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the State. It is hoped that these papers may mark the beginning
of detailed reports upon various phases of the economic geology
of Washington.
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PREFACE TO PART L

The preparation of this report was begun in June, 1901, and
since that time all of the localities, with perhaps two or three
exceptions, where stone is being quarried for building purposes,
or where it has been quarried in the past, have been visited and
the deposits carefully studied. Samples of the various building
and ornamental stones, represented in the various localities
visited, were collected and a careful study made of these in the
laboratory.

The time and funds at the disposal of the Survey have pre-
vented the carrying out of certain things which would have
increased very materially the value of this report. In a new
state like Washington no first-class maps of the different parts of
it are available, and as the Survey did not have the funds with
which to make them it has not been possible to indicate the
extent of the different building stone areas throughout the state.
This would have been a very valuable addition, especially to that
part of the report dealing with the marbles of Stevens County.
Then, again, had the funds been sufficient to have some of the
ornamental stones shown by means of colored lithographs, these
would have added very materially to the value of the report.

There are many interesting scientific questions, also, in connec-
tion with the marbles and serpentines of Stevens County, which
it has not been possible with the time at my disposal to do any-
thing with, and they are necessarily left for some future time.

In the preparation of this report free use has been made of
the various reports and publications on building stones, but of
especial service have been Buckley’s Report on the Building and
Ornamental Stones of Wisconsin and Hopkins’ Report on Marbles
and Other Limestones. The chemical analyses given in this
report (with the exception of the one of the serpentine from the
property of the U. S. Marble Co., furnished by Mr. F. W. Clarke,
Chief Chemist of the U. S. Geological Survey) were made by Mr.
R. W. Thatcher, Assistant Chemist at the Washington Agricul-
tural College and School of Science.



xii. Preface.

It has been thought advisable to include in this report a short
chapter on quarrying and working stone; not that it is claimed
that there is anything new in it, but because it was thought that
it might be helpful to persons opening up quarries in Washing-
ton. I am indebted to the Sullivan Machinery Co., and The
Ingersoll-Sergeant Drill Co., for illustrations of their stome
quarrying machinery.

The tests of crushing strength, the results of which are given
in this report, with two exceptions, and the modulus of elasticity
were made at Purdue University, La Fayette, Indiana, and I am
especially indebted to Professor W. F. M. Goss, Dean of the
Schools of Engineering, and Mr. L. V. Ludy, of the department
of Applied Mechanics, under whose supervision the work was
done. I am also indebted to Mr. F. W. Clarke, of the U. S.
Geological Survey, for his description and suggestions as regards
the serpentine from the U. S. Marble quarry. To Professor J. P.
Iddings, of Chicago University, I am also under obligations for
microscopical descriptions of two tufas.

It is a pleasure to acknowledge my great indebtedness to the
many quarry owners and superintendents, and others interested
in the stone industry of Washington, who gave freely of their
time and services, and without which the preparation of this
report would have been almost impossible. To all others who
have in any way aided in the preparation of this report I wish to

express my hearty thanks.
S. SHEDD.

WASHINGTON AGRICULTURAL COLLEGE
AND SCHOOL OF SCIENCE.

Pullman, Washington, March, 1go3.




PREFACE TO PART IL

In the report on the Coal Deposits of Washington an attempt
is made to set forth in some detail the extent of our coal fields,
the amount of development work which has been done within
and upon them, and their commercial value. The small appro-
priation available for the report has necessarily limited the scope
of the inquiry, and many important points have been omitted.
An absence of reliable base maps has made it impossible to show
with accuracy and in detail the boundaries of the various coal
fields.

The field work upon which the report is based was done partly
' in the summer of 19o1, but mainly in the summer of 1go2. During
these field seasons the following person were employed at various
times as field assistants: L. D. Ryan, Charles Landes, S. H.
Richardson and R. L. Ewing. The portion of the report which
deals with the Packwood and Davis Fields has been prepared by
Prof. Milnor Roberts. ;

The very kind assistance of the mine owners, managers and
superintendents is gratefully acknowledged. Their friendly inter-
est has been shown in many ways, and the information possessed
by them has been cheerfully placed at our disposal.

HENRY LANDES.

UNIVERSITY OF WASHINGTON. C. A. RUDDY.
Seattle, March, 1903.
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THE BUILDING AND ORNAMENTAL STONES
OF WASHINGTON.

CHAPTER I
ORNAMENTAL AND BUILDING STONES IN GENERAL

DEMAND AND USES.

Buildings—The demand for stone for building purposes
is regulated by a number of different things, some of which
are as follows: Cost of other kinds of material used for build-
ings ; stability of stone as compared with other kinds of build-
ing material; “show” or the desire to give buildings as im-
posing an appearance as possible ; the desire to make buildings
more nearly fire proof, and the slowly increasing desire for
more permanence,

The first thing, at the present time, when most people be-
ging thinking about putting up a building of any kind is
what it will cost and this causes them to begin to figure and
compare the first cost of the different kinds of building ma-
terials that may be available, such as stone, iron and steel,
brick and lumber, and usually the cheaper material is used.
In this state the demand for stone for building purposes is
not very great as yet on account of its first cost being much
more than that of wood, brick or iron. And then again the
people have not reached that stage of advancement where
their ideas of permanence demand the stone, but rather they
are simply building for the present, and leaving the future to
take care of itself. The fact that Washington is well sup-
plied with other material than stone for building purposes has
tended to retard an increase in the demand for stone.

The demand, however, is slowly increasing and is much
more now than it was ten years ago. An increase in the num-
ber of brick buildings being constructed usually calls for a
larger amount of stone, as in nearly all cases stone is used



4 Annual Report Washington Geological Survey.

for foundations and trimmings, and in many cases the fronts
will be built of stone and the sides and rear walls of bricks.
Stone is more stable than other kinds of building ma-
terial and where the first cost is not the determining factor
this question of stability enters as a factor to determine ‘the
kind of material to be used. In a new country like Wash-
ington the desire for large profits on small investments causes
the rapid construction of buildings from cheap material, and
the result is that a large part of our buildings are wooden
structures. The desire on the part of most people to have
as imposing looking buildings as their neighbors has in some
cases caused a greater demand for stone, and many persons,
who cannot afford to build stone buildings, veneer the fronts
with stone so as to make them appear as imposing as many
others built entirely of stone. This is true especially in regard
to business blocks in the cities. In the cities the desire for
fire proof buildings is constantly increasing and the wooden
structures are gradually being replaced by structures in which
the principal material is stone or brick. In some cases arti-
ficial stone, or material resembling stone, has been manufac-
tured, and in so far as this has been used in buildings in just
that far has it interefered with the demand for stone.
Monuments—Stone has been used for ages for monumental
purposes, and there is hardly a cemetery in our land but what
has its mausoleum of stone, and almost every lot its slab of
marble. The demand for stone for monumental purposes is
constantly increasing and better grades of stone are being
used. It has been only a few years since it was very rare to
find anything except marble used for monuments, but the
demand for something more permanent has caused the marble
to be partially replaced by granite. The marble is much more
easily worked than granite, and hence cheaper, and this fact
is a very strong point in its favor with a great many people.
The demand for certain stones is determined quite largely by
the reputation they have. This is due quite largely to the fact
that the majority of the people are not capable of telling the
difference between a good stone for monumental purposes and
a poor one. Scotch granite has been used quite extensively
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in this country, not because we do not have as good granites
here, but principally because the Scotch granites had the repu-
tation and our granites have had to make their reputations.
The Scotch granites are gradually being replaced by our own
native granites since we have found they are just as good
and much cheaper on account of the tariff on the imported
stone and the cost of transportation, which are expenses not
met with in the case of the domestic stone. The atmospheric
agencies affect the polished surfaces of the marbles and cause
them to loose their polish much more quickly than the harder
granites. Then the various colors found in the granite are
more pleasing to most people, as a general rule, than the
pure white of the marble. Our methods of cutting, polishing
and working of the stone in general have been improved very
much in the last few years, and this has caused the cheapening
of stone so that people of moderate means can have a better
grade of work done and use a better grade of material.

Road Making—Stone in some form has been used for road
making to a greater or less degree since the time when roads
were first built, but even at the present time the larger part
of the stone used for road making is used by the cities and
in the west especially very little is used by the country dis-
tricts. A few years ago, stone in the form of blocks of granite,
limestone and quartzite was used in many of the larger cities
for street paving, especially on the streets subject to heavy
traffic, but these are gradually being replaced by other forms
of material such as vitrified brick, asphalt, and in some cases
wooden blocks have been used. The wooden blocks, however,
have not proven very satisfactory and are not now being used
very much. Whether streets and roads are made of macadam,
vitrified bricks, asphalt or wooden blocks a good foundation
is a very important part of a good road or street and rock is
the principal material used in the making of these foundations
while asphalt or vitrified bricks are at the present time used
as the surface material.

In road building or street paving the question of first cost
is a very important factor in determining the material to be
used. In Washington, outside of a few of the principal towns,
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very little work of a permanent nature is done on the roads.
It is true the roads are worked more or less each year, but
the work done is not of a permanent character, and has to
be done over each year and we have poor roads besides.
Washington has very few miles of macadamized roads, not
because the material needed for building such roads is not
in the state, but because the people have not reached the
point where they feel that it is better to concentrate their
energies and build a few miles of good and permanent road
instead of distributing their work over so large an area that
nothing is well done and it all has to be done over the fol-
lowing season. Not all stone is suitable for road making ma-
terial. A good road making material should be hard enough
so that it will resist, wear well, and on the other hand it should
not be so hard that it is slick and glassy. Then again it
should have such a composition that the material when pul-
verized will cement together again and in this way it will form
a solid, firm surface. If the material is so soft that it is
abraded or worn away rapidly it will form volumes of dust
during the dry season and quantities of mud during the wet
season.

Curbing—The demand for stone, in the cities, for curbing
has been increasing quite rapidly in the last few years until
at the present time it is quite considerable, Even in our own
state cities like Seattle, Tacoma and Spokane have in the
last few years used quite a large amount of stone for this
purpose.

Bridges and Culvert Construction.—There is a constant
and growing demand for stone for bridges and culverts. In
Washington, however, this demand is confined principally to
the railroads and it has only been within the last few years
that they have been using stone. When the railroads were
first built through this state the bridges and culverts were all
built principally of wood, but these are gradually being re-
placed by steel and stone structures. In many cases the rail-
roads own and operate the quarries from which they obtain
the most of their stone. The demand for stone for bridges and
culverts on the public highways in this state is not very ex-
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tensive as yet, but as the state becomes more thickly settled
and we begin to build better roads the demand will gradually
increase until eventually a large amount of stone will be used
for this purpose and all of this will be supplied from private
quarries.

Miscellaneous Uses.—In some places, especially in the
large cities, there is quite a demand for flagging stone for
sidewalks. Other uses such as retaining walls, jetties, steps,
riprap, posts, etc., furnish a constantly increasing demand for
stone. The stone that is probably used most for flagging is
the sandstone, principally on account of the fact that it is
stratified and is frequently capable of being split easily into
thin slabs along the planes of stratification. Some of the
Bellingham Bay stone from the Chuckanut quarries is quite
good flagging stone.

NECESSARY CONSIDERATION IN THE SELECTION OF STONE.

Color.—The color of a stone, while, perhaps, not having
very much to do with its real value, is frequently a very im-
portant factor in determining whether it will be used in certain
places or not.

The color of many of our building stones is what has
been designated a composite color; that is, it is a color made
by the combination of two or more ‘colors. The grayish color
of so many of our granites is due to the fact that they are
made up of white or light colored feldspar, and dark or black
mica and hornblende finely divided and intimately mixed.

In other cases the separate minerals occur in quite large
particles and retain their separate colors and cause the mottled
appeararice so common in some granites. In other cases the
feldspar is redish or pinkish and this is the cause of the red
or pink granites which occur in some localities. The color
of the sedimentary rocks is due principally to various forms
of iron and carbonaceous matter. The limestones and marbles,
when pure, are white and the reason they are so frequertly
colored is because they contain impurities of various kinds.
The sedimentary deposits, such as the sandstones, vary a great
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deal in color even in the same deposit, and frequently in
short distances. When one understands the way these rocks
have been formed this is what would naturally be expected.
The material of which they are composed has been transported
long distances by streams either in suspension or solution,
and as the volume of water and kind of material would vary
from time to time the color would probably change more or
less. Then again percolating water may have changed the
surface part of a deposit so as to give it an entirely different
color from what it had at first and different from what the
underlying rock still has. The cemeting materials in the
sandstones are responsible to a considerable extent for their
color. The common cementing materials in sandstones
are calcium carbonate, silica and iron. When calcium
or silica occur the stone is apt to be light col-
ored and when iron occurs it is a buff or dark
color, depending on the form in which the iron
occurs. The color of stone is apt to change after it has been
quarried and exposed to the atmosphere for some time. The
principal cause of their first change is loss of water, but on
further exposure a still greater change may take place, due to
the chemical changes that are taking place in the constituents
of the rock itself. If a stone contains iron in the form of a
sulphide it will be changed by the action of the atmospheric
agencies to an oxide and in this way change more or less the
color of the stone. In some cases the color of a stone, re-
gardless of its other qualities, determines, quite largely, its
market value. The question of color is principally a matter
of taste, and that being the case the demand for any particular
kind of stone may vary on account of fashion.

Influence of Weathering.—Whenever rock has been ex-
posed for some length of time to the different atmospheric
agencies certain results or effects have been produced which
are usually spoken of as weathering. This change may result
in the breaking up completely of the rock and formation of
soils, or it may resuit in only a partial decomposition or in the
formation of new minerals as in the decomposition of a feld-
spar to produce a kaolin.
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These weathering agencies may be separated into two
classes depending on whether the action is principally a me-
chanical action or whether it is principally a chemical action.
These two classes of agencies may be designated as those of
mechanical disintegration and those of chemical decomposi-
tion.

The principal agencies of mechanical disintegration are
(1) changes of temperature; (2) mechanical abrasion; (3)
growing organisms. The principal agencies of chemical de-
composition are (1) water-solvent action; (2) carbon dioxide;
(3) organic acids.

Changes in temperature act in two different ways in pro-
ducing decay of rock: (1) by unequal expansion and con-
traction of the rock or of the separate minerals of which it
is composed; (2) by the expansion through freezing and the
contraction, when thawed, of the water in the pores of the
rock.

AGENTS OF MECHANICAL DISINTEGRATION.

