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PREFACE

The present volume is an outgrowth of the author’s needs
in his own classroom. The matter is essentially that pre-
sented to his classes in a brief course in the College of Applied
Science for Civil Engineers, in the College of Fine Arts for
Architects and in the College of Liberal Arts for students of
FEconomic Geology. The work has been multigraphed, bound
and used as a manuscript textbook. It is now published for
the greater advantage to his own students, and with the hope
that it may be useful to others.

The object has been to furnish an elementary knowledge of
the essential minerals in building stones and the objectionable
minerals they sometimes contain ; to show the chief character-
istics of the more important building stones; to give their
geographical distribution and range in compressive strength;
to impart some information as to the physical and chemical
properties of clays and the products that may be manufactured
from them.

The author has attempted to state the essential facts and
explanations as clearly and simply as possible and to observe
a logical order and a due proportion between different parts.
The larger amount of space is given to each type of building
stone in the state where it is the most abundant.

Great care has been taken in classifying and arranging the
subject matter that it may follow the order as closely as
possible of the various lecture courses on building stones and
clays in our different colleges and universities.

The author wishes to express here his great indebtedness
for constant assistance in the preparation of this work to his
colleagues on the University Faculty: Professors T. C.
Hopkins, Burnett Smith, A. E. Brainerd, B. W. Clark and
H. G. Turner. Also his greater indebtedness to Prof. G. H.
Chadwick of the University of Rochester for his careful
checking of results and verifying data, and to Prof. W. F.
Prouty of the University of Alabama for his contribution on
the Marbles of Alabama.

The most of the illustrations are made from the author’s
own photographs but he wishes to recognize the hearty
co-operation of the United States Geological Survey; the
Woodbury Granite Company, Hardwick, Vermont; the
Vermont Marble Company, Proctor, Vermont; the National
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BUILDING STONES AND CLAYS

CHAPTER I

INTRODUCTION

The term building stones as here used embraces all those
forms of igneous, sedimentary and metamorphic rocks that
are utilized for structural or decorative purposes, whether
that use be large as in the case of granites, or small like the
ophicalcites.

The igneous rocks are treated first, even though they are
more difficult for the beginner to understand, because they are
the ultimate source of the sedimentaries and their meta-
morphic derivatives. This arrangement, however, does not
preclude the study of the sedimentaries first, if one so chooses.

In this discussion an attempt has been made to give the
reader some of the more salient geological and mineralogical
features, both natural and artificial, to enable the architect
and engineer by simple tests to determine what objectionable
constituents, if any, are present and thereby select wisely
material that will last well and be harmonious in its
environment.

The author realizes that it is not from books alone that
Geology and Mineralogy are learned. It requires a large and
varied suite of dressed, unpolished and polished specimens,
together with a careful study of their structural relations in
the field, to enable one to choose only the best material.
It is furthermore essential to see the stone quarried, dressed
and seasoned.

MINERALS OF BUILDING STONES

Definition.—A mineral is generally defined as a natural
inorganic element, or compound, with fairly definite chemical
composition. A rock is a mineral aggregate. This aggrega-
tion must be an essential portion of the crust of the earth.
To be a geological formation it must represent a mappable
area. 'The igneous rocks may occur either as eruptives that
have flowed out over the surface of older formations, or as
irruptives in stocks, sheets, dikes, etc., that appear at the sur-
face only through continental denudation. The sedimentary

s
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rocks occur in stratified beds. In some instances the planes
of stratification are Jost.

Number.—The number of minerals necessary in the forma-
tion of a given type of building stone is exceedingly small.
Calcite is the only mineral necessary in statuary marble.
Analyzed samples of this marble from western Vermont have
given 99.5 per cent calcite and .5 per cent silica. A\ sandstone
may consist of little more than grains of quartz held together
by the pressure to which they have been subjected. A true
syenite requires but two minerals, orthoclase and hornblende.
A granite demands the presence of quartz and orthoclase;
and usually some ferromagnesian mineral is present, as
biotite or hornblende.

A microscopic examination of building stones usually adds
a few minor minerals to the requisite number for a given tvpe
of rock. These are ol importance in the weathering of a
stone but not necessary in its commercial definition.

Classification.—'T'he minerals of building stones are classified
as essential and accessory, or as original and secondary. The
essential minerals determine the definition of a given type of
rock. Quartz is essential in a sandstone, quartz and ortho-
clase in a granite. \n accessory mineral is one that is usually
present but of minor -importance. Its presence may be
recognized microscopically or macroscopically. For example,
apatite or magnetite may occur in a granite.

An original mineral as applied to the necessary constituents
of building stones is one that was present when solidification
first occurred. It is always an essential mineral, but
original minerals are not always essential. Apatite and zircon
when present in granites are amongst the first minerals to
solidify from an acid magma vet they are not essential to the
commercial definition of a granite. A secondary mineral is
one that is derived from some other mineral or minerals either
by the chemical action of percolating waters or by molecular
rearrangement. Olivine is an essential mineral in peridotite
while serpentine results from the loss of the iron and the
hydration of the magnesium in olivine.

In order to best understand the nature of structural stones
sonie knowledge of mineralogy is necessary. Tiven a deserip-
tive elementary method of treating minerals has some value.
It would not seem advisable to enter into detail to any
considerable extent for most minerals may be recognized by
a few simple tests. These will enable an architect or engineer
to arrive easily at his definition of a given type of structural
stone.

Essential.—The number of minerals occurring as essential
constituents in building stones is exceedingly small. The list
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may be summed up in the various varieties of quartz; four
families, the feldspars, micas, amphiboles, pyroxenes; three
anhydrous silicates, olivine, epidote, nephelite, or the variety
eleolite; three hydrous silicates, talc, serpentine, chlorite;
three carbonates, calcite, aragonite, dolomite ; and one sulphate,
gypsum,

Non-essential.—T'he nomn-essential minerals are vastly
greater in number but they occur in small proportions and
often of microscopic size. The presence of some of these is
exceedingly deleterious while others are harmless. These
may be summed up in two elements, four sulphides, two
carbonates, seven oxides, one phosphate, one chloride, one
fluoride, together with several anhydrous and hydrous silicates.
A brief statement concerning the more important of these
minerals will suffice.

DESCRIPTION OF MINERALS

Quartz.—Quartz is an oxide of silicon, SiO,. It is 7 in the
scale of hardness, 2.65 in specific gravity, vitreous in luster,
insoluble in the common mineral acids. It can easily be
recognized by its insolubility, its luster and superior hardness
to all other essential minerals in building stones. It is one of
the most widely distributed of all minerals. It composes
most of the sands of the sea shore and river plains. It is
essential in all sandstones and mica schists. It is present in
all granites, gneisses, quartzites, liparites, etc. The quartz
grains in fragmental sandstones have sometimes undergone
a secondary growth by a deposition of crystallized silica with
like orientation to the original nucleus.

Quartz is furthermore one of the most indestructible of
minerals for there is no higher oxide of silicon. The fluid
cavities sometimes found in quartz cause the rock mass rich
in silica to scale after being subjected to the heat of a burning
building.

The Feldspars.—The term feldspar is a family name embrac-
ing a group of minerals with many characteristics in common.
They are silicates of aluminum with either potassium, sodium,
or calcium present, while magnesium and iron are always
absent. There are many intermediate species between the
sodium and calcium members which are connected with each
other by insensible gradations. Some of the common charac-
teristics of the family are as follows: (1) Crystallization in
the monoclinic or triclinic systems with a close resemblance
among the different species in general habit, cleavage angle
and method of twinning. (2) Colors shading from white to
green or red. (3) Hardness falling between 6 and 6.5. (4)
Specific gravity generally between 2.5 and 2.75.
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Orthoclase, K,0, ALO,, 6510, is an acid feldspar occurring as
an essential constituent in all granites, most gneisses and true
syenites. It is easily recognized by a possible cleavage angle
of 90 degrees and the absence of striations on all cleavage
planes. It fuses at 5 and 1s insoluble in mineral acids.

Microcline crystallizes in the triclinic system. Its chemical
composition is the same as that of orthoclase, K,O, ALO,,
Si0,. It often shows a peculiar shade of green which aids
in distinguishing the crystals from those of the other feldspars,
In case of the building stones it often requires a microscopic
examination to establish the difference. Its home is with the
acid irruptives.

Plagioclase is the term often given to designate the remain-
ing members of the feldspar family all of which are triclinic
in system of crystallization. They are albite, oligoclase. an-
desine, labradorite and anorthite.

Albite, as the name implies, is usually white in color. Its
formula is Na,O, ALO,, 6510,. 1t fuses at | and is insoluble
in mineral acids. It occurs in many granites along with
orthoclase and is usually distinguishable by its greater white-
ness. In some highly colored granites the few white crystals
present are albite. When it occurs as the essential feldspar
with hornblende it constitutes a diorite.

Oligoclase 1s intermediate i1 composition Dbetween albite
and anorthite. It fuses at 3.5 to an enamel-like glass and is
imperfectly acted upon by mineral acids. 1t is often recog-
nized by fine striations or parallel lines on some cleavage
plane. Its home is with both the irruptives and the eruptives.

Andesine 1s also intermediate between albite and anorthite.
It fuses in thin splinters before the blowpipe and is imper-
fectly soluble in mineral acids.  Its color is usually white
or gray. It gives definition to the rock called andesite. It
occurs in some syenites and porphyries,

Labradorite is more basic than the preceding feldspar. Tt
fuses at 3 to a colorless glass and is partially soluble in HCL
It shades in color from gray to green and often presents a
beautiful iridescence, especially when polished, in  which
blue and green are predominant colors but yellow and fire-
red colors also occur. It is often finely striated upon the
cleavage planes. [t occurs with hypersthene in the building
stone known as norite. Its home is also with the gabbros,
diabases and dolerites.

Anorthite is the most basic member of the feldspar family.
Tts formula is CaO, ALQO,, 2S510,. It fuses at 5 to a colorless
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. glass and is soluble in HCl with a separation of gelatinous
silica. In color it shades from white to red. Its home is
with the basic intrusives. Some of the New England diabases
bearing anorthite constitute the finest road metal.

It is important before selecting any granite for a massive
structure to examine carefully microscopic slides of the stone.
If the feldspar has already suffered kaolinization the rock
should be rejected. 'The microscope often reveals cavities
and flaws so filled with impurities and products of decompo-
sition as to render the feldspar quite opaque. Such a building
stone will not long withstand the destructive effects of
weathering agencies.

The color often imparted to granites, gneisses and quartz
porphyries is due to the color of the prevailing feldspar. In
the red granites the pigment in the feldspar is ferric iron.
In the green granites it has heen attributed to ferrous iron
and in the delicately pink granites to manganese.

The Micas.—The mica family includes a series of closely
related minerals characterized by a highly perfect basal
cleavage. They are easily separable into plates varying in
thickness from omne thousandth to one fifteen hundredth of
an inch in thickness. They all fall in the monoclinic system.

Muscovite, chemically considered, is an orthosilicate of
aluminum, potassium and hydrogen. It is known also as
the potassium mica or the white mica. In some light colored
granites it is practically the only mica present. This holds
especially true of the white granite of Bethel, Vermont. The
thin laminae of muscovite are flexible and spring back with
considerable force into normal position when bent. Its hard-
ness is 2.3. Its gravity is 2.9. Muscovite is insoluble in
the mineral acids, and when it bears no iron it possesses
greater powers of endurance than the other members of the
mica family.

Biotite is also an orthosilicate of aluminum, potassium,
hydrogen, magnesium and iron. It is known as the iron mica
and the black mica. The presence of iron favors decompo-
sition for when the mineral is once coated with a thin film
of the oxide of iron it is rapidly disintegrated. Biotite is 2.8
in hardness and sometimes reaches a specific gravity of 3.
The presence of large quantities of biotite in a granite in-
creases the weight per cubic foot, and decreases the life of
the stone. The finely pulverized mineral is decomposed by
sulphuric acid with a separation of the silica in minute scales.

Phlogopite is closely related to biotite in composition but
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carries less iron. [t is known as the magnesium mica, or
amber mica, on account of its amber-like reflections. It often
exhibits asterism in transmitted light. Its hardness is 2.7
and its specific gravity 2.8. It is completely decomposed by
sulphuric acid with a separation of the silica in minute scales.
The home of phlogopite is with the marbles and serpentines
in which it often becomes an objectionable constituent.

Lepidomelane is in part an orthosilicate and in part a more
basic compound. It is chiefly characterized by a large amount
of ferric iron. It is best regarded as a variety of biotite.

The presence of the various micas in limestones, dolomites
and marbles may be regarded as objectionable for they are

Fig. 1.—Boulder of orbicular granite, Orleans County, Vermont.
Photo. by C. H. Richardson.

difficult to polish and scale off easily leaving the stone pitted.
In such rocks the micas are of secondary origin. In the
granites and gneisses the micas are of primary origin. They
should be uniformly scattered throughout the stone in fine
scales for with their perfect cleavage they themselves con-
stitute an element of weakness. When in spherical aggre-
gations as in the granite of Craftsbury, Vermont, they give
rise to the orbicular granites. (See Fig. 1.)

The Amphiboles.—The amphibole family includes a group



MINERALS OF BUILDING STONES~ v

of minerals that crystallize in the orthorhombic, monoclinic
and triclinic systems. Those occurring in building stones
fall in the monoclinic system and the representatives are
tremolite, actinolite and hornblende.

Tremolite is a silicate of calcium and magnesium. Hard-
ness of 5.5 and specific gravity of 3. It sometimes appears
as short, stout prisms, and sometimes columnar, or fibrous.
It is an objectionable constituent as a secondary mineral in
marbles, for the stone becomes pitted through the loss of
lime and the falling out of the minute crystals of tremolite.
Furthermore, the mineral often changes color from a pure
white when quarried to a dirty gray upon exposure to the
atmosphere.

Actinolite is closely related to tremolite in composition
but has a little of the magnesium replaced by iron which im-
parts a bright green or grayish color to the mineral. Hard-
ness of 5.5 and gravity of 3.1. The crystals are short, bladed,
columnar and fibrous. Its home is with the metamorphics.

Hornblende is an aluminous variety of amphibole. Hard-
ness 5.5 to 6. Specific gravity 3.2. Its color is often greenish
black to black. It is an essential constituent in certain
granites like the granite of Quincy, Mass., gneisses, schists
and diorites. The crystals are often long and prismatic.
The mineral may easily be identified by its black color and
cleavage angles of 56 and 124 degrees. The cleavage is far
more pronounced than it is in the pyroxenes.

The Pyroxenes.—The pyroxene family embraces a number
of species that fall in the orthorhombic, monoclinic and tri-
clinic systems of crystallization. The metasilicates of calcium,
magnesium and iron are the most prominent members of the
groups. They all present a fundamental prismatic form with
an angle of 87 or 93 degrees parallel with which there is a
pronounced prismatic cleavage.

Enstatite is a metasilicate of magnesium, MgO, Si0,. Its
hardness is 5.5 and specific gravity 3.2. In color it is often
gray but when iron displaces a part of the magnesium the
mineral is bronze-like in color. Its home is in the peridotites
and the serpentines derived from them. In its hydration
talc is the metamorphic product.

Hypersthene, (Fe,Mg)O, SiO,. Hardness 5.5. Specific
gravity 3.4. In color the mineral shades from a dark brownish
gréen to a greenish black. Hypersthene is an essential con-
stituent of certain so-called granites like the Keeseville, N. Y.,
norite. It is also found in some gabbros and andesites. It
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sometimes produces black knots in the norites. ’T'hese rep-
resent a basic segregation in the cooling of the magma from
which norite is derived. The presence of much hypersthene
is undesirable, for the mineral, on account of its iron content,
is casily decomposed on exposure to the corrosive agents
of the atmosphere.

Augite 1s for the most part a normal metasilicate of calcium,
magnesium and iron. ilardness 5.5, Specific gravity 3.1,
Its color is usually green or greenish black and the crystals
are short, thick and prismatic. Its cleavage angles of approxi-
mately 87 and 93 degrees, together with its grayish green
color, readily distinguish 1t from hornblende. It occurs
sparingly in some building stones like the nordmarkite of
Mount Ascutney, Vermont. It is an essential constituent
with the triclinic feldspars in diabase and basalt. By a con-
version of the augite into hornblende the latter rocks pass
into the diorites.

The Nephelite Group.—'T'he only member of the nepheline
group of minerals occurring as an essential constituent in
building stones is nephelite. It is an orthosilicate of alum-
inum, sodium and potassium. [ts hardness is 3.8, Its specific
gravity is 2.65. Its home is with the intermediate and basic
rocks rather than with the acidic. ‘I'he svenites bearing the
variety of nephelite known as cleolite often present a greasy
appearance suggestive of an oiled surface. Free quartz is
absent, for if an excess of silica sufficient to form quartz had
been present in the magma then the acid feldspars would
have been formed instead of nephelite. [ts presence in a
building stone i1s easily established by pulverizing a few
grams of the rock and digesting it with concentrated HCI or
dilute HNO, when, in the presence of nephelite, the silica
of this mineral will separate out as a gelatinous product of
decomposition.

The Chrysolite Group.—The one important member of this
group is the orthosilicate of magnesium and iron, olivine,
in which the ratio of the magnesium to the iron varies widely.
Some analyzed samples have shown this ratio as 16 : 1, othérs
as 2 :1. Its hardness is 6.7. Its specific gravity is 3.3, The
mineral is named from its olive green color. Its home is with
the basic and ultra-basic rocks. In its metamorphism it
passes into serpentine which sometimes becomes a highly
decorative structural stone yet Dbetter suited for interior
decorative work.

The Epidote Group.—The one important member of this
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group of minerals is epidote itself. Its hardness is 6.8. Its
specific gravity is 3.3. It is an orthosilicate of calcium, alum-
inum and iron with a little water of crystallization. It is of
a peculiar pistachio green color seldom represented by other
minerals. It is sometimes found sparingly in granites as
at Enfield, N. H., and is a common constituent of many
gneisses, schists and serpentines.

The Hydrous Silicates.—The three hydrous silicates of con-
siderable significance in structural and decorative stones are
chlorite, serpentine and talc.

Chlorite—The term chlorite embraces a considerable
number of minerals closely related to the micas but differing
from them in brittleness and in a larger percentage of water.
Chemically considered the chlorites are silicates of aluminum,
iron and magnesium, with chemically combined water. They
are characterized by their green color, perfect cleavage and
inelastic foliae. Their hardness varies but approximates to 2.5
and their specific gravity falls between 2.5 and 2.9. Chlorites
are secondary minerals derived from the alteration of amphi-
boles, pyroxenes and micas.

The mineral imparts a green color to the chlorite schists
which often consist of scales of chlorite and grains of sand.
Chlorite is the ferromagnesian mineral in certain gneissoid
granites like that of I.ebanon, N. H., which was first classi-
fied as a protogene gneiss. The chlorite is here derived from
the metamorphism of biotite.

Serpentine is a hydrous silicate of magnesium, 3Mg0O,2510,,
2H,0. Hardness varying from 2 to 4. Its specific gravity
is 2.65. It occurs in varying shades of green, sometimes
greenish black. It crystallizes in the monoclinic system but it
is the massive form that finds use as a decorative stone.
When it occurs with calcite, magnesite and dolomite it con-
stitutes the verd antique marbles. It sometimes occurs as
minute green patches scattered through other marbles where
its presence is objectionable. It occurs also as a metamorphic
product resulting from the alteration of the magnesium sili-
cates in diabase, basalt and peridotite. Massive serpentine is
easily recognized by its inferior hardness to marble, its green
color, its absence of cleavage ‘planes and the large percentage
of water derived upon ignition. (See Fig. 2.)

Talc is an acid metasilicate, 3MgO, 4Si0,, H,O. Its hard-
ness varies from 1 to 2.5. Its specific gravity is R.75. Its
color shades from white to green. When it occurs in the
massive form it constitutes the useful stone known as steatite,
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which finds application in laboratory tables, sinks, stationary
washtubs, stoves, ete. ‘T'he mineral is easily recognized by
its soapy feel and the ease with which it can be abraded with
the thumb nail.

The Carbonates.—Calcite, aragonite and dolomite are the
three carbonates that occur as essential minerals in building
stones.  T'hey are easily distinguished from the preceding
minerals by their effervescence in HCL. They are secondary
in origin resulting largely from the alteration of other min-
erals, together with the solution and fine comminution of the
testa of mollusks and crustaceans.

Fig. 2—Block of verd antique marble, Roxbury, Vermont. Photo.
by C. H. Richardson.

Calcite occurs filling the minute cavities in the rocks of
21l classes and of all ages. Formula, CaCO,. Its specitic
gravity is 2.71. Pure statuary marble contains little else
than calcium carbonate. It furnishes the essential constituent
in most marbles, and is one of the two requisite constituents
of dolomites. Calcite is easily recognized by its definite
hardness of 3, by its facile cleavage and consequent brittle-
ness and by its rapid effervescence with cold dilute HCL

Aragonite has the same formula as calcite but instead of
crystallizing in rhombohedrons of varied habit like calcite
it falls in the orthorhombic system in prismatic forms. Its
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hardness is 3.7 and its specific gravity 2.95. Some decorative
marbles like the onyx of San Luis Obispo, California, are
nearly pure aragonite. The mineral is distinguished from all
others save calcite by rapid effervescence in cold dilute HCI,
and from calcite by falling to pieces before the blowpipe
and by turning a beautiful pink when the fine powder is
boiled with the nitrate of cobalt.

Dolomite is a double carbonate of calcium and magnesium,
CaCO,, MgCO,. Its hardness is 3.7 and its specific gravity
2.85. It crystallizes in the hexagonal system in rhombo-
hedrons with curved faces, often with a pearly luster. It
effervesces slowly, if at all, in cold dilute HCI but rapidly in
warm HCL.  Many of the white marbles like that of Stock-
bridge, Mass., and the mottled marbles like those of Swanton,
Vermont, are dolomites. (See Figs. 3 and 4.)

Fig. 3.— Polished sample of jasper marble, Swanton, Vermont.
Photo. by C. H. Richardson.

Gypsum, CaSO,, 2H,O, is the only sulphate that occurs
as an essential constituent of any building stone. Its hard-
ness is 2 and its specific gravity 2.3. In color it is usually
white but sometimes grayish. It crystallizes in the mono-
clinic system with forms simple in habit. The mineral seldom
occurs in the crystalline rocks but it forms extensive beds
amongst the stratified limestones and clays where it becomes
a rock mass of large commercial significance. Alabaster is
a fine translucent variety that is used for ornamental pur-
poses. In the absence of the water of crystallization the
mineral passes into anhydrite which has been substituted
sometimes for white marble. This use is objectionable for
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anhydrite absorbs water upon exposure and expands thereby
throwing buildings out of plumb.

The Non-essential Minerals.—'I'he number of non-essential
minerals sometimes occurring in building stones approximates
forty. In many cases these are microscopic constituents.
In others they are visible to the eye and easily recognized.
The lack of space will permit an outline of only a few and
these will be the ones most objectionable when present in
any building stone.

Pyrite, FeS,, is a disulphide of iron. Its hardness is 6.5
Its specific gravity is 5. In color it is a pale brass yellow.
It occurs in building stones in the form of cubes of the iso-

TFig. 4.—Polished sample of lyonaise marble, Swanton, Vermont.
PPhoto. by C. H. Richardson.

metric system and in a microscopic, granular and amorphous
condition. In this latter form its oxidation is far more active
than when in cubes. In its decomposition either soluble
sulphates or free sulphuric acid is formed and the stone soon
presents a dingy and unkempt appearance. In the calcareous
rocks bearing magnesiuim the presence of pyrite becomes
exceedingly objectionable. The free sulphuric acid formed
in the decomposition of the pyrite unites with magnesium
and forms a soluble efflorescent salt that creeps to the surface
and is replaced from time to time by the less soluble, yet
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objectionable, calcium sulphate. According to James Hall
efflorescence is frequently observed on buildings constructed
of the bluestone of the Hudson River group. In case the
mortar with which the structural blocks are laid contains
magnesium efflorescent patches may be observed creeping
mainly from the joint planes and bedding planes of the
finished structure. Such an exhibition may be seen on St.
Peter’s Church, State Street, Albany, N. Y.

Marcasite has the same chemical formula as pyrite, FeS,.
Its hardness is 6.3 and its gravity is 4.9. It crystallizes in
prismatic forms in the orthorhombic system and is paler in
color than pyrite. A. Julien has pointed out the greater
tendency of marcasite to undergo atmospheric alterations and
shown its profound influence upon the durability of building
stones. Where the two forms of iron disulphide occur to-
gether, either through crystallization or alteration, as the
proportion of marcasite increases the specific gravity of the
rock mass decreases, the color becomes paler, and the danger
of objectionable weakening and discoloration is increased.

Owing to the tendency of all sulphides to decompose upon
exposure to the atmosphere structural stones showing their
presence should be rejected. Sulphur to the amount of .2
per cent may be readily detected by fusing the rock in
powdered form with sodium carbonate on charcoal with the
blowpipe, transferring the fused mass to a silver - coin,
moistening with water, when in the presence of sulphur, a
dark stain due to the formation of silver sulphide will appear
on the coin.

Stiderite 1s a carbonate of iron, FeCO,. Its hardness is 3.7
and its specific gravity 3.8. Tts color is usually gray but it
turns brown upon exposure to the atmosphere. The mineral
crystallizes in curved rhombohedrons of the hexagonal system
and occurs as scattered crystals or in groups in many clays
and limestones. Any limestone, dolomite or marble, bearing
even microlites of siderite will soon present a dull or dead
surface. 0.1 of 1 per cent of this mineral can be detected
by the borax bead which in its presence becomes bottle green
in the reducing flame.

Ankerite, 2CaCO,, MgCO,, FeCO,, is a triple carbonate.
Its hardness is 3.7 and its specific gravity 3. It crystallizes
in the same forms as siderite. Its occurrence in bhuilding
stones is less frequent than that of siderite but when present
it is always objectionable.

Hematite, Fe,O,, is an oxide of iron. Its hardness is 6



14 BUILDING STONES AND CLAYS

and its gravity 5. Its color shades from red to black but its
streak is cherry red or blood red. 1t occurs in the rocks of
all ages. The specular variety is mostly confined to the
crystalline or metamorphic rocks. In granites it is usually
confined to minute scales of bright red color. In an amor-
phous form it furnishes the cement in the red or brownish
sandstones. Its occurrence as a cement is not as frequent
as that of the hydrated oxides of iron, turgite and limonite.
These are present in the 'Triassic sandstones of l.ong-
meadow, Mass.

Magnetite, Fe,O,, is distinguished from the other oxides
of iron by its black color and strong magnetism. Its hard-
ness is 6 and its specific gravity is 5.1. It crystallizes in
regular octahedrons of the isometrie system. Its home as
an original constituent is in many granites and metamorphic
sedimentaries. It is almost invariably present in the basic
igneous rocks. Whenever magnetite is present in an appre-
ciable quantity in any rock it ultimately hecomes converted
into the hydrated oxide of iron which stains the stone a
rusty red color.

Garnet, 3RO, R,0,, 3510,. R stands for the bivalent metals
like calcium and magnesium, R, represents the trivalent
metals like aluminum and ferric iron. The hardness of garnet
is 7. Its specific gravity is 3.3. In color the mineral shades
from white to red. It crystallizes in the isometric system in
regular dodecahedrons and leucitohedrons. Its home is with
the granites, gneisses, schists, limestones, and sometimes
serpentines.  Occasionally it appears in the basic irruptives.
Its presence in any type of building stone is objectionable.
On account of its brittleness it breaks away from its matrix
in the dressing of a stone and renders a perfect polish far
more difficult to obtain. Iron garnets break down due to
the oxidation of the iron on long exposure to the atmosphere
and the stone becomes stained with the characteristic iron
rust.
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PHYSICAL PROPERTIES AND WEATHERING
OF BUILDING STONES

Physical Properties.—There are several physical properties
that materially affect the value of building stones. Some-
times these properties have greater significance than the
minerals themselves.

Color.—The color of a stone is often a guide to its suit-
ability for a definite purpose. A dark and somber sandstone
would appear inharmonious in a residential section in a large
city where all neighboring buildings were constructed of a
creamy white sandstone, or a white marble. Many an
architect has builded well because he selected only those
colors that were harmonious in their environment. The color
of building stones is widely varied and the opportunity of
choice correspondingly large. The color may be due to one
or more of several causes. Pink tinted feldspars give rise
to a pink granite like that of Westerly, R. I. Red-orthoclase
renders the prevailing color of the resulting granite red, like
that of Peterhead, Scotland. Sometimes it is due to a com-
mingling of the feldspars with small crystals or even scales
of biotite as in the light and dark granites of Barre, Vermont.
If the feldspars are clear and glassy they absorb light, and
if they are white and opaque they reflect light. (See Figs.
5 and 6.)

The chief coloring matter in red sandstone is the ferric
oxide, Fe,O,. This may appear as a pigment in the individual
sand grains that comprise the essential mineral of the rock
mass, or it may appear as the cement that binds the sand
grains together. The hydrated oxides of iron serving as
cements afford colors shading from a reddish brown to a
yellow hue. Clay as a cement in sandstones produces a drab
or blue coloration. A gray color may also be produced by
the presence of the carbonates and sulphides of iron. The
pigment in the black marbles of Glens Falls, N. Y., is uncom-
bined carbon. (See Figs. 7 and 8.)

The color of building stones in many cases is not permanent.
The nordmarkite of Mount Ascutney, Vermont, turns green

15
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upon exposure to the atmosphere.  Sandstones and limestones
containing carbonaceous matter often bleach. The red and
green slates may fade. If the minerals responsible for these

Fig. 5.—DPolished disc of medium gray granite, Boutwell, Milne and
Varnum quarry, Barre, Vermont. Photo. by C. H. Richardson.

Fig. 6.—Polished slab of white granite, Bethel, Vermont. Photo.
by C. H. Richardson.
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changes in color are not uniformly distributed throughout the
stone the structure becomes blotched and unsightly. (See
Fig. 9.)

Hardness.—The hardness of a mineral is its resistance to
abrasion. The resistance to abrasion in a building stone

Fig. 7.—Small block of red Medina sandstone, Medina, New York.
Photo. by C. H. Richardson.

Fig. 8.—Rock faced sample of Warsaw bluestone, Warsaw, New
York. Photo. by C. H. Richardson.

depends upon the hardness of the individual grains themselves
and upon their state of aggregation. A sandstone whose
individual grains are 7 in the scale of hardness may wear
away rapidly from the solution of the cement that binds the

4
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sand grains together. Such stones are not well suited for
risers, treads and thresholds.

Specific Gravity.—'T'he weight of a cubic foot of building
stone becomes an important factor where haulage by teams
demands a certain price per hundred weight rather than per
cubic foot. This weight may be ascertained by multiplying
the specific gravity of the stone by 62.5, the weight of a cubic
foot of water. However, the more dense a stone is the heavier
it will be.

Fig. 9.—Slab of reél slate from Granville, New York, showing a
white vein-like band formed by the leaching out of the pigment in
the slate. Photo. by C. H. Richardson.

