presence of both albite and soda-lime feldspars, with the
former in excess over the latter. The iron content is somewhat
below the normal for granites in general, which would indicate
the presence of small amounts of a ferruginous mineral, which in
this case 1s the mica, biotite. This inference is confirmed by the
microscope, which shows the principal accessory to be the iron-free
mica, muscovite.

Physical tests made on the Stone Mountain granite yielded the
following figures : —

Specific Gravity . . . « . v L 4 0 v 0w e e e e . 2.686
Weight of one cubic foot of stone expressed in pounds . . . 167.90
Number of cubic feet of stone contained in omne ton
(2,000pounds) . - . . ... ... e e e e e e e e e 1T.9
Percentage (ratio) of absorption . . . . . . . . . . . ... 0.067

Crushing strength tests made on the granite, in two-inch cubes,
gave the following results : —*

Strength in Strength in Pounds
Pounds per Square Inch
Stone Mountain, Ga. . . . . . . . . . . 85,000 21,250
o “ s e e e 50,325 12,531
“ ¢ e s v e e e e . .48760 12,190
“ ¢ e e e e e e 65,610 16,402

! GRANITE PAVEMENTS ; compiled by Venable Brothers, Atlanta, Ga. ; 1893.
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A similar series of strength tests, made in 1890 at Purdue Uni-
versity, Lafayette, Indiana, gave 12,438, 14,425, 12,904, I 3 190,
13,406, and 12,726 pounds per square inch.

Another series of tests made on the Stone Mountain granlte at
the Watertown Arsenal, under the direction of Major J. W. Reilly, .
U.S. A, gave 25,630 and 28,130 pounds per square inch, on bed. -

Freedom from impurities of an unstable character under atmos-
pheric conditions, which at times render a rock liable to discolora-
tion after having been placed in a structure, or further, resulting
in a general weakening and, it may be, breaking down of the
rock, as a unit, from dlsmteg1at10n or decomposition, gives the
Stone Mountain granite a high rank as a general structural stone.
Muscovite, the essential accessory mineral present in this granite, is
comparatively stable under climatic influences ; and the preponder-
ating feldspathic constituent consists of those kinds, which are least
subject to change on exposure. Biotite, which is present to some ex-
tent in the rock, is the first one of the mineral constituents to yield
to external agencies, promoted chiefly through hydration and oxida-
tion of the ferruginous constituent. A careful examination of the
granite outcrops in the field indicates, however, that appreciable
changes in this mineral only become apparent after a very long
lapse of time. The sap (partially weathered rock) on this granite
is exceedingly thin, varying from a fraction to several inches in
thickness. . It con51sts of perfectly hard and firm rock, colored a
pinkish hue from partial decomposition of the biotite. ‘The felds-
pars are usually very fresh-looking in this portion of the rock,
and, when examined microscopically, they show only incipient
alteration.

From the nature of the chemical and mineral composition, the
character of the mnatural exposures in the field, and the physical
tests given above, this granite is proven to be one of the most
durable on the market at present. Its pleasing color, evenness of
texture, durability, and easy workability certainly give it the
essential qualities requisite to a first-class building material. The
excellent finish, which this stone is capable of taking, both
polished and hammer-dressed, is well shown in an 8-inch cube on
exhibition in the systematic collection of Georgia building stones
in the State Museum, in the Capitol Building at Atlanta. The
many pieces of beautlfully carved granite from this locality, used
for ornamental decoration in numerous buildings in the city of
Atlanta, add testimony to its superiority of workable character.

The popularity of the Stone Mountain granite through the
South and West as a general building and street-paving stone is
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well shown in the prominent structures, built in part or in whole
from this stoue, mentioned in the following paragraph : —

Of the many buildings in Atlanta, in “which Stone Mountain
granite has been used, mention may be made of the Kimball
House front and arcade (in part) ; the Atlanta National Bank
building (in part); the Fulton County court-house (in part) ; the
Fulton County court-house annex (front) ; the Hotel Granite (en-
tire front) ; the Carnegie Library (entire basement) ; the new Ful-
ton County jail (entire front and tower) ; the North Avenue Pres-
byterian church (entire building); and the U. S. Federal Prison
(foundation and 1st story). Outside of Atlanta, some of the prin-
cipal buildings, in which this stone has been used, for the base
course and trimmings are the U. S. Government buildings in
Tyler, Texas ; Macon, Savannah, Augusta and Atlanta, Ga. ; and
Louisville, Kv the C1ty Bank bmldmg at Orlando, Fla.; the
Home of the Fnendless Chicago ; the first story, copings etc of
Dr. W. F. Elkin’s house and garden and Mr. P. A. B. Weidner’s
sunken garden, at Ogontz, Philadelphia ; the entire Sherman mon-
ument at Sherman, Texas and the coping for the Riverside
Drive, New York City.

. THE QUARRIES OF THE ADJACENT LOWLAND BELT OF
GRANITE

As described above, the present dome-shaped mass of granite,
Stone Mountain, is flanked on its northern, southern and eastern
sides, by a belt of the same rock variable in width, but reduced to
the same general level of the surrounding plane, by the usual pro-
cesses of erosion and denudation. Many of the larger and most
favorably located rock exposures in this belt have been worked to
some extent.

THE Nasg aAND McCurpy QUaRRY.—This quarry was in
process of opening, when field-work on this report was first be-
gun in the early summer of 1898. The rock is exposed in the
form of flat surfaces, three miles east of Stone Mountain village, in
lot 85, 18th district. The .quarry was opened for the purpose of
furnishing stone for building purposes in St. Louis.

The rock is the same even-textured, light-gray, biotite-bearing
muscovite granite, described from Stone Mountain. In addition
to the quartz, feldspar and mica, occasional garnets were visible to
the naked eye. These were small in size, red in color, and per-
fectly fresh. In places, the biotite tends to segregate in small
bunches and areas.

This property is owned by Messrs. I. N. Nash and J. N.
McCurdy, of Stone Mountain, Ga.
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THE VEAL QUARRY.—This quarry is a quarter of a mile east
of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>