Unequal Expansion and Contraction.—It is a well known
fact that in general substances when heated expand and con-
tract unequally for the same variations in temperature. Rocks
are poor conductors of heat and one side of a comparatively
thin layer may be changed in temperature quite a good many
degrees before affecting the other side. The igneous rocks
are mixtures of several minerals, and each mineral has a dif-
ferent rate of expansion and contraction for the same changes
in temperature. That is if the temperature of each mineral
composing a piece of granite, for instance, be raised 10 degrees,
the amount of expansion will be different for each one. Then
again these minerals do not expand equally in all directions,
but expand more in some directions than they do in others.
The minerals in igneous rocks are more or less interlocked
with each other and the fact that they expand differently
in different directions produces a very unequal strain and this
repeated time after time finally separates the particles and
causes the breaking up of the rock. The sedimentary rocks
are not so complex as a general rule as the igneous and hence
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are not affected so much by these changes. Where the rocks
are exposed to the direct rays of the sun during the day the
temperature is increased and they expand, and at night they
cool again and contract, and this process goes on day after
day indefinitely, and eventually particles are completely separ-
ated from the main mass. These changes in temperature, of
course, are only surface phenomena, but if the small particles
loosened by this means are constantly being removed it gives .
this force a chance to keep continually acting and eventually
large masses of rock are completely disintegrated. A good
case showing the expansive force of heat is cited by Buckley
in his “Building and Ornamental Stones of Wisconsin,” where
he states that “the expansive force of heat is well shown in
many of the limestone quarries of Wisconsin, where beds from
5 to 6 inches in thickness are for the first time exposed to the
heat of the summer’s sun. These thin beds become heated
throughout their entire thickness, and arch up on the floor of
the quarry, generally breaking and completely destroying the
stone.”

Freezing and Thawing of Included Water.—All rocks are
more or less porous and these pores, before the rock is quar-
ried, always contain more or less water, and after being quar-
ried for some time and exposed to the atmosphere, they lose
this water. However, when rain storms occur they are apt
to absorb more water and if the temperature falls below the
freezing point when the stone is 1n this condition the water
will be frozen. As is well known water on freezing expands
and in expanding exerts a pressure or expansive force equal
to about 150 tons to the square foot. It is plain to see that
if the rock contains any very large amount of water and
freezes the result will be the spreading apart or separating
somewhat of the particles composing the stone. Then the
water thaws and freezes again and so on indefinitely and the
result is that particles are finally completely loosened and fall
off. This effect is principally on the surface of the rock and
is the cause of the scaling frequently seen in buildings that are
built of certain kinds of stone. In addition to the pores,
which occur in the rocks, there are the openings which occur
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along the joint, bedding and foliation planes. Water falling
on the surface of the ground and more or less of it sinking
into it enters these cracks or crevices and while it will flow
more readily along these than it does through the pores of the
rock, still many times these will be filled and freeze while in
that condition. As has already been stated, water when
freezing exerts a very great expansive force and will tend
to separate the rocks along these planes and when the ice
melts the rocks do not come back to their original position,
but retain the position they had when the water was frozen
in them. Then these cracks are filled again and refrozen, and
the seams opened a little farther and the same process re-
peated time after time finally produces a perceptible effect
and tends to weaken the stone. This is especially true of
sedimentary deposits such as sandstones, particularly where
they have marked bedding planes.

Mechanical Abrasion—Mechanical abrasion is a very
prominent source of decay of rocks in nature. The streams
with their loads of sediments are constantly abrading or wear-
ing away their beds and, more or less, their banks also. In
certain localities, especially in the arid regions, the wind is a
very important abrasive agent. In these localities dust
storms take the place of rain storms and the dust and sand
carried by the wind act as graver’s tools in cutting the rock
with which it is brought in contact and in many instances cut
the rocks into very fantastic shapes. In some parts of Wash-
ington the amount of abrasive work done by the wind is con-
siderable. The effect, however, on buildings is not very great.
In some instances rain is quite an important abrasive agent in
wearing away the different kinds of rocks, but it has so little
effect on buildings that it perhaps hardly deserves mention,
but in some particular cases it may have some effect by break-
ing off very minute particles from the walls.

Minor Agencies.—Plants of various kinds and under cer-
tain conditions tend to cause the decay of the rock. Where
the roots and rootlets penetrate the cracks and crevices in the
rocks they act mechanically and chemically to cause decay.
As the roots grow and expand they tend to separate the rock
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masses and particles more and more until finally they separate
them completely. In many instances the walls of buildings
are allowed to become covered with ivy and other forms of
clinging vines. These send their small roots into the crevices
in the walls and they have a tendency to cause particles to be
broken off from the walls. Then again they form good places
for the collecting of dirt and foreign substances which hold
the moisture and have a tendency to absorb any injurious
gases which may be in the atmosphere. The stone will absorb
more moisture because the plants will hold it and not allow
the wall to dry so soon at it otherwise would, and the more
moisture the wall contains the greater the effects due to freez-
ing and thawing, so that while these plants may be ornamental
they can hardly help but shorten the life of the building.

The methods used in quarrying and working stone very
frequently are such as to hasten very much the decay of the
stone. Stone that has been quarried by blasting is very apt
to be shattered more or less and in this way weakened. The
stone may not show the effects of the blasting when first
quarried, but the cementing together of the particles has been
partially overcome at least and besides this there have been a
great many very minute cracks and seams formed, perhaps
microscopic, which give a better chance for the water to pene-
trate the rock. Again stone that is hammer dressed will not
be as long lived as stone that has been sawed for the reasons
given above. It makes a material difference with some stone
as to how it is worked as regards bedding planes and in regard
to the way it is placed in the building with reference to the
position it occupied in the quarry; that is whether in the build-
ing it is so placed that the bedding planes are vertical or hori-
zontal as they were originally.

The position in which stone is placed in the walls, es-
pecially if it be stone that occurs in bedded deposits, will have
considerable to do with determining the length of life of the
stone. Water will penetrate the stone along the bedding
planes much more readily if they are vertical than when they
are horizontal and consequently the effects from the freezing
and thawing would be much greater in the first instance than
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in the latter. If stone is placed on edge and the water soaks
into it and then freezes the tendency would be to produce
scaling or breaking off of small particles from the surface or
faces of the walls.

AGENTS oF CHEMICAL DECOMPOSITION.

Water-Solvent Action.—Pure water has very little effect as
a solvent of the different kinds of rocks, but as a matter of
fact we have very little, if any, absolutely pure water occuring
in nature. Rain water, which is as pure as any found in
nature, contains many gases, especially carbon dioxide, and
when water containing this gas comes in contact with the
different kinds of rocks it has a tendency to dissolve the min-
erals of which they are composed and produce decay. Water
percolating through the crust of the earth slowly dissolves
a certain amount of the rock with which it comes in contact,
and, in the case of a limestone, sets free more carbon dioxide
which in turn attacks the limestone, dissolving more of it, and
in some instances, such as the Mammoth cave in Kentucky,
large amounts of the country rock are taken into solution and
removed by the water. Under ordinary atmospheric pressure
and temperature water does not retain any very large amounts
of the different gases, but when water sinks into the earth’s
crust the pressure is increased and in many cases the tem-
perature is raised and these cause the water to be able to hold
more of the different gases in solution, which would cause
more rapid decay of the rock with which the water comes in
contact. This is quite an important agency in the decay of
many rocks, but is so slow in its action that it has very little
effect on the length of life of stone in the walls of buildings.

Organic Acids.—In nature the organic acids play quite an
important part in the decay of rocks. In nearly all localities
there is more or less decaying vegetation and as the rain
water falls and comes in contact with this decaying matter it
absorbs the organic acids that have formed and in percolating
through the crust of the earth comes in contact with the dif-
ferent rocks and tends to decompose them. It is very seldom,
however, if at all, that these organic acids have any effect on
the stone after it has been placed in the walls of buildings.
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INHERENT QUALITIES OF STONE.

Mineralogical Composition.—The mineralogical composi-
tion of a stone is one of the very important factors in de-
termining its durability, and other things being the same that
rock in which those minerals occur that resist decomposition
best will be the most stable and resist longest the different
agencies that are constantly tending to decompose it.

In the igneous rocks the mineralogical composition, as a
general thing, is more complex than it is in the sedimentary
rocks and the more complex the composition becomes the
greater the chance that some of the minerals will be easily
decomposed. The common minerals occuring in the igneous
rocks are quartz, feldspar, mica, pyroxene, ‘and amphibole.
Of these quartz is the most stable and in fact is hardly affected
by atmospheric agencies at all, except, perhaps, those that
act mechanically, such as changes of temperature and the
freezing and thawing of included water, and as this mineral
absorbs very little water this would have very little effect
and hence those rocks that are composed quite largely of
quartz as a general thing are apt to be more stable than those
in which this mineral is absent. The feldspars are quite stable
minerals, but they do not resist the decomposing agencies so
well as quartz and when they do decompose they form new
minerals such as Kaolin which is of no value in helping the
rock to resist decomposition. Mica is a very prominent min-
eral in many of the igneous rocks and when it occurs in finely
divided particles resists weathering very well, but when it
occurs in large masses, on account of the fact that it occurs
in very thin layers, many seams are exposed which give fav-
orable conditions for the action of the atmospheric agencies.
The amphiboles and pyroxenes ate the least stable of the com-
mon or prominent minerals occurring in the igneous rocks.
Otlier things being equal, that rock is most durable which is
composed of those minerals that are most durable and for
that reason the granites and rocks of that family are among
our most durable rocks. The essential minerals of the gran-
ites are quartz and feldspar, and as has already been ex-
plained, these are very stable minerals, especially the quartz.
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Sometimes the accessory minerals, in a rock, become very
important factors in determining the rate of weathering of the
rock. One of the most common of these accessory minerals
is perhaps iron sulphide or pyrite, and it is probably as in-
jurious, when it does occur, as any of them. This mineral,
when brought in contact with oxygen in the presence of mois-
ture or water, oxidizes and forms iron sulphate which is easily
taken into solution and either carried out of the rock com-
pletely or brought to the surface and deposited as iron oxide.
In this way stone in the walls of buildings may be discolored
even if they are not weakened very much by the decomposition
and removal of the pyrite.

The sedimentary rocks are grains of igneous or sedimen-
tary rocks that have been broken off from the parent mass by
the action of the atmospheric agencies, and then recemented
or hardened into rock again. The common cementing materi-
als are silica, calcium and iron. The sandstones are fine or
coarse grains of sand, having either a silicious, calcareous or
ferruginous cement. The rate of decomposition of the sedi-
mentary rocks is due partly to the original constituent miner-
als of which they are composed and tne cementing material
holding these particles together.

Buckley, in his report on “The Building and Ornamental
Stones of Wisconsin,” pages 37 and 38, has the following to
say in regard to the cementing materials in the sedimentary
rocks:

“The important cementing materials, in the order of their
importance, are silica, calcium carbonate and iron oxide. A
number of authors in text-books and reports on building stone
have treated iron oxide as next in importance to silica as
a cementing material. As will be shown, this is not true.
Silica is the most important of the three cements. Calcium
carbonate, although probably in itself less durable than iron
oxide, is next to silica as a cement. Iron oxide, in it-
self, is more durable than calcium carbonate, but
owing to the absence of other necessary qualities,
it contributes least to the durability of a rock, and is
therefore of least importance as a cement.
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“The relative value of a cement depends primarily upon its
adhesive and cohesive powers. It may be observed that,
among the sedimentary rocks, in which the cements are
equally abundant, sandstone, in which the cement is silica, and
limestone or dolomite, free from any «considerable admixture
of quartz, are the strongest rocks. The silicious limestones, or
calcareous sandstones, are of intermediate strength. The
weakest are those in which the cement is simply iron oxide.
The point which it is intended to emphasize in this connec-
tion is that a limestone, dolomite or sandstone is strongest,
when the cement is of ‘the same kind as the original constitu-
ents. The reason for this is apparently in the fact that the
force that binds like substances is stronger than that which
unites unlike substances. Whether weathering proceeds more
rapidly through mechanical disintegration or through solution
depends more or less upon the kind of cement. For example,
a silicious limestone disintegrates more readily than a pure
limestone, while solution may be more rapid in the case of
pure limestone. The walls of buildings contain compara-
tively little water and the capacity to withstand mechanical
disintegration is the more important quality. The essential
thing is to have the particles composing a rock firmly bound
together. The affinity between quartz and siliceous cement,
between calcium carbonate and calcareous cement is stronger
than that which exists between quartz and calcium carbonate.
Further it is apparent that the adhesion between iron oxide
and quartz or calcium carbonate is less than that between
calcium carbonate and quartz. If the particles to be bound
together were hematite instead of quartz or calcite, then under
the principle that cohesion is stronger than adhesion, iron
oxide would serve the purpose of a cement better than either
silica or calcium carbonate.

“Calcium carbonate, as a cement or otherwise, is quite
readily taken into solution by carbonated waters. The cleav-
age facilitates disintegration and the inherent softness of the
mineral admits of easy abrasion. Silica, on the other hand,
is very refractory, is dissolved only with great difficulty under
ordinary conditions and being one of the hardest of minerals,
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does not respond very readily to abrasion. Iron oxide is one
of the harder minerals, is not readily acted upon by water, and
has a medium capacity to withstand abrasion.”

Some of the less important substances occurring in the
sedimentary rocks are clay, pyrite and bituminous matter.
These in some cases may have an injurious effect on the stone,
but in most cases they do not occur in large enough quantities
to cause any detrimental effects. The clay may occur dissemi-
nated throughout the stone or it may be segregated and occur
in masses and in this case it would probably cause the stone to
weather unevenly, while if it were finely disseminated all
through the stone the tendency would be more to weaken it.
Pyrite in the sedimentary rocks would have practically the
same effect as it would in the igneous rocks and this has been
already explained.

Texture.—The texture of a rock is determined by the
size and arrangement of the particles of the mineral sub-
stances of which it is composed and is a very important factor
as regards its durability. The size of the grains, the distance
apart, and the manner of contact have much to do with the
strength and durability of the stone. In some cases the par-
ticles composing the rock are held together by simple adhesion
while in others, such as some of the sandstones, the grains are
more firmly held together by some cementing material, and in
still another class, such as the igneous rocks, their great
strength and durability are due to an intricate interlocking
of the constituent particles composing the rock. The size and
shape of the particles of a rock are factors in determining the
amount of pore space it can have. For instance, a rock in
which the particles are of a uniform size and spherical in
shape is capable of having the greatest amount of pore space.
It does not follow, however, that such a rock will always have
a large amount of pore space as a part may have been filled
by material being deposited around the grains.