Density.—T'he density of a stone is its degree of compact-
ness. The more dense a building stone is the less water it
will absorb, and consequently it possesses less danger of
injury from freezing when the quarry water is present in the
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blocks. Such building stones also possess greater compres-
sive and tensile strength.

Fig. 10—Agate conglomerate, Brazil. Photo. by C. H. Richardson.

Fig. 11.—Lambertville trap rock (diabase), Lambertville, New
Jersey. By courtesy of J. Volney Lewis.
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Texture.—'T'he texture of building stones is widely varied.
It ranges from a coarsely porphyritic texture in the pegma-
tites, and the large, rounded, or angular fragments in the

Fig. 12.—Anticline in memphremagog slate belt, Albany, Vermont.
Photo. by C. H. Richardson.

Fig. 13.— Small anticlinorium from Memphremagog slate belt,
Woodbury, Vermont. Photo. by C. H. Richardson.

conglomerates, to a fine microscopic assemblage of minerals
as in the basalts, or the slates derived from the ashes of extinct
volcanoes. The texture is macroscopic when the individual
minerals can be easily ascertained by the naked eye and
microscopic when the aid of ‘a petrographic microscope is
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demanded for the definition of a structural or decorative stone.
(See Figs. 10 and 11.)

State of Aggregation.—The hatdness, or softness, of a rock
depends quite largely upon this factor. It influences also the
working qualities of a stone. If the grains adhere loosely
like the itacolumite of North Carolina, the stone is friable.
If a stone is exceedingly fine grained and compact it is called
flinty.

T
S

ey

Fig. 14.—FE. R. Fletcher granite quarry, Woodbury, Vermont, show-
ing dome-like sheeted structure. Photo. by C. H. Richardson.

Chemical Properties.—Many building stones have been
analyzed quantitively and their percentage composition cal-
culated. From such analyses a building stone like granite
which is rich in its silica content is called acidic. A syenite,
bearing no free quartz, consisting of orthoclase and some
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ferromagnesian mineral, intermediate. Rocks possessing no
free silica or orthoclase and therefore low 1in their silica
content are classified as basic. Rocks consisting principally
of calcium carbonate, or calcium and magnesium carbonates,
are calcarcous. Those rich in clay are argillaceous. When
rich in carbon they are carbonaceous. When iron is abundant
they are called ferruginous, and when they enclose bitumen
they are bituminous.

Structures that Aid in Quarrying.—T'he structure in sedi-
mentary rocks is anticlinal when an arch-like fold inclines in
opposite directions from an axis. (See Figs. 12 and 13.)

T'he corresponding arrangement of the sheets in a sheeted
granite quarry suggests a dome. (See Fig. 11.)

The structure of sedimentary rocks is synclinal when they
form a trough-like fold or bend in the same direction. (See

Fig. 15.)

Fig. 15.—Syncline in sericite schist, Wolcott, Vermont. Photo. by
C. H. Richardson.

Joint planes are common features in the rock of all classes
and of all ages. In the granites they represent structure
planes that result from the cooling of a molten mass, and are
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nearly at right angles to the cooling surfaces. In the marble
deposits a considerable amount of heat was involved in their
calcitization. As the temperature again falls to normal, joint
planes are formed. There is always a large diminution in
volume during the dolomitization of any limestone. Joint
planes result also from compressive or tortional strain. Fach
strain resolves itself into two components which produces
two sets of joints that intersect at an angle of about 90° and
form an angle of 45° with the direction of the strain. W. O.
Crosby recognizes vibratory strains as capable of producing
joints. (See Fig. 16.)

Bedding planes correspond in the sedimentaries to the
natural divisions that separate the successive layers into
blocks of varying thickness. If these blocks become too thick

Fig. 18—Jones Brothers quarry, Barre, Vermont, showing rift and
grain of the granite blocks. Photo. by C. H. Richardson.

difficulties may be encountered in quarrying. If the blocks
are too thin there is a large amount of waste in the handling
of the stone because their thickness will not meet specified
requirements. In case a paving stone only is desired
extremely thin beds may be advantageous. In granite masses
these planes are parallel with the quarry floor. When the
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blocks are comparatively thin the stone is spoken of as having
a sheeted structure. The position of these beds exerts a
profound influence upon the quarrying of the stone. (See
Fig. 17.)

Rift and Grain.—Every block of stone quarried must have
three dimensions, and so there are three directions along
which stones split with more or less ease. Quarrymen
everywhere take advantage of these directions in working
the stone into uniform blocks.

The most pronounced of these directions is usually parallel
with the direction of the major joints. It is generally called
the rift. In the igneous rocks it is often parallel with the
quarry floor or with the sheets themselves where a sheeted

RiIFT

—
————— Heao
=GRy

GRAIN

Fig. 20—Drawing to explain rift and grain. Drawing by C. H.
Richardson.

structure is pronounced. In the sedimentaries the rift is
often parallel with the planes of sedimentation. (See Figs.
18 and 19.) : >

The grain is at right angles to the rift. The third direction
is called the end grain or the head grain. A stone may work
easily in lines parallel with the first two of these directions
but the head grain may be so poor that regular rectangular
blocks can be quarried only with great expense. (See Fig.
R0.)

In the granite quarries in Vermont the term lift is often
used for the first of these directions, rift for the second and
grain for the third. (See Fig. 21.)

According to T. Nelson Dale the rift in granite is an obscure
microscopic foliation which may be either vertical, or nearly
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so, or horizontal, along which the stone splits more casily
than in any other direction. The grain is a foliation in a
direction at right angles to the rift along which the rock splits
with a facility second only to that of the fracture along the
rift.

J. F. W. Carpenter attributed rift to a parallel arrangement
of the various mineral particles in a building stone. R. S.
Tarr in his paper entitled “The Phenomena of Rifting 1n
Granite,” states that rift consists of microscopic faults, most
of which meander across feldspar and quartz alike, although
some go around the quartz particles rather than across then.
In the feldspars rift usually follows the cleavage. These
minute faults are lined with microscopic fragments of the

LiFT

TFig. 21.—Drawing to explain lift as often used by Vermont granite
quarrymen. Drawing by C. H. Richardson.

minerals they traverse and some of them send off short, minute
diagonal fractures on either side. In the orbicular granite of
Craftsbury, Vermont, the rift usually passes around the
orbules rather than across them. The rift also does not
traverse the basic dikes associated with the granites in the
Jones Brothers quarry, Barre, Vermont, or the quarries of
the Woodbury Granite Company on Robeson Mountain,
Woodbury, Vermont.

G. I. Finlay in his paper entitled “The Granite Area of
Barre, Vt.,” states that the pronounced cracks which seem to
cross from one crystal of quartz to another, without inter-
ruption, are an indication of pressure phenomena in the
magma after its consolidation.

The presence of good rift and grain is an important factor



PHYSICAL PROPERTIES AND WEATHERING 29

in the stone industry, for it materially reduces the cost of
production of the finished product.

Compression.—Compressive strength in building stones
depends upon the mineral composition, the size of the
individual constituents and their state of aggregation. The
tests are made with one inch, or five inch, cubes and stated
in terms of pounds per cubic inch. The granites because of
their oft interlocking crystals and the small interstitial spaces
between the individual minerals have a high compressive
strength. In good granites it varies from 15,000 1b. to 33,000
Ib. to the cubic inch. In the marbles desired for structural
work it varies from 13,000 1b. to 17,000 1b. to the cubic inch.
Some of the dolomites, however, like those of Staten Island,
N. Y., reach 24,000 1b.

Transverse Strength.—This is the load which a bar of stone,
supported at both ends, is able to withstand without breaking.
It is measured in terms of the modulus of rupture, which
represents the force necessary to break a bar one inch cross
section, resting on supports one inch apart, the load being
applied in the middle. Stones in buildings are more apt to
be broken transversely than crushed.

THE WEATHERING OF BUILDING STONES

The term weathering of building stones embraces all the
chemical, mineralogical and structural changes that a stone
undergoes when exposed to the destructive influences in the
atmosphere. It involves something more than the ordinary
changes effected in rock masses in the processes of normal
disintegration. 'The destructive agencies may be catalogued
as chemical and mechanical. (See Figs. 22 and 23.)

Chemical.—Pure water has but little if any solvent effect
upon building stone. Water is seldom pure. It carries
dissolved oxygen and carbon dioxide. It partially dissolves
the more soluble materials with the liberation of colloidal
silica, and the formation of the carbonates of calcium, mag-
nesium, iron and the alkalies. The lime, magnesia, alkali
salts and much of the dissolved silica remain in solution and
are washed away. The iron carbonate is unstable. In its
oxidation it forms the visible rusty coating or precipitate of
ferric hydroxide that renders buildings once beautiful now
unsightly.

According to W. P. Headden the solutions formed by the
decomposition of the feldspathic rocks show a far greater
change in the insoluble minerals than is apparent to the

L]
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casual observer. He treated orthoclase for a considerable
period of time with water charged with carbon dioxide and
obtained a solution which upon evaporation gave a residue
that carried over 40 per cent of silica.

Another phase of the process is represented in the hydration
of the undissolved residues. The iron minerals form limonite,
the feldspars are transferred into kaolinite, and the mag-
nesium ninerals pass into talc or serpentine. This double
process of solution and hydration is accompanied by an
increase in volume which may assist in effecting disintegration.

L

-

Ilig. 22.—Ovoidal block of fine statuary granite produced by
weathering. Redstone quarry, Westerly, Rhode [sland. By courtesy
of the U. S. Geological Survey.

According to J. Hirschwald the solvent effect of pure rain
water upon the compact, fine grained, Solenhofen limestone
would give a reduction in volume of 0.85 millimetre in a
century.

One decidedly injurious constituent in the atmosphere
results from the large consumption of coal. The fuel often
carries sulphur in combination with iron as the mineral
pyrite. In the combustion of the coal the sulphur is burned
to sulphurous acid which ultimately becomes sulphuric acid.
This corrosive dissolves out the lime as calcium sulphate
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which may crystallize as gypsum and in doing so assist in
the disruption of the surface layers of building stone. The
acid also attacks the mortar and cement with which the blocks
of stone, terra cotta, or brick are bound together in the
finished structure. This effect is often observed in the upper
courses of chimneys. Nitric acid, hydrochloric acid and
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Fig.-23.—Polished slab of biotite granite, showing a dead seam.
Photo. by C. H. Richardson.

ammonia have also been observed in the atmosphere. Their
presence everywhere accelerates the decomposition of building
stone.

Coal combustion without smoke consumption results in
supplying the atmosphere with unburned carbon and tarry
particles that give rise to the smoke nuisance of large manu-
facturing cities. Not only does the smoke soon render the
building unclean or unsightly but it acts as a carrier or holder
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of deleterious gases. In cities like London where fogs are
prevalent countless particles of condensed moisture carry
dissolved gases to the surfaces of stone structures and leave
them there for many days to execute their work of corrosion.
Snow often carries a higher percentage of gases than rain and
the lodgment of snow upon the sides of buildings, ledges and
moldings favors disintegration.

In cities scattered along coast lines and subject to salt
laden sea breezes the sodium chloride increases the solvent
action of water on carbonates and sulphates and aids also in
the attack upon lime silicates.

Vegetation.—Vegetation exerts a profound influence in the
decomposition of rocks. Microscopic algae, mosses and
lichens find lodgment on buildings and aid in rock decay.
They retain moisture and make the surface beneath them
damp. ‘Their rootlets and roots penetrate into the surface of
rocks along the lines of least resistance as they expand in the
process of growth. Their roots contain organic acids which
serve as solvents for minerals. The limestones and marbies
appear to suffer more than the granites from the invasion of
lichens. According to E. Bachmann this penetration is made
regardless of the cleavage planes in the calcite. In the field,
rocks of great strength and durability are often covered with
lichens.

Bacteria.—I5ven such low forms of life as bacteria materiaily
influence the decomposition of rocks. They draw their nour-
ishment from the nitrogen compounds brought down in storms
and convert the ammonia into nitric acid which in turn serves
as solvent for mineral substances.

Physical Agencies.—Building stones as a rule are low in
their conduction of heat and in their elasticity. When heated
they expand but their contraction may not be to normal.  This
permanent increase in dimensions is termed permanent swell-
ing. Many tests have been made with rock bars 20 inches
in length, heated from 32°F. to the boiling point of water and
then cooled to normal temperature. The results obtained
for granites were .009 inch; marble, .009 inch; limestones,
007 inch; sandstones, .0047 inch. Small as this expansion
secems to be it profoundly affects the decomposition of rocks.
According to J. D. Dana the influence of the sun’s rays upon
Bunker Hill monument causes a pendulum when suspended
from the top to describe an irregular ellipse nearly half an
inch in its greatest diameter. 'The shaft was erected of
Quincy granite in 1825. It 1s 30 feet square at the base and
221 feet high.
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Frost.—The lowering of the temperature in rocks below the
freezing point of water causes the absorbed water to expand
upon solidification. This expansion throws off small scales
from the surface or may even fracture large blocks. Accord-
ing to James Geikie if a porous sandstone becomes thoroughly
saturated with water and the temperature falls below zero
the pressure of the expansive force as the water solidifies is
equal to a column of ice one mile high. Building stones then
in northern climates where the temperature often falls to zero
are rapidly decomposed.

Friction.—The effects of friction in the constant abrasion
of building stones is most pronounced on sidewalks. The
undulations in the surface of the walks of many large cities
illustrate the rapid wearing away of the softer portions of the
rock mass and the greater resistance of the harder areas..
The convexities and the concavities in the treads of many
stairways in city hotels are evidences of this same type of
abrasion. In some large libraries the only entrance is over
a single threshold of sandstone which wears away rapidly
with the daily visitations. Windows in sandstorm zones are
often rendered non-transparent by the effects of wind-blown:
sand. This feature is especially noticeable in many of the-
western states. It has also been observed in many instances
along the eastern coast of New England. In many cemeteries
where markers and monuments face in the direction of the
prevailing winds, the inscriptions become illegible from the
same cause. '

Induration—When a building stone is first quarried it is
saturated with quarry water. 'This facilitates the working of
the stone and makes possible the loss of material by shipment
when the stone is frozen. The quarry water holds in solution,
or suspension, an appreciable amount of the cements that
bind the individual grains together. Upon exposure to the
atmosphere this moisture is drawn to the surface by capillary
attraction and evaporated. The lime, iron, silica, and clayey
matter are left as a cement protecting the exterior of the
stone. Honing and rescouring of objects of art after the
quarry water has evaporated tends to render the destruction
of the stone more rapid. For the same reason blocks for
massive structures should be so wisely selected that they will
not need re-dressing.

Life.—The life of a building stone signifies the length of
time that -may elapse before the resulting stone structure
will so discolor or disintegrate as to necessitate repairs. Some
of our cities are replete with structures which contain blocks

3
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of stone that appear dead within five years from the com-
pletion of the structure. A\ re-dressing of such a block renders
a brighter appearance for only a brief time and is always
unsightly. Such instances might be easily avoided by a
judicious selection of the stone during the process of con-
struction. The life varies widely with the different types.
A. Julien has carefully studied these factors in many stone
structures in New York City with the following results:

Coarse brownstone ... 5- 15 years
Fine-laminated brownstone ... 20- 50 years
Compact brownstone ... 100-200 years
Coarse fossiliferous limestone.............. 20- 40 years
Coarse dolomitic marble................... 30- 50 years
TFine dolomitic marble ... 60- 80 years
Fine-grained marble ... 50-100 years
Granite ... T5-200 years

Quartzite ... 15-200 years

According to J. A. Howe the stone castles of the British
Isles possess many blocks of stones whose tool marks have
been perfectly preserved for more than 700 years. It would
therefore appear that a home might be constructed of an iron
free quartzite that would last for a thousand years.

Selection of Building Stone.—The following rules may be
stated as an aid in selecting the better types of structural
storie :

(1) Select a stone that will resist well wide ranges of
temperature. The author has twice read a thermometer at:
62° below zero in northern New England and 98° above zero
is frequently recorded in the same field. The range of
temperature which the stone must stand is 160°. The coquina
of Florida and the hornblende granite of Syene, Egypt, would
rapidly disintegrate in such environment.

() Select a stone that will stoutly resist the corrosive
effects of the acids and gases of the atmosphere. Where
large quantities of acid fumes are constantly distilled into the
atmosphere a stone with a calcareous cement will disintegrate
far more rapidly than one whose cement is silica.

(3) Select a stone with high compressive strength and
elasticity.

(4) Select a stone with large resistance to abrasion.

(5) Select a stone that always shows a clean, fresh
fracture.

(6) Select a stone that gives a clear ring when struck with
a hammer.
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() Select a stone that is fine grained and of even texture.

(8) Select a stone with low porosity.

(9) Select a stone with a siliceous cement, if possible.

(10) Season a stone for a year before setting it in its
permanent position. Quarry owners will object to this method
of procedure. Yet knowledge should be available of the
relative life of the stone. If oxidizable sulphides are present,
or the carbonate of iron, the stone will begin to disintegrate
and change its color within a year from the time it is quarried.

METHODS OF TESTING BUILDING STONE

Color Test.—The purpose of this test is to ascertain the
permanency of color in any building stone. All rocks con-
taining the carbonate of iron or the sulphide of iron will suffer
a change in color on exposure to the atmosphere due to an
oxidation of the iron content.

The presence of sulphides may be detected in the laboratory
by the hepar test. The effect of an artificial atmosphere in
accelerating oxidation has been carefully worked out by J. A.
Dodge. Rectangular blocks about an inch in diameter are
dried in a water bath until all of the absorbed moisture is
expelled. They are then placed on glass shelves in an air-
tight chamber with open bottles of concentrated HCl and
HNOQ, in close proximity to MnO,. The fumes from the acids
together with the chlorine formed by the action of the HCI
on the MnO, exert a powerful oxidizing and corrosive effect
on the samples. After seven weeks the samples are removed,
washed and the change in color noted.

Corrosion Test.—This test is useful for all calcareous rocks.
Inch cubes are suspended in water and subjected at intervals
to the action of washed carbonic acid gas. The experiment
should be continued for six weeks. The specimen should then
be removed, -washed, dried and weighed. By this test lime-
stones sometimes suffer a loss of more than 1 per cent of
weight. Quartzites whose cement is silica and massive
granités that show no effervescence with HCI, due to small
calcite content, are not appreciably affected by the experiment.

Abrasion Test.—The resistance to abrasion can be esti-
mated by grinding a small sample on a common grinding
bed. Much depends however on the weight applied during
the grinding and the constancy of the supply of crushed
emery or sand used for the abrasive. Soft rocks like the
limestones will wear away rapidly. If they contain hard
spots they will not wear uniformly.
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Absorption Test.—The tests to determine the absorptive
power of building stones is perhaps the most important and
conclusive but not always absolutely reliable.

To determine the absorption from a damp atmosphere J. A.
Dodge placed the samples to be tested in the cells of a hot-
water bath for several days. After the hygroscopic moisture
of the samples was expelled the samples were desiccated over
H,SO, and weighed. They were then placed on glass shelves
in a pan of water, covered with a tight cylinder and allowed
to stand for seven weeks at a temperature ranging from 60
to 70 degrees F. and then weighed. 'The absorptive power
raried from .03 per cent to 3.94 per cent.

The amount of absorption by soaking is generally deter-
mined by carefully drying and weighing 2-inch cubes, then
immersing them in water in a porcelain dish until thoroughly
saturated. The cubes are then removed and weighed. The
percentage of absorption varies from .83 to 10.06.

Freezing Test.—T'he best method to pursue where possible
is to subject the samples to repeated freezings and thawings
and thereby determine the loss in weight. Where this test
is found to be impractical inch cubes may be subjected to the
influence of a boiling solution of Na,SO, for half an hour and
then allowed to dry. During the drying the absorbed salt
crystallizes and expands. The process may be repeated for
six or eight days. 'The experiment is not altogether reliable
for the sulphate of soda may give rise to free Na,O which
weakens the cohesion of the sample.

Expansion and Contraction Test.—'T'hese tests are necessary
that the builder may make proper allowance for expansion
in parapet walls and similar situations, and because the
tenacity of a stone is weakened by expansion and contraction.

The tests employed by the Ordinance Department of the
U. S, Army consisted in placing 20 inch bars of stone in baths
of water at 32°F., then in water at 212°F. and then cooling
quickly in water at 32°F. Samples thus tested do not return
to normal dimensions but show a permanent swelling.

Fire Resisting Test.—In the experiments carried out by J.
AL Dodge the samples were heated in a muffle furnace to a red
heat and then removed and cooled. The experiment was
repeated. ‘The samples were then heated to a dull redness and
immersed in water. Most building stones will crack or
crumble under such treatment and the test seems too severe
for practical purposes. For other fire resisting tests ,sce
N. Y. State Mus. Bull. No. 100; p. 16.






CHAPTER 111

GRANITES

Definition.—A granite is a holocrystalline igneous rock
whose essential minerals are quartz and orthoclase, usually
with muscovite or biotite, or both, present, or hornblende,
more rarely augite, or both. There is generally present a
feldspar containing both sodium and calcium. If a body of
grauite subsequent to its crystallization has been subjected
to sufficient pressure to produce schistosity, or parallelism
of the ferromagnesian minerals, it is called by the quarryman
a granite gneiss. As gneisses differ widely in their origin
they are reserved for discussion under another caption.

Origin.—Granite is generally recognized to be of irruptive
origin. It represents the crystallization of an acid magma
under great pressure and at a dull red heat. The magma
contained superheated water and came slowly from the zone
of flowage in the interior of the earth toward the surface but
did not flow out over the surface. Thousands of feet of
overlying strata are necessary to prevent a rapid cooling of the
mass an< its extrusion upon the surface as lava, also “ to resist
its pressure by its own cohesion and powerfully to compress
it by its own gravity.” The presence of liquid carbon dioxide
in the cavities of the necessary quartz is an indisputable proof
that granite forms under great masses of supernatant strata.
These terranes must be removed by erosion in order to bring
the granite formation into view. The fact that granite
contains minerals that lose their physical properties at tem-
peratures exceeding a dull red heat is proof that it crystallizes
at temperatures comparatively low. If the magma had been
extruded upon the surface as lava it would have cooled so
rapidly that few if any individual minerals would have formed
and the product would have been a volcanic glass. Slow
cooling is mnecessary for complete individualization. The
study of many microscopic slides reveals the order of
crystallization. If the accessory minerals apatite and zircon
are possible in the magma they appear among the earliest
solidifications.  The ferromagnesian minerals crystallize be-
fore the feldspars, while quartz, which is the most acidic of

38
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all the minerals in granite, is the last to solidify. Granite may
also result from the metamorphism of feldspathic sediments.

Mode of Occurrence.—Granites occur in large batholiths
that have dissolved the overlying rock masses and made them
a part of their own composition ; as laccoliths that have arched
the overlying strata upwards; as bosses, stocks, sills and
tortuous veins.

Name.—Granites are often named from the prevailing ferro-
magnesian minerals they contain. A granite containing
muscovite would be called a muscovite granite ; one containing
biotite is known as a biotite granite; one containing both
muscovite and biotite as a muscovite biotite granite. If a

Fig. 24.—Polished disc of white granite, Bethel, Vermont. From
quarries of the Woodbury Granite Company, Hardwick, Vermont.
Photo, by C. H. Richardson.

granite contains hornblende it is called a hornblende granite;
if it contains augite alone an augite granite. If both minerals
are present it is called an augite hornblende granite. 1f tour-
malines are present in considerable quantity displacing the
normal ferromagnesian minerals it is called a tourmaline
granite. Tourmalines may be formed by some mineralizing
agency during magmatic crystallization or by pneumatolysis
at the expense of mica and feldspar.

Economic Classification.—There are several different ways
of classifying granites from an economic standpoint.

(1) 1If the classification is based upon color, it is dependent
upon the color of the prevailing feldspar, or upon the effect



40 BUILDING STONES AND CLAYS

‘of the micas on the granite as a whole. The granite is called
red if the orthoclase is red. Pink, if the orthoclase is pink or
flesh colored. Green, if the eftect of the feldspar and the

Fig. 25.—Polished disc of fine grained gray granite, Barre, Ver-
mont. Photo. by C. H. Richardson.

Fig. 26.—Polished disc of medium grained gray granite, Newport,
Vermont. Photo. by C. H. Richardson.

ferromagnesian minerals combined produces that color. Gray,
light or dark, dependent upon the amount and kind of mica
that is present. (See Fig. 21.)
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(2) 'The basis of classification may be made upon texture.
If the crystals are exceedingly fine, less than .2 inch in
diameter, the stone is called fine grained; if of medium size,
between .2 and .4 inch in diameter, medium; if coarse, more
than 4 inch in diameter, coarse grained; or if phenocrysts of
appreciable size appear, the stone is called porphyritic. (See
Fig. 23.)

-y
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Fig. 27.—Christian Science Church, Concord, New Hampshire, built
of Concord granite. Photo. copyrighted by Kimball and Son, Con-
cord, N. H,, and published by their courtesy.
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(3) These two features may be used together in classifica-
tion. A fine grained red granite might be the result. A
porphyritic green granite, or a medium grained gray granite.
(See Fig. 26.)

(4) Granites are often classified in the commercial world
from the standpoint of use. If a granite is better adapted
for massive structures than any other use it is called a
constructional granite. If its qualities render the stone better
suited for cemetery work than any other it is called monu-
mental or inscriptional. If it is well suited for base boards,
panels and pillars where it is not exposed to the corrosive
effects of the atmosphere it is called decorative. If the granite
is sufficiently fine grained for excellent work in the construc-
tion of statues and statuettes it is called statuary granite.
(See Figs. 27 and 23.)

Geographical Distribution.—The Appalachian Delt presents
many occurrences of granites arranged in a line practically
parallel with the Atlantic Coast. A second belt is roughly
parallel with the Pacitic Coast. A third belt appears along
the axis of the Rocky Mountains. It might be called the Cor-
dilleran belt. A fourth area appears in the neighborhood of
the Great [akes between Lake Michigan and Lake Superior,
and to the north of Lake Superior. Rather than discussing
these occurrences by districts the author prefers to take up
the more important states in alphabetical order.

AMERICAN GRANITES

California.—According to G. P. Merrill the first stone house
11 San Francisco was built out of stone brought from China.
Later granite blocks were secured from Scotland and Quincy,
Mass.  In 1864 the granite quarries at Penrhvn and Rocklin
in Placer county were opened up. This tract alone com-
prises some 680 acres. Blocks 100 feet long, 50 feet wide,
and 10 feet thick have been quarried.

According to J. J. Jackson the Penrhyn stone is a fine
grained hornblende granite susceptible of a good polish. He
gives the mineralogical composition as quartz, orthoclase,
plagioclase, hornblende, biotite, with accessory microscopic
apatite and magnetite. The Rocklin stone is lighter in color
for muscovite replaces the hornblende. Granites are also
quarried in Sacramento County. (See Figs. 29, 30 and 31.)

Colorado.—'The granite industry of Colorado is quite
largely dependent upon the industrial development of the
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state. The cost of transportation is high for building stones
both in an easterly and in a westerly direction. The author

Fig. 29.—Polished slab of hornblende granite, Penrhyn, California.
Photo. by C. H. Richardson.

Fig. 30.—Polished slab of light gray granite from near Granite
Peak, Raymond, California. Photo. by C. H. Richardson.

has examined several quarries of fine grained gray granite at
Georgetown and Lawson in Clear Creek County. These
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granites takes a fine polish and are well suited for construc-
tional work. A coarse red granite is quarried to some extent
in Jefferson County at Platte Canon. A gray granite of
superior quality is quarried at Beaver Creek, Gunnison
County. The State Capitol at Denver was built of this stone.
(See Fig. 32.)

Connectlcut—Gramtes are extensively quarried in five
counties in Connecticut. These are Litchfield, Fairfield,
Middlesex, New Haven and New London Counties. The

Fig. 31,—Declez granite quarry, Declez, San Bernardmo County,
California. Photo. by T. C. Hopkins.

granites are usually finer grained, lighter in color, than the
granites of northern New England. Frequently Connectlcut
granites can be recognized by these ear marks.

The constructional granitic rocks of Connecticut are a
medium to coarse biotite granite of medium reddish gray
color quarried'”at Stonington; a medium to coarse biotite
granite gneiss of reddish gray color quarried at Branford; a
coarse biotite granite gneiss of (1'1rk reddish gray color
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McClure.

Photo. by C. L.

Built of Beaver Creek gray granite.

T'ig. 32.—Colorado State Capitol, Denver, Colorado.
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quarried at Branford; a medium biotite granite gneiss of red-
dish gray color quarried at Guilford; a quartz monzonite of
fine grain and light gray color at Bristol; a coarse mica diorite
gneiss of dark bluish gray color at Greenwich ; granite gneisses
are also quarried at Lyyme, Norfolk, Roxbury and Torrington,
Connecticut.

The monumental granite rocks are chiefly quartz mon-
zonites. They are quarried at Waterford, Groton, Stoning-
ton and Thomaston. In color they are medium dark gray,
medium greenish gray, slightly bluish gray and medium bluish
gray.

Fig. 383.— Polished slab of Stony Creek granite, Stony Creek,
Connecticut. Photo. by C. H. Richardson.

Inscriptional quartz monzonites, shading in color from
medium to dark gray are quarried at Groton, Stonington and
Waterford.

Biotite granite gneisses, used for curbing and trimming,
shading in color from a buff gray to a dark bluish gray, are
quarried at Balton, Glastonbury and Waterford. (See Fig. 33.)

Delaware.—The granite industry of Delaware is restricted
to a few gneissoid rocks in the neighborhood of Wilmington.
Their use is for construction locally.

Georgia.—The granites of Georgia fall into two distinct
classes;—The granite proper and the gneissoid granites.
They are usually fine grained, even textured, susceptible of a
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good polish and suited for both construction and monumental
work. The former class occurs in the Elberton-Oglesby-
Lexington area, the Fairburn-Newman-Greenville area and
the Stone Mountain area. The latter class occurs in the
Lithonia-Conyers-T.awrenceville area. A coarse grained,
porphrytic, biotite granite occurs in the Sparta area.
Maine.—The granite industry of Maine may be said to have
its center in Penobscot and Blue Hill bays and the islands
encircling them. DMore than 130 quarries and prospects have
been opened and most of these are along the seaboard, on

Fig. 34.—King Chapel, Bowdoin College, Brunswick, Mainc. By
courtesy of Bowdoin College.

islands, or near bays or navigable rivers. This area which
includes the major portion of the granite industry of the stite
comprises some 1,200 square miles. Thirteen counties produce
either true granites or gneissoid granites. These are Cum-
berland, Iranklin, Hancock, Kennebec, Knox, Lincoln,
Oxford, Penobscot, Piscataquis, Somerset, Waldo, Washing-
ton and York. It is only the quarries that the author
has personally visited that will be described. For a full and
complete description of all the quarries and prospects within
the state the reader is referred to Bulletin 313 U. S. Geological
Survey, “The Granites of Maine,” by T. Nelson Dale.
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Cumberland County

The Grant quarry is situated less than three miles from
the city of Brunswick. It represents a biotite granite of
medium gray shade and of even texture. The Chapel of
Bowdoin College was built of this stone. (See Fig. 34.)

The Freeport quarry is situated within one mile of Freeport
station on the Maine Central Railroad. It represents a fine
grained, even textured granite, which bears both muscovite
and biotite with the latter mineral predominating over the
former. The polished tanks at Poland Springs and the front
of the Maine Building at the Chicago Exposition are of this
stone.

Fig. 35.—Allen quarry, west side of Somes Sound, Mount Desert,
Maine, showing lenticular sheets crossed by a vertical diabase dike,
faulted on the fourth sheet from the bottom of the quarry. By
courtesy of the U. S. Geological Survey.

The Pownal quarries are situated within three miles of
Yarmouth Junction on the Maine Central and Grand Trunk
Railroads. The stone is a light gray, biotite granite, of even
texture and well adapted for monuments and constructional
work.

4
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Franklin County

In Franklin County the quarries at North Jay yield a white
granite which in reality is of a very light gray color. Itis a
biotite-muscovite granite. The stone is shipped largely to
the states west of New FEngland. The Chicago and North-
western building in Chicago is from the North Jay quarries.

Hancock County

In Hancock County the Black Island quarries are situated
on Black Island. Two types of granite occur on the island.
One is a pale pinkish gray, even textured granite, and the
other a somewhat coarser, grayish pink biotite granite.

Fig. 36.—Crabtree and Harvey quarry in Sullivan, Hancock County,
Maine, showing irregularity in the thickness of shects owing to their
lenticular form; also 9 black knots. By courtesy of the U. S. Geologi-
cal Survey.

The McMullen quarry is in the town of Mount Desert. The
stone 1s a biotite granite of grayish buff color and coarse
grained texture. The United States Mint Building in Phila-
delphia is of this granite. There are many other quarries in
Mount Desert but the most of them are biotite granites. The
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Graves Brothers quarry, however, represents a hornblende
granite that is used only locally.

There are many quarries in the town of Sullivan. These,
with two exceptions, are biotite granites of gray color and
medium texture. The exceptions are the Sinclair quarries
which represent a very dark quartz monzonite which contains

Fig. 37.—Carving from the light gray, fine textured, biotite-mus-
covite granite from the Stinchfield quarry, Hallowell, Maine, showing
gdaptation to delicate sculpture. By courtesy of the U. S. Geological

urvey.

both hornblende and biotite, and the Pettee quarries which
consist of a mica-quartz diorite of dark gray color and medium
texture. These two quarry products are classified in the
trade as black granites. (See Figs. 35 and 36.)
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Kennebee County

In Kennebec County the granites of Hallowell and Augusta
have been known since 1825 when capital turned from Quincy,
AMass., to IHallowell, Maine. T'he granite is of light gray
color and fine texture, with a few phenocrysts of feldspar.
It is a Dbiotite-muscovite granite that has long been justly
celebrated for its beauty and fine working qualities. The
Albany Capitol, Hall of Records, N. Y., is from the Stinchfield
and Longfellow quarries, and the General Slocum monument
at Gettysburg, Pa., is from the Tayntor quarry. (See FFigs. 37
and 38.)

(Giranite quarry, Hallowell, Maine, showing thickness of
sheets. Photo. by C. H. Richardson.

Fig. 38.

KNnox County

The Fox lIsland granite comes not only from Fox Island
but Vinalhaven, Hurricane, and several adjacent islands. The
majority of the granite is a pinkish-buff, medium gray color,
coarse, even texture. The Palmer quarries, the Pequoit
quarries and those in the village of Vinalhaven are fine
textured. These are essentially biotite granite, but the
Pequoit quarries represent a biotite-hornblende granite and
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the Bodwell black granite is an olivine norite of black color
and fine texture. (See Figs. 39 and 40.)

Lincoln County
(See Fig. 41.)

Oxford County

The Fryeburg granites are in Oxford County. They are
muscovite-biotite granites of light gray color and medium
texture. The Woodstock granite from the Bryant quarry is
a quartz-mica diorite of bluish-white color and medium
texture.

Fig. 39.—Hurricane Isle quarry, Knox County, Maine, showing
eastern end. By courtesy of the U. S. Geological Survey.

Penobscot County

The granite of Hermon Hill, Penobscot County, is com-
mercially classified as a black granite. In reality it is an
altered diabase porphyry with phenocrysts of black horn-
blende. The stone is of a dark green color and of fine texture.
The product finds its best use in dies, memorial tablets,
wainscoting and monumental works. Lord Hall at the
University of Maine carries this stone.
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Washington County

The rocks commercially classified as granites in Washington
County differ widely in mineral composition and the uses to
which they are well adapted. The Pleasant River quarries
in the town of Addison produce a hypersthene-olivine gabbro
of black color and medium texture; the Thornberg quarries,
also in the town of Addison, produce one granite identical
with the preceding, and another which contains labradorite
and no olivine. The town of Baileyville furnishes a dark gray
norite of brilliant luster. The town of Calais produces a
black granite which is a quartz diorite bearing a little musco-

Fig. 40.—Sands quarry, Vinalhaven, Maine, showing the curvature
of the shects, the intersecting joint face and the north 10° cast chan-
nelling along the cut-off. By courtesy of the U. S. Geological Survey.

vite and biotite. 'T'his stone is of fine, even texture. It also
produces a norite of greenish-black color and even texture;
a mica-quartz diorite of dark gray color; a dark red granite
speckled with pale green shades; a biotite granite of bright
pinkish color. The red granite in the two corner wings of
the American Museum of Natural History in New York is
from the Redbeach Granite Company’s quarry in the town of
Calais. The Maine Red Granite Company of Calais possesses
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the most extensive plant for cutting and polishing granite
within the state.

The “ moose-a-bec red” granite of Jonesport, Hardwood
Island, consists of smoky quartz, reddish orthoclase, white
oligoclase and black biotite. The stone is of coarse, even-
grained texture. It is used in the lower course of the new
building of the College of Agriculture, Syracuse University.

York County

In York County the Bennett quarries produce a quartz-
mica diorite of greenish, dark gray color and even texture.

Fig. 41.—Round Pond black granite quarry, Bristol, meoln County,
Maine, showing the quartz diorite sheets crossed bv a 2-foot 4-inch
dike of coarse pegmatite. By courtesy of the U. S. Geological Survey.

The Spence and Coombs black granite is a gabbro of dark
olive-brownish color and ophitic texture. The Ricker
quarries produce a biotite granite of light gray color and
coarse texture.

Maryland.—The chief granite quarries in Maryland are
situated in Baltimore County, and the product is known as the
Woodstock granite. It is a biotite granite of light gray to
dark gray color, of medium texture and susceptible of a fine
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polish. .\ considerable amount of the dark gray l’»a!timure
gneiss is quarried and used extensively for purposes of 1'0A1‘1gh
construction in the city of Baltimore and vicinity. (See Figs.
42 and 43.) _ _

Massachusetts.—In considering the numerous granites of
Massachusetts only those quarries will be described that have
been visited by the author. For a fuller description of all the
granites of the state the reader is referred to Bulletin 354,
U. 5. Geological Survey, "The Commercial Granites of Massa-
chusetts, New Hampshire and Rhode [sland.,” by I'. Nelson
Dale.

Fig. 42.—Granite quarry near Woodstock, Baltimore Connty, Mary-

land. By courtesy of the Maryvland Geological Survey.

Milford —Miliord is situated in Worecester County in the
eastern half of the state. According to B. K. Emerson and J. H.
Perry there is a great granite area of a constant tyvpe that
extends across Massachusetts and Rhode Tsland.  The Milford
granite is a compact. massive rock, somewhat above medium
grain and of light color. The light fresh color of the feldspar
and the blue of the quartz give it in some places a slightly
pinkish tint. It is now much used as a structural stone under
the name of pink granite. It is a biotite granite. There are
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twelve or more of these quarries in and around Milford. (See
Figs. 44 and 45.)

Quincy—The Quincy granite area falls in the towns of
Quincy and Milton in Norfolk County. The main granitic
mass was intruded into overlying slates which in places have
been completely eroded. T. Nelson Dale epitomizes this
granite as a riebeckite-aegirite granite. Riebeckite is a variety
of hornblende which occurs in crystals longitudinally striated
and with perfect prismatic cleavage. Aegirite is a variety
of pyroxene which occurs in prismatic forms often bluntly
terminated and greenish in color. Both of these minerals

Fig. 43.—McClenahan granite quarry, Port Deposit, Cecil County,
Maryland, showing ideal location with reference to railway and water
transportation. By courtesy of the Maryland Geological Survey.

are rich in sodium and iron. The granite shades from a
medium gray to a dark purplish gray and a very dark bluish
gray color. It grades from a medium to a coarse grain and
is susceptible of a fine polish. :

This high polish is due in part to the absence of mica whose
perfect basal cleavage interferes with a high polish, and in
its place as a ferromagnesian mineral the varieties of horn-
‘blende and pyroxene already noted. A peculiar variety of

/
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Fig. 44—Polished slab of pinkish granite, Milford, Massachusetts.
Photo. by C. H. Richardson.
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Fig. 45—~United States Post Office, New York City, built of granite
from Milford, Massachusetts. By courtesy of the Webb Pink Granite
Company, Worcester, Massachusetts.
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this granite is commercially known as the “ Gold leaf.” The
stone is of medium texture, bluish green gray color with
yellow spots that are caused by a limonite stain. Quincy
granite is one of the most popular monumental stones in the
world. It is used also for constructional work. When
fashioned into polished pillars or colonnades it is without a
peer in its decorative effect. It was from this granite that
Bunker Hill monument was erected in 1825. (See Figs. 46,
47 and 48.)

. Fig. 46.—Ball of polished Quincy granite from the Wigwam quar-
ries, Quincy, Massachusetts. Diameter 76 inches. Weight 22,010
pounds. By courtesy of the U. S. Geological Survey.

Rockport. — The Rockport quarries are situated on the
eastern and northern part of Cape Ann. According to N. S.
Shaler the entire cape is of granite traversed here and there
by diabase dikes and occasionally by quartz porphyry dikes.
There are two varieties of Rockport granite. One is a horn-
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blende granite of medium gray color and spotted with black.
It is of medium to coarse texture. T'he other is also a horn-
blende granite. It is of dark olive gray color, spotted with
black and commercially: known as green -granite. Two other
varieties of building or decorative stone are quarried on a
small scale on Cape Ann. One is an augite syenite and the
other an altered diabase porphyry. (See Figs. 49 and 50.)

Fig. 47.—Dell Hitchcock granite quarry, North Commons, Quivncy,
Massachusetts, from the west side. By courtesy of the U. S. Geo-
logical Survey.

Minnesota.—According to N. H. Winchell more than half
of the state is underlaid by that series of crystalline rocks
to which granite belongs. In the northern part of the state
there are many outcrops of a light gray granite that have
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remained unopened on account of the absence of settlements
and the difficulties of transportation.

East St. Cloud—These quarries were opened in 1868 and
the product was used in the construction of the Custom House
and Post Office in St. Paul. Two types of stone are present.
One is of gray color, fine and close texture. 'The other is a
red granite of much coarser grain. The ferromagnesian min-
erals present are hornblende and chlorite. A similar granite
to the red variety of St. Cloud is found at Watab in Benton
County. (See Fig. 51.)

Missouri.—I.arge masses of granite appear in Missouri in
Iron, Madison and St. Francois Counties but none of them
are extensively worked, save the red granite of Graniteville

Fig. 48.—Polished disc of light Quincy granite, Quincy, Massachu-
setts. Photo. by C. H. Richardson.

and the syenite which finds its way into the St. Louis and
Chicago markets. This stone admits of a good polish and
is well suited for monumental work.

Montana.—Lewis and Clarke County is the largest pro-
ducer of granite in the state. This county furnishes light
gray biotite granites and coarse, gray, hornblende-mica
granites. Difficulties in transportation enter into the problem
of the commercial development of these desirable products.

New Hampshire.—The granites of New Hampshire are
widely distributed in the central and eastern part of the
State with a few less important quarries of granites and
gneisses in the western part. The author has examined either
outcrops or quarries and made microscopic sections of samples
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collected in Allentown, Concord, Conway, Enfield, Farming-
ton, Fitzwilliam, Grafton, Groton, Hanover, Hooksett, Leb-
anon, Manchester, Milford, Marlboro, Pelham, Salem, Sun-
apee and elsewhere. Only a few of the more important
granites from a commercial standpoint can be described.

Fig. 49.—Deep Pit quarry of Rockport Granite Company, near Bay
View on Cape Ann, Massachusetts, looking north. By courtesy of
the U. S. Geological Survey.

Concord.—The Concord granite is according to G. P. Merrill
one of the most important granites of the United States. It
is a muscovite-biotite granite of medium gray color and fine
to medium texture. It ranks fourth among the white
granites of America. In the order of decreasing whiteness
the list is Bethel, Vermont; North Jay, Maine; Hallowell,
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Fig. 50.—Post Office, Boston, Massachusetts, built of Rockport
gray granite. Rockport, Massachusetts. By courtesy of the Rock-
port Granite Company.

Fig. 51.—Polished disc of hornblende granite. Fast St. Cloud,
Minnesota. Photo. by C. H. Richardson.
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Fig. 53.—Granite quarry, Concord, New Hampshire, showing thick-
ness of sheets and work of the channelling machine. Photo. by the
Kimball Pliotographic Company, Concord, New Hampshire.

5
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Maine; Concord, New Hampshire. (The author has in his
possession a five-inch polished disc of what is catalogued by
the owners of the stone as “A New Barre Granite,” Concord,
New Hampshire. This disc shows a rapid deterioration from
the oxidation of the sulphur and iron content. The presence

Fig. 34.—Polished cylinder of green granite, North Conway, New
Hampshire. Photo. by C. H. Richardson.

of sulphur is further substantiated by an analysis of a sample
of Concord granite made by Sherman and FEdwards and
collected by W. O. Croshy which showed .27 per cent. sul-
phur. (See Figs. 52 and 53.) )

The sample cited may, however, be from near the contact
with the associated gneisses that are far more likely to carry
accessory pyrite.)

Conway—The Conway quarries are situated near North
Conway in Carroll County. The quarry sites are upon both
the east and west sides of the Saco valley. According to T.
Nelson Dale the geological features of general interest in the
Conway granites are their marked rift and grain, the rift being
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uniformly horizontal and the grain vertical; the contiguity
of a yellowish green biotite-hornblende granite to a pink
biotite granite at Redstone. These two granites now side
by side represent originally different materials. The feldspars

Fig. 55—Contact of granite and overlying gneiss at the Milford
Granite Company’s quarry, Milford, New Hampshire, looking west.
By courtesy of the U. S. Geological Survey.

of one are tinted by the limonitization of the associated allan-
ite and hornblende and of the other by the hematitization- of
magnetite or ferrite. (See Fig. 51.)

Milford —The village of Milford is situated on the Souhegan
River. The most of the quarries lie in a southerly direction
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some four miles from the village. 'I'his granite area is unique
in one respect for it represents a granitic mass now overlaid
by a granite gneiss that was once a granite of an earlier
period of intrusion, and subsequently metamorphosed into a
gneiss. The granites are quartz monzonites of light, medium,
and dark gray hues, and of fine even texture with one ex-
ception. (See Fig. 55.)

Sunapee—The structural and ornamental stones of the area
of Lake Sunapee consist of a biotite-muscovite granite which
is light gray in color and of fine texture, and a black granite
which is a quartz-mica diorite of dark bluish gray color and
fine texture. 'T'he last stone when polished appears black,

Fig. 56—Pompton pink granite, Pompton, New Jersey, showing
pegmatitic characteristics. By courtesy of J. Volney Lewis.

mottled with white, and is largely used for monumental work.

New Jersey.—'The granitic and gneissoid belt of rocks
traverses the state in a northeasterly and southwesterly direc-
tion. Only a few quarries appear to have been worked to
any considerable extent. The best known of these granites
are the Pompton pink granite which is coarse grained; the
Dover light gray granite which is gneissoid; the Cranberry
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Lake white granite which is fine grained and the German
Valley granite which is of medium texture. (See Figs. 56
and 5%.)

New York.—Although the state of New York contains a
vast area of igneous rocks it has never been an important

r -y . - = .
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Fig. 57.—St. Paul’s church, Paterson, New Jersey, built of Pompton
pink granite. By courtesy of J. Volney Lewis.

factor in the granite industry. The best known granite of
the present time comes from the Island of Picton in the St.
Lawrence River.. It is a fine grained pink granite, well
adapted to structural and monumental work. It dresses well
and is susceptible of a fine polish. The new wing of the
American Museum of Natural History in New York is of
this stone. (See Fig. 58.) :

Grindstone Island, N. Y., also in the St. Lawrence River,
furnishes a deep red coarsely grained crystalline granite, which
is susceptible of a good polish and is used for monumental
work. It is a hornblende granite. The two polished columns
in the Senate Chamber at Albany are of this stone. (See
Fig. 59.)

The Keeseville granite which is some five miles from Ausable
Chasm in the Champlain valley is a norite. It contains the
feldspar labradorite, and the pyroxene, hypersthene. The
hypersthene sometimes appears as black knots which ulti-
mately lead to a discoloration of the stone due to the oxida-
tion of the iron content of the hypersthene. Where this
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mineral is uniformly distributed throughout the rock mass
the stone takes a fine polish and is well suited for decorative
interior work.

North Carolina.—.A\ccording to T. I.. Watson about one-
half of the entire area of the state is covered by irruptives,
although the granites are not extensively worked. From a
mineralogical standpoint Watson makes the following classi-
fication:

Fig. 58.—Polished block of red Picton granite with drove margin,
Picton Island, New York. Photo. by C. H. Richardson.

1. Biotite granite, with or without muscovite, and including
most of the areas .of the state, such as Mount Airy, Dunns
Mountain and Graystone.

?. Hornblende-biotite granite, including the granites of
northern and southern Mecklenburg County.
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3. Muscovite granite, with .or without biotite, as Warren
Plains in Warren County.

4. Epidote granite from Madison County.

Oklahoma.—The Arbuckle and Wichita Mountains furnish
a few granites of commercial importance. The Arbuckle
granite is pink in color and of coarse texture. It is used for
structural work. The Wichita granite varies from a light
pink to a dark red color and ranges from a fine to a coarse
texture.

Pennsylvania.—~—Although this state ranks among the first
in production of building stones, it appears to produce little
if any true granite. A dark hornblende gneiss has been
quarried in the vicinity of Philadelphia and used locally for
purposes of construction since the days of William Penn.

Fig. 59.—Polished slab of red granite, Grindstone Island, St. Law-
rence River, New York. Photo. by C. H. Richardson.

Gneiss is also quarried in Chester, Delaware County, and
used both for construction and foundation work.

Rhode Island.—The quarries at Westerly, Rhode Island, are
the only ones in the state visited by the author. The geo-
logical features here in certain respects are similar to those
at Milford,"New Hampshire. In early geological times an
acid intrusive of granitic composition invaded the terranes
bordering the Atlantic coast. After the crystallization of this
granite it was subjected to compressive stresses sufficient to
crush, elongate and re-arrange the minerals of the earlier
granite into a gneiss. The gneiss was later invaded by the
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present granite stock from which the fine statuary material
is now derived. (See Fig. 60.) ,

T'. Nelson Dale cites the following order of geological events
transpiring about Westerly: (1) A finely banded biotite
gneiss forms the surface. (2) Intrusion by the red granite
of the hill northwest of Westerly and by the gray granite
of Niantic. (3) Metamorphism of the red and gray granite

Fig. tiO.—Ioh monument cut from Westerly, Rhode Island, granite
and erected in Baltimore, Maryland. Photo. by C. H. Richardson.

converting it about Niantic into a porphyritic gneiss. (1) In-
trusion of the Westerly and Niantic fine granites, in some
places into the earlier banded biotite gneiss, in others into
the more or less altered granite gneiss. (5) Pegmatite dikes
traverse Loth the Westerly granites and the Sterling granite
gneiss. (6) A diabase dike traverses alike the Westerly
granite, the Sterling granite and the pegmatite dikes.
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Three different types of granite are pronounced at Westerly.
(1) The Westerly white statuary granite is a quartz monzonite
of pinkish or buff medium gray color and fine even texture.
(2) The blue Westerly granite is.also a quartz monzonite
with fine black particles of biotite, medium color and fine
even texture. (3) The red Westerly granite is a biotite granite
of reddish gray color, speckled with black, and varying from
medium to coarse texture. (See Fig. 61.)

South Carolina.—The chief producing granite areas of the
state are situated in Edgefield, Fairfield, I,ancaster, Lexing-
ton, Pickens and Richland Counties. They are essentially

1

Fig. 61.—Mausoleum of Russell Sage, cut from Westerly, Rhode
Island, granite and erected in Oakwood Cemetery, Troy, New York.
H. Q. French, architect. By courtesy of E. L. French.

biotite granites and range in color from light to dark gray
and in texture from fine to coarsely porphyritic.

Tennessee.—The granites of this state are found in Carter,
Cooke, Johnson, Polk and Washington Counties. Some of
these are used locally for structural work and some for monu-
mental work.

Texas. — This state produces biotite granites in Burnet
County. They are red granites varying in texture from fine
to coarse. Also from Gillespie County both red and gray
granites. (See Figs. 62 and 63.) :
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Utah.—The best representative of the Utah granites 1is
found in the Mormon Temple at Salt Lake City. It came from
the light gray granite area in Little Cottonwood Canon.

Vermont.—The author has spent some part of twenty-two
consecutive summers in detailed work on the Vermont Geo-
logical Survey and visited more than one hundred granite
quarries, prospects and outcrops, many of which have bheen
briefly described in the Biennial Reports of the State Geolo-
gist. It is impossible in this brief work to describe them all.
Only the more important areas will be mentioned. The
granites vary widely in color, texture, and in mineral compo-
sition. The granite lies between the Connecticut River on

Fig. 62.—Red granite quarry, Granite Mountain, Burnet County,
Texas. By courtesy of \W. B. Phillips.

the east and the main axis of the Green Mountains on the
west. Iivery county in the eastern half of the state carries
granite. The granites were intruded not only into the Waits
River limestones and associated phyllite schists of Ordovi-
cian age, but also into the Cambrian metamorphics that flank
them upon both the east and the west. The intrusives often
appear as the upper portions of a great batholith. One
peculiar and interesting feature of these granites is the large
inctusions of the intruded rocks, sometimes more than fifty
feet in diameter. 'I'he most of the granites, if not all, were
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introduced with the Devonian revolution for they appear in
Canada cutting distinctly Devonian strata. Some of them,
however, may be as late as the Carboniferous, and the asso-
ciated diabase dikes and stocks so pronounced in the northern
part of the state as late as theT'riassic. There was, however,
an earlier period of granitic intrusion into the Cambrian
terranes for boulders of granite are found in the Irasburg
conglomerate which forms the base of the Ordovician series.

The granites of Vermont appear in seven of the fourteen
counties of the state, viz: Caledonia, Essex, Orange, Orleans,
Washington, Windham and Windsor. The granite deposits
of the towns in each county will be considered in alphabetic
order, regardless of the commercial significance of the rock.

Fig. 63.—State Capitol, Austin, Texas, built of red granite from
Granite Mountain, Texas. Photo. furnished by D. J. Jones.

Caledonia County

Groton—The Groton granite is a quartz monzonite which
is quite extensively advertised as the “ Vermont blue granite.”
In color it is decidedly bluish gray which fact is responsible
for its commercial name. In texture it varies from fine to
medium. ‘The stone takes a good polish and is used largely
for monumental work. (See Fig. 64.)

Hardwick—The town of Hardwick has furnished three
different grades of granite for monumental work. (1) A fine
light gray granite bearing but little biotite, from which more
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than fifty statuettes have been carved. (2) A medium gray to
dark quartz monzonite from the Mackville quarries. (3) A
quartz monzonite from Buffalo Hill. This stone is named
“ dark blue Hardwick.” It is darker than the highly prized
dark Barre granite and lighter than the darkest of the Quincy
granite. Its rich color is due in part to the smoky quartz
and in part to the presence of much biotite uniformly scattered
throughout the stone: perhaps in part also to the paucity
of the white mica, or muscovite. The stone receives a fine
polish and in texture it is mediun.

Fig. 64.—Granite quarry, Groton, Vermont, showing thickness of
sheets. Photo. by C. H. Richardson.

Kirby—The Grout quarries are situated on the south side
of Kirby Mountain. The stone is a light to medium biotite
granite, of fine even texture, and has been sold under the
name of “light Barre granite” which it somewhat closely
resembles. The stone is very bright in color. The fine mica
crystals throughout the stone, together with the light colored
quartz, prevent strong contrasts.
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The Burke quarries and the Kearney Hill quarries are
situated on the west foot of Kirby Mountain. They both
represent quartz monzonites which shade from light to
medium gray in color, and from fine to coarse texture. The
latter quarries yield the coarser stone of the two products.
(See Fig. 65.)

Newark—The town of Newark is capable of producing a
granite that is quite unlike in color ‘any other stone in the
state. The stone is a biotite granite shading from a light
pink to a red color. It is commercially called “ Newark pink
granite.” It is of rather coarse texture. The stone is sus-
ceptible of a good polish and well suited for monumental
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Fig. 65.—Granite quarry, Kirby Mountain, Vermont, showing thick-
ness and dip of sheets. Photo. by C. H. Richardson.

or decorative work. The author collected samples from
Newark before the quarries were opened and had the samples
polished. It appears equal in decorative effect with the kin-
dred granites of Maine and Scotland. (See Fig. 66.)

Ryegate—The Ryegate quarries are situated on the south-
west and northeast slopes of Blue Mountain. The former
are quartz monzonites and the latter a biotite granite. They
vary in color from light to medium and in texture from fine
to medium. They are used for monumental and structural
work. (See Fig. 67.)
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Essex County

According to C. H. Hitchcock mnearly all of this county is
underlaid by granite. Some stone has been Dblasted for
toundation work but no quarries have to the present time
been systematically worked. TLater reconnaissance work has
proven the rocks to be metamorphosed sedimentaries with
some granitic intrusives.

Orange County

Chelsea—Where the towns of Chelsea, Strafford, Tun-
bridge and Vershire meet in a common corner there appears
o granite outcrop which has been worked to some extent for
monumental purposes. The stone is of a light gray color
and of medium texture. Distance from railroads is the chief
difficulty in its development.

Fig. 66.—DPolished sample of red granite, Newark, Vermont. Photo.
by C. H. Richardson.

Randolph.—The granite of Randolph is a guartz monzonite.
It stands next to the Bethel in whiteness amongst all the
granites of the state. Biotite which characterizes most of the
granites of the state is wanting. Muscovite, the white mica,
is present only in small proportion, 2.3 per cent. The stone
is of fine even texture, hammers white, receives a high polish
and is well suited for monumental and structural work.

Topsham.—There are numerous small outcrops of granite
in Topsham and some of these have been worked locally for
underpinning and monumental purposes. T'wo localities only
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are extensively operated. One of these is near the village of
South Ryegate in Caledonia County and the other is on Pine.
Mountain. The granites are quartz monzonites of bluish gray
color and medium texture. (See Fig. 68.)
Williamstown.—The Williamstown granites belong to the
same great mass as the Barre granites in Washington County.

{
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Fig. 67.—Granite quarry, Blue Mountain, Ryegate, Vermont. Photo.
by C. H. Richardson.

They are of dark gray color and of fine to medium texture.
‘They are sold under the names of “ dark Barre ” and “ dark
blue granite.”

Orleans County

Craftsbury—An orbicular granite occurs in the village of
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Craftsbury and immediately to the east of the village. This
granite is sufficiently peculiar to merit more than a passing
notice. It was described by C. H. Hitchcock and A. D. Hager
in their Report on the Geology of Vermont, Vol LI, 1861,
as a concretionary granite and as Craftsbury pudding granite.
It was also described by G. Hawes in 1878 and by K. Chrus-

Fig. 68.—Dolished slab of Waits River granite, Topsham, Vermont.
Photo. by C. H. Richardson.

Fig. 69.—Orbicular granite, Craftsbury, Vermont, showing con-
centric arrangement of orbules. Photo. by C. H. Richardson.

thov in 1878 and 1894, Also by 'I'. N. Dale in Bull. 235, U. S.
Geological Survey, 1906. It was photographed and briefly
described by C. H. Richardson in the Report of the Vermont
State Geologist of 1905-1906 and also in the Report of 1911-1912
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by the same author. Orbicular granites are also found in Stan-
stead, Quebec, and in Bethel, Newfane and Northfield, Ver-
mont, but in these localities the orbicular structure is not so
pronouncedly developed. In the Bethel granite the discoid
torms lie in sheets parallel to the flow structure of the outer
portions of the granite mass, and the major axes of the discs
are parallel to the micaceous flowage bands. B. Frosterus
applies the principle to the orbicular granites of Finland, and
T.. N. Dale to those of Bethel, that the nodules are basic
segregations lying in a more basic part of the granite, in-

Fig. 70.—Orbicular granite, Craftsbury, Vermont, showing rift
and arrangement of orbules. Photo. by C. H. Richardson.

dicating that the orbicular structure is simply a basic flowage
and that the nodules themselves lie in this as still more basic
segregations. (See Fig. 69.)

The nodules in the Craftsbury granite consist mainly of
convex scales of biotite with some quartz granules and feld-
spathic particles. The convolutions and elongations of the
discoid particles suggest the existence of a strain after segre-
gation was complete. They are scattered with a fair degree
of uniformity throughout the entire granite stock, differing

6
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in this respect from the other areas cited above. A cubic
block of this granite in the museum at Syracuse University
shows the nodules to be arranged in a somewhat orbital
manner, the outer circles increasing constantly in diameter.
This assemblage of black nodules in the gray mass of the
granite suggests a basic segregation of the most basic material
in a magma more basic than that which represents today the
normal biotite granites of the state. The visible outcrop may
represent only the peripheral portions of the granite stock
and, if so, the nodules themselves lie in the zone of flowage.
The quarries have never been opened beneath the surface
because the nodules preclude a high polish of the stone, and

Fig. 71.—Granite quarry, Newport, Vermont, showing thickness and
curvature of sheets. Photo. by C. H. Richardson.

its use for structural work. It has been used to a consider-
able extent for cellar walls, underpinnings, abutments of
bridges and guards. The stone possesses good rift and grain.
(See Fig. 70.)

Derby—Three different types of granite are quarried in
the township. (1) A quartz monzonite bearing both mus-
covite and biotite. The stone is of bluish gray color and
varies from fine to medium texture. The stone grades be-
tween the lightest of the Barre granites and those of Hallo-
well, Maine. This granite is easily worked, and is well suited



GRANITES 83

for both monumental and constructional purposes. (See
Fig. 71.)

(%) The granite near Beebe Plains is a very light gray color
and of even medium texture. It is however darker than the
Bethel stone. It bears biotite uniformly distributed through-
out the stone.

s
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Fig. 72.—Jones Brothers granite quarry, Barre, Vermont, showing
excavations over 300 feet in length. Photo. by C. H. Richardson.

(3) The third type is found on the line of the International
Boundary between Vermont and Canada. It is only a short
distance south of the Graniteville, Quebec, quarries. The
stone is in part a very dark stone almost equal to the black
granites of Maine. It is rich in biotite and represents a segre-
gation of the more basic product of the main magma.
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Irasburg—A\t the eastern base of the Lowell Mountain in
Irasburg there is a light gray biotite granite of fine and even
texture. It possesses perfect rift and grain. Blocks of any
dimension desired can be obtained. [t takes a good polish
and is well suited for structural purposes.