The size of the pores in a rock may vary from those that
are very minute and microscopic to those that are of :consider-
able size and easily seen with the naked eye. The effects of
a high per cent. of pore space in a rock are to cause it to have
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a high ratio of absorption and also weaken it more or less,
as other things being equal the less the amount of pore space
the stronger the rock. Some rocks have substances scat-
tered through them which weather faster than the main mass
of the rock and in this way quite large cavities are sometimes
formed and when these are formed in any very great numbers
they are very injurious to the stone. The size of these cavi-
ties will depend on the size of the individual mineral particles
and in many cases they will be so small that they will not
be visible to the naked eye but at the same time they may
be very injurious on account of their great abundance.

The sedimentary rocks are apt to vary more as regards
the size and composition as well as the compactness of the
grains than the igneous rocks. In many instances these varia-
tions are plainly noticeable in single beds while in other cases
it is seen only in different beds. In the sedimentary rocks,
such as sandstones and many limestones, such as those con-
taining a large number of fossils, the cementing material does
not resist weathering as well as the rest of the stone, and hence
it is worn away faster and the surface becomes very rough and
uneven.

Hardness.—The hardness of a rock is determined by the
hardness of the minerals composing it, the size of the compon-
ent mineral particles, and the state of their aggregation. A
rock may consist of grains of the hardest of minerals and still
be very soft, this being due to the fact that the grains are not
firmly cemented together, while on the other hand the in-
dividual grains might be quite soft but well cemented to-
gether and the rock still be fairly hard, so that it is very plain
that the way in which the individual grains are bound together
is very important factor in determining the hardness of any
rock. Of two rocks in which the conditions as regards the
size and shape of the grains and cementing material are
similar, the one in which the individual minerals are the
hardest will be the harder rock. A knowledge of the miner-
alogical composition aids us in forming an idea of its hardness
and comparing it with other rocks. Not all rocks, however,
having the same mineralogical composition are of the same
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hardness, owing to the variation in the per cent. of the differ-
ent minerals found in them. In the sedimentary rocks the
shape of the grains has much to do with the hardness of the
rock and other conditions being similar that rock in which the
grains are irregular in outline and having sharp corners and
interlocking, something after the fashion of the particles in
the igneous rocks, will be the hardest. In some sedimentary
rocks the cementing material is harder than it is in others and
this has an influence on the hardness of the rock mass.
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CHAPTER II.

LABORATORY TESTS ON BUILDING AND ORNA-
MENTAL STONES. '

i

In all laboratory tests that are physical tests the conditions
under which they are made are not the conditions under which
the stone will be when it is placed in the walls of buildings.
The laboratory tests are as a general thing made under very
extreme conditions. A series, however, of well planned and
carefully conducted physical tests of any particular building
stone is in many cases of very great value. The knowledge
gained by such a series of tests will enable a person, if he
knows the conditions under which the stone is to be placed,
to predict with a fair degree of accuracy, without an examina-
tion of the quarry, the results of exposure to the atmospheric
agencies.

So important are these tests that in the case of new quar-
ries or of stone that is being placed on the market for the first
time, owners should not expect any very great sale until
the tests have been made and the quality of the stone proven,
as far as it can be by this means, Before any very large
amount of money is spent in opening up a new quarry the
stone should be carefully tested in the laboratory and its
character determined. In many cases stone is put into build-
ings without these tests having been made and as a result in
a few years when the buildings begin to decay and look
shabby the owners realize the value it would have been to
have had the stone tested before using it. Instances of this
kind are found in Washington where stone has been used in
buildings and after a very few years of exposure to the atmos-
phere it has commenced to crumble and decay. A careful
testing of the stone would have shown the unfitness of it for
building purposes and in the end would have saved much ex-
pense.
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In the preparation of this report the laboratory tests have
been considered under the following heads::

I. Microscopical ; 2. Chemical; 3. Physical.

MICROSCOPICAL TESTS.

In the study of rocks a good hand lens is very useful and
in the case of most rocks much may be learned, as regards
structure and mineralogical composition, by a study of hand
samples, in this way. Many rocks, however, are of such a
character that to determine accurately the structure and min-
eralogical composition the compound microscope is needed.
For use with the microscope thin slices of the rock to be ex-
amined are cut and ground down so thin that light will pass
through them and then mounted on an object glass for in-
spection.

The microscopical examination is a very important one but
only within the last few years has it been very extensively
applied. One of the most important things to know in con-
sidering the value of a building stone, is its mineralogical com-
position. This is apparent when we stop and consider the fact
that the same elements might be present in two different rocks
and united in different ways in each case and thus forming
different minerals. In one case minerals might be formed that
would resist weathering well, while in the other case the min-
erals formed might be easily decomposed. With the micro-
scope and thin, sections the mineralogical composition of a
rock can be told.

Another very important factor in determining the value
of a stone for building purposes is the size, shape and way
in which the individual grains or particles are united and the
only way in many cases at least that this can be told is by
the aid of the microscope. Impurities may be detected that
would not be found in any other way. The condition of the
grains composing the rock, that is as to whether they are per-
fectly fresh or partially decomposed, can in many cases be told
only by the aid of the microscope and thin sections.
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CHEMICAL TESTS.

The chemical analysis of a rock will show what elements
are present and in what proportions, but it does not show in
what combinations they occur. The presence and amount of
any substances which are harmful may be ascertained. The
presence of iron and the condition in which it occurs, i. e.,
whether it is ferrous or ferric iron can be told by chemical
analysis. The presence of magnesium carbonate in a lime-
stone or marble can be told by a chemical analysis but could
not be recognized by a microscopical examination. Chemical
analyses have been much more generally made than the micro-
scopical examination on account of the fact that the means
for making the chemical analyses are more accessible than the
other. Both the chemical analysis and the microscopic exam-
ination are very valuable and in many cases neither can be
dispensed with if we are to have anything like a fair know-
ledge of the stone and in the preparation of this report both
have been used.

PHYSICAL TESTS.

Physical tests of building stones are the tests that are made
to determine artificially the strength and ability of the stone to
resist the natural weathering agencies or destructive forces
encountered in actual use. In Washington the buildings are
comparatively new and the stone quarried in this state has not
been in use long enough so that it is possible to say, from
actual experience, as to whether it is durable or not. The
strength of a stone may be easily tested but the strength is not
the only thing to be taken into consideration in estimating
the durability of the stone.

The trouble with all the physical tests is the difficulty of
making the tests under exactly similar conditions to those
under which the stone is placed in actual use. In the artificial
tests the conditions are extreme but constant all the time while
in actual use they are continually changing. Then again in
the artificial tests there is usually but a single force acting at
one time, while in nature, as a general thing, there are sev-
eral acting at the same time.
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Buckley* separates the physical tests into two classes as
follows:
A. STRENGTH TESTS.
Crushing strength.
2. Traverse strength. Modulus of rupture.
3. Modulus of coefficient of elasticity.

B. DuraBILITY TESTS.
Specific gravity.
2. Porosity.
Weight of the stone per cubic foot.
Effect of extreme heat.
Effect of alternate freezing and thawing.
Action of carbonic acid gas.
Action of sulphurous acid fumes.

-

NG Ghytn ety

A. STRENGTH TESTS.

Crushing Strength.—Until recently about the only test that
had been used in determining the suitability of a stone for any
particular use was the crushing or compressive strength test
and by many quarrymen and builders it has been considered
that this test is all that is needed to determine the quality of
any stone. The value of this test, however, has been in many
cases very much overestimated. It is a rule among builders
that a stone should never be placed where it will be subjected
to more than one-tenth the pressure that the fresh sample has
shown by actual experiment that it can resist.

Buckley T in speaking of the value of this test has the fol-
lowing to say:

“It has been computed that the stone at the base of the
Washington monument, the highest structure in the world,
sustains a maximum pressure of 22,658 tons per square foot, or
314.6 pounds per square inch. Certain contractors require a
stone to withstand twenty times the pressure to which it will
be subjected in the wall, while others only require ten times
that pressure. Even if requiring a factor of safety of twenty,
the strength required for a stone at the base of this monu-

* Building and Ornamental Stones of Wisconsin, p. 57.
f Building and Or tal St of Wi in, p. 58.
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ment would be only 6,292 tbs. per square inch. The pressure
at the base of our tallest building can scarcely exceed one-
half that at the base of the monument, or 157.3 tbs. per square
inch. According to the above estimate stone used in the tall-
est buildings does not require a compressive strength above
3146 lbs. per square inch. There is scarcely a building stone
of importance in the country that does not give a
higher test than this. Ordinary building stone has from two
to ten times the maximum required crushing strength. A
stone, having a crushing strength of 5,000 lbs. per square inch,
is sufficiently strong for any ordinary building.”

From the above it would seem that there are very few
stones that, when fresh, would not have great enough crush-
ing strength so that they would be able to resist the pressure
to which they would be subjected when placed in buildings.
The question of long continued pressure and what the result
would be and how much the stone will be weakened by this
and long exposure in the walls of buildings is one that cannot
be answered very definitely at the present time. We know
that a stone that has been subjected to great pressure and has
this pressure removed will not stand the same maximum
strain when placed under pressure again.

In making tests of the crushing strength of any stone the
results depend very materially on the way in which, and the
care with which the samples have been prepared, and before
it is possible to draw conclusion from tables showing the
crushing strength of building stones it is necessary to know
the way in which the samples have been prepared and the
condition of the samples at the time the tests were made.
Cubes that are prepared with a hammer or chisel are often
shattered more or less, seams are frequently produced, and
grains loosened, all of which tend to weaken the stone and
cubes that are prepared by sawing or rubbing will usually be
much stronger than those prepared with a hammer or chisel.

Most of the cubes used for crushing tests in the prepara-
tion of this report were approximately two inches. A few
were a little less. In some instances the cubes were prepared
by the quarry owners and in others they were prepared in
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the laboratory of the Washington Agricultural College and
School of Science, and in most cases they were sawed and
rubbed. The cubes were cut from blocks which so far as
could be told were free from flaws and the faces rubbed
down until they were approximately parallel. The cubes
were then allowed to thoroughly dry, after which they were
sent to Purdue University, La Fayette, Indiana, where they
were tested.

The following description of the method of making these
tests was furnished by Mr. L. V. Ludy, in charge of the de-
partment of Applied Mechanics, Purdue University, under
whose supervision the work was done:

“The tests were made in a vertical testing machine in the
usual way, by placing the specimen between the head and base
of the machine and applying load until failure occurred. The
forms of the specimens were cubes of approximately two-
inch edges. In order to obtain a perfect bearing on the speci-
men, plaster of paris was used, with sized paper between the
specimen and plaster to prevent the moisture from affecting
the physical qualities of the specimen.

It was desired in these tests to obtain the ultimate strength
. and modulus of elasticity. In order to accomplish the latter
it is necessary to know the relation between the compression
of the stone and the load required to produce this compression.
To gain this information two yokes were designed which
were placed around the specimen, one at the top and one at the
bottom, and clamped in position by means of thumb-screws
with rounded ends. By this arrangement the actual amount
of compression of the stone between thumb-screws in yokes
could be measured. The amount of this compression was
measured by means of a compressometer which read to the
one-ten-thousanth part of an inch. The average length of
stone, in which the compression was read, was about one and
one-eighth inches, and represents the distance between thumb-
screws in yokes.

The stone being in position in the machine, loads were
applied, increasing uniformly and corresponding readings of
the compressometer were taken. By very careful measure-
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ments of the apparatus it was found that the calculated results
could be relied upon as being correct to within one or two per
cent.”

B. DuraBILITY TESTS.

Specific Gravity.—The specific gravity of a stone is found
by comparing its weight with the weight of an equal volume
of water. Several different methods have been employed by
different persons for doing this and in many cases the results
are not entirely correct. Gen. Gilmore weighed the stone first
in air, then suspended it in water and when bubbles were no
longer given off he weighed it in water. Then it was taken
out of the water, the surplus water removed from the surface
of the sample by means of blotting paper or some other good
absorbent and weighed in air again. Then the difference be-
tween this last weight in air and the weight in water divided
by the weight in air of the dry stone was taken to be the spe-
cific gravity of the stone.

At the Rose Polytechnic Institute, Terre Haute, Indiana.
the samples are weighed in air and then immersed in water
and weighed as quickly as possible. The difference between
these two weights divided by the weight in air gives the
specific gravity. Each of these methods as shown by
Buckley* are faulty. The true dry weight in many cases,
and perhaps in all, is not obtained, as it is necessary in order
to expel all the water to heat the stone to 110° C. for some
time. Then again the weight in water is faulty, as the correct
weight is not obtained until the sample is completely saturated
and this even under the most favorable conditions takes quite
a considerable length of time and is not completed when
bubbles cease to be given off. “A third method is that which
is commonly known as the specific gravity bottle. By this
method a small bottle is weighed, filled with distilled water
and weighed again. The bottle is them emptied, dried, the
powdered stone put in, and reweighed. These weights give
the weight of the stone and the weight of the bottle full of
water. The bottle containing the sample is partly filled with

* Building and Ornamental Stones of Wisconsin, pp. 63and 64.
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water and suction applied to exhaust the air bubbles, the
filling completed and another weight taken. The specific
gravity is then computed by dividing the weight of the stone
by the weight of the water displaced by the stone.”* If suf-
ficient care is exercised in the manipulation this method should
give very good results,

The determinations made in the laboratory of the Wash-
ington Agricultural College and School of Science in the
preparation of this report, were obtained by the method used
by Buckley in the preparation of his report on the Building
and Ornamental Stones of Wisconsin.

The samples used for the determination of specific gravity,
with a very few exceptions, were approximately one inch
cubes. These were dried in a hot air bath at a temperature
of 110° C., until a constant weight was obtained. The weight
was recorded in grams to the third decimal place. After this
the samples were placed in a large bottle and the cork tightly
sealed. It was then placed in a water bath, containing water,
and at a temperature of 100° C.,, which was maintained
throughout the forty-eight hours that the samples were in the
bottle. The bottle was connected with an air pump and the
air exhausted until the pressure in the bottle was reduced
to at least an eighth of an atmosphere. Water which had
been boiled and had a temperature of 100° C. was slowly fed
into the bottle, the air pump being worked at the same time,
and in this way the pressure in the bottle was kept constant
or nearly so. The water was fed into the bottle by placing
one end of a rubber tube in the basin of hot water, the other
end being attached to a piece of glass tubing which passes
through the cork into the bottle. By means of a pinch cock
the rate of flow of the water into the bottle was easily regu-
lated. The water was fed into the bottle slowly until the
samples were entirely covered.