Fig. 73.—A derrick inverted by the removal of the granite too close
to a steep wall of mica schist, Barre, Vermont. Photo. by C. H. Rich-
ardson.

Washington County

Barre—The granite industry which has made the city of
Barre possible is centered at Websterville and Graniteville
about ten miles to the southeast of Montpelier, the Capital
of the State. The Harrington quarries were opened in 1837
to provide the stone for the construction of the Capitol build-
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ing. ‘T'he statement was then made that “This is the last
structure that will ever be made of Barre granite, and the
last load that will ever be drawn from Harrington Hill.”
The fame of the granite is now world-wide and the annual
production from Harrington Hill surpasses $1,000,000. This
hill is the present site of Graniteville. '

Fig. 74.—Jones Brothers quarry, Barre, Vermont, showing contact
of granite with phyllite schist. Photo. by C. H. Richardson.

The Barre granites are known commercially under the
following names: “ white Barre,” “light Barre,” “ medium
Barre,” “ dark Barre ” and “ very dark Barre.” These names
are all based upon the prevailing colors of the quarry pro-
ducts. The Barre granites grade in texture from fine through
medium to coarse. They are all true biotite granites with a
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paucity of muscovite wherever the white mica is present.
The quarries are far too numerous and too much alike to
mention in detail. The quarries show a sheeted structure
save the Innes and Cruikshank quarry at Websterville which
represents a boulder quarry. The granites are monumental,
inscriptional, decorative and constructional. It is doubtful if

’~ Koo
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Fig. 75.—Wetmore and Morse gramte quarry, Barre, Vermont,
showing sheeted structure. Photo. by C. H. Richardson.
any granite in America is more widely known than the Barre
granite. (See Figs. 12, 13, 14, 15, 16, 77, 78 and 79.)

Cabot—The granite of Cabot is a quartz monzonite of dark
bluish gray color, as dark as the darkest of the Barre granites.
It is of fine even structure and takes a good polish. 'The clear
quartz and black mica give the stone a strong mineral
contrast.
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Calais—The granites of Calais are biotite granites of light
to medium gray color and of fine to medium texture. The
product is used largely for monumental work. (See Fig. 80.)

Woodbury—The  granites of Woodbury where quarried,
with the exception of that of Nichols IL.edge, are either on
Robeson Mountain or in its immediate vicinity. They occupy

'(

Fig. 76.—Wetmore and Morse granite quarry, Barre, Vermont,
showing head seam, back of which there is much good granite. Photo.
by C. H. Richardson.

a somewhat irregular area with a diameter of about four
miles. Granite masses however appear upon the west side of
the valley that separates Robeson Mountain from Woodbury
Mountain but these are not quarried to any considerable
extent. The Woodbury granites proper are all biotite gran-
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ites. They shade in color from white, or light cream color,
through medium gray to a dark gray. They possess even
medium texture.

The Fletcher quarries are on the southeast and southwest
sides of Robeson Mountain. Oune set of sheets varies from
one to five feet in thickness and another set varies from five
to nine feet in thickness. T. Nelson Dale states in the Report
of the Vermont State Geologist, 1909-1910, “ In 300 granite
quarries visited thus far by the writer this is the first case of
double-sheet structure or horizontal jointing observed.” Dale
explains this peculiarity by the existence at some time of a

Fig. TTA—.lintrancc to postoffice, Barre, Vermont, built of light gray
Barre granite. Photo. by C. H. Richardson.

secondary compressive strain operating differently from that
which produced the primary sheet structure to which Robeson
Mountain owes its form. (See Figs. 81 and 82.)

The late George H. Bickford, President of the Woodbury
Granite Company, classified their granites as * Vermont
white,” “ Imperial blue,” and “ Woodbury gray.” 'I'he Wood-
bury white granite is a very light, slightly buff or cream-tinted
stone. Its quartz is of pale hue and there is a paucity of the
black mica, biotite. This gives the stone a strong mineral
contrast.
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The Woodbury gray and the Woodbury fine dark gray granites
are on the east to northeast sides of Robeson Mountain and
are of fine even texture. The sheets sometimes reach a
thickness of forty feet. It is doubtful if larger blocks can
be quarried from any stone in America than can be obtained
at these quarries, or that any company has facilities for
handling larger blocks than the Woodbury Granite Company.
The Imperial blue quarries are located near Buck Lake and

|
|

Fig. 78.—Monument cut from Barre granite and erected in the
cemetery at Hardwick, Vermont. Photo. by C. H. Richardson.

are called the Buck Lake quarries. The stone is of dark
bluish gray color and of fine even texture. The Carnegie
library, Syracuse, N. Y., contains the Woodbury gray granite.

The Nichols ledge granite is from light to bluish gray color
and of very fine texture. Distance from the railroad militates
against a large development of these quarries. (See Figs. 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93 and 94.)
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Windham County

Dunmmerston. — 'The commercial granites of Windham
County are situated on the northeast, south and southwest
sides of Black Mountain. They are all quartz monzonites.
The West Dummerston white granite bears both muscovite
and biotite and is of medium texture. The product is used
for monumental work, structural and paving blocks. The
quarries on the south and northwest sides of Black Moun:
tain produce granites of darker hue and finer texture than
those on the southwest side of the mountain. (See Fig. 93.)

-
|
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Fig. 79.—Monument cut by Redmond and Hartigan from Barre
granite, Barre, Vermont. By courtesy of Redmond and Hartigan.

Windsor County

Bethel—The Bethel granite is situated on Christian Hill
about three miles north of the village of Bethel. The quar-
ries of the Ellis Brothers are on the east side of the hill and
those of the Woodbury Granite Company on the east side
and top of the hill. The granite is a quartz monzonite, in
texture varying from fine to coarse. It surpasses all other
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known granites in its peculiar whiteness. The author has
compared freshly dressed blocks of this stone with the in-
terior of a building painted with white lead and found the
granite the whiter of the two. Its whiteness is due to the
presence of clear colorless quartz, white oligoclase, clear
orthoclase, white muscovite and a paucity of the black mica,
Liotite. Many of the polished discs appear to contain no
visible biotite. The granite is hard, cuts to a perfect edge
and is one of the best constructional stones in America. It
occurs in sheets varying in thickness from five to twelve

[
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Fig. 80.—The Patch Company granite quarry, Calais, Vermont,
shé)wing thickness and steep dip of sheets. Photo. by C. H. Rich-
ardson.

feet. The stone has a remarkable compression test. As de-
termined by the United States Arsenal at Watertown, Mass.,
1t is 33,153 1b. to the cubic inch. (See Figs. 96, 97, 98, 99 and
100.)

Windsor—The granites quarried in Windsor are situated
on the north and west sides of Mount Ascutney. The alti-
tude of the mountain as given by the average of 21 different
observations made by the author is 3,320 feet. It rises more
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than 3,000 feet above the Connecticut River, and 2,999 feet
above Windsor. 'T'he granite mass was intruded into the
limestones and slates of Ordovician age. The present, isolated,

Iig. 81.—A 6-foot sheet of granite in the 15, R. Fletcher quarry,
Woodbury, Vermont, showing the work of the channelling machine.
Photo. by C. H. Richardson.

Tiig. 82.—15. R. Fletcher granite, Woodbury, Vermont, showing
polished and hammered surface. By courtesy of E. R. Iletcher.

conical peak, Mount Ascutney, may be taken as a measuring
rod of the amount of denudation that has taken place in
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Vermont since the intrusion of the various granites. With
this mountain as a measuring rod the amount of erosion could
not have been less than 3,000 feet. It probably was consider-
ably greater than the above figure. The granite of Ascutney
has been described by R. A. Daly, Bulletin 209, U. S. Geo-
logical Survey, 1903. Daly classifies the stone as a nord-
markite. It was earlier classified by C. H. Hitchcock as a

Fig. 83.—Quarry of the Woodbury Granite Company on Robeson
Mountain, Woodbury, Vermont, showing thickness of granite sheets.
Photo. by C. H. Richardson.

syenite. It is a hornblende-augite granite. Its mineral com-
position as given by T. Nelson Dale in descending order
is dark olive green orthoclase, interwoven with oligoclase
with cleavage planes stained with limonite; dark smoky
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quartz with cracks stained with limonite; green hornblende;
augite ; biotite present in only one of the four slides examined.
The accessory minerals are titanite, magnetite, or ilmenite,
zircon, apatite and allanite. The secondary minerals are
limonite and a white mica.

The stone changes from a dark bluish gray color when
freshly quarried to a green color upon exposure to the atmos-
phere. This change of color is due to the oxidation of ex-
tremely minute blackish granules of ferrous oxide in the
feldspars, and to the combination of yellowish brown color
from the limonite thus produced with the bluish gray color
of the unaltered feldspars. A part of this limonite is undoubt-
edly due to the oxidation of the iron content of the accessory
allanite.
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Tig. st.—Polished disc of Woodbury gray granite from quarry
shown in Fig. 83. Photo. by C. H. Richardson.

This granite is best suited for dies, monumental, inscrip-
tional, wainscoting and columnar work. In the absence of
the common micas the stone takes a very high polish and
the polished surface of the raised letters stands out in striking
contrast with the hammered surfaces. The sixteen polished
columns of the Library of Columbia University, New York,
are of this stone. (See Fig. 101.)

Virginia.—The granites of Virginia are found chiefly in
three districts, Fredericksburg, Petersburg and Richmond
areas. The first area furnishes a muscovite granite that is
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very light gray in color and of medium texture ; also a biotite
granite of dark bluish gray color and fine texture. The second
area produces a biotite granite of light to dark gray color
and of fine and medium texture; also an exceptionally beau-
tiful porphyritic granite from near Midlothian. The third
area furnishes a biotite granite of gray color and medium
texture.

Fig. 85—Granite quarry of the Woodbury Granite Company, near
north end of Robeson Mountain, Woodbury, Vermont, showing thick-
ness and dip of sheets. Photo. by C. H. Richardson.

Wisconsin. — According to T. C. Chamberlin the great
Laurentian area of the northern portion of Wisconsin is
" covered with granites and gneisses. Quarries are operated
in Marathon and Marquette Counties and furnish fine gramtes
of pink color and even texture.
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Wyoming.—Near the highest point of the Northern Pacific
Railroad at Sherman there is a large body of coarse red gran-
ite that is quite similar to the Scotch granite, so largely im-
ported into this country for monumental work.

FOREIGN GRANITES

British Columbia.—Granites are quarried on Jarvis Inlet
and Burrard Inlet and the product is largely consumed in
the vicinity of Vancouver.

New Brunswick.—In Kings County there is a red horn-
blende granite that is brought into the New lingland States
for monumental purposes under the name of “Bay of Fundy

i

granite.” It can be easily distinguished from the red granites
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Fig. 86.—Polished slab of Vermont white granite, Robeson Moun-
tain, Woodbury, Vermont. Photo. by C. H. Richardson.

of New Kngland because its ferromagnesian mineral is horn-
blende instead of biotite or muscovite. It is susceptible of
a high polish on account of the absence of the highly cleav-
able micas.

Nova Scotia.—(Gray biotite granites are quarried at Shel-
burne and Purcell’s Cove in Halifax County and imported
to some extent into the United States. 'l'hese vary in texture
from fine to coarse.

Ontario.—One of the best granites of Ontario is that found
at Kingston. It is a red granite of fine and even texture well
sutted for monumental and decorative interior work.

Quebec.—Quartz monzonites, biotite granites and horn-
blende granites are extremely abundant in the Province of
Quebec.  The author has visited scores of fine quarries in
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this Province. They duplicate the Vermont product in all
tespects save the white granite of Bethel and the green
granite of Mount Ascutney.

England.—The most important granitic intrusions in Eng-
land which yield stone for structural purposes are located in

Fig. 87.—Imperial blue granite quarry, Buck Lake district, Wood-
bury, Vermont, showing head seams. Photo. by C. H. Richardson.

Cornwall and Devonshire. According to J. Watson this belt
extends in the form of a broken chain from Dartmoor to the
Scilly Islands. The stone has been quarried for many cen-
turies. The ancient cromlechs, monoliths, Celtic crosses and

7
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hut dwellings scattered over England were made of granite.
The granites are mostly muscovite-biotite granites varying
in color from light to dark gray and in texture from fine to
coarse. Where porphyritic the phenocrysts of feldspar are
called by the quarrymen * Horses” Teeth.” (See Fig. 102.)
Ireland.—The principal granite producing counties of Ire-
land are Dublin, Wicklow and Wexford. The Dakley quar-
ries are said to have been opened in 1630 and regularly
worked ever since. Many of the granites are gray muscovite-
biotite irruptives. In some cases the prevailing feldspar,
orthoclase, is a delicate pink. Such stones are susceptible
of a high polish and largely sought for decorative work.
Scotland.—According to J. Watson granite was quarried
in Scotland as early as 1764 and used for paving the streets
of London. The granites quarried in the Aberdeen district

Fig. 8s.—DPolished slab of Imperial blue granite, Woodbury, Ver-
mont. Photo. by C. H. Richardson.

and immediate vicinity range from fine to mediumn in texture,
and in color from a light silvery gray, blue gray, dark grav
to red. The Peterhead granite falls into two types. One is
of blue color and the other is red. They grade from medium
to coarse in texture. The red Peterhead has been introduced
in nearly all the countries of the world as a decorative stone
of great beauty. Its mineral composition is quartz, ortho-
clase, albite and biotite. The Aberdeen stone bears oligoclase
in the place of albite. (See Figs. 103 and 10+.)

Egypt—The term syenite came from the town of Syene,
Egypt, where the irruptive granitic rocks of the country were
quarried about 1300 years before the beginning of the Christian
era and fashioned into colossal statues, obelisks and sarco-
phagi. The true syenite of today is a plutonic rock con-
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sisting of orthoclase and hornblende. The Egyptian syenite
is a granite whose mineral composition is quartz, orthoclase,
(and a whitish feldspar), biotite and hornblende. The obelisk
in Central Park, New York City, came from Syene, Egypt.
All of its hieroglyphics have had to be recut because the stone
disintegrates rapidly in America, although permanent under
Egyptian skies.

Sweden.—The Swedish rose granite from the Graversfors
district has dark red orthoclase with deep blue and purple quartz.
(See Fig. 105.)

Fig. 90.—Post Office, New Bedford, Massachusetts, built of Wood-
buryfgray granite from Woodbury, Vermont. By courtesy of G. H.
Bickford.

Practically all countries of the world are producers of
granite in some quantity. Many of these granites are highly
decorative stones while others are better suited for construc-
tional purposes.

INDUSTRIAL FACTS ABOUT GRANITE

Uses.—The use to which a granite will be put depends
upon its color, texture, hardness, compressive test, tensile
strength, susceptibility of polish, and in part to its mineral-
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Fig. 93.—Soldiers’ and Sailors’ Memorial, Wichita, Kansas, built
of Vermont white granite. By courtesy of the Woodbury Granite
Company.
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Fig. 95.—Polished disc of white granite, West Dummerston, Ver-
mont, from quarries of W. N. Flynt Granite Company. Photo. by
C. H. Richardson.

Fig. 96.—Granite quarry, Bethel, Vermont, showing sheeted struc-
ture. Photo. by C. H. Richardson.
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Fig. 97.—West front of State Capitol, Madison, Wisconsin, built
of Bethel white granite. By courtesy of the Woodbury Granite
Company. :
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Fig. 99.—Building of Union Trust Company, Rochester, New York,
built of Bethel white granite. By courtesy of the Woodbury Granite
Company.
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Fig. 101.—Polished slab of nordmarkite from the northeast side of
Mount Ascutney, Windsor, VVermont. Photo. by C. H. Richardson.

Fig. 102.—Polished disc of porphyritic granite showing “Horses
Teeth.” Photo. by C. H. Richardson.
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Fig. 103.—Polished slab of Scotch granite, Peterhead, Scotland.
Photo. by C. H. Richardson.

Fig. 104.—Monument of Scotch granite in Green Mountain Ceme-
tery, Montpelier, Vermont, erected in 1882. Photo. by C. H. Rich-
ardson. i
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ogical composition. The white and light gray granites are
especially desirable for constructional purposes. The dark
gray, pink and red granites are used more largely for monu-
mental, inscriptional stone and for decorative interior work.
Granites like that of Quincy, Mass., have been extensively
used in this line of work, as well as the red granite of Peter-
head, Scotland. Granite is also used for trimming, curbing,
paving, etc. It is often crushed and used for permanent road
material. But the basic irruptives have better cementing

2} PUMIRE. BAMEL, 8
MG 47 1EI6-SEFT 241896 8

Fig. 105.—Monument of Swedish granite set in the Catholic ceme-
tery, Montpelier, Vermont. Photo. by C. H. Richardson.

qualities and their feldspars are equally resistant to abrasion.
Therefore they make the better road metal. Granites are
also used for ballast, riprap and rubble.

Quarrying.—The object in quarrying granite is to secure
symmetrical rectangular blocks with the least possible
waste of material, time and money. Advantage is taken of
the sheeted structure of quarries whenever that structure is
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Fig. 106.—Channclling machine at work on Wetmore and Morse
quarry, Barre, Vermont. Photo. by C. H. Richardson.
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of a marked character. The quarry is opened in such a manner
that the quarry floor slopes away from the working face. In
many quarries no blasting powder, rend rock, dualline, dyna-
mite or nitroglycerine is used. Where the sheets are much
thicker than can be split with wedges, Lewis holes or Knox
holes are drilled at varied intervals to depths depending upon
the thickness of the block desired and then fired simultan-
eously. The blocks are afterward split with wedges into
smaller dimensions. Explosives often develop fracture planes
that are not visible until the stone is polished or dressed.
They are planes of weakness. They also make possible a
more rapid disintegration of the finished product.

TFig. 107.—Rope-driven traveling crane made by the Lane Manu-
facturing Company, Barre, Vermont. By Courtesy of the Lane
Manufacturing Company.

Polishing Granite.—The most expensive finish for granite
ic the polish. The process brings out the grain and mottle
of the stone in its full beauty. The process of polishing
granite is slow and costly, but the finished product is hand-
some, durable and easily cleaned. The rough block is first
ground by heavy iron scrolls to an even surface. After
thorough washing the stone is rubbed with carborundum
which further smooths the surface. The stone is again washed
and putty powder is applied and rubbed into the surface with
heavy felt buffers. It is this final process which gives the
gloss and closes the surface to a uniform finish.

Good granite when properly polished will hold its gloss
for fifty yvears or more in spite of exposure to the corrosive
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agents of the atmosphere. If oxalic acid is used in the process
of buffing in the place of putty powder the life of the stone
is short. (See Figs. 106, 107, 108, 109, 110, 111, 112, 113, 114,
115, 116 and 117.)

_Fig. 109.—Carborundum saw at work in granite in the sheds of the
Woodbury Granite Company, Hardwick, Vermont. Photo. by C. H.
Richardson.

Compression Tests.—\ few compression tests are given as
a matter of reference.

Bay of Fundy......oooooooo o 11,916 Ib. to the cubic inch
Platte Canon, Colo. ... 14634 1h.
Westerly, R, 1. ... 17,500 1b.
Quincy, Mass. .. 17,750 1b.
Vinalhaven, Me. ... 18,000 1b.
Barre, Vt. . 19,000 1b.
Richmond, Va.......___._._____. 19,104 1b.
Rockport, Mass. ... 19,750 1b.
Milford, Conn.....ooooooooeeei.. 22,610 1D.
Fast St. Cloud, Minn.......... 28,000 1b.

Bethel, Vt. oo 33,153 1h.
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Chemical Analyses.—A few analyses of granites are ap-
pended here as a matter of reference.

1. Granite from the quarry at North Jay, Maine. Analysis
made by Prof. J. E. Wolff of Harvard University, Cambridge,
Mass. :
210 e silicapVEll e IS et il [ -7 1 7 T1.54

Ti0,, titanium dioxide ... 0.84
RSO mRal i pastei B, S (k. 14.24
e @S sfeFrIcHON T ommiat il o o S | 0.74
Be@sfertousioxide e sy s 2ol o 1.18
(CrLO) ) e et s S e i 0.98
NVo@ S e S Ta ML T S 0.34
N, OGS odamosil L ERER= T L B 3.39
K @)\ potash St Bl maee Vsl T 4.73
@ snwaite regowbe e sawdmiate 0 T 0.61
Syl Pl A Nl v Trace
@EFcanbonRdioxdeiesst T i & Trace

98.59

2. Granite from High Isle quarry, Knox County, Maine.
Analysis made by Prof. J. F. Kemp, Columbia University,
New York City.

SOy Siliten - Hietie L0 5 S S Rl T4.54
s €SSl md AR N o Wl 13.30
Ee;OF ferric exide ® o seef ¢ 0.92
FeO, ferrous oxide ... ... 0.7¢
Ca Qs llimiE s L et e o e T 1.26
MgO, magnesia ... 0.009
MnO, manganous oxide.................... 0.51
INEAO) S Hofulal A la ettt oI B R 3.69
K @ po T ST e e e 5.01
Shstil plhiunsrieue St 0.038

100.067
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6. Granite from the Hardwick quarry, Quincy, Mass.
Analysis made by H. S. Washington, Washington, D. C.

SO S e (e + s N S D 3193
FiOg, Lita figpiles e 1l St Tl 0.18
AR SR T N ATl T 12.29
el ONEfernic ioxitle i mitn U sy 2.91
FeO, ferrous oxide ... 1.55
MnO, manganous oxide............._... Trace
@a@mlimes il howidie sl oo T NS0T 0.31
M @riina'onesTasl Sl SR e 1), 0.0+
Na @ fsodazaesSt ceIialines bl (0 4.66
REENEPOta S S SRS AR el 4.63
H,O, water above 110° C._.......... 0.41

100.91

7. Granite from Milford, Massachusetts. Analysis made by
Prof. L. P. Kinnicut, Worcester Polytechnic Institute, Wor-
cester, Mass.

S1@NESTicARSlR. sl SRS Ceo N 77.08

AL @ valumina "8 SN I E S e s 12.54

FeO, ferrous oxide :
OH0), Ui e B ML | s )
Niz@SimagareSTaacaiosi i
NaY@MSod alge St eaniant S - LU N A
K, Ch=potashe 2= fs Baatod [ 1= 710,

8. White granite from W. N. Flynt Granite Company’s
quarry, West Dummerston, Vermont.

SHO) ey o ot e il S R 12.80
FeO, oxide of iron.......cocoooooooo . Trace
AT O lifin3 f- S Ay =i 19.40
CaO, lime )

Na,O, soda : 3
K@) potashippeis s g e e R.63
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ROCKS RELATED TO GRANITES AND IN PART
INCLUDED IN THE ABOVE DESCRIPTION

Aplite.—Aplite is a fine grained aggregation of quartz and
feldspar, with a little muscovite, often occurring in dikes.
When a granite bears but few phenocrysts of the ferromag-
nesian minerals it is called aplitic. The contrast in color
between the quartz and feldspars is not strong.

Fig. 110.—Polishing wheel at work, Hardwick, Vermont. Photo.
by Smart.

Monzonite.—The monzonites have both the monoclinic feld-
spar, orthoclase, and the triclinic lime-soda feldspar, or plagio-
clase, in approximately equal amounts. The quartz monzon-
ites are granites in which the plagioclase equals or exceeds
the orthoclase.
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Syenite.—This rock is intermediate between a true granite
and a diabase. Its mineralogical composition is orthoclase
and hornblende. If the micas displace the hornblende the
rock is called a mica syenite. The stone is often susceptible
of a high polish and commercially used under the name of
granite.

Fig. 111.—Gang of 5 saws cutting a block of granite, Hardwick,
Vermont. Photo. by C. H. Richardson.

Porphyry.—This term is not to be confused with the por-
phyritic granites where phenocrysts of feldspar appear more
than .4 inch in diameter. The term as there used applies only
to texture. The term porphyry as here used embraces two
types of acidic intrusives in which some mineral constituent
is porphyritically developed in a ground mass that is not in-
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~Fig. 112.—Granite lathe working on 2 picces of granite at the same
time. By courtesy of G. H. Bickford.

Fig. 113.—Piric tool sharpening machine, showing belt conveyor,
forge and piles of tools. Photo. by C. H. Richardson.
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Fig. 114.—McDonald surfacing machine in sheds at Hardwick, Ver-
mont. By courtesy of G. H. Bickford.
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dividuatized. Tt requires a petrographic examination to ascer-
tain the mineral content of the glassy ground mass. Quartz
porphyries bear phenocrysts of quartz, or quartz and ortho-
clase, in a glassy ground mass. In an orthoclase porphyry

Fig. 115.—Interior of the big shed of the Woodbury Granite Com-
pany at Bethel, Vermont. Photo. by C. H. Richardson.

TFig. 116.—Tripple granite shed of the Woodbury Granite Company
at Bethel, Vermont. Photo. by C. H. Richardson.
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the phenocrysts are orthoclase and quartz is absent. -The
porphyries possess a kindred variation in color with the
granites shading even to black. Unlike the granites they are

i it

Fig. 117.—Method of chaining a large block of Bethel white granite.
By courtesy of the Woodbury Granite Company.

Fig. 118.—~Hand polished slab of porphyry, Saugus, Massachusetts,
Photo. by C. H. Richardson.
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without rift and grain. Many of them take a high polish and
some of them are used with good results as decorative ma-
terial. (See Fig. 113.)

Liparite.—The liparites are extrusive rocks rather than
intrusive like the granites. Their essential mineralogical com-
position is quartz and sanidine. Sanidine is a glassy variety
of orthoclase. The liparites grade in texture from the clear
glassy forms on the one hand to holocrystalline porphyritic
forms on the other. They are not widely used.

Rhyolite.—Rhyolite is the eruptive equivalent of granite
and has the same chemical composition. - It commonly con-
tains more or less of undifferentiated glass. Obsidian is the
wholly vitreous variety. These rocks occur in large masses
in many of the western states, and in Colorado they are used
for structural purposes.

Fig. 119.—Polished boulder of porphyritic diorite, Wasliington,
Vermont. Photo. by C. H. Richardson.

Trachyte.—Trachyte is the eruptive equivalent of syenite.
Like a svenite when it bears mica instead of hornblende it is
called a mica trachyte. Trachytes are of small significance as
structural material. Between the trachytes and the syenites
there are intermediate forms analogous to the quartz por-
phyries.

Phonolite.—'T'his rock receives its name from the fact
that it rings clearly when struck with a hammer. Its chief
difference from trachyte is that it bears either nephelite or
leucite in its mineral composition,

Andesite.—This is a basic eruptive. It is marked by the
presence of plagioclase rather than orthoclase. Its ground
mass is felsitic. If ‘quartz is present in any appreciable
quantity the stone is called a quartz andesite. The varieties
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depending upon the prevailing ferromagnesian mineral present
are hornblende andesite, augite andesite, hypersthene andesite,
mica andesite. These varieties are used somewhat for struc-
tural purposes.

Diabase.—This rock is often quarried and sold under the
name of “black granite.” It is a basic intrusive whose essen-
tial mineralogical cemposition is plagioclase and augite.
Olivine is often present, in which case the rock takes the name,
olivine diabase. The diabases are massive microcrystalline
rocks, without the rift and grain characteristic of granites.
They are, however, quarried to some extent and used for
decorative interior work. They are susceptible of a high

Fig, 120.—Smoothed slab of orbicular diorite, Dehesa, San Diego
County, California. Photo. by C. H. Richardson.

polish, and the polished face receives a lettering legible to a
greater distance than many of the granites. The diabases,
however, are best suited for the construction of permanent
toads, for they have the requisite resistance to abrasion and
the desired cementing qualities. (See Fig. 11.) -
Basalt.—The term basalt was formerly used for the dark
basic volcanic rocks of Tertiary or post-Tertiary age. The
time distinction is obsolete. In addition to the necessary
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plagioclase and augite, basalts almost always bear olivine as.
an essential component. The rather rare olivine-free basalt
marks a transition to the augite andesites. The hasalts lack
the characteristic rift and grain of granites, but thev are ex-
tensively used in the construction of permanent roads.
Diorite.—"The diorites are basic irruptives, macrocrystalline,
whose essential constituents are plagioclase and hornblende.
Phenocrysts of the prevailing feldspar often appear, when the
stone is called a porphyritic diorite. These rocks, like the
diabases, are without the rift and grain of the granites. They

Fig. 121.—Boulder of gneiss from near Arapahoe Peak, Colorado.
Photo. by T. C. Hopkins.

make most excellent road metal for the same reason as the
diabase. 'They receive a high polish and were it not for the
question of expense in working would be a valuable deco-
rative stone. (See Figs. 119 and 10.)

Gabbro.—This term was long used for a basic igneous rock
whose prevailing ferromagnesian mineral was the bladed or
flattened pyroxene, diallage. The term is now largely reserved
for field use. Gabbros occur in large masses in the Adiron-
dack region. The hypersthene gabbro whose prevailing feld-
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spar is labradorite is a norite which is quite extensively
quarried near Keeseville, N. Y., and sold as Keeseville granite.
Diabases, diorites and gabbros all appear in the marts of trade
under the name of black granites.

Norite—The norites belong to the gabbro family, their es-
sential minerals are plagioclase, usually laboradorite, and
some orthorhombic pyroxene, usually hypersthene. Small
quantities of biotite and hornblende may be present. Vari-
eties bearing olivine are also known. The norite of Keeseville,
N. Y., is susceptible of a high polish.

Fig. 122.—Anticline and quartz vein in gneiss, Washington, Ver-
mont, showing the intense pressure to which the rock has been sub-
jected. Photo. by C. H. Richardson.

Gneiss.—A gneiss is a metamorphic rock of sedimentary or
igneous origin. Its mineralogical composition is identical
with that of granite. It differs from granite in having its fer-
romagnesian mineral arranged in parallel layers, instead of
being uniformly scattered throughout the rock mass. It there-
fore is less resistant to compressive stresses than the granites,.
especially if pressure be applied parallel with the schistosity.:

9
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The names of the different varieties are determined by the
prevailing ferromagnesian mineral. If the gneiss results from
the shearing of granite masses it is called a granite gneiss and
is simply a metamorphosed granite. If it results from the
metamorphism of feldspathic sediments it is called a para-
gneiss. (See Figs. 121 and 122.)

Volcanic Tuff.—A volcanic tuff is a deposit of volcanic ash
which has become consolidated. This eruptive occurs as a
building stone at Los Berros, San Luis Obispo County, Cali-
fornia. 'The outcrop is on the south side of Los Berros creek.

» Rt 4 2N

Fig. 123.—Quarry in volcanic tuff, Los Berros, San Luis Obispo
County, California. The material is used for building purposes.

Photo. by T. C. Hopkins.