The samples were allowed to remain in the bottle 48 hours,
then removed, placed in a pan of distilled water and taken
and weighed. Before weighing the water was removed from
the surface of each sample by means of blotting paper, then

* Building and Ornamental Stones of Wisconsin, p. 64.
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placed on the scale pan and weighed as quickly as possible.
In order to ascertain if the samples were completely saturated
they were placed in the bottle again under the same condi-
tions as before and allowed to remain for 12 hours more,
when they were again weighed and in some few cases a very
slight increase in weight had occurred, but not enough to make
any very perceptible difference in the results. The samples
while still saturated were suspended, by means of a fine wire,
in distilled water and again weighed. The specific gravity
was then determined by dividing the dry weight by the dif-
ference between the dry weight and the weight of the sample
suspended in water. The results are recorded in Table II.

Porosity.—The percentage of pore space in a rock is usually
determined by dividing the difference between the dry and
saturated samples by the weight of the dry sample. Buckley*
in discussing porosity objects to this method and says it does
not give the pore space but rather a result that would better
be called ratio of absorption. In order to show as low a per-
centage of pore space as possible methods that are not strictly
correct are sometimes used.

The results shown in Table II. of this report were obtained
as follows:

The dry and saturated weights used in the determination
of the specific gravity were used. The specific gravity was
multiplied by the difference between the dry and saturated
weights and the product added to the dry weight. This pro-
duct was then divided by the sum of the dry weight and the
product and the result taken as the percentage of pore space
as compared with the volume of the sample tested. This
is the method used by Buckley in the preparation of his report
on the Building and Ornamental Stone of Wisconsin.

Weight of Stone.—The weight of stone when it is taken
out of the quarry depends principally upon the specific gravity
of the stone, the amount of water it has, and the amount of
pore space. For any given rock the amount of water is the
variable quantity. Any determination of the weight of a

* Building and Ornamental Stones of Wisconsin, Pp. 68 and 6g.
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given stone to be of value should be made on the dry stone
and not on samples which contain indefinite amounts of water.

The results given in this report were obtained by multiply-
ing the weight of a cubic foot of water by the specific gravity
of the stone which gives the weight of a cubic foot of the stone
if it were free from pores. This result was multiplied by the
per cent. of pore space already found and the product sub-
tracted from the result obtained by multiplying the specific
gravity of the stone and the weight of a cubic foot of water
together and the result is the actual weight of a cubic foot of
the stone. The weight per cubic foot of the stone from the
quarries of Washington is given in Table II.

Freezing and Thawing.—The freezing and thawing test
is an important one and especially if the stone is to be used in
a wet, cold climate. As has already been stated the water
been brought to Lewiston on scows and then reloaded and
in the pores of the rock expands when it freezes and this
tends to produce disintegration of the rock. The effect of
freezing and thawing can be determined with a greater degree
of accuracy in the laboratory than any other place. This is
due to the fact that here we have the one force acting, while
in nature there are a number of disintegrating forces acting
together. Two methods have been used in determining the
effect of alternate freezing and thawing and they are known as
the natural and the artificial methods. The artificial method
consists in boiling the samples in a solution of some soluble
salt, such as sodium sulphate, until they are saturated and then
allow them to dry. As the water evaporates the salt crystal-
lizes and produces stresses similar to those produced when the
water freezes in the pores. The conditions, however, were
such that in the tests made for this report the samples could
be saturated with water and frozen at night so that nothing
was done with the artificial method.

For making the freezing tests on the stone from the
Washington quarries, the results of which are recorded in
this report, approximately inch cubes were used with two or
three exceptions. The samples were dried in a hot air bath
at 110° C. to a constant weight and the weight recorded. They
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were then saturated with water and at night placed out of
doors and allowed to freeze. In the morning they were brought
into the laboratory, allowed to thaw out, then placed in dis-
tilled water and left to soak until evening, when they were
again placed out of doors and allowed to freeze during the
night. This was repeated twenty times, after which the sam-
ples were again dried in the hot air bath at 110° C., and re-
weighed and the loss of weight computed. Probably the most
important test in connection with freezing and thawing is the
determination of the effect on the strength of the stone, but
unfortunately in the preparation of this report it was not possi-
ble to make tests to determine this.

Extreme Heat.—The ability of a building stone to with-
stand extreme heat, in many cases at least, is a very import-
ant one. This is especially true in the case of material which
is to be used in cities where it is liable to he subjected to
the intense heat of the conflagrations from which many of our
cities have suffered and are liable to suffer at any time. Dif-
ferent kinds of building materials vary much as regards their
power to withstand high temperatures, but at the same time
they may all be destroyed if the temperature is high enough.
Some are even destroyed at quite low temperatures while
others are but little affected at from 1100° F. to 1300° F.
Stone is a poor conductor of heat and in the case of a fire in the
cities the stone becomes heated to a high temperature on the
outside and then, frequently at least, is cooled very suddenly.
This sudden cooling causes the outer part to contract suddenly
and the stresses thus caused produce fractures in the outer
part of the rock and particles and sometimes large masses
are thrown off. This repeated for a number of times may
completely destroy the rock. Other things being equal the
stone that has the simplest mineralogical composition and
the most uniform texture will have the greatest capacity to
withstand high temperatures and sudden changes.

The temperature tests made in the preparation of this
report were performed by placing samples, mostly inch cubes,
in a muffle furnace and gradually bringing the temperature
to 800° F., after which they were removed from the furnace
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and some of them cooled suddenly by being put into cold
water and others were allowed to cool slowly. Specimens
were then placed in the furnace and the temperature increased
to 1200° F., after which they were removed from the furnace
and allowed to cool. Samples of the stones that were not de-
stroyed at 1200° F., were placed in the furnace and raised to a
temperature of 1600° F., after which they were allowed to
cool gradually.

Carbonic Acid Gas.—The limestones and marbles are the
only rocks that are affected to any extent by the action of this
gas, which is manifest mainly in the large cities where
large amounts of soft or bituminous coal is used. Tests
were made in the laboratory on the marble and dolomites of
Stevens county, to determine what the effect of this gas
would be on these stones. The tests were made on samples
which were cubes, the edges of which were approximately one
inch long. These samples were first dried at 110° C. to a con-
stant weight, after which they were placed in wide-mouth
bottles, in which there was a small bottle containing .water,
and the corks carefully sealed. The bottles were then con-
nected with CO2 generators by means of glass and rubber
tubing. Carbon dioxide was then passed into the bottle until
it was filled and then the tubing was closed to prevent the
escape of the COz2, by means of pinch-cocks. The carbon
dioxide was renewed three times a week through a period of
twenty days. The samples were then removed, washed in
distilled water, dried at 110° C., and weighed. The difference
of weight is recorded in Table IV. The samples showed no
evidence of deterioration.
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CHAPTER III.
GRANITE, TUFA AND BASALT OF WASHINGTON.

GRANITE.

Distribution.—Granite suitable for building purposes is
found in a number of places in Washington but at the present
time the demand is not sufficient to warrant the working of

~many quarries. In time the demand will probably be much
greater and new quarries will then be opened.

In Western Washington the principal locality where
quarrying has been done is at Index and two quarries have
been opened at this place. Granite occurs in a number of
other places in Western Washington along the line of the
Great Northern Railway. It also occurs near Granite Falls
and North Bend and probably at many other places not men-
tioned. Russell* mentions it as occurring along the Sauk
river, the Skagit river from near Marblemount up stream a
distance of about 20 miles, and a small area south of Monte
Cristo.

In Eastern Washington granite has been quarried at a
number of places and is known to occur in many others.
Granites are quite common in Kittitas, Chelan, Okanogan,
Ferry and Stevens counties but in none of these has it been
quarried to any extent. In Spokane and Whitman counties
quarries have been opened and considerable granite taken
out. Through Southeastern Washington the country rock is
basalt and only in a few places comparatively do other kinds of
rock occur, the principal ones of which, so far as granite is
concerned, are near Medical Lake, near Spokane, on the
Little Spokane river, and at Granite Point on the Snake
river.

The surface of the country through Southeastern Wash-
ington before it was covered over with the basalt was very
rough’ and irregular and in fact mountainous, the mountains
being composed of entirely different kinds of rocks from those

* 20th Annual Report U. 8. G. S., Part IL., p. 107.
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found on the surface at the present time, or basalt. This
is shown by the outcrops of metamorphic and igneous rocks
such as gneisses, quartzites, granités and schists, which occur
at various places throughout the basaltic area. Several splen-
did illustrations of the outcropping of these rocks, which com-
posed this older land surface, are found within a short distance
of Pullman. One of the best of these illustrations is Steptoe
Butte, which is about twenty-five miles north and a little west
from Pullman. This butte is principally quartzite and rises
about 1,000 feet above the surrounding country. It is almost
conical in shape and stands out as an island in the basaltic
area. North of Pullman ten miles is Kamiack Butte and while
it does not rise so high above the surrounding country, still it
goes to help prove the very uneven character of the surface of
the country before the basaltic overflow. Kamiack is com-
posed mainly of quartzite and rises 500 feet above the sur-
rounding country. Both of these buttes existed as, perhaps,
quite high mountain peaks before the basaltic overflow and
were not completely inundated by it. Other outcrops of
metamorphic rocks of less extent are found within a short
distance of Pullman.

Near Rosalia gneisses and quartzites are found outcropping
through the basalt. At what is known as the “hole in the
ground,” near Rock Lake, an outcrop of what appears to be
quartz schist occurs. At Granite Point on Snake river granite
rises 150 feet above the water and this is 3,500 feet below the
top of Steptoe Butte. This would tend to show that Steptoe
must have been quite a prominent peak even before the time
of the basaltic overflow.

There are no indications found where the basalt rests on
these older rocks that they have been pushed up through the
basalt. Professor I. C. Russell * in discussing this point gives
the following:

“About 15 miles up the Snake river from the town of Asotin
is a locality known as Buffalo Rock, which is of especial
geological interest. This locality can be reached conveniently

# Water Supply and Irrigation Paper No. 4, U. 8. G. §., p31.
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from Asotin by following a road recently opened along the
west side of the river and at the bases of the great precipices
of basalt that form the canyon walls. Above Asotin the
canyon of the Snake river is deeper than below that locality
and furnishes many striking exposures of columnar basalt,
which rise tier on tier to a height of over 3,000 feet. In the
neighborhood of Buffalo Rock, however, an important change
occurs. The metamorphic rocks which formed the surface
of the country before the vast inundation of molten lava took
place again appear above the level of Snake river and rise at
least 2,000 feet into the horizontally bedded basalt. The
river has cut its gorge across a buried mountain so as to expose
the rocks composing it for about a mile on each side of the
stream. The horizontal layers of basalt abut against the
steep sides of the old mountain and show no evidence of dis-
turbance at the contact. It is evident that the lower rocks
have not been forced up into the basalt but that the latter was
poured out in successive sheets and flowed about a mountain
of schist and finally overtopped its summit and buried it from
sight. Additional overflows of the same character were
spread over the site of the buried mountain and reached a
thickness of fully 1,000 to 1,500 feet above its summit before
Snake river began to excavate its canyon.

The sides of the buried mountain, where they first appear
above the river, are steep and without talus slopes or other
products of disintegration. Although 3,000 feet of horizon-
tally bedded basalt are exposed in the canyon walls adjacent to
the outcrops of schists, it is evident that the valleys of the old
land lie below the level to which Snake river has corraded its
channel.”

SNAKE RIVER AREA.

Snake River Granite Quarry.—This quarry, owned by Mr.
Miles C. Moore, of Walla Walla, is located about two miles
above the mouth of Wawawai canyon, on the bottom of the
Snake river canyon. It is in Sections 13 and 24, T. 13 N., R.
43 E., and is 30 miles down the river from Lewiston. The
Oregon Railway & Navigation Company at present operates a
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line of boats from Riparia to Lewiston and the same company
is now building a line of railroad from Lewiston to connect
with their main line at Riparia which will pass by the quarry
and give a better means of shipping the stone than has existed
heretofore when it had to be loaded onto scows and towed
to Riparia and then rehandled and loaded onto cars.

The granite at this place is a ridge that was completely
covered with the basalt and has been exposed by the Snake
river cutting its channel deep enough to get through the basalt
which covered the granite. The granite is exposed for about
one-third of a mile along the river and in the highest places
rises something like one hundred and fifty feet above the
water. The canyon walls are composed of the edges of hori-
zontal layers of basalt which rise 1,800 feet above the top of
the ridge of granite. This basalt shows the least depth to
which the granite was buried by the basaltic overflows. I
say least depth because we do not know what thickness of
overlying basalt has been removed by the atmospheric
agencies. Considerable stone has been quarried and shipped
from here to different places where it has been used for build-
ing purposes, street curbing, and bridge piers. Fifty thousand
cubic feet of this stone were used in the new government
building in Portland, Oregon.

The Snake river granite is a light gray biotite granite with
very little hornblende present. The mica occurs in layers, to
a certain extent, giving to the stone somewhat the appearance
of a gneiss. The stone along the seams where the water has
circulated for years is somewhat colored by iron, which is due
partly to the decomposition of the iron bearing minerals in the
granite and partly to the iron being brought from the decom-
posing basalt which covered and surrounds it even at the
present time. The joints and seams are not frequent enough
but what blocks large enough for all ordinary purposes may
be obtained. The stone is firm, resists weathering well, and
is a good building stone. It works nicely and is said to take
a very high polish. This quarry has been worked entirely
by hand, the stone being broken down with powder and then
worked into dimensions by splitting with plug and feather.

8
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The quarry is not operated continuously but only as orders are
received. At the present time (Sept. 1902) no stone is being
quarried at this place.

Mr. Moore also has another granite quarry further up the
Snake river near the mouth of the Grand Ronde river. The
stone here is darker colored and finer grained than the stone
from the other quarry. This stone is said to take a very fine
polish and has been used to some extent for monumental
purposes. This quarry, however, is not very easily accessi-
ble on account of the fact that the Snake river is practically
unnavigable above Asotin. At times of high water, however,
boats have been above the quarry and some of the stone has
shipped from there.

Under the microscope thin sections of this granite show it
to be composed principally of quartz, feldspar and mica.
The feldspar is more abundant than the quartz and both the
orthoclase and plagioclase are present. The individual grains
composing this rock vary much in size and range from those
that are not more than a millimeter in diameter up to those
that are as much as one-fourth of an inch in diameter—these
being the feldspars.

In ordinary light the quartz is almost transparent but in
the sections examined it is not very common at least not so
common as the feldspar. The feldspar has a clouded appear-
ance but does not show the zonal structure which is so fre-
quently found in this mineral. The decomposition has taken
place along the minute seams which are very common in
the feldspars in this granite. In places the sections show
places where they have the appearance of being a collection
of crushed mineral fragments. The mica occurs in flakes
and masses of varying size and in the hand specimens occurs
more or less in layers and gives them a somewhat banded
appearance.

In polarized light between crossed nicols the polysyn-
thetic twinning so characteristic of plagioclase is well shown.
In some cases inclusions are quite noticeable and these vary
considerably in size but in no instance are they very large.
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The following chemical analysis shows the composition
of the granite from this locality:

BIHoR B vt s nisioealsativiaise 71.70
Ferric firon (Fe; 02) ...cvivvvennsnes 1.46
Ferrous iron (Fe O) ......cocunvuss 1.80
AOmind CARDL)  Jeresnnivinssiames 14.54
LAMAVEEATTE) (s noisisstaa s s nsiaiaisine 8.13
Magnesia (Mg O) ..coccvivnansrnnes 0.39
‘Water at 100° C. (H, 0) ....... o ol Hha et
Wiater above 110° C. (H; O) ....... 0.92
Alkalies and undetermined ......... 6.06

100.00

In the above analysis, the alkalies not having been sepa-
rated, it does not show the kinds of feldspars that are present
nor in what proportions.

In making the physical tests two inch cubes of this granite
were prepared by cutting them by hand with hammer and
chisel to approximate size, and then rubbing the faces smooth.
These cubes were used in making tests of the crushing
strength of this stone, and as shown in Table L. it ranges from
10,730 to 16,400 pounds per square inch, while the modulus
of elasticity is from 1,532,000 to 5,135,000 pounds to the square
inch. While these tests do not give a very high crushing
strength for this granite, at the same time it is probably
great enough for all practical purposes and in fact far in ex-
cess of the pressure to which it will ever be subjected in
any building or structure of any kind.

Reference to Table II. shows the specific gravity to be
2.677, the ratio of absorption as shown in the same table is
.36 of 1 per cent, and the percentage of pore space is .g69 of
1 per cent of the total mass of the rock. The samples used
to determine the specific gravity and the porosity were alter-
nately frozen and thawed each day, for a period of twenty
days, and the loss in weight carefully determined. It will
be seen by referring to Table III., that the loss in weight of
a cube weighing 114.417 grams was .043 grams, or .036 of 1 per
cent of total mass of the rock. The crushing strength of the
frozen sample was not tested to see how much the stone had
been weakened.

Samples were heated in the muffle to test the power of
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this granite to resist high temperatures and sudden changes.
At a temperature of 800° F., the stone crumbled on the edges
and when heated to 1,200° F., and cooled the sample emitted
the peculiar ring characteristic of stone which has been heated
to a red heat and the strength of the rock was practically
gone. A sample was heated to 800° F., and cooled suddenly
by being plunged into cold water, the result being that the
strength of the sample was almost entirely destroyed it being
so weak that it could be powdered between the fingers. The
feldspar was somewhat changed in color, the slightly pinkish
tinge which is found in some cases being considerably in-
tensified.

INDEX AREA.

Soderberg Quarry.—This quarry is on the main line of
the Great Northern Railway, about seventy-five miles from
Seattle, and is in Sec. 19, T. 27 N, R. 10 E. The quarry is
about one-half mile below the town of Index, and is along
the side of the railway. A short side-track has been built
to facilitate the loading of the stone on the cars. The
granite quarried at Index is used almost exclusively, wher-
ever granite is used, throughout the Sound region, except for
the finer grades of monumental work, and large quantities of
it have been used for street curbing, foundations for buildings,
and various other purposes.

The Index granite is a light colored, medium grained,
biotite-bearing hornblende granite. It appears to work quite
easily, for a granite, splitting very straight and regular.
The granite is broken down by blasting and then worked
into sizes and shapes as desired. The quarry is operated en-
tirely by hand with the exception of a steam hoist and derricks
for handling the large blocks. The supply of granite here is
practically unlimited as the mountains in this locality are
practically all composed of granite. This stone is well suited
for building purposes and all kinds of rough work, but does
not take a good polish. The quarry is not operated con-
tinuously but just to fill orders as received. During the
summer of 19or1 a force of thirty men was employed in getting
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out curbing for the Seattle streets. This granite appears to
resist weathering quite well as it is only affected very slowly
by atmospheric agencies, and blocks that have been exposed
to these agencies for years show very little change in color.
Along the seams in the quarry some discoloration is found,
due to the decomposition of the hornblende and the freeing
of the iron, but this is on the surface only.

An examination of thin sections under the microscope of
the granite from this locality shows the rock to be composed
principally of quartz, feldspar and hornblende, with a little
biotite. The grains are of medium and fairly uniform size.
Feldspar is the most abundant constituent, composing from
two-thirds to three-fourths at least of the entire rock. The
hornblende is much more abundant than the biotite, and the
rock would be designated as a hornblende-biotite granite.
The feldspar is almost pure white with occasionally a very
slight pinkish tinge which is not marked enough to have
any influence on the color of the rock. The color of this rock
is a light gray produced by a blending of the light colored
feldspar and the black hornblende. As seen in ordinary light
the feldspar has a dirty appearance and the individuals are
considerably granulated about their edges. Twinning of the
feldspars is common. The feldspars are orthoclase and plagi-
oclase with a preponderance of the latter. The minerals all
have very irregular outlines and interlock in an intricate
manner. Many of the feldspars show very plainly the zonal
structure, due probably to weathering, while others again
show transverse markings, which are due to weathering
along transverse seams in the crystals.

The following chemical analysis of a sample from the
Soderberg quarry shows the composition of this granite:

LIERT IS, B 0 2 L B SO C ISl - AL 67.45
b @ 1 R L 8.34.
Al (AL O e vscncnlinnsaneins 13.04
EIma(Ca - 0) o iiiciini aanios saisiaiaen 4.68
Magnenia (Mg O) ...ccvncnsniascnns 2.66
Alkgnes (by difference) (K; O & Na,
............................. 3.57
E0BS ON ARDIEION. v« caies oo vs svanssinans 27
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The microscopical examination and the chemical analyses
have shown the Index granite to be composed principally of
very stable minerals. It is true there is considerable horn-
blende, and this is not as stable as some other minerals, but
the quartz and feldspar form the larger part of the rock.
Reference to Table II, shows the specific gravity of this
granite to be 2.743, which is a little higher than that of the
other granites being quarried in Washington at the present
time. The same table shows the ratio of absorption to be
411 of 1 per cent of the mass of the rock, while the pore
space or porosity is 1.308 per cent of the total mass.

The samples used to determine the specific gravity and
porosity were alternately frozen and thawed, each day for
twenty days, and the loss in weight carefully ascertained.
The loss in weight as shown by Table III, was .035 grams
or 041 of 1 per cent of dry weight of the stone. This loss
in weight was due to the breaking off of small particles,
which may have been partially loosened in the preparation of
the samples. The same sample after freezing showed no signs
of injury so far as could be detected by the eye, and it was
not possible to test its crushing strength and compare it
with the unfrozen sample,

Cubes of this granite with two-inch faces were prepared
in the same way as those of the Snake river granite and
used for making the crushing strength tests, and for deter-
mining the modulus of elasticity. The results of these tests
are shown in Table I. The crushing strength of this stone
as shown by the tests made ranges from 13,900 to 16,610
pounds to the square inch, while the modulus of elasticity is
from 2,463,000 to 44,444,000 pounds to the square inch. This
is practically the same as the crushing strength of the Snake
river granite but a little higher than that from the Little
Spokane river.

Tests were made to show the effects of high temperature
by placing samples in a muffle furnace and gradually heat-
ing to a temperature of 800° F. Samples after having been
at this temperature and cooled were very much weakened and
crumbled on the edges, while those that were at a tempera-
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ture of 1,200° F. to 1,600° F. were practically destroyed.
Specimens of this granite when heated to 800° F., and ¢ooled
suddenly are completely destroyed and can be crumbled to
pieces between the fingers. The peculiar sound that is given
by granite, which has been heated to high temperatures, when
scratched, was very noticeable in this case. The color was
not changed by extreme heat.

This granite is not susceptible of a good polish and hence
is suitable only for places where rough or dressed but not
polished stone is used.

Ellis Quarry.—Mr. T. S. Ellis of Seattle has recently
opened a new granite quarry about one-half a mile east
of Index in Sec. 20, T. 27 N, R. 10 E. The stone from
this quarry is practically the same as that from the Sod-
erbery quarry. The stone from this quarry has been used
principally in Seattle. The quarry is situated by the side
of the railroad and a short sidetrack has been built and
the stone is loaded right from the quarry on to the cars
so that the minimum expense is incurred in getting the stone
on board the cars. Should the demand in western Washing-
ton for granite as a building stone continue to increase, and
it probably will, both of these Index quarries should in the
near future, be much better developed than they are at pres-
ent, as they are well situated, as regards the railroad, and
in other respects also, for being worked at a minimum ex-
pense. In 1goz the Ellis quarry produced about $10,000 worth
of stone, most of which was used in Seattle.

LITTLE SPOKANE AREA.

Washington Monumental and Cut Stone Co.—The quarry
of this company is situated about nine miles north and a
little west of Spokane on the Little Spokane river. The
quarry is in Sec. 34, T. 27 N, R. 42 E, and is 2,300 feet
above sea level or 400 feet above the river at Spokane. The
quarry is very easy of access as there are no steep grades
and a good wagon road passes by it. The highest ridges of
the granite here are 2,889 feet above sea level or 589 feet
above the present quarry.
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A number of quarries have been opened along the side
of the hill here and considerable stone quarried at different
times. None of these quarries are worked continuously but
the stone is quarried only when orders are received for it,
except what little is used for monumental purposes by this
company. The granite here is separated more or less into
blocks by two well defined sets of joints which intersect at
almost right angles. The size of these blocks varies con-
siderable, in some cases being as much as six or eight feet in
thickness and much longer even than this. The stone is
quarried by having holes drilled at a point some distance up
the side of the mountain above the quarry yard and then a
large mass is broken loose by means of powder and thrown
down to the foot of the hill, after which it is worked into
proper sizes. The stone resists the atmospheric agencies well
and is weathered but slowly. It is well situated for economic
quarrying and the quarry should in the near future be much
more extensively worked than it is at present. This stone
is well suited for all kinds of building purposes, for curbing,
and for monumental work and much of it is being used at
present by the company for this latter purpose.

This company has a plant in Spokane for working stone
which is equipped with a gang saw for sawing marbles and
the softer grades of stone, a granite polishing machine, an
air compressor for pneumatic hammers, and a traveling crane
having a capacity of fifteen tons. The yard is also supplied
with a large derrick for handling the stone. At the present
time the machinery is being driven by a twenty-two and a
half horse power electric motor.

Thin sections of the granite from the Little Spokane river
examined under the microscope show the rock to be made
up principally of quartz, feldspar, and mica. The grains
vary considerably in size ranging from those that are quite
small to those that are several millimeters in diameter. The
quartz and feldspar are the most abundant minerals in this
granite and they are about equally divided throughout the
sections. The feldspar is principally plagioclase and has a
light color, but occasionally orthoclase crystals occur. Viewed
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under ordinary light the feldspar has somewhat of a dirty
appearance, and some of the crystals show the zonal structure
fairly well developed.

The quartz particles have many seams in them which show
very plainly under the microscope. The quartz has a very
slight smoky tinge and is glossy appearing. The color of
the rock is due to the mingling of this slightly colored
quartz, the light colored feldspar, and the mica. Both mus-
covite and biotite occur in the granite from this locality.
The twinning so common to the feldspars is shown in sections
of this rock but it is not so common as it is in the granite
from Index. The minerals all have very irregular outlines
and interlock in a very intricate manner.

The following chemical analysis of a sample of the granite
from the above quarry shows it to have the following composi-
tion:

PR (BIE0.) .. silies soosssamaiaians

Iron (Fe, Oy) ...
Alumina (Al, Oy)
Lima (Ca O) ...cvvvvinnvannnrennas

Magnesia (Mg O)
Alkalies (by difference) (K, O & Na,
0o

From the above analysis it i1s seen that this granite is
high in silica and alumina and low in iron, lime, and magnesia.

The specific gravity of this granite as shown in Table 11,
is 2.679 which is almost exactly the same as that of the Medical
Lake and Snake river granite. As shown by the same table
the weight of water absorbed, by a sample of this granite
weighing 98.7 grams, was .685 of a gram and the ratio of
absorption was .69 of 1 per cent of the mass of the stone while
the porosity is 1.843 per cent of the entire mass.

Two samples of this granite were cut into two-inch cubes
by the owners of the quarry and used in making the tests of
crushing strength and modulus of elasticity. These samples
were prepared by cutting with hammer and chisel and then
rubbing the faces smooth and the samples may have been
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slightly weakened. The two cubes tested, as shown in Table
I, had a crushing strength of 12,870 and 15800 pounds to
the square inch, and, a modulus of elasticity of 1,800,000 and
2,058,000 pounds to the square inch respectively. This gran-
ite has about the same strength as the other granites being
quarried in Washington, but is considerable lower than that
of many of the best granites being quarried in different parts
of the United States.

Samples were tested to show the effects of freezing and
thawing by having them alternately frozen and thawed each
day for a period of twenty days, and the loss in weight de-
termined. The result of this test is shown in Table IIL, to
be .07 of a gram on a sample weighing 98.7 grams or .07 of
I per cent of the whole mass of the stone. No visible cracks
were developed and so far as could be told without actual
tests the stone was very little weakened.

Tests were made to determine the effect of extreme heat
by placing samples in a mufflle furnace and gradually heating
to a temprature of 800° F. and then allowing the samples to
cool in the open air. The samples when cooled were found
to be very much weakened and could be easily crumbled on
the corners and edges. One sample was cooled suddenly from
a temperature of 800° F., by being plunged into cold water
and in this case the strength was completely destroyed. At
1,200° F. even with slow cooling the stone was completely
destroyed. At these high temperatures the color of the stone
was slightly changed becoming a little lighter.