In the quarry two distinct beds of tuff are readily discerned.
The upper bed, from 10 to 12 feet thick, thins out toward the
west. It lies without any parting on the smooth surface of an
older bed, dipping slightly to the east. The upper tuff is of
more regular character and harder than the underlying tuff. It
breaks in large but irregular blocks. The lower tuff is much
harder than the upper, has a metallic ring and breaks in small
blocks with curved faces like glass. (See Fig. 123.)
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CHAPTER 1V

LIMESTONES, DOLOMITES AND MARBLES

Definition.—A limestone is any rock mass consisting essen-
tially of calcium carbonate, CaCO,, or of calcium carbonate
intermingled with more or less magnesium carbonate. The
calcium carbonate has been separated from water, rendered
insoluble and accumulated by the action of living organisms
of various kinds. Such deposits may be mechanically broken
up and redeposited, or they may be taken into solution,
carried away and precipitated elsewhere. Some possible ex-
ceptions to this rule are cited later under the caption of the
origin.

A dolomite is any rock consisting essentially of calcium
carbonate and magnesium carbonate, CaCO,, MgCO,. Geo-
logically speaking a dolomite may contain a large amount of
admixed calcite. Mineralogically, dolomite means a definite
chemical compound of formula CaCO,, MgCO,. Limestones
containing more than 5 per cent of magnesium carbonate are
dolomitic. The magnesium carbonate of the dolomites has
been added to organic limestones which were originally free
from, or poor in, magnesia. The unstable forms of calcium
carbonate, aragonite and conchite take up magnesia quite
readily. According to K. Weinschenk calcite cannot be
altered to dolomite. Dolomites are distinctly crystalline, often
porous and filled with drusy cavities.

From a geological standpoint a marble is a metamorphosed
limestone. It is distinguished from a limestone by its crystal-
lization, coarser grain, compactness and purer colors. 1f pure,
it 1s often very massive and shows no signs of schistose cleav-
age, even where its association with schists is such as to indi-
cate that it must have been subjected to enormous pressure
and shearing stresses.

Dolomitic limestones pass by metamorphism into dolomitic
marbles. We therefore have both calcite marbles and dolo-
mite marbles. A metamorphosed calcareous rock is often
called a marble whether it contains magnesia or not. IFrom a
petrographical and a chemical standpoint there is an impor-
tant difference between a calcite marble and a dolomite

134
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marble. This holds especially true in respect to the associated
minerals they are apt to contain when impurities were origin-
ally present in them. The pure statuary marbles like those of
Marble, Colorado, Western Vermont and Carrara, Italy, con-
tain little else than the mineral calcite. Dolomite marbles
usually contain some calcite in addition to the dolomite crys-
tals. From a purely commercial standpoint a marble is any
limestone or dolomite, whether metamorphosed or not, sus-
ceptible of a polish and suited for decorative interior work or
the purposes of massive construction.

Impurities.—Limestones vary widely in their composition.
They range from 25 per cent CaCO, to theoretically 100 per
cent CaCO,. The impurities are uncombined carbon which
imparts a dark gray or black color to the rock, clayey matter
which gives limestone a drab or gray color, pyrite, siderite,
talc, serpentine, micas, amphiboles, pyroxenes and sand. Green-
sand marl and phosphatic particles are sometimes present.
Bituminous matter and even hydrogen sulphide may be en-
cased in limestones. The former shows the presence of bi-
tumen when heated, and the latter variety emits an offensive
odor when struck with a hammer. Such a limestone is repre-
sented at Chatham, Canada, and in western Vermont.

Texture.—The texture of the calcareous rocks is as varied
as their composition. They range from the soft, friable, fine
grained chalk to the compact and crystalline types. As a rule
the older formations are the more compact and crystalline,
while the younger formations are more apt to be friable.

Varieties.—The numerous varieties are based upon several
different. factors as structure, chemical composition, mode of
crigin, uses, etc.

A pure marble consists of calcite crystals in a crystalline,
granular aggregation. Saccharoidal marble is a variety that
closely resembles loaf sugar in texture. Common compact
limestone is often amorphous and homogeneous. A micro-
scopic investigation reveals it to be an aggregation of crystal-
line calcium carbonate. Hydraulic limestone which has so
large a significance from an engineering standpoint is a
variety that contains 10 per cent or more of silica and the
proper amount of clayey matter to make a cement that when
the stone is burned will set under water. Lithographic lime-
stone that has been used extensively in the preservation of
stock patterns is a fine grained magnesian variety with its
best representative found at Solenhofen, Germany. Oolitic
limestone consists of small, rounded, coacretionary grains

=%
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about the size of the egg of a brook trout. A dolomitic lime-
stone is one containing 5 per cent or more of magnesium
carbonate. In its metamorphism it passes into a dolomitic
marble. A true dolomite, however, would be represented by
the double molecule, CaCO,, MgCO,, which characterizes
some of our most handsome decorative marbles. There is
every stage and gradation between calcite on the one hand
and magnesite on the other. Travertine, known also as cal-
careous tufa, represents a chemical precipitate. Mexican onyx
is a massive variety of travertine that is highly prized for its
transtucency and variety of colors. Stalactite is the variety

Fig. 124.—Sawn slab of fossiliferous marble. Photo. by C. H.
Richardson.

that forms on the roofs of caves and stalagmite the one that
forms in a similar manner upon the floors of caves. When the
two varieties meet they form a pillar. Coquina is a variety
that consists of broken shells held together by a cement of
lime. The more compact massive forms are used for building
purposes. A coralline limestone is one consisting essentially
of fragments of coral. A fossiliferous limestone is one con-
taining any identifiable fragment of the testa of some former
animal.  Such limestones are named from the prevailing
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species present, as crinoidal limestone when the fossils are
the fragments of crinoidal stems. (See Figs. 124 and 125.)

Origin—The origin of limestones, dolomites and marbles
is very diverse. The primary source is to be found in the de-
composition of igneous rocks by carbonated waters. Calcium
carbonate is taken into solution in ground water, springs and
rivers, and subsequently withdrawn from solution by a va-
riety of processes. It is deposited as a chemical sediment
from hot springs and sea water and often precipitated as a
cement in other rocks.

Waters charged with carbon dioxide become a potent sol-
vent for rock constituents. This effect is illustrated by the
limestone caves in Kentucky and the Luray Caverns in Vir-

Fig. 125.—Cross section of coralline marble, Iowa City, Iowa.
Photo. by C. H. Richardson.

ginia. The surchaged waters when relieved of pressure
deposit their load in some of the various forms of travertine.
The stalactitic and stalagmitic marbles fall into this class. By
this process also large masses of the compact variety known
as cnyx are produced. N

Rivers flowing over limestone areas carry a certain amount
of calcium carbonate in solution into the sea. A direct pre-
cipitation of this calcium carbonate can occur only when the
supply of carbonate is in excess of that which can be con-
sumed by living organisms and when the conditions of tem-
perature and pressure are such as to expel the solvent, CO,.
Such deposits are exceptional rather than common. Accord-
ing to Sir Charles Lyell this condition exists in the delta of
the Rhone, and Bailey Willis cites the precipitation of lime-
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stones along the margin of the Kverglades in Florida, where
the inflowing waters are exposed in broad, shallow sheets to
evaporation, agitation, and variations of temperature and
pressure. The calcium carbonate is partly thrown down as
mud and partly deposited on the underlying limestones as a
layer of rock. G. P. Merrill states in his “Stones for Building
and Decoration” that the alternation of beds of snow-white,
blue-gray, greenish and almost black layers in the Vermont
marbles may perhaps be best explained on the assumption
that the white layers were deposited from solution and the
darker layers were beds of indurated shell mud and sand col-
ored by the organic impurities they contained at the time they
were first laid down,

According to I. C. Russell great masses of calcareous tufa
have been deposited around Pyramid and Winnemucca Lakes
in Nevada. When the deposits assume the form of oolitic
sand the carbonate 1s deposited around sand grains or other
foreign bodies as nuclei. G. K. Gilbert cites similar forma-
tions around Great Salt Lake but only where there is much
agitation of the waves. The tufa requires surf to discharge
the excess of carbon dioxide and deposit calcium carbonate.
A Rothpletz attributes the formation of oolitic sand at Great
Salt Lake to minute algae. F. Cohn, through his investiga-
tions of the travertine deposits of the waterfalls of Tivoli, at-
tributes the deposition of the calcium carbonate to species of
thallophytes, as Chara, and bryophytes, as mosses, that are
capable of extracting carbon dioxide and setting free calcium
carbonate. When they do this in the presence of the bicar-
bonate they deprive that salt of the second molecule of
carbonic acid and the neutral carbonate is thrown down. The
material, at first porous, is afterwards transformed into a com-
pact rock by the deposition of calcite in its interstices.

W. Kitchell attributes the formation of fresh water marls
in New Jersey to the presence of algae. C. A. Davis recognizes
the function of Chara in the formation of certain marl deposits
in the lakes of Michigan.

G. H. Ashley and W. S. Blatchley also recognized the activ-
ity of aquatic plants in the formation of the marl deposits of
the lakes in Indiana. 'The smaller morainal lakes of central
New York are rapidly filling up with marl deposits. These
lakes are comparatively shallow and many of them have their
waters constantly aerated by strong wave-producing winds.
The waters that serve as feeders for the lakes flow over lime-
stone areas and carry much calcium carbonate in solution into
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them. The lakes are rich in their aquatic plants which con-
sume carbon dioxide and exhale oxygen. The activity then
of algae may be a potent influence in the formation of the marl
deposits. See John M. Clarke’s paper on the Water-Biscuit of
Squaw Island, Canandaigua Lake.

G. Steinmann has pointed out that albumen which is present
in the organic parts of all aquatic plants may serve as a pre-
cipitating agent. F. W. Clarke suggests that albuminoids
generate ammonium carbonate by fermentation and to that
compound the precipitation of calcium is due. P. F. Kendall
has shown that waters charged with carbon dioxide dissolve
aragonite far more rapidly than calcite, and that aragonite
shells largely disappear while calcite organisms remain per-
manently in fossil form. He also found that calcitic globi-
gerina ooze appears in waters at a depth of 2,925 fathoms and
that aragonitic pteropod shells practically disappear at depths
exceeding 1,500 fathoms. Kendall concludes that as the Upper
Chalk beds of England carry only calcitic organisms they must
have been deposited in waters exceeding 1,500 fathoms in
depth. At temperatures exceeding 60 degrees aragonite is
more apt to be formed and that below that temperature calcite.
As coral life demands temperatures exceeding 68 degrees ara-
gonite may form and later become calcitized.

According to E. W. Skeates both aragonite and calcite occur
in the coral formations. The formation of a coralline lime-
stone may be followed easily in the fringing reefs, barrier
reefs and atolls. The order is as follows: (1) The living
animal, the coral polyp. (2) The dead animal with its home
broken into fragments by the waves. (3) Cementation of
these broken fragments by the solution and redeposition of a
part of the calcium carbonate. (4) The solid rock composed
of these organic remains. Such limestones may bear both
calcite and aragonite, deposited directly from the sea water.
Both organic matter and earthy matter may be present. S. P.
Sharples found in the corals of the Gulf Stream from 0.28 to
0.84 per cent 3CaO, P,0,. Dolomitization of coralline lime-
stones may be effected through magnesium-bearing waters.

The coquina of Florida and many other sea beaches affords
illustrations of limestone building from shells. These broken
fragments are cemented together by calcium carbonate which
has been deposited from solution in the interstices between
the shells. In one instance as cited by W. H. Dall the cement
was limonite deposited by a chalybeate spring. Quartz sand
may be commingled with the shell material. J. A. Howe in
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his “Geology of Building Stones” cites brachiopods, pelecy-
pods, gastropods, pteropods and cephalopods as limestone
builders.

Crinoidal limestones are formed from the disjointed frag-
ments of the stems and arms of crinoids or sea lilies. The
cross sections of such fragments vary from a small fraction of
an inch to an inch or more in diameter. The smaller frag-
ments have given rise to the decorative stone known as
birdseye marble. This name has also been applied to some
of the coralline limestones of [owa. (See Fig. 126.)

Oceanic ooze may be laid down on the floor of the sea and
compressed into a soft rock like the chalk cliffs of England.
This material may be practically free from impurities. The
sediments may be rich in clay or mud and produce a fine

Fig. 126.—Cross scction of fine grained coralline marble from Iowa
City, Iowa. Photo. by C. H. Richardson.

grained argillaceous limestone with every shade and grada-
tion between a calcareous shale and a pure limestone. 'The
sediments may contain also quartz grains, largely calcareous,
and produce a limestone that is fine grained and hard. These
rocks shade imperceptibly from siliceous limestones into cal-
careous sandstones. An illustration of this transition is found
in the limestone belt of central and eastern Vermont.

Marbleization.—'T'he marbleization of calcium carbonate, or
the conversion of amorphous carbonate into a crystalline lime-
stone or marble, may be effected in a number of ways as
shown by the experiments of Sir James Hall, G. Rose, A.
Becker, A. Johannis, H. E. Boeke and H. Le Chatelier. In
these experiments both temperature and pressure have been
widely varied.
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Pressure alone, either long continued and gentle, or heavy
and of short duration, may produce this change. It may be
brought about by the influence of heat. Both heat and pres-
sure may work conjointly in effecting the marbleization of
amorphous calcium carbonate. Actual fusion of the lime
carbonate is unnecessary. Water plays an important part
in the process for in geological phenomena its influence is
rarely excluded. The solution and redeposition of calcium
carbonate explains many changes in the structure of calcar-
eous rocks.

Alteration.—Changes in limestones may be effected by an
infiltration of waters bearing silica in solution. By the depo-
sition of the silica the stone becomes silicified. A limestone
may become phosphatized by the action of meteoric waters
fiowing over beds of guano. It may become gypsumized
through the decomposition of inclosed pyrite and the acid
sulphates formed through such decomposition. The most
potent change is effected by waters charged with carbon di-
oxide. Impure limestones yield a large number of objection-
able minerals through thermal metamorphism. Organic
matter furnished the necessary material for the scales or
plates of graphite in the limestones of northern New York.
Silica provided the material for the limpid crystals of quartz
found in the cavities of the ‘Carrara marble of Italy. Silica
may unite also with a part of the lime present, in the formation
of such calcium silicates as wollastonite and scapolite. The
hydroxides of iron may yield hematite or through reduction
magnetite. The hydroxides of aluminum may form corundum
or even ruby, the red gem variety of corundum, as in Burma.
‘When both silica’ and alumina are present there occurs a
reaction between them and a part of the calcium carbonate
with the formation of several silicates of calcium and alum-
inum like garnet, vesuvianite, epidote, etc. The feldspars,
micas, amphiboles and pyroxenes may appear along contact
zones or as inclusions within the metamorphic limestone itself.
Phlogopite is characteristic of many limestones or marbles
that originally bore magnesia and silica in the presence of
iron compounds. Magnesia alone may crystallize out as the
oxide, periclase. When both magnesia and alumina are
present spinel i1s formed. With magnesia and silica enstatite
would appear. With magnesia, silica and iron, minerals like
olivine, bronzite, hypersthene, etc., appear. According to J. F.
Kemp the Adirondack limestones were originally siliceous
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dolomites in which the silica and magnesia segregated as
pyroxenes.

Dolomite.—The terms magnesian limestone, dolomitic lime-
stone and dolomite are used to designate any calcareous rock
containing a high proportion of magnesia. A limestone con-
taining more than 5 per cent MgCO,, is often spoken of as
dolomitic. The term superdolomite is often used to denote
rocks with a large content of magnesium carbonate and a
small content of calcium carbonate. This term would cease
with less than 5 per cent CaCO, and the rock would pass into
magnesite. In the magnesian rocks there is every gradation
possible between the pure calcite, CaCO,, on the one hand and
magnesite, MgCO,, on the other.

The true dolomite falls between these extremes where the
ratio approximates to that of the mineral bearing the name
dolomite. In this mineral the calcium carbonate represents
54.3> per cent and the magnesium carbonate 45.65 per cent.
Dolomites may occur either as an alteration product within
a normal limestone or a chemically deposited rock. Dolo-
mitization may occur while the fresh limestone or ooze is in
the sea in which it is formed. This has been observed in the
borings from coral islands. It is called contemporaneous
dolomitization. Subsequent dolomitization may occur after
consolidation and uplift of the original material into a land
mass. Waters bearing in solution magnesium carbonate as
they traverse limestones exchange their less soluble mag-
nesium carbonate for the more soluble calcium carbonate,
molecule by molecule, and thereby the rock mass gradually
becomes dolomitized. Recent experiments show that marine
organisms secrete more magnesium than was formerly
supposed.

The existence of dolomites as true chemical sediments is
comparatively rare. According to J. A. Howe the Mansfield,
Fngland, dolomite falls into this class. G. Leube cites a fresh
water dolomite near Ulm, Bavaria. According to T. Scheerer
the oldest dolomites were formed as chemical precipitates.
The experiments of T. Sterry Hunt also show the possible
precipitation of dolomite.

Hot springs containing magnesium carbonate have been
shown by J. E. Spurr as potent factors in the dolomitization
of the limestone rocks around Aspen, Colorado. Where lime-
stones are intruded by peridotites such dolomitization may be
expected. In the absence of the limestones the transition may
be to a siliceous magnesite as in Troy, Vermont.



LIMESTONES, DOLOMITES AND MARBLES 143

According to F. W. Pfaff the products of organic decom-
position such as carbon dioxide, ammonium carbonate, am-
monium sulphide and hydrogen sulphide play an important
part in the process of dolomitization. Carbon dioxide acting
for a considerable period of time upon the chlorides and
sulphates of calcium and magnesium produces a double car-
bonate of the two bases. This condition is practically
paralleled in the concentration of sea water. Therefore by
this process dolomite may be formed. \

F. W. Clarke has suggested that algae may precipitate
dolomite or the mixed carbonates as they do calcareous marl.
It is apparent then that dolomite may be formed by various
processes and possess different modes of occurrence,

Dolomite Tests.—(1). Calcite effervesces freely in the pres-
ence of cold dilute HCl. Dolomite effervesces feebly under

Fig. 127.—Polished slab of quartzose marble from quarry of Hunt-
ington and Clough, Washington, Vermont. Photo. by C. H. Rich-
ardson.

the same condition. Magnesite similarly treated should suffer
no immediate change,.

(2) Calcite when treated with a solution of aluminum
chloride and haematoxylin (extract of logwood) receives a
violet coating. Dolomite under the same condition remains
uncolored.

(3) Pulverize a few grams of rock suspected to be dolomite.
Cover with water and add a few drops of phenolphthalein
solution. Calcite gives a strong coloration. Dolomite is but
slightly tinted.

Color.—Limestones, marbles and dolomites possess a wide
range of colors. They shade from the pure white like the
statuary marble of western Vermont to a jet black like that
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of Glens Falls, New York The cream, buff, brown, orange
and red tints are produced by varying amounts of the oxides
of iron, either in a hydrated or anhydrous condition. The
blue and some of the gray colors are produced by finely
divided carbonaccous matter. Clayey matter often presents
a drab or gray appearance in a limestone. Iron disulphide
in granules of microscopic size may produce a gray color.
Uncombined carbon in the larger amounts produces a black.

Hardness.—'T'he hardness of the calcarcous building stones
varies widely. Calcite alone is only 3 in hardness. Statuary
marbles possess the same degree of resistance to abrasion.
The state of aggregation of the individual grains affects the
hardness. The coquina of Florida, the coralline rocks of the
rcefs of many islands and the Caen marble of France are
extremely soft. The Bedford oolite is of medium hardness.
The siliceoug limestones of Vermont are extremely hard and
cut to a fine edge. (See Fig. 127.)

Specific Gravity.—'I'he specific gravity of limestones and
marbles varies from 2.7 to 2.9. Its weight per cubic foot is
a little higher than that of the average granite. With the
higher specific gravity the weight would be 131 1b. per cu. ft.

Distribution.—Some form of the calcareous building stones
is found in nearly all states and practically in all countries
of the world. Many of these are used only locally if at all.
Some have found favor both at home and abroad. The Bed-
ford, Indiana, oolitic limestone, the marbles of western Ver-
mont and Carrara, Italy, fall into this class.

Age—The limestones, marbles and dolomites do not belong
to any particular age. They are found in formations ranging
trom the Archaean to the Tertiary. Lime bearing formations
are accumulating at the present time.

AMERICAN LIMESTONES AND MARBLES

The various states producing calcareous rocks will here be
considered in alphabetical order.

Alabama.—Prof. W. F. Prouty of the University of Alabama
has kindly contributed the description of marbles {from that
state.

The marbles of Alabama may be classified as follows,
viz: (1) The variegated, red and green varieties of
Cambrian age from near Calera, Shelby County. (2) The
pink semi-crystalline marble of Ordovician age from near
Pratts Ferry, Bibh County. (3) The gray semi-crystalline
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marble from the sub-Carboniferous terranes of Jackson
County. This marble very closely resembles the McMullan
gray marble of the Knoxville district in Tennessee. (4) The
black marble from the carbonaceous crystalline limestones of
the Knox dolomite formation in Calhoun County. (5) The
onyx marble from near Childersberg, Talladega County. (6)
A white crystalline marble, constituting the chief marble de-
posits of the state, which varies in age apparently from
Middle Cambrian to Lower or Middle Ordovician. (See Figs.
128 and 129.)

The crystalline white marbles of Alabama are being rapidly
developed at the present time. These marbles are bringing
this state into prominence as a marble producer. It has
however been known for many years that good marble de-

Fig. 128.—Polished sample of cream No. 1 marble from Gantt’s
quarry, Alabama. Photo. by C. H. Richardson.

posits existed 'in” this state. Small quarries were opened and
the product used for monumental purposes. These monu-
ments have given to posterity the evidence of their long life
and beauty. These facts are responsible in no small measure
for the recent development of the marble industry in Alabama.
‘Monuments and tombstones set sixty years ago which have
been exposed to the most extreme weathering agencies of
that climate still preserve on their surfaces the very finest
lines of carving and lettering.

Texture—On the average the Alabama marbles are a little
finer grained than the crystalline marbles of Vermont. The
grains are also more interlocked. As a result of this fact the

10
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Alabama marbles have a slightly greater resistance to com-
pression, a higher tensile strength and a greater sonorousness.
Their translucency is unusually high. The chief impurities
are the light green talc layers, or schist bands, which mark
the original bedding planes. Some of the beds of marble have
a bluish tone but for the most part the marketed product is
a cream toned white with, or without, the coloring due to
the presence of the schist bands. (See Figs. 130 and 131.)

Uses—DMost of the Alabama Marble is sawed into thin slabs
for interior wainscoting as it seems best suited for this type
of ornamentation. It is also used for all kinds of interior and
exterior construction.

Fig. 129.—Polished slab of grade A marble from Gantt’s quarry,
Alabama. Photo. by C. H. Richardson.

Ouarries—At the present time there are four quarries in
active operation. The main one is located in about the center
of the marble field. It has a large mill for finishing the
marble. The other quarries either send their product direct
to this mill for manufacture or sell the stone in the block
form for $2.00 per cu. ft., or even more. Most of the product
sent to New York City is uncut on account of the organized
labor there which demands local finishing of the stone. (See
Figs. 132, 133 and 131.)

Structural Relations. — The crystalline marbles of Alabama
occur in a long, narrow and more or less well defined valley
which is about 35 miles in length and from a quarter of a
mile to a mile and a half in breadth. The Ocoee phyllite
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bounds the valley on the east. The marble is separated from
the phyllite for the greater length of the field by a thrust
fault. The marble bearing rocks in this so called marble
valley are also separated from the rocks on the west side of

Fig. 130.—Polished sample of cream B marble from Gantt’s quarry,
Alabama. Photo. by C. H. Richardson.

Fig. 131.—Polished slab of Pocahontas marble from Gantt’s quarry,
Alabama. Photo. by C. H. Richardson.

the area in many places by a fault. The marble beds have in
some places a strike at variance to the general trend of the
valley. This is especially true in the part of the marble area
where the marble bearing rocks reach their maximum width.
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Through this portion of the field the marble bearing rocks
constitute a fault block. The general dip of the rocks is
always in an easterly direction and at an angle of about 30
degrees. (See Fig. 135.)

Age—The age of the marble beds is apparently different
in the different portions of the field. It ranges from Lower
Cambrian to Ordovician. There is no definite paleontological

Fig. 132.—Gantt’s quarry Alabama, looking southwcs_t and showing
a fold in the rock which runs diagonally down the dip. Photo. by
W. F. Prouty.

evidence for assuming this age. The assumption is based
upon the character of the associated terranes.
Topography—There is not a natural rock exposure through-
out the entire length of the field save in places where it has
been faulted up or exposed in the bed of the streams. The
topography of the area is not only interesting but it also tells
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much concerning the character of the stones below the soil
cover. The Ocoee phyllites on the east make bold hills which
descend-rapidly into the marble area to their west. The dolo-
mites which often border the marble area on their west
occupy a slightly greater elevation than that of the calcitized
marbles. In their decomposition they form a soil of much
deeper red color. The above statements also hold true of
the dolomites that strike diagonally across the valley.
Bedding.—In most places the schistosity bedding as shown
by the schist lines is practically identical with the bench

| _SeSe

Fig. 133.—View of the sawing sheds at Gantt’s quarry, Alabama.
Photo. by W. F. Prouty.

joints. In other places however the variation is as much as
15 degrees between these two planes. This is in part due
to the drag folding of the layers during lateral movement.
The direction of the movement that caused this folding is
usually plainly shown on the slipping planes and may be seen
in some cases in the elongation of the crystals in that direction
as studied under the microscope.

Jointing—A study of the system of jointing in Gantt’s
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quarry shows that there are two distinct series of master
joints. One set is at approximately 45 degrees to the direc-
tion of movement. The other set is at right angles to this
direction. 'There is also a slight radiation in the direction
of the joints which was apparently caused by the tortional
strains set up in the rock during deformation.
Quarrying—'"The method of quarrying marble in Alabama
differs markedly from that followed in Vermont and Georgia.
Instead of quarrying on the level floor the blocks are taken

Fig. 134.—Sawing marble in the mill at Gantt’s quarry, Alabama.
Photo. by W. F. Prouty.

cut parallel to the dip. This method is made necessary on
account of the nature of the dip of the marble and the less
metamorphosed and compacted nature of the deposits. T'un-
nelling is resorted to in the Gantt’s quarry. This enables
the securing of a greater floor space with less expenditure
of money. It also insures a higher percentage of sound
marble because of its position below the most active zone
of weathering. The so-called slicks or vertical joints which
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run down the dip are greatly reduced in number and often
almost absent in the deeper portions of the quarry. At a depth
varying from 75 to 100 feet a much greater percentage of sound
marble is produced than at altitudes nearer the surface. The
percentage of sound marble that can be obtained in a given
quarry is much smaller than it is in Georgia. In Alabama the
usual quarry run of sound marble is between 20 and 30 per cent.
In quarries where the joints run at 45 degrees with the dip,
and the strike joints are of secondary importance, a much higher
percentage of marble can be secured by taking out the blocks
with the long cuts parallel to the main or 45 degree joints. This
method reduces the very wasteful diagonal unsoundness in the
blocks. See Fig. 136.)
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Fig. 135.—Cross section of Gantt’s quarry, Alabama. Drawing by
W. F. Prouty.

There are apparently several layers of the marble inter-
bedded with dolomite as in the case of the Vermont deposits.
In places the dolomite beds lens out completely. A careful
microscopic study of the line of contact between the dolomite
beds and the calcite beds shows that there are always, as far
as seen, sharp lines of demarcation between them. If the
dolomites are replacement products there must have been at
the time of their replacement a very marked favoritism on
the part of the magnesian salts towards these unfortunate
layers.
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Thickness—The thickness of the deposits at the Gantt’s
quarry is clearly shown in Fig. 137.

Arizona.—Three distinct types of marbles are quarried in
Arizona. They are used for decorative purposes. They are
classified as (1) Arizona Opal which shades from white
through cream yellow and pink. (2) Arizona Pavonazza
which shades from creamy white to pink with strong black

Fig. 136.—Gantt’s quarry, Alabama, looking northeast into narrow
opening. Photo. by W. IF. Prouty.

veins. (3) Arizona Pavonazza, heavy veined. Pavonazza
marbles are of creamy tint and may not be veined.
Arkansas.—According to J. C. Branner the northern part
of Arkansas is covered with a large belt of Ordovician marbles
which occur in beds varying from ten to one hundred feet in
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thickness. Blocks of any dimension desired can be obtained.
The marbles shade from white through pink to red. (See
Fig. 138.)

California.—The limestones of California are widely dis-
tributed throughout the state. No very extensive area is
without them, yet the areas themselves are not extensive.
In thickness the beds are sometimes several hundred feet.

"

Fig. 137.—View showing the initial stages of a tunnel in a marble
quarry in Alabama. Two tunncls are now utilized to increase the
floor space of this quarry. Photo. by W. F. Prouty.

They are most prominent in Kern, San Bernardino, San Diego
and Santa Cruz Counties. They were formed under different
conditions and vary in texture and composition. They vary
in color from white to blue. Some of them are used for build-
ing stone and others as decorative marbles. The large uses
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of the limestones proper are in the beet sugar industry, the
manufacture of lime and Portland cement.

According to T. C. Hopkins marble is produced in Cali-
fornia in Amador, Inyo, Riverside, San Bernardino and Tuol-
umne Counties. Some of the marbles are white, clouded,
variegated and others are of the onyx type. The beds in
Amador County vary in thickness from 100 to 200 feet. The
stone is light gray and blue in color. In Inyo County the
stone is a dolomite. The chemical analysis gives calcium
carbonate 5125 per cent, and magnesium carbonate 4445 per
cent. I'he marbles are white, yellow, gray and black. The
black is used in floor tilings. (See Fig. 139.)

T'ig. 138.—Red marble quarry, Furcka Springs, Arkansas. Photo.
by T. C. Hopkins.

California Onyx.—"The onyx marbles of California are noted
tor their perfect homogeneity of texture, microcrystalline
structure, degree of translucency and remarkable beauty. (See
Fig. 140.) Some of them are deposited by hot springs, some
by cold springs, while others are cave deposits. The finest
and best varieties consist of aragonite while others are calcite.
The largest and best deposit of onyx is found in San Luis
Obispo County. Hopkins also states that the onyx layers are
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irregular and vary in thickness from one to thirty inches. In
some instances the layers are white, massive and compact and
take a fine polish. Others are banded or variegated. In a few
cases the seams are filled with hematite which makes bright
red blotches or bands while other portions of the stone are
banded with a dark green color. The California onyx is con-
sidered by many to be superior to any other quarried or mined

Fig. 139.—Polished slab of variegated marble, Bagdad, California.
Photo. by C. H. Richardson.

Fig. 140.—Polished slabs of onyx marble, San Luis Obispo County,
California. Photo. by C. H. Richardson.

in the world. Verd antique marbles which in reality are ser-
pentines aré also produced in California. (See Fig. 141.)
Colorado.—The marble deposits of Marble, Colorado, are
100 feet in thickness and some six miles in length. Some of
this stone is exceedingly fine grained and pure white in color.
It receives a fine polish and competes with the pure white
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statuary marble of West Rutland, Vermont, the Carrara,
Italy, and those from the Island of Paros in the Grecian
Archipelago. A part of the deposit is tinted or veined with
some hydrated oxide of iron a golden yellow. This stone is
classified as the golden vein. (See Figs 142 and 143.)