This granite takes a high polish and is being used to
a considerable extent for monumental purposes as well as
for all kinds of work where rough or dressed granite is de-
sired.

MEepICAL LAKE AREA.

Giles and Peat Quarry.—The only granite quarry being
operated at the present time (Sept. 1902) in this area, is
owned by Messrs. Giles and Peat, and located on the west
shore of Medical Lake, about thirteen miles west of Spokane.
It is on the line of the Central Washington Railway, which
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is a branch of the Northern Pacific, and distant from Spokane
twenty-six miles. It is in Sec. 18, T. 24 N, R.41 E.

The stone being quarried at Medical Lake is a light gray
colored, biotite granite, and a very firm and solid stone. It
comes through the basalt at this place, and is entirely sur-
rounded by it. The granite is being quarried along the west
bank of the lake while on the east bank the basalt occurs.
The granite forms a bluff along the lake which reaches an
altitude above the lake of about fifty feet. The quarry is
operated entirely by hand and is not worked continuously
but only to fill orders as they are received. The stone is first
blasted out with black powder and then worked into shapes
and sizes by hand. One set of joints in the stone here appears
to be almost horizontal and near the surface especially these
joints are close together. The stone is a fair one to work,
splitting quite straight and regular, but on account of its
hardness it is not quite so quickly shaped as some granites.
It resists the atmospheric agencies well and weathers but
slowly as is shown by the granite in the quarry and in build-
ings where it has been used. At the present time a force of
men is at work filling an order for stone for Fort Wright, near
Spokane.

From the quarry the stone is hauled by teams about one-
half a mile to the railroad where it is loaded on the cars
and shipped to various places. This quarry has been in
operation at intervals for a number of years and stone from
here has been used in a number of the state buildings, such
as the Administration building of the State University; the
Administration building of the Agricultural College and
School of Science, and the Medical Lake Insane Asylum.
It is also used for street curbing and for gutters and in small
amounts for monumental work. The quality of the stone and
the accessibility of it should cause the demand to constantly
increase and in a few years the quarry should be operated on
a much larger scale.

A thin section of the granite from Medical Lake examined
under the microscope shows that this rock is composed essen-
tially of quartz, feldspar, and mica. The individual grains
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vary somewhat in size but not so much as those of the granite
from the Little Spokane river and on the average they are
smaller also. While quartz and feldspar are the most impor-
tant minerals in this granite at the same time the biotite
is quite common. The feldspar is the most abundant mineral
in this rock composing a little more than one-half of the
entire mass. The orthoclase and plagioclase feldspars both
occur in this granite.

When viewed under ordinary light the feldspars have
a dirty appearance, which is very marked in this case. Twin-
ning is quite common also as shown by the sections and
in places zonal structure is quite prominent. The quartz
crystals under the microscope are quite clear and transparent
but in the rock mass they have a faint smoky tinge. The feld-
spar is light colored with a very slight pinkish tinge in places.
The mica is quite a prominent constituent of this rock and
is of the biotite or black variety. The minerals all have more
or less irregular outlines and interlock in an intricate manner.

The following chemical analysis shows the composition of
the granite being quarried at Medical Lake:

SLRIeR (B 00 cvivaisnnsmeme s da 68.24
IPOR (IO )] oininiosvvainssissmive 3.50
AlomiIng (AL, 0) oooivvvsivoncssnmns 16.30
B (OB OY. Sid. i ts e sme o 3.20
Magnesia (Mg 0) ..covvesvronsunssns 1.88

Alkalies (by difference) (K, O & Na,
B e e L e 6.40
Loss on ignition ................... 0.48
100.00

The above analysis shows this granite to be a little below
the average in silica but with that exception it has about
the composition of a normal or average granite,

Samples of the Medical Lake granite were tested to deter-
mine the effects of changes of temperature by being alter-
nately frozen and thawed each day for a period of twenty
days and the result as regards loss of weight is shown in
Table III. A sample of this stone weighing 102.062 grams
had lost at the end of the twenty days .062 grams or .06 of
I per cent of its entire mass. Samples were also tested to
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show the absorptive power and porosity of the stone and it
was found that a sample weighing 102.062 grams absorbed
.562 grams of water and had a ratio of absorption of .55 of 1
per cent and a percentage of pore space or porosity of 1.452
of 1 per cent of the mass of the stone. The specific gravity
of the Medical Lake granite was found to be 2.676 which
is the same as the specific gravity of that from the Snake river
and the Little Spokane river.

Samples if this stone were placed in a muffle furnace
and gradually heated to a temperature of 800" F. and some
of the samples cooled suddenly by being plunged into cold
water while the others were allowed to cool slowly. In
the case of those that were cooled suddenly the strength
was practically destroyed throughout the entire sample and
it could be easily crumbled to pieces between the fingers.
Those samples that were allowed to cool slowly crumbled
easily on the edges only. Samples were then heated to a
temperature of 1,200° F., and when cooled were found to be
practically ruined as their strength was almost all gone. This
high temperature caused the stone to change color somewhat
the feldspar becoming of a pinkish color. The mica had more
of a brassy appearance than it had before heating and the
quartz was whiter. It had when struck that characteristic
ring peculiar to granite after having been highly heated.

The Medical Lake granite is susceptible of a good polish
and is suitable for all kinds of monumental work as well as for
building and all kinds of masonry work.

CoNCLUSIONS.

From the tests made in the preparation of this report cer-
tain conclusions may be drawn as regards the quality of
Washington granite at least that being quarried at the pres-
ent time. The industry in Washington is in its infancy and
in the course of a few years it is very probable that many new
quarries will be developed as well as the present ones being
much more extensively worked. @A comparison of the
strength of the Washington granite with that of the granite
from other places indicates that the Washington granite
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is below the average. This, however, does not hinder it from
being a good building stone since as has already been shown
in this report stone for building purposes is never subjected to
more than from one-tenth to one-twentieth of the weight it
will support and for the tallest buildings this is estimated to
not exceed 3,146 pounds to the square inch.*

The specific gravity is practically the same as that of the
best granites found in the United States and while the ratio
of absorption is higher than that of some of the best granites
at the same time it is not as high as that of others. The
percentage of pore space or porosity is above the average for
granites. Some of these granites take a very good polish
and are being used to a certain extent for monumental pur-
poses. The stone does not vary much in color being in all
cases a rather light gray. While the granite being quarried
at the present time in Washington is not so good as some
of the granites being produced in other localities it is un-
doubtedly a very fair granite and is well suited for building
purposes and as the state becomes more thickly populated
and the cities become larger the demand for granite will be
very much greater than at present and this demand should
be largely supplied by stone produced at home.

TUFA.

The term tufa or tuff includes those rocks that are com-
posed of fragmental volcanic material such as ashes, sand,
and lapilli and which have been more or less consolidated.
The material of which they are composed has in some cases
also been derived from the breaking down and decomposing
of volcanic rocks of various kinds. These rocks are gen-
erally more or less stratified and in many cases stratification
is very marked showing that beyond doubt they have been
accumulated in water. The degree of consolidation of these
rocks varies considerably and some of those that are of very
recent formation geologically and some of those that are of
very recent formation geologically are quite soft and not well
compacted.

* Building and Ornamental Stones of Wisconsin, p. s8.
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Tufa has been used somewhat in certain localities as a
building material but up to the present time it has not come
into any very general use, for that purpose, in the United
States. It occurs quite plentifully especially in many parts
of the west. Tufa has been quarried at two different locali-
ties in Washington as follows: Near Lilliwaup on Hoods
Canal, and at China Bend in Stevens County. Very little
work, however, is being done at the present time at either of
these places.

LiLLiwauP AREA.

The only stone quarry that has been operated in this area
is about two miles north east of Hoodsport on the west side
of Hoods Canal and about eight miles from the southern end
of the canal. The quarry, at the time it was being operated,
was known as the Lilliwaup Stone Quarry. The property is
owned by Mr. C. J. Sund and is situated in Sec. 31, T. 23 N.,
R. 3 W. in the foot hills of the Olympic mountains, and while
it is probably about eighty miles from Seattle at the same
time it is very easy of access, and being situated on Hood’s
Canal, which is a deep water channel, it would have very
cheap transportation and could be laid down in Seattle at a
very reasonable figure.

Some work has been done here toward opening up a quar-
ry, but at the present time (Aug., 1901) nothing is being done
A few scow loads of stone have been quarried here and used
in Seattle. This material was quarried and marketed as a
sandstone, but it is not a sandstone at all, being a tuff in-
stead. The material occurs in stratified deposits which are
dipping to the east at an angle of about 62°. The deposits
outcrop along the beach for at least two and one-half miles and
may extend much farther, but are covered by deposits of
gravel, which are very common through that locality. The
strata composing the deposit vary much in thickness and
range from those that are only a few inches up to those that
are as much as four feet. They also vary somewhat in tex-
ture, in some places being quite fine grained, while in others
they are coarse grained.
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The microscopical examination of this rock was kindly
made and the following description prepared by Professor .
P. Iddings, of the University of Chicago:

“An indurated tuff of hornblende-pyroxene-andesite.”

“It looks like a finely brecciated andesite somewhat altered.
The rock consists of a ground mass, which is microcrypto-
crystalline, with disseminated chlorite, giving a greenish tinge
to the rock. The crystals scattered through the ground mass,
appearing as very small phenocrysts, are mostly plagioclase
feldspar slightly altered and whitened. There are smaller
crystals of pyroxene—mostly augite—and pleochroic horn-
blende, with some magnetite. There appear to be a few crys-
tals of quartz with glass inclusions.”

The following chemical analysis shows the composition of
the Lilliwaup stone:

BEOR O 0 e s aaaieiie et s 60.58
Ferrie Iron (F&; 0)) vovvvvrenrreness 7.90
Ahmina (AL O i i siicnenes 18.42
LB CRUEN) | o, o eiesiaeasenmnsmyica 8.16
Magnesia (Mg O) ....ccovsaacenssess 1.53
Water at 110° €. (H; 0) wcovaneiaes 1.81
Loggion AgttIon .. viciiaeiseins 1.83

100.23

The above analysis shows this tufa to have about an aver-
age amount of silica for an andesite, the amount of iron, alu-
mina and calcium is high, the amount of magnesia is small,
while the sodium and potassium are entirely absent. The
sample if a true andesitic tufa should contain from two to
six or seven per cent. of potash and soda together. It is pos-
sible, however, that in this case the feldspar which occurs in
this particular sample may be anorthite.

Two cubes, each having two-inch faces, of this tufa from
‘Lilliwaup Falls were tested to determine its crushing strength
and as shown in Table I. they resisted a pressure of 10,300
and 11,590 pounds to the square inch respectively. The modu-
lus of elasticity was determined on these same samples, and
as shown by the same table was 3,576,000 and 2,664,000 pounds
to the square inch. These tests show this stone to have a
crushing strength considerably below that of the granites be-
ing quarried in Washington.
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Tests were made to show the ratio of absorption and por-
osity of this stone, and as shown in Table II. the amount of
water absorbed by a sample of this stone weighing 43.749
grammes was 2.031 grammes, and the ratio of absorption was
4.64% of 1% of the mass of the rock, while the percentage of
pore space or porosity was found to be 11.235 of the rock.
The specific gravity of this rock as shown by the same table
was found to be 2.726. Tests were also made on this stone to
determine the effect of alternate freezing and thawing each
day for a period of twenty days and the loss in weight care-
fully determined, and it was found that the sample had lost
.134 of 1% of its weight.

The stone from this locality was tested to show its ability
to withstand high temperatures by placing a sample in a muf-
fle furnace and heating gradually to a temperature of 800° F.,
when the sample was taken from the furnace and plunged into
cold water and left there until it had cooled, and so far as
could be told it had not been injured in the least. Samples
were also heated to 1200° F. and 1600° F., and when cooled
were apparently uninjured. The color of the samples was
changed by these high temperatures from a dark gray to al-
most a brick red. This test shows that this stone has the
property of resisting high temperatures and sudden changes
in temperature extremely well. Granites from the Little Spo-
kane river under the same conditions exactly would be com-
pletely destroyed when the Lilliwaup stone would be unaffect-
ed and when cold it would be as strong as it was before it
had been heated.

CHINA BEND AREA.

What is known as China Bend is on the Columbia river
119 miles north, and a short distance west, of Spokane. The
Spokane Falls and Northern Railroad in following the river at
this point and gives an easy way of marketing any stone that
may be quarried here. Situated within one-half mile of the
railway is a rock which has the appearance of a sedimentary
deposit and which is commonly spoken of as sandstone. This
same kind of material is also found seven miles northeast from

4
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Bossburg in Sec. 30, T. 38 N., R. 39 E., where the Washing-
ton Monumental and Cut Stone Co. are intending to open up
a quarry and have already done some work and shipped a lit-
tle of the stone to their mill in Spokane.

There has been some work done on this material at China
Bend and some stone has been shipped from there to Spokane,
but at the present time (July, 1902) no work is being done.
This material is not, as is generally supposed, a sandstone,
but is a tuff or tufa. The deposit is more or less bedded, the
layers varying much in thickness. The material varies con-
siderably in texture from that which is very fine to that which
is quite coarse. The material is light gray in color and of
medium hardness. The deposits are quite extensive, but the
exact extent has not been determined.

The following microscopical examination was made and
the description prepared by Professor J. P. Iddings, of the
University of Chicago:

“The rock is a fine, indurated tuff of dacite material. The
section shows abundant crystals and broken fragments of
crystals and fragments of glassy ground mass, with a slight
admixture of what may be foreign rock material.

The crystals are mostly plagioclase feldspar, having the
characteristics of feldspars in volcanic lavas—glass inclusions,
marked zonal structure, and quite fresh substance. Some of
them have the optical properties of labradorite. No sanidine
was identified definitely as such. It may be present in very
small amount. There are numerous fragments of crystals of
quartz, some with glass inclusions, some with fluid inclusions,
as though they had been derived from fragments of granite,
but there are evidences of the minerals in the indurated tuff
having been crushed, and the observed fluid inclusions may be
secondary in volcanic quartzes. Other minerals which are
present in very subordinate amounts are: Biotite, pyroxene,
magnetite, minute fragments of epidote(?), titanite, pyrite,
apatite, and zircon. Through the rock are scattered particles
of red oxide of iron, which give a reddish color to the thin sec-
tion not noticed in the hand specimen. The red color may
have been brought out by heating the specimen in balsam.
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There are patches of calcite scattered through the rock, to-
gether with an isotropic mineral (possibly analcite). This
is quite sporadic and possibly not worth mentioning. The
ground mass is glass for the most part, and constitutes one-
fourth of the rock. It is in places microcryptocrystalline, and
in places contains a little chlorite.