The author has in his private collection several samples
of most beautiful sienna marbles from Colorado. They ap-
pear equal in every respect to the foreign siennas. (See
Fig. 1141)

Connecticut. — The first attempt to quarry marble in a
a systematic manner in the United States was made at Marble-

X

Fig. 141.—Verd antique marble quarry, Victorville, San Bernardino
County, California. Photo. by T. C. Hopkins.

dale in the town of Milford about 1800. Although many
quarries have been operated from time to time they are now
zbandoned. In the town of Canaan in the same county of
Litchfield is found a coarse crystalline dolomite that is white
in color and for many years it was extensively quarried and
highly prized for structural purposes. The State House at
Hartford, Connecticut, was built of this stone. It bears one
objectionable impurity, tremolite. The surfaces of many
buildings constructed of this stone have Dbecome pitted
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through the loss of the crystals of tremolite. Tremolite as
elsewhere noted often changes its color upon exposure to the
atmosphere. (See Fig. 145.)

Fig. 142.—Polished slab of Colorado yule marble, Marble, Colorado.
Photo. by C. H. Richardson.

Fig. 143—Polished slab of gold vein marble, Marble, Colorado.
Photo. by C. H. Richardson. Z

Delaware.—A coarse white dolomite occurs at Hockessin,
New Castle County. It is better suited for constructional
purposes than it is for decorative work.
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Florida. — This state has been somewhat noted for its
peculiar variety of structural material known as coquina.
These cemented fragments of shells were used largely in the
cities of St. Augustine and Fort Marion. The best represent-
ative of this stone is found on the Island of Anastasia about
two miles from St. Augustine. Coquina is fairly serviceable
in Florida but it would not weather well in northern climates

Fig. 144.—Polished slab of sienna marble from Colorado. Photo.
by C. H. Richardson.

Fig. 145.—State House, Hartford, Connecticut. By courtesy of
S. H. Camp.

on account of its great porosity. At Key West there occurs
a soft oolitic limestone that has been quarried to some extent.

Georgia.—'I'he most important marble belt in Georgia lies
in the northern part of the state in Cherokee and Pickens
Counties. These marbles are of uniform texture but much
coarser than the Vermont marbles. They shade in color from
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a pure white to blue and variegated. They take a fine polish
and many of them are beautiful. The pink variety is unique
as well as beautiful. In many ways it is unlike any other
known marble in this country. A chocolate red variety is
found in Whitfield County. Georgia Marbles are practically
pure calcite. They work easily and owing to the mildness
of the climate the quarries can be operated safely during all
seasons of the year. The commercial names given to these
marbles are Cherokee, which is a white calcite; Creole, which
is coarse grained, black and white mottled; Etowah, which
is coarse grained and flesh colored; Silver Gray Cherokee,

Fig. 146.—State House, Providence, Rhode Island, built of white
marble from Georgia. Photo. by C. H. Richardson.

which is in reality bluish gray; Southern, which is nearly
white with bluish gray markings. The State Capitol of
Providence, R. I., represents Georgia white marble. (See
Fig. 146.)

Idaho.—A small amount of marble to supply local demands
is quarried at Spring Basin in Cassia County.

Iowa.—The State of Iowa furnishes three widely different
types*of marble. That furnished by Marshall County near
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Le Grand is popularly known as Iowa Marble. [t is dolomitic
and contains massive beds beautifully veined with the oxides
of iron. 'The stone is prized for decorative work but does not
weather well on exposure to the atmosphere.

The Madrepore marble occurs in the vicinity of Charles
City in Floyd County. It is a dolomitic rock of Devonian
age. Certain strata furnish a coralline marble that is unique
and beautiful. Stromatopora fossils are abundant. The

I'ig. 147.—Longitudinal section of a small block of coralline marble,
Towa City, lowa. DPhoto. by C. H. Richardson.

Fig. 148.—Cross secction of coralline marble, lowa City, lowa.
Photo. by C. H. Richardson.

ground mass of the stone is a light drab but the fossils vary
i color from a yellowish brown to a deep mahogany. The
stone receives a high polish and is quite unlike any other
marble in the world.

The birdseye marble of Towa City is not oolitic as might
be implied by its commercial name. The coral, Acervularia
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davidsoni, constitutes the main mass of the stone. The corals
are perfectly cemented together by the deposition of calcium
carbonate from solution so that the stone receives a high
polish and is well suited for decorative work, provided blocks
of desired dimensions could be obtained. The writer has
many polished samples of this unique stone which are indeed
beautiful. (See Figs. 147 and 148.)

Fig. 149.—Lyman Hall, Syracuse University, Syracuse, New York.
The base course represents Gouverneur marble and the central
courses oolitic limestone from Bedford Indiana. By courtesy of
Syracuse University.

Illinois.—Adams, Cook, Kankakee, Madison and Will
Counties furnish a small amount of limestone for structural
purposes. Many of the quarries are fine grained, even tex-
tured and of light gray color.

11
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Indiana.—In this state Lawrence, Munroe and Owen Coun-
ties are the largest producers of limestone. The Bedford
oolite, named from the quarries at Bedford and its oolitic
structure, has justly won a wide reputation as a desirable
structural stone. 'T'he stone grades from fine to medium in
texture and from blue to buff in color. Sometimes these
colors are mixed. 'T'he oolitic texture is generally pronounced
but sometimes the rock is made up of minute fossils. The
stone is extremely soft when quarried but hardens upon ex-
posure to the atmosphere. It works easily and the finer
varieties are suitable for ornamental work. The stone
in structural work should always be laid so that pressure
is at right angles to the bedding planes. The Jewish Syna-
gogue on University Avenue in Syracuse and the central
courses in Lyman Hall at Syracuse University are of this
stone. (See Fig. 119.)

Kentucky. -—— The Bowling Green oolitic limestone has its
Lome in Warren County. As its name implies it closely
resembles the Bedford oolite already described. It however
differs from the Indiana stone in one respect. It may be set
with safety in any position in the walls of a building. It
is of fine even texture and when freshly quarried shows a
buff tint, which changes to a light gray upon exposure to the
atmosphere, duc to a loss of small quantities of included
petroleum.

Maryland.—T'wo localities in Maryland are worthy of men-
tion. The first of these lies about 15 miles north of the city
of Baltimore and furnishes the Cockeysville marble. This
is quarried at Cockeysville and Texas. It is an Ordovician
dolomite of pure white color and even texture. Washington
Monument on the banks of the Potomac contains this stone.
It also appears in the columns and heavy platforms of the
Capitol extensions at Washington, D. C. (See Fig. 150.)

The other locality is near Point of Rocks, Frederick County.
The stone is a conglomerate which is sometimes brecciated.
T'he pebbles are quartzose, the limestone fragments are dolo-
mite and the whole imbedded in a calcareous ground mass.
The stone is popularly known as the Potomac marble. This
stone was used in the pillars in the old Hall of Representatives
in Washington. (See Fig. 151.)

Massachusetts. — The marble areas of Massachusetts are
confined to the Berkshire Hills in the western part of the
state. Massachusetts marbles are of even texture, fine to
medium grained, and shade from white to gray in color.
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They are used for structural and ornamental work. The
Alford quarries produce monumental stone and the Lee quar-
ries the structural stone. From the last locality came the
marble for the Capitol extensions at Washington. The stone
often contains the objectionable constituent, tremolite, which
falls out on long exposure and leaves the surface pitted.
Minnesota.—The calcareous building stones of Minnesota
are situated in the southern part of the state near Minnesota
River. Two types are advertised. The Kasota marble and
the Mankato marble. They are both dolomitic and receive
a polish. The interior of the Capitol building at St. Paul is

Fig. 150.—View of Beaver Dam quarry, Cockeysville, Maryland.
By courtesy of the Maryland Geological Survey.

from the Minnesota dolomites. They are generally yellow
or yellowish brown in color.

Missouri.—The building stories commercially catalogued as
marbles in this state have a wide variety in color. The pure
white crystalline marble appears to be wanting. The colors
represented in Cape Giradeau, Iron and Madison Counties,
are gray, yellow, pink, red, green, purple and variegated. The
Monotone marble of Carthage is perhaps the best known.
Many of the above varieties are limestones rather than true
marbles.
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Montana.—I.ewis and Clark County f{urnishes a small
amount of marble that is very compact, of dark bluish-gray
color, and somewhat resembles the Italian black and gold
marble from the Spezzia quarries. The stone is often
traversed by wavy chrome-yellow bands.

Nevada.—According to J. F. Newberry the workable beds
of limestone within the state are situated in the Tempiute
Mountains in the southern part of the state. They present a

Fig. 151.—Potomac marble, Point of Rocks, Frederick County,
Maryland. By courtesy of the Maryland Geological Survey.

wide variety in color and texture and are equal in beauty
to the best imported marbles.

New Jersey.—The State of New Jersey produces two widely
different marbles in Sussex and Warren Counties. One is
known as the Kittatinny blue limestone which is used as a
structural stone for the local and Pennsylvania market. The



LIMESTONES, DOLOMITES AND MARBLES 165

other is known as the “ Rose Crystal Marble” from its pink
or rose color. These tinted crystals of calcite are associated
with black mica, a green pyroxene and a black tourmaline.
The stone is susceptible of a high polish and well suited for
decorative interior work.

New York.—There are four distinct belts of limestone, or
dolomites, or marbles, within the state.

(1) The Hudson River Belt—This field lies in.the south-
castern part of the state and strikes in a northerly direction.
The beds are tilted to a high angle, sometimes reaching the
vertical. The stone is a dolomite. The quarries of South
Dover produce the finest grained marbles of Westchester County.
The stone is white and is used mainly for structural work.
The Tuckahoe quarries produce a pure white marble of some-
what coarser texture that has been used to a considerable extent
for building purposes in New York City. The Metropolitan
Life building in New York is from this stone. The gray color
of many buildings from this stone is said to be produced by the
collection of dust upon its rough surfaces. The Pleasantville
quarries produce the coarsest grained stone of the three men-
tioned. The snow flake marble comes from a bed that is about
- 100 feet wide and snowy white in color.

The Becraft marble which is quarried on the west side of
the Hudson River resembles some of the Tennessee marbles.

(2) The Champlain Belt—'The southernmost quarries in this
district are situated at Glens Falls, a little to the south of Lake
George. The stone is of dark bluish-black color and of very
fine texture. In composition it is dolomitic. The stone receives
a high polish equal to the famous Irish black and Belgian
black marbles so often imported for decorative effect. Small
hand samples when polished are of lustrous black color, while
much larger samples sometimes show the presence of small
white fossils. T'he same type of black marble is also quarried
at Willsborough in Essex County. To the inexperienced these
stones appear equal to the famous Irish black marbles.

A verd antique marble which in reality belongs to the ser-
pentine group of decorative stone is quarried at Port Henry in
the same county. The marble consists of serpentine decked with
calcite and dolomite. It is used for interior work.

The Chazy limestone, which often takes a good polish, is
quarried at Chazy and Plattsburg in Clinton County. The stone
is often replete with fossils. The Lepanto marble is a fine
grained variety of gray color and rich in white and pink colored
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fossils which afford a strong contrast. The French gray bears
larger fossils than the Lepanto marble.

(3) The St. Lawrence Valley Belt—Gouverneur is situated
on the western side of the Adirondack Mountains in St. Law-
rence County. Gouverneur marble is dolomitic in composition,
of light gray color, of coarse texture and receives a high polish.
It is used for monumental work, for decorative interior effect
and for constructional purposes. 'This marble is of pre-Lauren-
tian age.

The Lowville (“Birdseye”) limestone is quarried at Lowville
and along the West Canada Creek.

”
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Fig. 153.—Niagara limestone, Rochester, New Yeork. ‘Whitmore,
Rauber and Vicinus quarry, North Goodman Street. Base of the
Lockport and upper Rochester shale. Photo. by H. L. Fairchild.

(4) The Central Belt—This belt strikes in a westerly direc-
tion through the central part of the state. 'The Manlius lime-
stone is of gray or dark gray color, of fine even texture and
quarried extensively in the vicinity of Syracuse for underpinning
and rough-faced blocks. The Onondaga limestone is of light
gray color, medium texture and quarried for structural purposes.
The Hall of Languages, which was the first building constructed
at Syracuse University, represents this stone. A part of the’
Onondaga limestone is sufficiently crystalline to receive a good
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polish and is therefore a marble. (See Fig. 152.) The Niagara
limestone of Lockport and Rochester is of medium texture, soft
gray color and quarried extensively for both structural and
ornamental work. (See Figs. 153 and 151.)

The Gasport Hmestone, which is crinoidal, is quarried at Lock-
port. The Trenton limestones are quarried at Trenton Falls,
Many buildings in Utica have been constructed from this stone.

North Carolina.—Marble deposits occur in this state in
Cherokee, Madison, McDowell and Swain Counties. 'Their gen-
eral strike 1s to the northeast. Thev are from fine grained to
nmedium texture, and of white, creamy white, gray, green, pink,

Fig. 154.—Decew limestone, Rochester, New York, Rauber and
Hagaman quarry, North Goodman Street, looking north. Photo. by
H. 1. Fairchild. °

and red colors. They may he used for ecither structural or
decorative purposes.

Ohio.—Limestones and dolomites in Ohio are quarried to
some extent for structural purposes but the major part of the
production finds use along the engineering lines of paving, flag-
ging, crushed stone, manufacture of lime and as fluxing ma-
terial.

Pennsylvania.—According to G. P. Merrill marble quarries
were opened in Montgomery County about the time of the Revo-
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lutionary War, and up to 1840 the stone was a favorite for
the better class of stome buildings in and about Philadelphia.
The Sarcophagi of President and Martha Washington, at Mount
Vernon, represent this stone. In Chester County at Avondale
a white dolomitic marble is quarried for structural work. (See
Fig. 155.)

Tennessee.—More than 25 counties in this state are capable
of producing marbles which present a wide variety in colors.
They are grayish-white, olive-green, brownish-red, chocolate-
red and pink in color. In texture they are medium to coarse
grained. They are of high compression strength, weigh about

Fig. 155.—Limestone quarry at Bellefonte, Pennsylvania. Photo.
by T. C. Hopkins.

180 ‘pounds to the cubic foot, take a good polish and weather
well. The finer and evenly crystalline varieties of beautiful
pink color, often traversed with narrow, zigzag black bands,
are widely used for wainscoting, table tops and counters. The
chocolate-red variety which is variegated and fossiliferous is
a very popular paneling stone. Other uses of Tennessee
marble are for tombstones, monuments, switchboards and
tiling. (See Figs. 156, 157, 158 and 159.)
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Vermont.—According to C. H. Hitchcock the first marble
quarry opened in Vermont was in Isle La Motte prior to the
Revolution. . M. Seely cites quarries opened in Dorset in
1785 by Isaac Underhill. Since the early inception of the
marble industry Vermont has taken the rank of first producer.
At times Vermont has furnished more than three-fourths of

Fig. 156.—DPolished slab of No. 1 Tennessee marble, Meadow,
Tennessee. Photo. by C. H. Richardson.

Fig. 157—Polished sample of dark cedar marble, Meadow, Tennes-
see. Photo. by C. H. Richardson.

the total production of marble for building purposes in the
United States and four-fifths of the monumental marbles.
DistriBuTiON.—The marble belts of Vermont fall into six
districts.
(1) The Rutland District; this belt has been by far the
most important producer. (2) The Champlain District.
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(3) The Plymouth District. (4) The Isle La Motte Dis-
trict. (5) The Washington District. (6) The Roxbury
District.

Tue Rurcaxp Berr—The Rutland marbles are mainly sit-
uated in Rutland County but quarries have been worked to the
north in Addison County and to the south in Bennington County.

Fig. 158—Polished slab of gray Tennessee marble, Meadow, Ten-
nessee. Photo. by C. H. Richardson.

IA*‘ig. 159.—Polished slab of champion pink marble, Meadow, Ten-
nessee. Photo. by C. H. Richardson.

The beds of marble themselves vary widely in thickness, from
6 feet to 100 feet or even more. In texture they are usually
fine grained. In color these marbles are in part a pure white,
sometimes gray, banded, variegated, deep bluish black and
occasionally greenish.

Dorset Mountain—On practically all sides of this mountain
beds of good marbles have been quarried. The quarries of J. K.
Freedly and Sons are situated on the east side of the mountain.

2
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The quarries are about 1,000 feet above the valley and capped
by about 500 feet of slate. The method of quarrying is in part
open cut work and in part a room and pillar method. In the
latter case large pillars of marble are left to support the roof
of slate that overlies the marble. 1Nost of the product of the
Freedly quarries is shipped to Philadelphia. On the southeast
side of the same mountain are found the so-called “blue ledge

~ Fig. 160.—View of marble quarry at West Rutland, Vermont, show-
ing dip of the marble beds. Photo. by C. H. Richardson.

quarries.” It is a very handsome bluish marble that is not ex-
tensively worked. The Iidison quarries are situated on the south-
west side of Dorset Mountain. These quarries like some of the
marble quarries of Brandon and Pittsford show the peculiarity
of the beds when traversed with the channelling and gadding
machines of springing up from the floor of the quarry and
tightly holding various tools in the work.
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The quarries of the Dorset Mountain Marble Company
are situated on the west side of Dorset Mountain. Borings
have here revealed the marble beds several hundred feet
in thickness. The marble is largely variegated. Many abandoned
quarries are found all around the mountain.

West Rutland—About 25 quarries in the neighborhood of
West Rutland are owned and operated by the Vermont Marble
Company, which is the largest marble company in the world.

Fig. 161.—Interior view of marblc quarry, West Rutland, Vermont,
showing dip of the marble benches. Photo. by C. H. Richardson.

The marble beds lie on both sides of a ridge that stretches from
the southern boundary of Rutland northward to the northern
boundary of Middlebury. The beds vary from 100 to 200 feet
in thickness, although important beds are often much thinner.
The more important deposits lie on the western side of the ridge .
where the angle of dip varies from 45° to 80° to the east. (See
Figs. 160 and 161.)
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Fig. 162.—Sutherland Falls quarry, Proctor, Vermont.
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“Covered Quarry”—This quarry is 300 feet deep with two
tunnels some 250 feet in length running under the cliffs. The
beds are so free from joint planes that blocks of any size desired
are obtainable. According to G. H. Perkins the texture is quite
uniform throughout. The beds vary widely in color. Some
layers produce a pure white statuary marble which G. P. Merrill
says lacks the mellow waxy luster of its Italian prototype. How-

Fig. 163.—Marble quarry, Proctor, Vermont. Photo. by C. H.
Richardson.

ever, the author has seen two statuettes side by side, one cut
from the Rutland statuary marble and the other from the Italian,
which practically every visitor declared came from the same
quarry. Other beds are gray, yellow, light brown, olive, green,
blue and variegated. In one quarry there are 15 Ireds that vary
in thickness from two to ten feet and vary widely in texture,
color and value.
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The Fighteenth Annual Report of the United States Geological
Survey furnishes the following data on a geological section of
the West Rutland quarries.

White marble (blue marbletop).................. 20 feet
Green striped ... ... . i i 2 feet
White statiary ........c.ovieiiiiiiiiai.. 3-0 feet
Striped ornamental ... Lo o oo L 2-6 feet
White statuary .........c. i 3-0 feet
Layer partly green and partly white............... 4 feet
Green and “Brocadillo”. . .................... ... 2%-3 feet
Crinkly siliceous layer, half light, half dark........ 2-3 feet
Light and mottled. ... ... oo o oL 4-6 feet
CheEmSEDEIl Yo o 20 63 596 06099 0 890 0066 odo de8eds ot 6 inches
WSIHEE o560 dolb.00 0B 45.d 0.0 0ol oBIoB o d'a a6 o6 5.dB 008 a6 ¢ inches
Half dark green and half white.................. 3-6 inches
TN DI oot o Sl ko B o 00 B o | ot 15-20 inches
Mottled limestone . ... ... ..o i i

Proctor—'The town of Proctor formerly known as Sutherland
Falls, is another important marble producer. The quarry floor
covers about three acres while the marble walls rise over 200
feet above the floor. On the floor the beds lie in nearly a hori-
zontal position with some evidence of an anticlinal arrangement.
The colors range from nearly white to dark gray. (See Figs.
162 and 163.)

“Mourning Vein."—The marble of this quarry is of very fine
texture with numerous wavy and almost black markings. H. M.
Seely says ““I'hat it would be interesting to know the origin of
these mourning marbles, in which the white and black are so con-
spicuously mingled. The material giving the black appearance is
undoubtedly carbon, and probably in character approaching the
graphite which marks the coarsely crystalline limestones of the
Adirondack region. \When freely exposed to a high heat the
dark color disappears, leaving a white line. The conjecture
might be ventured that the rock was originally of different chem-
ical composition in the different parts. In the white the oxidation
of the carbon was complete during metamorphism, while in the
dark the oxidation was interfered with. A second theory would
be that during the metamorphism the particles of carbon moved
together and became aggregated as in the Adirondack marble.”
The first theory is supported by an actual difference in chemical
composition as the dark portions carry insoluble siliceous
minerals that are absent in the white portions.

Pittsford —There are three marble beds in Pittsford, which
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strike north and south, and vary from 200 to 400 feet in width.
The marbles vary from white to a dark blue. The quarries now
in operation produce the latter variety.

Brandon—About half a mile south of Brandon station are
situated the long narrow beds of Brandon Italian marble. The
beds are about 8 feet thick and channelling machines are used
to cut the stone. The Bardillo quarries are situated about two
and one-half miles southwest of Brandon station. These
quarries produce a unique marble that is strongly marked with
narrow veins that traverse the stone in zigzag lines with some
regularity. The colors shade from light to dark gray. (See Fig.
164.) '

Age.—The age of the marbles of this most important marble
belt of America is Ordovician. Some of the lower beds of the

Fig. 164—Polished slab of Italian marble, Brandon, Vermont.
Photo. by C. H. Richardson. :

West Rutland quarries may yet be proven older than the Chazy
division of the Ordovician and the uppermost beds may be
younger than the Chazy. In the main they are Chazy. The
dolomite beds are probably of Cambrian age.

The Vermont Marble Company, which operates the great
majority of the quarries in the Kolian or Rutland district has
kindly furnished the following list of varieties with their char-
acteristic trade names. The list includes seven marbles from
the Winooski district and one from the Roxbury district.

Albertson, extra dark.—This marble has long been known as
the Esperanza. It is one of the darkest of the Vermont marbles.

12
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The ground mass is thickly covered by darker veins in many
cases more or less confluent. The quarries are at West Rutland.

American Pavonazzo—The ground is a delicately shaded
creamy white or light yellow. The stone is veined with many
shades varying from light to almost black. The quarries are at
West Rutland.

American Yellow Pavonasso—"The ground is a light vellow
cr yellow salmon. The green clouds are very irregular and
sintous. The contrast is strong. The quarries are at \West

Rutland. (See Fig. 165.)

< &
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Fig. 165.—DPolished slab of American pavonazzo marble, West Rut-
land, Vermont. Photo. by C. H. Richardson.

Awenatto—This marble has a very light ground with many
light brown veins fading to a smoke brown. ‘The veins are very
irregular and extend in different directions. T'he stone is quarried
at Florence.

Best Light Cloud Rutland —At a distance this stone appears
white. It contains a very small amount of coloring matter. The
stone is quarried at West Rutland.

Brandon Italian—As the name implies, this marble somewhat
closely resembles the ordinary imported Italian marble. The
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ground is white but more or less thickly veined with black or
bluish lines, or spots, or blotches. The quarries are at Brandon.
(See Fig. 166.)

Brocadillo.—This is a green marble. The ground is a greenish
white in which there are veins and clouds of varying shades of
green. The quarries are at West Rutland.

Cipollino—The general color of this marble is a sllghtly
yellowish green. Three varieties are recognized, light, medium

and dark. The stone is obtained from the Westland quarry at
West Rutland.

Fig. 166.—Sarcophagus constructed by the Vermont Marble Com-
pany. By courtesy of the Vermont Marble Company.

Dark Florence—The bluish ground of this marble is abund-
antly veined by regular and fairly straight lines, or bands, which
are often confluent. The quarries are at Florence.

Dark Vein True Blue—~This stone is one of the darkest of the
blue marbles but lighter than the Albertson. The quarries are
at West Rutland. (See Fig. 167.)

Dorset Green Bed—The ground of this marble is white or
greenish with streaks and bands of varying shades of green. The
quarries are at Dorset.

Dorset A—The ground of this marble is almost white with a
slight yellowish tint clouded by faint greenish or olive patches.
The quarries are at Dorset.
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Dorset B—"The ground is nearly white with irregular bands
of creamy white alternating or blending with streaks or clouds
of greenish shades. The quarries are at Dorset.

Dove Blue Rutland —'"The stone is of gray-blue color. Some-
times it is of Quaker drab color. This bed carries the well
known fossil, Maclurea magna, which fixes definitely the age of
the formation. The quarries are at West Rutland.

Esperanza—The ground of this stone is a dark bluish gray
and through this there are lines and veins of still darker shades

Fig. 167.—Polished slab of true blue marble, West Rutland, Ver-
mont, showing faults. By courtesy of the Vermont Marble Company.

of the same color and others are nearly black. The quarries are
at West Rutland.

Fisk Black—Some of the layers of this marble are so dark a
grade that when they are polished they appear a jet black. The
quarries are on Isle la Motte.

Florentine Blue—'This marble is of medium tone, lighter than
most of the blue marbles and darker than others. \When polished
it is of dark dove shade. The quarries are at Pittsford.
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Fig. 168.—American eagle cut from Vermont white marble. By
courtesy of the Vermont Marble Company.
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Jasper—All of the varieties are red or reddish in color with a
good deal of white calcite and quartz. The jasper marbles receive
a high polish and are very lasting. The quarries are at Swanton.

Light Rutland Italian.—This marble has large areas of fairly
white color with a few clouds shading out into the white ground.
It has much the appearance of the common Italian marbles. The
quarries are at West Rutland. (See Fig. 163.)

Light Sutherland Falls—This marble is nearly pure white but
in the ground there are distributed numerous and quite distinct
dark bluish veins. The quarries are at Proctor.
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Fig. 169.—Polished slab of listavena marble, West Rutland, Ver-
mont. Photo. by C. H. Richardson.

Listavena—'This is a veined marble and one of the best for
interior work. ‘The white bands alternate with shades of green
or olive. The quarries are at West Rutland. See Fig. 169.)

Levido—The ground of this marble is a light bluish gray with
numerous veins, lines and blotches of a much darker hue. The
quarries are at West Rutland. (See Fig. 170.)

Lyonnaise—"The red color in this marble is darker than that
in the Jasper. The veins are dark and lighter shades of red.
Some of the veins are white. The quarries are at Swanton. (See
Fig. 111.)
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Marine Venoso.—The confluent veins and bands of this marble
form bold masses of shades of green, darker and lighter, with
broad wavy bands of white and sometimes pink colors. The
stone closely resembles some of the Georgia marbles. The
quarries are at West Rutland.

Moss Vein—In this marble the two colors, a dark gray and
a white, are peculiarly intermingled. The darker shades pre-
dominate. The quarries are at Dorset.

Olive—As the name implies the ground of this marble is a

Fig. 170.—Polished slab of livido marble, West Rutland, Vermont.
Photo. by C. H. Richardson.

drab or olive drab. In many pieces of the marble there are vary-
ing shades of red, mostly quite light. The quarries are at
Swanton.

Oriental—This peculiar marble presents an intermingling of
red, brownish red, purplish red and clear white colors. It is one
of the finest and most beautiful of the Vermont marbles. The
quarries are at Malletts Bay. (See Fig. 172.)

Pink Listavena—This marble is delicately shaded in the ex-
quisite pink ground and the equally shaded greenish veins and
Lbands. The quarries are at West Rutland.

Riverside.—This is a light pearl white variety. There are some
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bluish veins, spots and bands. The usual waste found in most
quarry openings is absent here. The quarries are hetween
Proctor and Rutland.

Royal Red —This stone is for the most part a deep Indien red,
with a blending of dark and rich shades. "The quarries are at
Swanton.  (See Fig. 173.)

Rubio.—This marble is a light salmon pink with softly shaded
light green or greenish veins. The quarries are at West Rutland.

Rutland Building.—'T'his is one of the more common white
marbles used for building purposes. The quarries are at West
Rutland.

Fig. 171.—Polished slab of lvonnaise marble, Swanton, \crimont.
Photo. by C. H. Richardson.

Special Rutland Italian—'This stone is less clouded and more
distinctly veined than the Light Rutland Italian marble. 'The
quarries are at West Rutland.

Standard Green—The green shades are the most prominent
with smaller areas of white, pink and very light bluish shades.
The quarries are at West Rutland.

Swanton Dove~—This marble is a drab or bluish gray varied
by pure veins, white spots and blotches. The quarries are at
Swanton.
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True Blue—This marble has a medium ground which is
crossed by dark to black bedding planes. The quarries are at
West Rutland.

Verd Antiqgue—This stone is a serpentine. It will be described
more fully in Chapter VIL. It is a marble only in a commercial
sense. The rock is of dark purplish or greenish color in the mass
and plentifully veined with dolomite. The quarries are at Rox-
bury. (See Fig. 174.)

Verdoso.—In this marble the shades vary from apple green to
dark and even black. The quarries are at West Rutland. (See
Fig. 175.)

Fig. 172.—Polished slab of oriental marble, Malletts Bay, Vermont.
Photo. by C. H. Richardson.

Vert de Mer—The general tone of this marble is light with a
few small and dark veins. The peculiar mottled effect causes
the surface of the stone to appear covered with slightly rippling
water. The quarries are at West Rutland.

Westland Cream.—This marble was formerly called Rosaro.
The most common tone is a light yellow with more or less of a
salmon tone. The quarries are at West Rutland.

Turg WinNooskr District.—This belt of calcareous rocks ex-
tends southward along the eastern shore of Lake Champlain
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from the International boundary on the north to Shoreham. The
belt is narrow and practically parallel with the Champlain coast
line. The marbles are commercially known as the Champlain
marbles. The thickness of these beds will be seen in the geo-
logical section cited a little later in this work.

Origin—"The origin of these unique marbles differs so widely
from the true metamorphic marbles of West Rutland that it
deserves special mention. They represent beds of siliceous
sediments, highly calcareous, which are now substantially in the
same condition as when they were originally deposited. They
have never suffered the characteristic metamorphism of the true
marbles. In this respect they differ widely from all other marbles
of the state save the marbles of Isle La Motte which in reality are
limestones.

Fig. 173.—Polished slab of royal red marble, Swanton, Vermont.
Photo. by C. H. Richardson.

Color—'The color is chiefly some shade of red. Light red,
dark red, yellowish red, pink, reddish brown, olive, light green
and even white marbles are encountered. In texture these
marbles are fine grained to medium and very hard.

Composition—In composition these marbles may be classified
as silicecous dolomites. The calcium carbonate ranges from 30
to 40 per cent; the magnesium carbonate ranges approximately
the same; the silica from 10 per cent upwards, while iron and
alumina are present in smaller proportions. Specimens taken
for analysis from different places in the same quarry, or from
different quarries would yield different results. The old red
sandrock, of which these beds form a part, consists of sand held
together by a calcareous and ferruginous cement. Some of the
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layers appear quite different from the old red sandrock, while
others pass into it by insensible gradations. The marble beds
themselves appear just north of the city of Buriington and ex-
tend in a northerly direction through St. Albans to Swanton.
The Barney Marble Company, now a part of the Vermont
Marble Company, operates the great majority of the quarries in
this district. More than 30 varieties are produced. The stone
is far better suited for decorative interior work than it is for
monumental or structural purposes, as the stone exposed to the
weather, fades to a somewhat limited extent. The stone when
protected from the inclemency of the weather is always perma-

Fig. 174.—Polished slab of Verd antique marble, Roxbury, Ver-
mont. Photo. by C. H. Richardson.

nent in color. This stone can be seen in the wainscoting in the
corridors in the Capitol at Albany, N. Y., and in the Astor
library in New York City.