The rock is a fine grained tuff derived from fragments of
dacite.”

The following chemical analysis shows the composition
of the rock from this locality:

BIUoR TR (OO iasiaisive vee sansialenis 65.34
Ferric iron (Fe; Op) ..covvvnivrncnns 8.51
Krorndng AL TOR) v e e e 13.01
IAMG COR ) LR < et ol o b e dorers s o 6.30
Magnesia (Mg O) ....covevevcnnnnnn 0.53
Water at 110° C. (H, O) ........... Trace
Loss on ignition .........cci0niiane 1.17
Alkalies and undetermined ......... 5.14

100.00

The above analysis shows this rock to have about the aver-
age composition of a dacite. The silica, alumina and magnesia
are perhaps a trifle below the average, while the iron and lime
are a little higher than is usual for a typical dacite. The pot-
ash and soda are about normal.

Tests were made on samples of the Bossburg tufa to deter-
mine its crushing strength, and the results are shown in Table
I. Two cubes were tested and found to have a crushing
strength of 7,730 and 9,300 pounds to the square inch and a
modulus of elasticity of 6,550,000 and 1,320,000 pounds to the
square inch respectively. As shown in Table IL, this stone
has a specific gravity of 2.621, and a sample weighing 81.975
grammes absorbed 6.445 grammes of water, or 7.86% of its
entire weight. The pore space or porosity was found to be
17.075% of the entire mass of the stone.

Samples were tested to show the effects of freezing and
thawing on this stone, by being saturated with water and then
alternately frozen and thawed each day for a period of twenty
days and the loss of weight carefully determined. As shown
in Table III., the loss of weight of a sample weighing 81,975
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grammes was .244 grammes, or .297 of 1% of the mass of the
stone.

The stone tested from this locality to show the effects of
high temperature was from the property of the Washington
Monumental and Cut Stone Co., near Bossburg. Samples
were placed in a muffle furnace and gradually heated to a
temperature of 800° F., and some of them were allowed to cool
gradually, while others were cooled suddenly by being
plunged into cold water. In neither case were the samples in-
jured materially so far as could be told, and they did not crum-
ble even on the edges as the granite and sandstone did. The
color was changed to a reddish tinge. Samples were then
heated to temperatures of 1200 F. and 1600 F., and while in
appearance they were not very much injured, when they were
tested it was found that their strength was very much less
than before being heated, and in those samples that had been
at a temperature of 1600° F. it was practically gone.

From the above it will be seen that this stone does not re-
sist heat so well as the Lilliwaup tufa, but at the same time
it will stand heat better than the granites and some of the
sandstones found in Washington. The color of this stone is
more pleasing than that of most of the sandstones which occur
in this state. The physical tests show that the stone has
many of the qualities of a good building stone, and eventually
as the demand for stone increases it will probably be used to
a considerable extent.

BASALT.

Through all of Southeastern Washington the prevailing
country rock is basalt, and this is used to a considerable extent
in many places for building purposes and especially for rough
work and for foundations. The basalt varies much in texture
in different places, being in some cases quite coarse, while in
others it is very fine grained and compact. Then again in
places it is full of cavities, which range in size from those that
are a millimeter or two in diameter to those that are as much
as a fourth of an inch in diameter, and sometimes even more.
Where fresh and undecayed it has a very dark, almost black,
color. This changes on weathering to a more or less reddish
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cast on account of the iron which it contains. When placed
in buildings it should resist the action of the atmospheric
agencies quite well and weather rather slowly.

The basalt as a general thing is quite badly broken to
pieces by joints and it is frequently very difficult to obtain
very large blocks. The stone is quite hard, also, and this
makes it difficult to quarry and work into dimensions after it
is quarried. The one thing that causes it to be used as much
as it is as present is its accessibility, as all that is necessary
is to go out almost any place and quarry it, and on this account
the item of transportation does not enter in to increase its
final cost to so great an extent as it does in the case of many
building stones. 'While it is true that basalt is not a first class
building material, it will probably always be used more or less,
for the reasons just given, through this part of Washington,
especially for foundations and various kinds of rough mason-
ry. Some very nice foundations are built out of it and the
first story of Morrill Hall, the new chemical laboratory of the
Washington Agricultural College and School of Science, is
constructed of this material.

Hale and Kern Quarry.—The Hale and Kern Contract
Company of Portland, Oregon, operate a stone quarry at what
is known as Fisher’s Landing, ten miles above Vancouver, on
the Columbia river. The stone being quarried at this place
differs in color and texture from the basalt which is above and
below it. It is much lighter colored and is a fine grained, com-
pact stone which is quite easily worked. This stone has been
used to a considerable extent in foundations and for bridge
piers. The larger part of the stone so far quarried at this
place has been used in making the jetties at the mouth of the
Columbia river and at Gray’s Harbor. The output for 1901
was 220,000 tons. About 1,000,000 tons have been used at the
mouth of the Columbia and about 500,000 tons at Gray’s Har-
bor. The color and texture of this rock would seem to indi-
cate that it might be quite a valuable building material, es-
pecially for foundations and that class of work.
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CHAPTER 1IV.
SANDSTONES OF WASHINGTON.

DISTRIBUTION.

The sandstones of Washington are quite widely distributed
geographically and occur in a number of the counties of the
state. The principal deposits are found on the western side
of the Cascade mountains. There are deposits on the eastern
side of the range, also, and especially around Clealum and to
the north. Building material has not been quarried, to any
extent at least, from these deposits. In Western Washington
sandstone occurs at many places about the borders of Puget
Sound and to the south of it. The principal quarries are in
Whatcom, King, Pierce and Thurston counties. Quarries
have been operated at different times in other places and es-
pecially on Sucia Island, in San Juan county, where quite an
extensive quarry was being operated at one time.

The sandstones of Washington range geologically from
possibly as far back as Carboniferous up to very late Tertiary.
The oldest sandstones so far known are on the east side of the
Cascade mountains in the northern part of the state. Russell *
in speaking these has the following to say:

“The unmetamorphosed pre-Tertiary sediments, represent-
ed by conglomerates, sandstones, shales, limestones, etc., em-
braced principally in the Similkameen, Ventura and Winthrop
formations exposed over extensive areas near the Canadian
boundary, are believed to be in part Carboniferous, but main-
ly of Mesozoic age. This conclusion, however, is based on a
small number of fossils, and is tentative.”

Tertiary sandstones also are found on the east side of the
Cascades, especially at Roslyn and Clealum.

The coarse sandstones and conglomerates which occur on
a number of the islands of the San Juan group are of Cretace-
ous age. They vary considerably in color and range from

* 20th Annual Report U, 8. G. S, Part IL., p. 138,
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gray to various shades of brown. On Waldron island it forms
cliffs 200 to 300 feet high along the shore. It also occurs on
Sucia, Matia, Spieden, Stuart and the northern part of Orcas
island.

Along the borders of Puget Sound and the foothills of
the Cascades in Western Washington tertiary sandstones are
found in many places. These tertiary sandstones are quite
variable in color, texture and hardness. In color they vary
from light gray to a dark bluish or greenish, with various
shades between these extremes. In texture they range from
very fine to very coarse grained. The stone in general is not
so hard that it is difficult to work, but on the other hand, is
easily quarried and worked into almost any shapes desired.

TENINO AREA.

Tenino Stone Quarry Company.—The quarry of the Teni-
no Stone Company is in Sec. 19, T. 16 N, R. 1 W. The main
line of the N. P. Ry. from Tacoma to Portland passes by the
quarry and a short spur has been built from the main line to
the mill, so that cars can be run in along by the side of the
mill and quarry and the stone loaded directly onto them from
the quarry. The quarry and works of the company are situ-
ated in the town of Tenino, about 12 miles south and 4 miles
east of Olympia. The country around Tenino is a gravel prai-
rie, with low hills rising above it, especially on the east. The
hill in which the quarry is located is not more than 100 feet
above the valley.

The Tenino sandstone is a finer grained and darker colored
stone than the Cumberland or Wilkeson stone. It is quite
fine grained, contains some mica, is well cemented, and has
the property of hardening after being quarried, which is a
very valuable property of a building stone. The deposit has
been opened in three different places by this company, two
of which have been worked down to water level. The differ-
ent openings are about as follows in size or dimensions: 215
feet long, 100 feet wide, and 60 feet deep. This opening is not
being worked at present, but is used as a reservoir. There is
another opening 200 feet long, 100 feet wide, and 40 feet deep.
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This is the principal one being worked at present. Still an-
other small opening has been made higher up the hill above
both of these, but no very large amount of stone has been
taken from this last opening. The stone is the same from all
of these different openings. The stone in this deposit occurs
in a somewhat massive form, there being no marked stratifi-
cation planes separating the stone into layers. It does have
stratification planes which are almost horizontal, and the
stone splits along these more readily than it does across them.
Cross bedding is a very prominent feature of a large part of
this deposit and shows very distinctly in the stone after it has
been sawed. The deposit lies almost horizontal, dipping only
a few degrees to the southwest, and this makes it easy to work.

This company has prospected its deposit with a diamond
drill with the following results: The stone that is being
worked at present was found to continue for 88 feet below the
surface; just below this a layer 12 feet in thickness was found
which was lighter colored and resembled very much the Cum-
berland sandstone in color, but finer grained than either that
or the Wilkeson stone; at 100 feet the color was dark again;
at 135 feet the color is dark, but the stone is finer grained
again and continues dark colored and fine grained to a depth
of 200 feet, which was as deep as the company bored. From
174 feet on down to 200 more or less clay is mixed with the
sand. The Tenino Stone Quarry Company owns 120 acres of
these deposits.

The company has a very complete plant for working this
stone and a large part of the work is done by machinery. At
the present time (Aug., 1901) forty men are employed, and
in July, 1901, $4,600.00 worth of stone was shipped. During
the busiest part of the year the shipments will probably aver-
age $4,000.00 per month and for the remainder of the year
perhaps $2,000.00 a month. The stone is quarried by first
getting a working floor, on which tracks are laid for the use
of the channeling machines. The company has two of these
machines, one of which is 43 feet wide and the other 6%
feet wide. By means of the channelers large blocks of sand-
stone are cut along two and sometimes along three sides and
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then broken loose on the other by wedging. In this way very
large blocks of regular sizes are obtained. These large blocks
are hoisted from the quarry to the level of the mill by means
of steam derricks, placed with their bedding planes vertical
on small cars, and taken to the mill, where they are sawed
into the various sizes wanted. The company employs from
10 to 15 skilled stone cutters and is prepared to furnish all
kinds of carved and ornamental work as well as plain dimen-
sion stone.

The mill is supplied with four gang saws for cutting the
stone, with the following dimensions: 18%4x5% feet, 1124x8
feet, and 1214x5%4 feet. These saws are capable of cutting
blocks 16x6x51% feet in size. They are run at different rates
of speed and hence the rate of cutting is different even on the
same size blocks, some of them cutting 6 inches per hour,
while one will cut as high as 24 inches per hour. The abrasive
used in sawing these sandstones is coarse steel filings, which
are fed into the grooves along with water. The saw is driven
by a rod connected directly with the piston of a steam cylin-
der. The power for driving the machinery is furnished by a
55 horse power return flue boiler, and a 50 horse power Erie
engine. There are also two large steam hoists for operating
the derricks in handling the stone. The mill is supplied also
with one steam polisher, which is used in finishing window
sills and work of that character. The custom here, as in many
other places, is to cut the stone to the proper sizes, ready to
place in the building, and in this way save paying freight on
waste material.

A thin section of the sandstone from the Tenino quarries
examined under the microscope shows that the individual
grains, as a general thing, are angular in outline, with very
sharp corners. The grains of sand vary considerably in size
throughout the stone.

This stone consists principally of fine grains of quartz,
that have been worn and rounded but little, with occasional
small flakes of mica scattered through the mass. The grains
are small and are cemented together with a ferruginous cement
which holds them quite firmly. The stone from here is finer
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grained than the Wilkeson and Cumberland stone. There are
a very few crystals of feldspar found in the sections examined.

The following analysis shows the rock from this locality
to have more iron and alumina than the Wilkeson sandstone,
and to this fact is probably due its darker color. The amount
of iron, however, is not large even in this sample. The com-
position of the stone shows it to be one that should resist
weathering well:

Siliea (81 0p) .cocarsasssisvrsananes 90.84
Iron (Fe; O5) cvvevecnnnnesassnonnne 3.38
Alumina (Al; Of) .cvviverrenrannnns 1.85
Lime (Ca 0) ....cicvnunnrnnransnns 0.66
Magnesia (Mg O) ....ccvvrvnancnnnns 1.02
Loss on ignition ...........ccc0ennnn 2.2

100.08

Cubes of the stone from the quarry having two-inch faces
were tested to show its crushing strength and modulus of
elasticity, and as shown in Table I. it ranged in crushing
strength from 3,270, on edge, to 5,750 pounds to the square
inch on bed, with a modulus of elasticity of from 551,000 to
1,288,600 pounds to the square inch. This is a little lower
than was obtained by the ordnance department of the United
States army on a sample tested at the Watertown arsenal
July 3, 1893, the result of which was 6,879 pounds to the
square inch.*

The Tenino stone, as shown in Table II., was found to
have a specific gravity of 2.861, a ratio of absorption of 8.21%
and a pore space or porosity of 18.001% of the mass of the
stone. It showed a loss in weight, after having been alter-
nately frozen and thawed each day for a period of twenty
days, of .266 of 1% of its entire weight. This loss was due to
loosening of grains on the edges and to the complete loosening
of grains that were partly loosened in the preparation of the
sample.

Samples were tested to show the effects of extreme heat
by being placed in a muffle furnace and gradually heated to a
temperature of 800° F. and some of the samples were cooled
by being taken from the furnace, and while still hot they were

* Washington Geological Survey, Annual Report, 1901, p. 168.
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put into cold water and allowed to remain until completely
cooled, while others were cooled slowly. The samples that
were cooled slowly were apparently uninjured, while those
that were cooled quickly crumbled a little on the edges. Sam-
ples were then heated to a temperature of 1200° F. and 1600°
F., and when cooled gradually did not appear to be much af-
fected, but when tested they were found to be very much
weakened and their strength practically destroyed. The color
of the stone was changed to a brick red by the heat.