The possibility of the large number of varieties obtainable in
this belt is explained by the fact that the upper and lower sur-
faces vary greatly in the same slab. Variations also are produced
by cutting the stone at one time parallel with the planes of
sedimentation and at another time transverse to these planes.
In fact, any deviation in cutting gives different results in color
or varieties of color.
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A breccia marble containing fragments of broken material
ranging in size from a small fraction of an inch to many inches,
enclosed in a dark red paste, furnishes one of the handsomest
varieties. The angularity of some fragments is perfect, for the

naterial appears to have been one larger piece when first held
in the paste and subsequently broken. In such instances the
iractured parts correspond perfectly with each other. In other
cases the structure conforms to that of an inter-formational con-
glomerate. Here the angularity of the fragments is lost for the
material was well worked before cementation became complete.

The following geological section (reading down) was worked
out by W. . Logan and modified by G. H. Perkins.

- P 4
Rkl o

Iig. 175.—Polished slab of Verdosa marble, West Rutland, Ver-
mont. Photo. by C. H. Richardson.

White and red dolomite (\Winooski marble) with sandy
layers; some of the strata are mottled, rose red and

white, and a few are brick red or Indian red....... 370 feet
Gray argillaceous limestone, partly magnesian........ 110 feet
Buff sandy dolomite........... .. ... i 40 feet

Dark gray and bluish black slate, partly magnesian,
with thin bands of sandy dolomite................ 130 feet
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Rands of bluish mottled dolomite, mixed with patches

of gray pure limestone and gray dolomite and bands

o fugraysmicaceotshilagStone e S b SR i 60 feet
Light gray more or less dolomitic sandstones, some of

which are fine grained, others are fine conglomerates.

These are interstratified with bands of a white sand-

StoTIe ! L ALE MAser LN P8 Crinr b L (Tl Bored i SR S 630 feet
Bluish thin bedded argillaceous flagstones and slates... 60 feet
Bluish and yellow mottled dolomite................. 120 feet
Yellowish and yellowish gray sandy dolomite......... 600 feet

To which Logan adds in Canada
Buff and whitish sandy dolomite, holding a great
amount of black and gray chert in irregular frag-
ments of various sizes up to a foot in length and six
inches wide (thickness estimated)................ 790 feet

2910 feet

Fig. 176.—Polished slab of quartzose marble from R. F. Richardson
quarry, Washington, Vermont. Photo. by C. H. Richardson.

Age~—The Champlain marbles are older than those of West
Rutland. The red sandrock which carries the beds of widely
variegated marbles is specifically recognized as Lower Cambrian,
from the presence of its fossil content.

Tre Prymourrn BEerr.—The highly variegated marble of
Plymouth covers a large part of the township bearing that name.
The beds are about 250 feet above Plymouth Pond and some
six miles from the railroad station at Loudlow. The marble
beds are associated with talcose schists and strike north 10
degrees west with dip 60 degrees to the east. T. N. Dale
considers these marbles of Cambrian age.
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Composition.—The marble is practically a pure dolomite, as
will be shown in the analvses of marbles given for reference. It
is of fine grain, even texture, of white and variegated colors,
often banded, splits well in all directions and strongly resists
atmospheric influences. The distance from the railroad does not
permit this decorative marble to actively compete with the Rut-
land and Champlain marbles.

Istr La Mottt BELT—On Isle La Motte in Lake Champlain
there are extensive beds of Hmestone, some of which are suscep-
tible of a high polish. They are of fine even texture and in color

Fig. 177.—Blocks of quartzose marble showing character of freshly
broken surface. The two larger pieces are Washington marble and
the smaller one is Waits River marble. Photo. by C. H. Richardson.

gray to black. The black varieties become at times mottled in
appearance due to numerous small fossil fragments. The black
color is due to the presence of uncombined carbon. Many
samples of this variety take a polish equal to that of the famous
Irish and Belgian black marbles. The beds lie in a nearly hori-
zontal position and vary from two to ten feet in thickness. The
entire limestone beds represent about thirty feet of rocks. The
stone from the Goodsell and Fleury quarries is mainly gray in
color and placed on the markets as “French gray” marble. The
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stone from the Fisk quarries is mainly black and sold as “Fisk
black” marble. The stone is in a large demand for bridge piers,
foundation work and decorative interior work. These limestones
represent a deep stillwater deposit that since deposition has been
but slightly disturbed.

Age—The age of the gray limestones is lower Chazy and of

Fig. 178.—Monument cut from Washington marble, Washington,
Vermont, showing marked contrast between the hammered and pol-
ished surfaces. Photo. by C. H. Richardson.

the black middle Chazy, which places them both in the Chazy
division of the Ordovician.

TuE WasuHINGTON District.—This district is named from the
township of Washington in Orange County, where several
quarries have been opened and abandoned. The beds here lie in
a nearly horizontal position with a pitch of three to five degrees
to the north and a strike of north 20 degrees west. Some of the
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sheets are from eight to ten feet in thickness and from ten to
one hundred feet in length. The stone hammers white and tte
polished letters are legible to a greater distance than the
letters on any known granite. (The author has personally
made over 1,500 of these tests.) The stone cuts to a fine edge
and takes a high polish. The polished surface, which is uni-
formly dark gray, is permanent when not exposed to the
corrosive agents of the atmosphere. The stone is used for
underpinning and monumental work. (See Figs. 116, 177 and
178.)

Waits River—The marble here instead of being uniformly
dark gray like most of the Washington marble, is plicated or
beautifully banded and mottled in appearance. 'T'he stone has
been quarried and used to some extent for moaumental work.

Fig. 179.—Polished block of Waits River marble, Waits River,
'\/ermont, from H. C. Richardson quarry. The sample was polished
in 1893 and photographed in 1916. Photo. by C. H. Richardson.

Tt is better suited for decorative interior work than for structural
purposes. (See Fig. 1719.)

The belt of limestone in which these two marbles fall stretches
in a northeasterly direction across the entire state and reaches
o« maximum width of over thirty miles. Some beds are known
to be over 200 feet in thickness.

Quarries of these quartzose marbles can be opened in Cale-
donia, Orange, Orleans, \Washington and Windsor Counties.
These deposits are best catalogued as marble reserves. (See
Fig. 180.)

Origin—"These limestones represent a deposition of siliceous
sediments that were largely calcareous. 'They carry from 25 to
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35 per cent of silica, from 50 to 60 per cent of calcium car-
bonate and less than 5 per cent of magnesium carbonate. 'The
beds of limestone pass sometimes by insensible gradations into
a calcareous sandstone.

Age—The age of these marbles, based upon paleontological
evidence, is Ordovician.

Rhodonite—This rock occurs at Waits River, Vermont, in
masses of sufficient size to be of commercial significance. It is
susceptible of a high polish. It is a silicate of manganese, and
may be catalogued as a minor decorative stone. (See Fig.
181.) »

Twr Roxsury District—This little district is situated on the
height of land along the Central Vermont railroad between
Montpelier, the Capital of the state, and White River Junction.

Fig. 180.—Thin slab of unpolished quartzose marble from St. Johns-
bury, Vermont. Photo. by C. H. Richardson.

The place where the quarries were opened by the American
Verde Antique Company is about eighty rods from the Roxbury
Station.

These properties were worked for many years by the Barney
Marble Company of Swanton, Vermont. They are now owned
and operated by the Vermont Marble Company of Proctor, Vt.
The Barney Marble Company, however, is permitted to retain
its name.

Mineral Composition—"This stone, strictly speaking, is not a
marble but a serpentine. It consists of a mixture of serpentine,
talc and dolomite. Chrysotile, antigorite and magnetite are asso-
ciated minerals. The serpentine of the Roxbury area is overlaid

13
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by green chlorite schists. The serpentine itself is one of the most
beautiful of all known rocks for decorative interior work. It
receives a high polish which is permanent indoors but the stone
fades somewhat on exposure to the atmosphere. The main color
is a deep green traversed by a network of white veins, and often
patches of black. It is unquestionably one of the most desirable
of all verd antique marbles. (See Ifigs. 182 and 183.)

For a fuller description of this serpentine belt see Vermont in
Chapter VI1I.

¥ : %4 g e
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Fig. 181.—DPolished block of rhodonite, Waits River, \Vermont.
Photo. by C. H. Richardson.

A larger amount of space than would normally be allowed has
been accorded to the marbles of Vermont because of the rank
the State enjoys as a marble producer.

Virginia.—'T'he limestones and marbles of this state occupy
a considerable area to the west of the Blue Ridge Mountains.
They are of Cambro-Ordovician age. G. P. Merrill recog-
nizes the following varicties: (1) New Market and Wood-
stock marble, which is somewhat coarse textured and sun-
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colored. (2) New Market also produces a coarse grained,
mottled and bluish marble. (3) Buchanan marble, which is
fine grained and gray. (4) Lexington marble, which is fine
grained and pure white. (5) Giles County marble, which is
fine grained and red. (6) Blacksburg marble, which is fine
grained and black. (%) Craigsville limestone, which is pink,

Fig. 182.—Unpolished block of Verd antique marble, Roxbury,
Vermont. Dimensions 6 by 10 feet. Photo. by C. H. Richardson.

spotted, and receives a good polish. (8) Tye River marble,
which is pure white in color and suited for statuary uses.
(9) Goose Creek marbles, which are fine grained, white, pink
and verd antique. (10) Luray marbles, which are obtained
from the stalagmites and stalactites of the Luray Caverns.
Some of these onyx marbles are susceptible of a fine polish.
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FOREIGN LIMESTONES AND MARBLES

Africa—According to G. . Merrill the collection of marbles
in the National Museum from Africa contains a large number
of handsome marbles of smooth surface and high polish desig-
nated in the marts of trade under the following names: jaune,
antique doré, pavonazzo rosso, jaune chiaro ondate, jaune rosé,
rose clair, breche sanguin, and jaspe rouge.

._.'m‘, ‘Au
Fig. 183.—O0OI1d quarry in verd antique marble, Roxbury, Vermont,

showing bench marks produced in quarrying the stone. Photo. by
C. H. Richardson.

Austria—According to J. A. Howe crystalline limestones
and marbles of great beauty and value for both structural and
ornamental work occur in Galicia, Hungary, Silesia and T'yrol.

Belgium.—The Belgian marbles are white, gray, blue, black
and veined. The Belgian black marble is extremely fine
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grained like the Irish black and receives a fine polish. Five
black marbles whose polished surfaces closely resemble each
other and which are substituted somewhat for each other for
decorative interior work are the Irish black, the Glens Falls
black, the Belgian black, the Italian black and the Isle La Motte
black. (See Fig. 184.)

Bermuda.—According to W. N. Rice most of the homes of
Bermuda are built of a soft friable shell and coralline lime-
stone that is a pure white. The stone is whitewashed to pre-
serve it, even in the mild climate of Bermuda. It would not
withstand the action of frost in the northern portions of the
United States. The Bermuda limestone is in part eolian—a
cale-sand dune deposit.

Fig. 184.—Polished slab of Belgian black marble. Photo. by C. H.
Richardson.

British Columbia.—The marbles of British Columbia are
well suited for structural and ornamental work. They are
white, gray, pink mottled and variegated. They are especially
abundant on Taxada and Vancouver Islands.

England.—According to J. A. Howe the calcareous forma-
tions of England occur in the Devonian, Lower Carboniferous,
Jurassic and Chalk formations. The largest and best quarries
in the Devonian rocks are found in South Devon. The pre-
vailing colors are white, blue gray, dark gray and pinkish
gray. They are well suited for constructional work but not
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for piers and breakwaters. The Carboniferous limestones
occur in Derbyshire. The stone is fine grained, even textured,
of cream color and weathers well. It is used for monumental
work, landings, steps, curbs and paving blocks.

The landscape marble or forest marble that has furnished
€0 many fine museum samples from the southwestern part of
England, is an irregular, argillaceous and calcareous deposit
that bears peculiar dendritic markings, from which it receives
its name. The stone is of fine grain, even texture, drab and
bluish colors and used for walling, flooring, pitching and farm
buildings. The quarries are located in Gloucestershire, Ox-
fordshire and Wilts. (See Fig. 185.)

Fig. 185.—Sawn slab of landscape marble, England. Photo. by
C. H. Richardson.

Fluorite—'"This mineral occurs in masses of sufficient
dimensions in Derbyshire, England, to be of considerable
economic importance as a decorative stone. It is a marble
only in a commercial sense. (Sece Fig. 186.)

France.—The Griotto, or French Red marble, of the French
Pyrenees, 1s one of the handsomest of all known marbles. It
is of fine grain, even texture, and brilliant red color. It re-
ceives a good polish.  Small polished samples often found in
drug stores are homogeneous, but the material used in the
decorations of the Capitol building at Albany, N. Y., is full
of flaws. ‘
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The Languedoc marble, or French Red, is another brilliant
scarlet colored marble that has been quarried at Montagne
Noire since the sixteenth century. (See Fig. 187.)

The Caen stone is a soft, fine grained stone, light in color,
and particularly well suited for carved work. It received its
name from Caen, in Normandy, where the most important
quarries are located. These quarries are supposed to have
been opened soon after the Norman conquest. The famous
Cathedral of Canterbury and Westminster Abbey are from
this stone.

Fig. 186.—Polished slab of fluorite, Derbyshire, England. Photo.
by C. H. Richardson.

The Brocatelle marble, which is used so widely for mantels
and decorative interior work, is very fine and compact in tex-
ture, and of light yellow color, traversed by irregular veins
and blotches of dull red color. Its home is in Jura, in eastern
France.

Germany.—Nassau, Germany, produces according to G. P.
Merrill two beautiful marbles. The Formosa, which is dark
gray, and white, mottled and blotched with red. The Bougard,
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which is lighter in color and whose tints are miore obscure.
The Solenhofen lithographic limestone is of drab color.

Ireland.—The Carboniferous limestones and marbles cover
nearly all of the center of the island. The Brachernagh marble
is a pale blue; the Foynes marble, gray and blue; the Gillogue
marble, blue-black; the ILimerick marble, bluish black; the
Lexlip marble, black; the Skerries marble, gray. It is the
Lexlip marble that receives the trade name “Irish black,” and
to which allusion has already been made.

Italy.—The quarries of the Apennines in northern Italy,
near Carrara, Massa and Serravezza, furnish marbles in beauty
and variety equal to any marbles of the world. Many of these
marbles are largely imported for statuary purposes and deco-
rative interior work. The decorative marble in the new build-

Fig. 187—Polished slab of French red marble, Montagne Noire,
France. Photo. by C. H. Richardson.

ing of the Syracuse Trust Company came from near the border
line between Italy and France. It is called the Travernelle
Fleuri. (See Fig. 188.)

G. P. Merrill, in his “Geology of Building Stones,” cites the
following wvarieties: (1) White statuary -marble. A fine
grained saccharoidal, pure white marble, without specks or
flaws. (2) Ordinary white marble. This is a white variety
that is sometimes faintly bluish and veined. It is largely im-
ported for monumental work. (3) The Bardiglio is a white
marble often blotched with darker hues, and traversed with a
network of faintly bluish lines. (4) The Levante marble is a
breccia which is composed of irregular whitish and red frag-
ments embedded in a reddish paste. (5) The Sienna marbles
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Fig. 188.—Polished slab of travernelle fleuri marble from near the
border between Italy and France. Photo. by C. H. Richardson.

Fig. 189.—Polished slab of sienna marble, Italy. Photo. by C. H.
Richardson. :
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are varying shades of yellow, and often blotched with slightly
purplish and violet shades. They are fine grained, compact
and receive a polish equal to the Colorado siennas. (6) The
Brocatelle marble is of a uniform yellow color and quarried at
AMonte Arenti, in Montagnola. It is considered by many the

Ilig. 190.—DPolished slab of brocatelle marble, Italy. Photo. by
C. H. Richardson.

Fig. 191.—Polished slab of black and gold marble, Italy. Photo.
by C. H. Richardson.

most beautiful of all siennas. (1) Portor or black and gold
marble is found on the Isle of Palmaria. It is a black siliceous
limestone traversed by yellowish, reddish and brown veins of

the carbonate of iron. The stone receives a high polish and is
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Fig. 192.—Polished slab of breccia marble, Italy. Photo. by C. H.
Richardson.

Fig. 193.—DPolished slab of skyros marble, Greece. Photo. by C. H.
Richardson. )
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prized for decorative interior work. (3) Black marble. This
stone is brought from the Colonnata quarries and closely re-
sembles the Irish black marble. (9) Breccia marble. This
consists of small bluish white fragments cemented together
by a chalk-red cement. A second variety has both white and
red fragments similarly cemented. (10) Ruin marble. This
is a very compact vellowish or drab limestone, the beds of
which have been fractured in every conceivable direction and

Fig. 194.—Polished slabs of onyx marble, Mexico. Photo. by C. H.
Richardson.

Fig. 195.—Polished block of stalagmite marble, Nova Scotia. Photo.
by C. H. Richardson,

cemented together again. The rock is strictly speaking a
breccia. When cut and polished the slabs have somewhat the
appearance of mosaics, representing the ruins of ancient
castles or other structures. Hence the name “ruin marble.”
(See Figs. 189, 190, 191 and 192.)
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Fig. 196.—Block of marble quarried by the Vermont Marble Company. By courtesy of the Vermont Marble Company.



S AND CLAYS

E

BUILDING STON.

06

P
&

JUOILID A 31}

Jo  As914n0d

£q

TUONLID A ‘PUB[INY

‘Auedwio]y d1qie]y
1SOAN Je Axienb dpqreur Ul MIOM J® dunPRU JUIPPRH— LT 31,

g T——

[
- sk

Fi

sivace .




207

&S

LIMESTONES, DOLOMITES AND MARBL

JUOWID A Y} JO AS31In0d Ag

‘Auedwo)) dqiey
JuomwtId A ‘103901 3t Auedwo)) I[qIBJY IUOWIIA IYJ JO SPaYS I} JO MIIA—GGT "SI

L S LRE RS W) ¥,
H.x.nr.h r_ L

| Sachole-10 0y aie



CLAYS

STONES AND

I

BUILDIN(

208

£s911n0d Ag

‘Auedwio)) O[qIBRIY JUOWIIA Y} JO
JuolId A ‘103904, 3t Aurdwio)) O[qIB]Y JUOMLIDA 9y} JO PIeA O} Ul S[(IBW JO SYIO[q YINOF—66T 81|




209

LIMESTONES, DOLOMITES AND MARBLES

-9\ 9y} jo £s911n0d Ag

et

i

‘JUoulId A ‘I01001J JB Suwnjod s3ie|

#

e e ST
y‘m - ” (.F%xﬁm‘» W

‘Auedwo)) 3d[qie]y juowr
Suipuey jo poyjdw 3y} IJuIMOYS MIIA—'005 ‘Bi,]

14



210 BUILDING STONES AND CLAYS

Greece.—According to R. Swan the Island of Paros in the
Grecian Archipelago produces two varieties of high grade
marble. The one is a pure white statuary marble of fine grain
and even texture. 'The other is a decorative marble with
white body traversed by a network of black veins. T'he beds
vary from b to 15 feet in thickness and dip at high angles. The
stone near the axis of elevation is of inferior grade. (See
Fig. 193.)

C D
Iig. 201.—Drawings showing difference of dressed stone. A. Rock
faced. B. Rock faced with tooled margin. C. Broached stone with
tooled margin. D. Rough pointed with tooled margin. Drawings by
C. H. Richardson.

Mexico.—The origin and characteristics of the onyx marbles
have already been described on pages 137, 15t and 155. (See
Fig. 194.)

Nova Scotia.—The stalagmite marbles of Nova Scotia re-
ceive a good polish and are well adapted for decorative interior
work. (See Fig. 195.)

Ontario.—Bancroft marble represents a remarkably hand-
some stone that has suffered brecciation and subsequent
cementation. Some portions of the quarries do not show
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brecciation, while in others the fragments are angular.
Polished samples shade from white to pink with a fine mottled
appearance in the brecciated portions. It is of even texture
and works well.

Hungerford marble is white, bluish, greenish and sometimes
pink. It takes a good polish.

Madoc marble shades in color from white, through gray to
black.

Renfrew marble is white and used for structural purposes.
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Fig. 202.—DraWings, showing types of dressed stone. A. Fine
pointed stone with margin. B. Tooled stone. C. Drove work. D,
Crandalled stone with margin. Drawings by C. H. Richardson.

Quebec.—The Province of Quebec produces many marbles
that shade in color from white to red and possess a fine
grained, even texture. They are used for monumental, struc-
tural and decorative purposes.

INDUSTRIAL FACTS ABOUT LIMESTONES AND
MARBLES
Quarrying.—In quarrying marble the object is to obtain
large blocks of stone with the least disturbance possible. Where
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the sheets are too thick to split with wedges the channelling ma-
chine is used to cut vertical channels 2 inches wide and from 1
to 6 feet deep, depending upon the thickness of the block
desired. ‘T'his machine moves back and forth over the bed or
floor of the quarry. The gadding machine drills holes in the
face of the block to one half the breadth of the block desired.
The stone may then be lifted with wedges. The blocks are
subsequently split into smaller dimensions with wedges, or

;‘{l'“ IMW \| I ;
iy |
I |

APTIATOAY,
A B

Fig. 203.—Drawings, showing different faces of dressed stone.
A. Patent hammered with margin. B. Bush hammered with margin.
C. Vermiculated work with chiseled margin. D. Fish scale work with
chiseled margin. Drawings by C. H. Richardson.

cut into slabs of varying thickness with a gang of saws.
FEmery and chilled iron are used to aid in the cutting. If
possible, explosives should be avoided, as the sudden jar
develops incipient fracture planes that aid in the disintegra-
tion of the stone. (See Figs. 196 and 197.)
Manufacture.—(See Figs. 193, 199 and 200.)
Dressing.—There are many different kinds of finish used for
building stones before they are placed in their position in the
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wall of the structure. (1) In cobble houses either glacial
erratics (in the northern portions of the United States), or an-
gular fragments of rock from quarry products, are laid in the
usual bond. These produce unique structures that are pleasing
in their effect.

(2) Rock Face—Ashlar blocks are laid practically as they
come from the quarry, having been trimmed to a uniform size.

Fig. 208.—Post Office, Montpelier, Vermont, built of Proctor, Ver-
mont, marble. Photo. by C. H. Richardson.

Sometimes the stone is decorated with a margin of drove work.
(See Fig. 201.)

(3) Uniform Pointed.—These blocks are trimmed to correct
dimensions and the outer face is then dressed with a pointing
instrument. The stone is decorated with a margin of drove
work. (See Fig. 202.)
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(4) Diagonal Pointed—This stone differs only in facial ap-
pearance from the former, in that the pointing runs in diagonal
lines at an angle of 45° across the stone.

(5) Square Drove—'T'he appearance of the face here is pro-
duced by a wide chisel with smooth edge. 'The lines through the
center of the stone run parallel with the base of the block. The
margin is decorated with drove work.

(6) Toothed Chisel—'The toothed chisel produces in the
center of the face a surface that somewhat resembles tapestry.
The margin is decorated as in the previous cases.

Fig. 209—Capitol cut from Vermont white marble. Photo. by
C. H. Richardson.

(7) Hammered Face.—~Pean hammers, patent hammers and
bush hammers produce different kinds of faces that are fairly
smooth and somewhat resemble the pointed face finish. They
are usually decorated with a margin of drove work. (See Fig.
203.)

(8) Grooved Face—~"The face of the stone here produces a
grooved effect. The shallow grooves run across the entire face
parallel with the bed.
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(9) Sawed Face—In this case the blocks of stone are set as
they are sawed out at the mill. Fine regular lines traverse the
face.

(10) Swmooth Face—The sawed stone is faced with a per-
fectly smooth -unpolished surface. It may or may not have a
margin of drove work.

(11) Polished Face—The sawed or chiseled face is rendered
perfectly uniform and smooth by setting the entire block in a
bed of plaster of Paris and using in the order given, chilled
iron, coarse emery, fine emery, diatomaceous earth and putty
powder or oxalic acid. When oxalic acid is used in the process

Fig. 210.—Entrance to Green Mountain Cemetery, Montpelier, Ver-
mont, built of marble from West Rutland, Vermont. Photo. by C. H.
Richardson.

of polishing the expense and time element are less but the polish
is short lived. Many decorative marbles and granites in our
cemeteries that now appear dull owe this condition largely to
the use of oxalic acid in the process of buffing. Putty powder
which consists largely of the oxide of tin produces a more ex-
pensive, more lasting and far more satisfactory polish.
Hammered Finish—The cost of finishing stone is determined
partly by the shape and largely by the smoothness of the surface
desired. The stone is finished by beating it with hammers con-
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Fig. 211.—Stephen A. Douglas Memorial, Brandon, Vermont.
Photo. by J. F. Glassony.
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taining blades set at various widths. The number of blades to
the inch determines the fineness of the surface that can be
secured.

For step work, approaches and the upper stories of high build-
ings, four cuts to the inch give a satisfactory finish. Four-cut
work is specified by the United States Government for postoffice
base courses. Many commercial buildings are made in this
finish.

Six-cut work is the standard for bank fronts, private resi-
dences, state capitols, city halls, railroad terminals, art museums,
fine bridges, and in general the better class of public and private
buildings.

Fight-cut work is often specified on large public memorials,
elaborate bank and building entrances, garden work, fountains,
mausoleum roof stones and elevated statuary groups.

Ten-cut finish is generally used on monuments, mausoleums,
statuary, and other work which demands a special smoothness
of surface. Good stone with ten-cut bushing shows a surface
smooth as velvet and free from imperfections.

Uses.—'T'he limestones are used in the manufacture of white
lime or tinted limes. A larger percentage of limestone proper
goes into this field than all- other uses combined. This lime
product finds use not only in structural work but in the beet
sugar industry. Limestones are used for building purposes when
they are of fairly uniform color and texture. They are used
sometimes for paving blocks but are not resistant to abrasion,
and for curbings and gutters. They find large use as a flux in
the treatment of iron ores and in the manufacture of the numer-
ous grades of Portland cement. They are used also as a fertilizer
and in the manufacture of glass.

The marbles find their largest uses in structural and monu-
mental work. The decorative marbles are used for pillars, colon-
nades, wainscoting, panels, baseboards, flooring, tiling, fire-
jambs, lintels, counters, shelves, clocks and table tops. The
beautiful onyx marbles find use not only for decorative in-
terior work but also in soda fountains, shelves, table tops and
clocks. (See Figs. 204, 205, 206, 207, 208, 209, 210 and 211.)

Compression Tests.—The average strength of marbles is not
as great as that of granite. Good structural work should resist
from 12,000 to 18,000 pounds to the square inch. Some friable
marbles fall under these figures and many good marbles exceed
them. In nearly all cases they are far above the strength re-
quired, even with the builders’ margin of safety added to the
superincumbent weight.
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CHAPTER V

SANDSTONES

Definition.—Sandstones belong to the sedimentary and de-
trital rocks. They represent the reconsolidated products of
rock decomposition. They consist, therefore, of grains of
sand held together by some cementing material. Pressure
alone may accomplish this as in the flexible sandstone of
North Carolina, or it may be effected by the addition of some
cementing material.

Chemical Composition.—Sandstones differ in composition
as widely as the sands of the sea shore or the river banks.
In one respect there is a wide difference and that is the
presence of the cementing materials. KEssentially they repre-
sent grains of quartz, SiO,, and some cement. There are
many other minerals like the amphiboles, pyroxenes, magne-
tite, chromite, cassiterite and monazite that may resist de-
composition and remain near the place where they were de-
rived as sand.

Impurities.—The impurities are the minerals normal to the
sand beds that suffered cementation and their metamorphic
derivatives. Siderite, pyrite, garnet, muscovite and biotite
may appear. These can all be detected by methods already
cited.

Texture.—The texture of sandstones varies from the fine-
ness of dust particles, sandy material that may be held in
suspension for a considerable period of time and deposited,
to individual pieces several inches in diameter. When these
larger rock fragments are water worn and well rounded the
stone passes over into a conglomerate. When the fragments
are distinctly angular the stone becomes a breccia. The term
conglomerate is sometimes used to cover the breccias. In
the case of the conglomerates the fracture is often around the
coarser fragments and in the quartzites across them. (See
Fig. 212, and also Fig. 10.)

Color.—The color of sandstones is widely varied. It may
arise from the color of the individual sand grains themselves
or from the character of the cements introduced. The color
is more dependent upon the nature or composition of the
cementing material than it is upon the color of the sand grains.
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Fig. 212.—Fine grained red sandstone, Portage, Wisconsin. Photo.
by C. H. Richardson.
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Fig. 213.—Brownstone, Hummelstown, Pennsylvania. Photo. by
C. H. Richardson.
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If the cement is the anhydrous oxide of iron the stone will
be red. If it is the hydrated oxide of iron the stone will be
yvellow or yellowish brown. If it is clayey matter the stone
may be gray or blue. Blue coloration may also be caused
by microlites of pyrite, and the gray by microlites of siderite.
If the cement is pure silica and the original sand grains con-
sisted of white quartz the metamorphic product, quartzite,
will be white. The prevailing colors are white, light gray,
gray, drab, blue, buff, yellow, yellowish brown, reddish brown
and red. (See Figs. 213, 214 and 215.)

Varieties.—The different varieties are based upon several
factors as mineral composition, structure, and the character of
the cementing material. The cementing material may be calcium

Fig. 214.—Reddish brown sandstone, Potsdam, New York. Photé‘:
by C. H. Richardson.

carbonate. The product is then called a calcareous sandstone.
It passes by insensible gradations into a siliceous limestone. A
kaolinitic sandstone is one whose cement is kaolinite. A glau-
conitic sandstone is one containing green sand marl. An argilla-
ceous sandstone is one bearing a considerable amount of clayey
matter. It may pass insensibly into a shale. A ferruginous sand-
stone is one bearing some compound of iron. Such sandstones
may reveal the presence of the iron by their color. A bituminous
sandstone is one bearing bitumen. It emits an organic odor when
strongly heated. A feldspathic sandstone, as the name implies,
contains fragments of feldspars in addition to the grains of silica
or quartz. Its parent source was the decomposition of some
granite or gneiss. In its metamorphism it passes into a gneiss.
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A quartzite is a metamorphic sandstone whose cement is silica.
A greywacke is a sandstone consisting essentially of quartz,
feldspar and fragments of slate, bound together by argillaceous,
calcareous, or even feldspathic material. According to C. P.
Berkey secondary chlorite constitutes the main bonding mate-
rial in the Hudson River bluestone. Flagstone is a name
derived from the ease with which a sandstone splits into slabs
suitable for flagging or sidewalks. Freestone is the name
applied to the varieties of sandstone that split freely in all direc-
tions. (See Fig. 216.)

Fig. 215—Blocks of gray sandstone, Cobleskill, New VYork, de-
signed for constructional work in New York City. Photo. by C. H.
Richardson.

Cements.—'The cements in sandstones are as varied as the
sandstones themselves. Pressure alone may cause the sand
grains to interlock and produce a friable and flexible variety
known as itacolumyte. DPercolating waters charged with
calcium carbonate provide the carbonate for binding the sand
grains together. This cement may be identified by its effer-
vescence with cold dilute HCL. The amount of this cementing
material may be quite subordinate, or the percentage of
cement may equal that of the sand.

A. von Morlot cites calcite crystals from Fontainebleu that
contain 50 per cent of calcium carbonate, others that carry
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58 per cent of sand and still others that bear 95 per cent. of
sand. S. L. Penfield and W. E. Ford have shown the com-
position of similar calcites from the Bad Lands of South
Dakota to be 60 per cent of sand and 40 per cent of calcium
carbonate.

I,. Cayeux describes the gaize of the French geologists as

Fig. 216.—Jeudevine memorial library, Hardwick, Vermont, built
of Triassic sandstone from the Connecticut Valley. Photo. by C.
H. Richardson.

a siliceous sandstone containing quartz and glauconite which
are cemented together by opaline silica, clay, chalcedony and
the carbonate of lime. The percentage of calcium carbonate is
usually small, but in some instances it has risen sufficiently
high to cause the rock to be called a calcareous sandstone. The
silica ranges from 76 per cent to 92 per cent and is soluble



234 BUILDING STONES AND CLAYS

in caustic alkalies up to 75.3 per cent. Ordinary quartz is
sparingly soluble in a weak alkali, but opaline silica passes
readily into solution.

Silica itself may serve as the cementing substance. It may
appear either as the amorphous silica or in crystalline form.
In the former case the silica fills the interstices between the
sand grains, while in the latter case the sand grains themselves
become the nuclei for distinct quartz crystals. C. R. Van
Hise in his classic “T'reatise on Metamorphism” states that
when the sand grains are of equal dimensions the maximum
pore space reaches 24 per cent, but the actual space on account
of the irregularity or inequality of the grains is usually much
greater. With silica as a cement there is every gradation
possible between a friable rock and a compact solid rock which
in its metamorphism passes into a hard, vitreous quartzite
with the longest life of any known building stone.

The anhydrous and hydrous oxides of iron serve often as
the cementing material. These cements impart their charac-
tertistic colors to the sandstone in which they appear. Hema-
tite tends to impart a red color. The sandstones of the south-
ern shore of Lake Superior bear this cement. The Triassic
sandstones.of New England bear limonite and turgite. The Ter-
tiary sandstones of the Appalachians carry turgite. Some of
these sandstones are fairly permanent.

The hydroxide of aluminum as well as clayey matter may
fill the interstitial spaces between the sand grains and form a
fairly satisfactory stone for structural work. The fine grained
bluestone of Warsaw, N. Y., carries clay. It is detected by
its argillaceous odor and aluminous taste. According to G. P.
Merrill clayey matter is objectionable as a cement because it
readily absorbs water and renders the stone more subject to
injury by frost.

F. Clowes cites barytic sandstones in which barium sulphate
serves as the cement. Sometimes more than 50 per cent of
BaSO, is present. The waters in this case percolating through
the sand beds bore barium carbonate and soluble sulphates
which would react upon each other, forming barium sulphate
and some soluble carbonate. Such a sandstone would be most
durable on account of the insolubility of the cementing
material.

B. Doss has described crystals of gypsum from the Astrakan
steppe which contain 48.58 per cent of sand and also cites
gypsiferous sandstones. C. W. Hayes has described a sand-
stone from Tennessee in which calcium phosphate serves as
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the matrix of the sand grains. C. Claus cites a sandstone
from Kursk, Russia, that bears 22.64 per cent of calcium phos-
phate. G. P. Merrill cites the phosphates of iron as rare
cementing material in sandstones. M. Mackie cites calcium
fluoride as the cement in the sandstones from Elginshire,
Scotland, which in exceptional cases bears 25.88 per cent
fluorite. F. W. Clarke cites bituminous substances serving as
cement and further states that any substance which waters
can deposit in a relatively insoluble condition may serve as a
cement.

Origin.—Sandstones are sedimentary or detrital in origin.
beds of sand deposited by waters when their velocity was
checked ultimately became consolidated by the influence of
any one, or more than one, of the cements already enumerated.
Any rock forming mineral which can survive the destruction
of the parent rock mass may appear amongst the sand de-
posits and therefore be present in the resulting sandstones.

Age.—Sandstones are not confined to the rocks of any par-
ticular geological age. They appear in the rocks of all ages
from the Archaean to the present time. Commercial sand-
stones, however, are not younger than the Cretaceous.

AMERICAN SANDSTONES

Alabama.—Sandstones of Lower Carboniferous age have
been worked in this state at Cherokee, Colbert County. They
are known as the Hartswellville stone. Carboniferous sand-
stones are quarried at Cullman, Jasper and Tuscaloosa. These
sandstones are used largely in river engineering. The Weisner
quartzite is used for structural purposes. It is of Cambrian
age.

Arizona.—Triassic sandstones occur in Flagstaff, Yavapai
County. They are of fine grain and even texture. They shade
in color from a light pink through a brown to red. The cement
is calcium carbonate and the oxides of iron.

Arkansas.—According to J. C. Branner the northern part
of the state contains a cream colored calciferous sandstone
which on account of its color, massiveness, and firmness, is
desirable for achitectural purposes. D. D. Owen cites brown
massive sandstones in Van Buren County. Gray sandstones
of Carboniferous age are also quarried. Buff colored sand-
stones occur in the Boston Mountains. They have been quar-
ried somewhat in the northwestern part of the state. The
Batesville sandstone of Independence County is cream colored
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and used largely in the construction of the business section of
Batesville.

The peculiar novaculites of Arkansas which have been so
widely used as hones are worthy of special mention. L. S.
Griswold considered them as a siliceous sediment or silt, and,
therefore, a sandstone of extremely fine grain. He found no
organisms in the novaculite and no appreciable amount of
soluble silica. All gradations exist between shale and novacu-
lite. F. Rutley considers the novaculite a replacement deposit
or pseudomorph after limestone or dolomite. The novaculite
has also been regarded as a chemical precipitate, analogous
to siliceous sinter. Whatever its origin may have been it is
exceedingly fine grained and nearly pure silica.

California.—'T'he sandstones of Alameda County are used
for macadam, rubble, concrete, foundations and cemetery
work. The stone is massive and buff colored. Amador County
is the home of the red sandstone used in the California Bank
Buildings at Sacramento, and in the Chronicle Building at
San Francisco. About 300 feet to the north of the red quarry
there occurs a massive snow-white sandstone that is free from
iron and well adapted for constructional work. The waste
can be used by the glass and pottery manufacturers. Cala-
veras County has produced a medium grained, white sand-
stone. Colusa County produces a bluish gray and buff sand-
stone that occurs in beds totalling from 125 to 225 feet in thick-
ness. Contra Costa County furnishes a fine grained, light blue
sandstone that makes a firm building stone. Kern County
produces sandstones that are fine grained, drab, blue, tan, red
and green in color. Tos Angeles County furnishes a fine
grained tawny colored sandstone that is represented in the
Courthouse at San Bernadino and in the Public Library at
Santa Ana. Napa County quarries light gray, bluish gray
and buff sandstones that are used locally. Santa Barbara
County produces a buff colored, coarse grained arkose sand-
stone that is used for building purposes. Santa Clara County
furnished the buff sandstone for the Carnegie Library at Santa
Cruz. Ventura County possesses a coarse grained, rich purp-
lish brown sandstone and a fine grained, light reddish brown
stone that works easily and is very durable. The stone is
known as the Sespe brownstone and is largely used for con-
structional work in many cities in the state.

Colorado.—According to G. H. Eldridge the sandstones of
the state fall into three distinct varieties, (1) The Fountain
sandstone which is fine grained and of light color and well
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adapted for a wide variety of architectural purposes. Its age
is Pennsylvanian. (2) The second is a hard, banded variety
that is a favorite for flagging and foundations on account of
its high compression strength. (3) The third is a hard white
or creamy white quartzite well suited for curbing, paving,
flagging, underpinnings, etc. The T'riassic salmon red stone
from Jefferson County finds a ready market in Chicago. The
light colored sandstone found in the Court House at Denver
came from Canon City.

Connecticut.—According to J. D. Dana the well known belt
of Triassic sandstones traverses Connecticut and Massachu-
setts in a north and south direction a distance of 110 miles
with an average width of 20 miles. The first known quarry-
ing of sandstone in America antedated 1665 and was executed
at Portland and Middletown, where the rocks hang shelving
over the river. The Portland beds lie in nearly a horizontal

Fig. 217.—Brown sandstone, Middlesex quarry, Portland, Con-
necticut. Photo. by C. H. Richardson.

position. The vertical walls now rise on three sides for hun-
dreds of feet above the quarry floor. Blocks of any dimension
can be obtained. The stone grades from fine to medium in
texture and is of uniform reddish brown color. The stone in
some localities bears scales of muscovite set with cleavage
parallel to the bedding planes of the stone. Such blocks when
set on bed are fairly permanent, but if set so that pressure is
parallel with the cleavage in the mica the stone shows a ten-
dency to scale upon exposure to the atmosphere. The com-
pression test when made with the stone set on edge is lower
than on the bed. (See Fig. 217.)
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Georgia.—This state is known to carry in the Chattooga
Mountains a wide variety of sandstones of even texture and
of white, gray, buff, brown and red colors.

Idaho.—G. P. Merrill cites the presence in the National
Museum in Washington of a coarse and light colored sand-
stone from Boise City.

Illinois.—Sandstones occur in this state in Carroll, Greene,
Henry, Marion, Randolph and St. Claire Counties. They
shade in color from a light bluish-gray color to a dark brown
color. In both color and texture they resemble the T'riassic
sandstone of the Connecticut valley. They are Carboniferous
in age.

Indiana.—According to T. C. Hopkins the Mansfield sand-
stone is the most important sandstone in the state both from
an economic and a scientific standpoint. It is a massive coarse
grained stone whose colors are gray, yellow, brown, red and
variegated. The quartz grains in the brownstones of Indiana
are themselves white or colorless. They are encircled by a
film of iron oxides to which the color of the stone is due. The
cementing material varies from 2 to 35 per cent. Hopkins
further states that there are many shades of the red and brown
colors, one of the most common being a deep reddish brown
with a faint purple tinge suggestive of manganese, and having
a faint steel luster in places. It is a handsome stone and de-
sirable for building purposes. Another common shade is a
lighter red than the preceding variety. The lighter color is
due in part to the greater abundance of white granular quartz
and in part to a thinner coating of the oxide of iron on the
grains themselves. It is considered handsomer than the pre-
ceding variety. Another shade is a walnut brown. Still an-
other variety is called a “flea-bitten fawn skin.” It consists
of a light brown body with light gray spots about the size of
the tip of the finger. The stone near Green Hill is a little
lighter red than a cherry. It is a clearer red than any other
sandstone of the state.

The yellow, buff and gray Mansfield sandstone is more
abundant than the brown and red varieties. The difference
lies largely in the iron content of the cement. The nearly
white sandstone is practically free from iron. The Mansfield
sandstones are of great durability and preferable to the Trias-
sic brownstones of the Appalachian belt. They are adapted
to rock masonry of all kinds where they are not subject to
great transverse strain, violent abrasion, or require a smoothly
finished or carved surface.
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Portland Sandstone.—The Portland sandstone at Worthy,
Vermillion County, is one of the best building stones of the
state. The stone is of even texture and in color is light buff
near the surface and bluish gray with depth. It occurs in
massive beds more than 50 feet in thickness and overlain with
shale, coal and glacial drift.

Riverside Sandstone—The Riverside sandstone occurs at
Riverside, Fountain County. The stone is extremely fine
grained, receives a perfectly smooth finish and is well adapted
to delicate carving and ornamentation. In color it is a drab
or buff on the exterior, with a light blue interior.. It is not as
durable a stone as the Mansfield brownstone but it is better
adapted to trimming or carved work. (See Fig. 218.)

‘lv

Fig. 218.—Fine grained gray sandstone, Riverside, Indiana. Photo.
by C. H. Richardson. :

Iowa.—Coarse dark brown sandstones of Carboniferous and
Cretaceous ages are quarried in Case and Muscatine
Counties.

Kansas.—Sandstones are quarried in the southwestern part
of the state in Bourbon, Crawford, Elk, Greene, Labette,
Montgomery, Wilson and Woodson Counties. They are fine
grained, even textured stones of bluish-gray and brown colors.
Their use is largely local.

Kentucky.—In this state sandstones are quarried in Breck-
enridge, Grayson, Johnson, Simpson and Todd Counties. They
are very fine grained and of even texture. In colors they
shade from a light buff to a pink and are used locally.

Maine.—Brown and red sandstones of Devonian and Trias-
sic age occur in this state in ‘Washington County and at
Machiasport. They are not extensively quarried.

Maryland.—A Triassic sandstone occurs about 30 miles
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northwest of Washington in Montgomery County. It is of
fine grain and even texture. In color it is a light reddish
brown of pleasing effect. It is well adapted for all manner
of building and ornamental work. It is one of the most
durable of all the Triassic sandstones. 1t can be scen by
any visitor in Washington for the Smithsonian Institution was

o

Fig. 219.—Crouse College at Syracuse University, Syracuse, New
York, built of Triassic sandstone from Fast Longmeadow, Massa-
chusetts. Photo. by I. U. Doust.

constructed from this stone in 1848-54. G. P. Merrill states
that these blocks show few defects from weathering alone
and that even these might have been avoided by a more
judicious selection of the stone. The walls of the Chesa-
peake and Ohio Canal contain this stone.
Massachusetts.—'I'he ‘['riassic sandstones of the Connecti-
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cut Valley have been quarried from the beginning of the
sandstone industry in the United States. The length and
breadth of the belt has already been described under the
caption of Connecticut. The best known quarries in Massa-
chusetts are located at Fast Longmeadow and Kibbe, in
Hampden County. The stone is of fine grain and even tex-
ture. It is of bright brick red color and works easily. It is
well adapted to a large variety of combinations in structural
work. Crouse College at Syracuse University is from the
Fast Longmeadow quarries. (See Figs. 219 and 220.)

Fig. 220.—National Life Insurance Company’s building, Montpelier,
Vermont. By courtesy of V. A. Doty.

Roxbury Conglomerate—This stone often noted as the Rox-
bury pudding stone occurs in Brookline, Dorchester, Roxbury,
and other localities around Boston. In many places the rock is
2 coarse conglomerate bearing large pebbles of quartz, granite,
melaphyre and felsite. In others the texture is sufficiently fine
to permit the quarrying and dressing of the stone for structural
purposes in and around Boston. The paste in which the pebbles
are embedded is greenish gray in color and durable.

Michigan.—The rain-drop sandstone is quarried at Mar-
quette and L’Anse in the Upper Peninsula. It is of medium

16
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texture and brownish red color often spotted with gray. The
gray spots are equally durable with the rest of the stone and
produce an effect that is not altogether unpleasing. This sand-
stone as well as that quarried on the eastern coast of Lake Supe-
rior is of Potsdam age. The latter stone is very hard, compact
and heavily bedded. (See Fig. 221.)

Lake Superior Sandstone.—This sandstone is quarried at
Jacobsville, Keweenaw Bay. The stone is of even texture and
bright red color. The Mining School building at Houghton,
Michigan, and the basement of the Cornell University Library,
Ithaca, N. Y., are from this stone. Quarries are also operated

Fig. 221.—Rain-drop sandstone, Marquette, Michigan. Photo. by
C. H. Richardson.

in Faton and Jackson Counties in the Carboniferous formations
of the southern part of the state.

Minnesota.—According to N. H. Winchell the Kettle River
sandstone is one of the most important building stones of the
state. 'The stone is of fine grain and even texture and of light
pink, brown or reddish brown color. (See Fig. 222.)

A very hard, compact and red quartzite occurs in Cotton-
wood, Pipestone, Rock and Watonwon Counties. The best
lknown quarries are at New Ulm. A deep red sandstone is
quarried in Nicollett County and a light colored sandstone in
Scott County.

Mississippi.—Sandstones of buff and gray colors and of fine
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grain and even texture are known to occur in the state. Their
use is only local.

Missouri.—In Carroll and Johnson Counties, near Miami
and Warrensburgh, there are quarries of light gray sandstone
that weathers well and has been used in several important
structures in the state.

Montana.—About fifteen counties in Montana are sandstone
producers. According to A. C. Peale the quarries in Gallatin
County produce a fine grained, even textured, light gray Cre-
taceous sandstone. Blocks of large dimensions can be ob-
tained. The stone works easily when first quarried but

Fig. 222.—Kettle River sandstone, Sandstone, Minnesota. Photo.
by C. H. Richardson.

hardens on exposure. Yellowstone County produces a fine
textured, bluish gray sandstone of considerable importance.
It is found in the Capitol building at Helena, Montana. A
compact red quartzite is also quarried near Salesville.

Nebraska.—In this state Dakota County furnishes a very
hard compact Cretaceous quartzite well suited for structural
purposes, and Memaha County supplies a fine grained flag-
ging stone for local consumption.

Nevada.—Sandstones are not extensively quarried in
Nevada. A friable coarse textured stone of gray color is
quarried to some extent at Carson and used locally. It is very
soft and porous.
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New Jersey.—Belts of sandstone traverse this state in a
northeasterly direction from the Delaware River to the New
York boundary. J. V. Lewis classifies the arenaceous rocks
as follows: (1) A belt of fine grained, even textured sand-
stone, white, gray, brown and red in color. They are gener-
ally arkose with a cement of silica, or silica and the oxides of
iron. They are compact and show little tendency to scale.
(2) A Dbelt of sandstone and conglomerates in the Kittatinny
Mountains. (3) A quartzite, shading from white to gray in
color in the northwestern part of the state. (1) A Dbluish
gray, purple and red argillaceous sandstone near Byram, Law-
renceville and Princeton. (5) Sandstones suitable for flag-

Fig. 223.—A residence at Princeton, New Jersey, built of Princeton
argillite. By courtesy of J. Volney Lewis.

ging purposes in Hunterdon, Sussex and Warren Counties.
Many of the sandstones of New Jersey are of Triassic age.
(See Fig. 223.)

New Mexico.—According to W. G. Tight the commercial
sandstones of this state are situated in the vicinity of Albur-
querque and Ias Vegas Hot Springs. They are of fine grain
and even texture. They shade in color from gray to pink.

New York.—The Potsdam sandstone of the Raquette river
valley in St. Lawrence County is of Cambrian age. It is the
oldest commercial sandstone in the state. Its texture is fine
grained to medium. Its color apart from the type locality is
grayish white to gray. In the Potsdam quarries the colors
are light pink, light red and reddish brown. According to
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J. C. Smock its mineral composition is silica with a cement of
silica filling the interstices amongst the sand grains and bear-
ing enough of the oxides of iron to give the stone its charac-
teristic tints. It is one of the strongest and most durable of
all known sandstones. Representatives of this stone may be
seen not only in a large number of buildings in Potsdam, N. Y.,

Fig. 224.—Block of Potsdam sandstone, Potsdam, New York, show-
ing tooled surface. Photo. by C. H. Richardson.

but also in the Florence Flats, Syracuse, N. Y., All Saints
Cathedral, Albany, N. Y., and in the Dominion Parliament
buildings, Ottawa, Canada. Smock also cites quarries of the
Potsdam sandstone at Clayton in Jefferson County, Fort Ann
and Whitehall in Washington County, Hammond in St. Law-
rence County, Keeseville in Clinton County, Malone in
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Franklin County, and Port Henry in Essex County. One of
the most notable of the recent structures containing Potsdam
sandstone is the new Armory at Rochester, N. Y. (See Fig.
R24.)

Hudson River Group.—The sandstones of the Hudson River
Group are of quality inferior to the Potsdam sandstone. The
stone at Aqueduct, Schenectady County, is fine grained and
gray to blue in color. The fine grained and bluish sandstone
of Schenectady may be seen in the Memorial Hall at Union
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Fig. 225—Block of red medina sandstone, Medina, New York, show-
ing character of rift. Photo. by C. H. Richardson. i

College, Schenectady. This stone has also been quarried at
Camden in Oneida County, Highland in Ulster County, New
Baltimore in Greene County, Rhinebeck in Dutchess County,
Troy in Rensselaer County.

Medina Sandstone—This sandstone received its name from
Medina, Orleans County, where the formation is especially
well developed and where characteristic fossils appear in the
gray beds. 'The stone varies from fine grained to medium in
texture and in color from gray to red and variegated. The
gray variety is popular for paving stone, curbing, etc., while
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the red variety is well adapted for structural purposes. It has
found its way into many western cities and is very durable.
J. C. Smock cites additional quarries in the Medina Group at
Albion, Hindsburgh, Holley, Hulberton and Shelby Basin in
Orleans County, at Brockport in Monroe County, Camden in
Oneida County, Lockport in Niagara County, Granby and
Oswego in Oswego County, Sterling in Cayuga County, Wol-
cott in Wayne County. (See Fig. 225.)

Clinton Group—Sandstones have been quarried in the Clinton
group of sedimentaries at Higginsville in Oneida County.

Devonian Sandstones—The term Hudson River Bluestone has

Fig. 226.—A slab of sandstone from the Clarke-Conroy quarry,
Norwich, New York. By courtesy of the Clarke-Conroy Company.

been used commercially to designate the fine grained, even
textured compact sandstones of the middle and upper De-
vonian. In the main they are gray or bluish gray in color and
have found use for paving blocks, curbing and flaggings.
The belt of Devonian sandstones 100 miles in length and of
varied width stretches from Albany County in a southwesterly
direction to the Delaware River. The quarries at Dormans-
ville and Reidsville have furnished much flagging stone for
the city of Albany. Ulster County has been a large producer.
The towns in which the bluestone has been quarried are
Hurley, Kingston and Saugerties. It has been quarried in a
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large number of towns in the valley of Rondout creek and its
tributaries.

Another economic group of sandstones mostly in the upper
Devonian, stretching in an east and west direction nearly
across the state has been quarried in Coventry, Guilford,
Norwich, Smithville Flats and South Oxford in Chenango
County; in Cooperstown and Oneonta in Otsego County: in
Ithaca and Trumansburgh in Tompkins County; Penn Yan,
Yates County; Portage in Livingston County: Watkins in
Schuyler County and Warsaw in Wyoming County. The

Fig. 227.—Block of Norwich bluestone, Oxford, New York, show-
ing planed surface. Photo. by C. H. Richardson.

Warsaw Dbluestone is extremely fine textured and dresses
easily. It is especially well adapted for structural work and
trimmings. The Chapel of the University Avenue Methodist
Church, Syracuse, N. Y., is from this stone. (See Figs. 226,
227 and 228.)

Chemung Group~—"The Chemung group furnishes a few sand-
stones for local consumption. The stone as a rule is fine
grained and even textured. In color it shades from gray to
blue. Quarries have been worked at Corning in Steuben
County, Dansville in Livingston County, Elmira in Chemung
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County, Jamestown in Chautauqua County, Olean in Cat-
taraugus County and Waverly in Tioga County.

Triassic—The red sandstones of Triassic age have been quar-
ried largely for local use in Haverstraw and Nyack, Rockland
County. .

North Carolina.—This state quarries Triassic sandstones of
fine grained even texture and of gray, brown, reddish brown
and red colors. The Wadsborough dark brown sandstone that
has been used for structural purposes in Washington is per-

Fig. 228.—Dressed block of Warsaw bluestone, Warsaw, New
York, showing margin of drove work. Photo. by C. H. Richardson.

haps the best known of the sandstones of the state. (See Fig.
229.)

Ohio.—According to E. Orton the Berea sandstone is a very
fine grained, even textured and evenly bedded stone of gray,
bluish gray and buff colors. Slabs 150 feet in length, 5 feet
in width and only 3 inches in thickness are reported to have
been raised intact from the quarry floor. The stone bears but
little cementing material. It consists of grains of sand held
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together by cohesion induced by the pressure to which they
were subjected at the time of their consolidation. The Buena
Vista sandstone in the southern part of the state is also im-
portant.

Euclid Bluestone—This stone 1is extensively quarried at
Fuclid and Newburgh, Cuyahoga County. It is of finer grain
and of more compact structure than the Berea grit. It is of
brown color near the surface due to the oxidation of an iron
content but a dark bluish gray color beneath the surface.

Oregon.—A fine grained, dark bluish gray sandstone is
quarried near Oakland in Douglas County and a fine grained
sandstone near Portland in Clackamas County. These stones
are used largely for structural and paving purposes in many
cities within the state.

Fig. 229 —Block of reddish brown sandstone, Sanford, North
Carolina. Photo. by C. H. Richardson.

Pennsylvania.—According to T. C. Hopkins the Triassic
brownstones of Pennsylvania so far as they are commercially
developed are confined to the ecastern and southeastern part
of the state. The New Red area in which most of the produc-
tive quarries are located extends from the Delaware River
north of Trenton in an irregular and broad belt west-south-
west through Bucks, Montgomery, Berks, Chester, I.ebanon,
Lancaster, Dauphin, York and Adams Counties. Many other
less productive sections are known. ‘The sandstones were
deposited in a comparatively narrow lake, bay, or arm of the
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sea, which in a general way was parallel to the present coast
line, and limited by the older rocks on either side, The sand-
stones are associated with a coarse conglomerate which was
deposited by rapid streams or currents, and shales which were
formed in comparatively quiet waters. The sandstones are
intermediate between the conglomerate and the shale.

Hummelstoron.—The Hummelstown brownstone is the best
known and most extensively quarried sandstone within the
state. The strike of the formation is east and west and the
dip of the beds 45 degrees to the north. The separate layers
vary from 20 inches to 20 feet or more in thickness. The
depth of the whole formation is several thousand feet. The
quarries often present a thickness of 50 feet of good brown-
stone.

The texture of the brownstone is fine grained and even
with a greater uniformity in texture and color than any other
brownstone in the United States. Hopkins states that the
texture is so close and the grains so fine that the stone takes
2 very smooth finish. One quarry produces a purplish brown
while all the others produce a reddish brown stone of brighter
and warmer shade than the average New England brown-
stone. The stone consists of fine angular quartz grains in a
cement of clay and iron oxide, and is one of the most durable
brownstones of the world. (See Fig. 230.)

Mauch Chunk.—There is a belt of red shale and quartzite that
stretches from the Susquehanna River in a northeasterly
direction to Mauch Chunk and Scranton that has furnished a
few sandstone quarries whose products have found local uses.

South Dakota.—According to N. H. Winchell the Sioux
Falls quartzite is a fine grained, even textured stone of pink
and red colors that receives a high polish and is equally well
adapted for structural and ornamental work. Mineralogically
considered the stone consists of quartz grains with a cement
of silica, and only enough iron oxides present to impart the
characteristic colors. It is practically impervious to moisture
as the interstices between the sand grains have been completely
filled by the cement. Its compression test is very high for
arenaceous rocks, 25,000 pounds to the inch. The stone is
represented in the buildings of Grinnell College, Grinnell,
Iowa, and in the German-American Bank and Union Depot
at Saint Paul, Minnesota.

Tennessee.—This state produces a coarse grained gray
sandstone at Parksville and a coarse grained buff and pink
sandstone at Sewanee.
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Fig. 230.—Pottier and Stymus building, New York City, showing
the use of Hummelstown brownstone in brownstone fronts (entire
front of dressed brownstone). Photo. by T. C. Hopkins.
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Texas.—According to W. B. Phillips excellent sandstones
cecur in many counties in Texas. They are especially abun-
dant in Bexar, Burnet, Lampasas, Lavaca, Tyler and Ward
Counties.

One of the best gray sandstones in the state occurs on both
sides of the Colorado River at Chaddizk’s Mills in Lampasas
County. The most of the sandstones of Texas are of clear
gray color. Near Barstow in Ward County there is a good
quarry of a reddish brown sandstone that has been used to a
considerable extent. One of the more recent buildings to em-

Fig. 231.—Red sandstone quarry near Barstow, Ward County,
Texas. By courtesy of W. B. Phillips.

ploy this stone is the Bexar County Courthouse, San An-
tonio, Texas. (See Fig. 231.)

Utah.—The Triassic red sandstones of Red Butte are quar-
ried to some extent and used for structural purposes in Salt
lL.ake City.

Virginia.—The Triassic sandstones of Maryland extend
southward into Virginia and have been quarried to some
extent near Manassas. Near Acquia Creek Juro-Cretaceous
sandstones have been quarried for some of the public buildings
in Washington, D. C. '
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Washington.—According to W. F. Geiger the High School
Building of Seattle represents a fine grained, even textured
dark colored sandstone that is very pleasing in its decorative
effect. ‘T'he sandstone quarried on Chuchanut Bay is fine
grained, even textured, and of bluish gray color. It is repre-
sented in the United States Custom House at DPortland,
Oregon.

West Virginia.—According to E. Orton the commercial
sandstones of the state are of Devonian age, fine texture, and
bluish gray color.

Wisconsin.—The St. Croix sandstone occurs in a curved
belt that stretches from the St. Croix River in a northeasterly
direction to Menominee. The stone varies in texture from
fine grained to coarse, and in color it is white, grayish white
and light buff.

The St. Peters formation south and west of the Menominee
River is of medium and coarse texture, and of white, yellow,
brown and red colors. (See Fig. 232.

Fig.

232.—Port Wing brown sandstone, Port Wing, Wisconsin.
Photo. b

20
y C. H. Richardson.

FOREIGN SANDSTONES

Austria-Hungary.—According to J. A. Howe Devonian
sandstones are quarried at Trembola, Galicia, and Sternberg
in Mahren. Permian and Cretaceous sandstones are quarried
in Bohemia,



SANDSTONES 255

Belgium.—Devonian sandstones are quarried at Hainault,
Yvoir, Gembloux and Wepion. Carboniferous sandstones are
obtained from the Ardennes and Triassic sandstones at
Luxembourg.

British Columbia.—Nanaimo has furnished Cretaceous
sandstones for buildings in Victoria, and New Castle Island
provided the brownish gray sandstone used in the construc-
tion of the United States Mint at San Francisco.

England.—Devonian sandstones occur at Devon and Corn-
wall in the beds of the Old Red Sandstone series. The stone
is used for building purposes and road metal. The Carbon-

Fig. 233.—Sawn slab of banded jasper, Rhine Valley, Germany.
Photo. by C. H. Richardson.

iferous Millstone Grits in the western part of England attain
a thickness of 400 to 500 feet and furnish many fine grained
sandstones for structural work. The Observatory and Wes-
leyan Memorial Hall at Edinburgh are from the Northumber-
land quarries.

Ireland.—According to J. Watson the Carboniferous sand-
stones of Ireland are the most important from a commercial
standpoint. They are of even texture and in color they are
white, yellow, red and purple. The Shamrock sandstone is
gray in color and takes a fine finish. It is much utilized as a
building stone.

France.—According to J. A. Howe sandstones of varied
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