The foregoing results show the Tenino stone to be below
the average in crushing strength, to have a high ratio of ab-
sorption, and high percentage of pore space or porosity. The
strength of the stone, however, is ample for all building pur-
poses. The stone is not as hard as some sandstones and yet is
hard enough to resist wear well. The stone when first quar-
ried is very easily worked, and as has already been mentioned,
becomes very much harder after being exposed to the atmo-
sphere for some time. This hardening is due principally to a
loss of water.

These quarries were first opened up in 1889 and since that
time the output has been practically continuous and gradually
increasing in amount. The stone is of Eocene age and in
places near by coal is found. This stone has been used in
many large buildings throughout the state and in Oregon and
California as well. It is used not only as a finishing material,
but as the principal material of construction also. It is being
used in the addition to the State Capitol now being built, and
has been used in such structures as the Bailey building in Se-
attle, the Calvary Presbyterian Church in San Francisco, and
some of the principal business blocks in the larger coast cities.
The fineness of the grain of this stone and the ease with which
it may be cut make it a very superior stone for all kinds of
carved work where sandstone is used.

Eureka Sandstone Company.—The property of this com-
pany is one mile east and a little north of Tenino. The quarry
is reached by a spur of the Northern Pacific Railway which
leaves the main line a short distance east of Tenino.

The stone is practically the same as that being quarried
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at Tenino, except that perhaps it contains more iron nodules
and sand pockets. These sand pockets, as they are called,
are places where there are masses of loose or unconsolidated
sand, and they vary in size and shape from small, spherical
masses up to those three and four inches in diameter ; others,
again, are irregular in shape. The hill in which the quarry is
located rises about 150 feet above Tenino. The deposits here
show very little signs of stratification. This quarry is not be-
ing operated at the present time (July, 1901) and has not been
for the past eight years. At one time, however, a large force
of men was employed and the quarry worked in a very system-
atic way. A large part of the stone quarried here has been
used by the N. P. Ry. for bridges, but some building stone
also has been shipped from this place. The quarry at the time
it was closed down had a working floor 100x200 feet and a ver-
tical face 50 feet high and 200 feet long.

The stone for some distance below the surface is of rather
poor quality, but improves with depth. This poorer stone was
crushed and used in concrete foundations for building and for
bridge piers.

The quarry was well supplied with machinery for operat-
ing it economically, and most of it has been well cared for
since the quarry was closed. In the mill are three gang saws
for sawing the stone, and a 40 H. P. Atlas engine and boiler
furnished the power for driving them. In the yard are power-
ful derricks and a hoisting engine for handling the stone. Two
channelers were used in the quarry and at present are stored
in the mill.

The buildings are in good condition, everything is being
well cared for, and quarrying could be begun at any time
without the expending of very much money.

BELLINGHAM BAY AREA.

Chuckanut Quarries.—These quarries are about three
miles south of Fairhaven and are in Secs. 13 and 24, T. 37 N,
R. 2 E. The quarry is situated on the water front on Chuck-
anut Bay and extends for a distance of 14 miles along the
bay. The harbor is said to be a good one and the stone is
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easily loaded direct from the quarry yard to barges or boats.
The quarry is well situated for very cheap transportation, es-
pecially to all points on Puget Sound. The Great Northern
Railroad passes through the quarry yard and this gives an-
other means of transportation for the stone.

The Chuckanut sandstone is a fine grained, dark colored,
well cemented stone. The deposit that has been worked here
is about 40 feet thick, and below this a shale occurs the thick-
ness of which is not known, as it has not been prospected. The
strike of the deposit is N. 10° W. The stone is broken down
in large masses by blasting and then worked into dimension
stone by wedging and sawing. Three distinct grades of stone
are found in this deposit, two of which are due simply to the
size of the sand grains which have been cemented together,
while the third is known as flagging stone on account of the
fact that it splits easily in certain directions, giving good flag-
ging blocks. This stone is somewhat harder than the Tenino
stone, but at the same time it is not so hard but that it is easi-
ly worked.

Tests made by the Ordnance Department, U. S. A., show
the stone to have an ultimate strength of from 10,276 to 12,790
pounds to the square inch.

There is a medium sized mill connected with the quarry in
which are two gang saws 14 feet by 7 feet. The power for
driving these saws is furnished by a 40 horse power boiler and
engine. The quarry is also supplied with steam hoist and der-
ricks for handling the stone in the yard.

Sections of the sandstone from Chuckanut examined un-
der the microscope show it to be composed essentially of small
grains of quartz and that these grains are very angular and
sharp cornered, having been rounded but little as a genertl
thing. The individual sand grains vary but little in size, are
a little smaller and perhaps a little less rounded than those of
the Tenino stone. '

The small grains of silica in this sandstone are quite firmly
bound together by a ferruginous cement. There are two
grades of stone quarried here as far as texture is concerned,
the coarser being about the same, or perhaps a little coarser
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than the Tenino stone, while the other is much finer. This
very fine texture or grain of the Chuckanut stone makes it a
very good stone for carved and ornamental work, giving good,
sharp edges and perfect outlines.

The following chemical analysis shows the Chuckanut
stone to have practically the same chemical composition as the
Tenino stone:

SHICR (B 05) sieniamriin st sess 90.19
o BRSO o sus v o velns e 3.50
Alumnina (Al OF) .cccvresinannssions 1.92
Lime (Ca0) (iiiisicincvassonssnnns 0.99
Magnesia (Mg O) .....ovvvnsnnnnns 1.78
Tosa on Ignitlon .......c0c0eeninann 2.32

100.30

In the preparation of this report samples of the Chuckanut
sandstone were tested to determine its crushing strength and
modulus of elasticity and the results are shown in Table I
The samples which were tested on the bed—that is, where the
pressure was perpendicular to the bedding planes—showed a
crushing strength of 10,740 and 11,070 pounds to the square
inch, while the one tested on the edge—that is, where the pres-
sure is parallel to the stratification planes—showed a crushing
strength of 5,340 pounds to the square inch. The modulus of
elasticity of the samples tested on the bed was 1,517,000 and
1,158,000 pounds to the square inch, and of the one on the edge
871,500 pounds to the square inch.

Samples of this stone were alternately frozen and thawed
each day for a period of twenty days and the loss in weight of
the samples carefully determined, and as shown in Table III,
the loss in weight was .076 of 1% of the entire weight of the
sample. The stone has a specific gravity, as shown in Table
I1., of 2.727, and a sample weighing 65.168 grammes absorbed
2,927 grammes of water, or 4.47% of the weight of the sample,
and the percentage of pore space or porosity is 10.91% of the
entire mass of the stone.

Samples were tested to show the effects of extreme heat
and sudden cooling by placing them in a muffle furnace and
gradually heating them to a temperature of 80° F. Some of
the samples were cooled suddenly by being taken from the



L “__T.l'!hii._. PHH.E; s,
=R ol A - - —
R T S

-y
L™
v = i "
Ve
i ) : _
Li i
d =
iy ¥ 3
o
J { .
. -
,- [ -
A
-
& i .
- a -
¥ -
7 Hl
- ) 4
- L}
i . - =z ) = p
g - . - -
_ J . R b
iy . A .
§ = . . o ‘ = [ T - i A
"4 e e L L i
" - . —— -
: : ' ‘ AR |
o g . . N
" L i . .
E . -y .
= =55 . p 3
o . L P
& k|
1. - N - "
i W 1 3
2 i
= kX - X - "
- ”..L = ~ wi ) -_ " " L) _h:
. g L
N .
- B . - .1.
] T
) . N i
g | i ]
Ll .
"y - > = N g




WASHINGTON GEOLOGICAL SURVEY. ANNUAL REPORT, Igoa. PLATE V.

WHATCOM COUNTY COURT HOUSE, BUILT OF CHUCKANUT SANDSTONE.
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BUILT OF CHUCKANUT SANDSTONE.



Building and Ornamental Stones of Washington. 65

furnace and while at a temperature of 800° they were put into
cold water and allowed to remain until cooled, and they were
apparently unaffected by this sudden change even, as the sam-
ples would not crumble even on the edges, as the samples from
the other localities did. Samples were also heated to temper-
atures of 1200° F. and 1600° F. and allowed to cool in the open
air and the samples then tested, and it was found that the
strength of the samples that had been at a temperature of
1600° F. was somewhat weakened. The weakening was prin-
cipally along the bedding planes, however, and caused the
samples to split along these planes more readily than before
being heated, but it did not cause them to crumble. The sam-
ples that were heated to 1200° F. and then cooled were appar-
ently uninjured and appeared to be as strong as they were be-
fore being heated. The color was changed by the heat to a
dark red.

The first stone quarried around Chuckanut Bay was in the
early seventies and for a number of years the quarries were
not operated continuously, but at intervals when orders for
stone were received. The last few years, however, the quar-
ries have been operated on a larger scale, and at the present
time stone from here is being used in a number of new build-
ings that are being constructed in Seattle. This stone has
been used in such buildings as the U. S. Custom House, Port
Townsend; U. S. Custom House, Portland, Oregon; Dexter
Horton building, Seattle ; Thurston county courthouse, Olym-
pia; and many other of the important buildings in the larger
cities of Washington.

CUMBERLAND AREA.

Eureka Coal Company.—The quarry of the Eureka Coal
Company is situated at Cumberland, a station on the main
line of the N. P. Ry., and is about 24 miles due east from
Tacoma, being in Sec. 28, T. 21 N,, R. 7 E. It is in the foot-
hills of the Cascade mountains and some of the ridges and
peaks rise to a considerable distance above sea level. This
company also owns and operates coal mines at this place. The
quarry was situated on the western side of a high sandstone
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hill and was reached from the main line of the railroad by a
short spur and gravity tram.

At one time the Eureka deposit was worked quite exten-
sively, but seven years ago it closed down and nothing has
been done since. At the time the Eureka quarry was being
worked a large part of the stone was being used in Seattle for
building purposes. The principal cause for closing the quarry
was the very high freight rate charged on the stone. At the
time the quarry was in full operation a large force of men
was employed.

The stone from this quarry is a light colored, medium
grained, quite firmly cemented sandstone in which the cement-
ing material appears to be principally silica. In general the
stone is quite free from iron and of a uniform color and tex-
ture. In places, however, small seams of carbonaceous ma-
terial are found, and occasionally iron nodules occur in the
stone. There is a vertical face 250 feet high shown at this
place and the quantity of stone is practically unlimited.

An examination under the microscope of thin sections of
the sandstone from this area shows that it is composed of
medium sized grains of silica.

The stone consists essentially of grains of quartz with
some muscovite scattered through it. The cementing material
is quartz. The grains of quartz are not, as a rule, very much
rounded, but instead are angular and sharp cornered and are
quite firmly bound together. Small flakes of muscovite are
quite common and generally distributed through the rock.

The following chemical analysis shows the rock to be prac-

tically free from all substances that have a tendency to disin-
tegrate rapidly and injure the stone:

Bilea (BL O} i...vcovisvimsninsnans 95.65
Irom i Te; O) . . lvviiviin siisiins ismaeine 0.90
Alumina (Al OF) ceocivoavsviniiosans 0.06
Lime (B8 0) .. iiiicisaivinasaiass 0.656
Magnesia (Mg 0) ......ccovivunnnns 0.22
Loss on ignition ................ ... 1.54

100.02

Samples of the sandstone from the Eureka quarries were
tested for crushing strength and the results of these tests are
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shown in Table I. They showed a strength of 3,520 and 3,280
pounds to the square inch and the molulus of elasticity was
712,100 pounds to the square inch. The strength of the Eure-
ka stone as shown by these tests is below the average for
sandstone, but I think probably these results do not show the
average strength of this stone, as the quarry was not in oper-
ation at the time I visited the locality and it was hard to ob-
tain good, fresh samples of the stone.

Samples were tested to see what the effect of freezing and
thawing would be and the loss of weight is shown in Table
III. These samples were alternately frozen and thawed each
day for a period of twenty days, and at the end of the time the
loss of weight of the sample of Eureka stone was .313 grams
or .635 of 1% of the weight of the sample.

The stone has a specific gravity of 2,628, as shown in Table
II. As shown by the same table the ratio of absorption is
5.36%, while the percentage of pore space or porosity of the
stone is 12.355%.

Tests were made on this stone to show the effect of ex-
treme heat and sudden changes of temperature. Samples were
placed i in a muffle furnace and gradually heated to a tempera-
ture of 800° F. Some of the samples were taken from the fur-
nace and cooled suddenly by being put into cold water, and
when cold the samples were tested as regards strength and
crumbled on the edges only. The samples that were allowed
to cool gradually were apparently but little affected. Sam-
ples were next heated to a temperature of 1200° F. and then to
1600° F., and in each case allowed to cool gradually in the
open air. The samples after having cooled from a temperature
of 1200° were apparently almost as strong as before. No
cracks were visible and the samples crumbled but little on the
edges even. After having been heated to 1600° and cooled
the stone was considerably weakened, but the strength was
not entirely gone, as it was in the case of the granites. The
color was practically unchanged. The samples when scratched

or struck with anything, after being heated, gave off a sound
similar to that of a brick.
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WILKESON AREA.

Northern Pacific Railway Quarry.—The quarry of the N.
P. Ry. Company is in Sec. 27, T. 19 N, R. 6 E. The quarry
is about twenty-two miles east and ten miles south of Tacoma
and is on a branch line of the N. P. that leaves the main line
at Cascade Junction and terminates at Wilkeson. The hilll in
which the quarry is situated is about 1200 feet above sea level
or 300 feet above the town of Wilkeson. At two other places
in this district quarries have been operated in the past, but at
present nothing is being done in either of them. They are
each of them in the same formation as the present quarry and
were abandoned principally on account of the fact that the
stone was quarried by blasting, and the quarries were right in
the town and the operation of them was dangerous, so the
company went farther up the stream above the town and
opened up a new quarry.

The stone from this quarry is a light colored coarse
grained sandstone the cementing material of which is quartz.
The stone here dips to the east at an angle of 60°. The face of
the present quarry is 200 feet high and 100 feet long and con-
tains three grades of stone. There is an upper and lower
ledge having an average thickness of twenty feet each, which
is good building stone, while the layer, which is twenty feet
thick, between the two is not so good for building purposes.
The N. P. did not get out building stone except for its own
use. Some dimension stone is being quarried at the present
time (Aug., 1901), but most of the stone shipped from here
is for use along the road. The company is working fourteen
men and shipping fifteen cars a month, which is a much smal-
ler number than wias being worked a year ago, when they were
shipping 150 cars a month. These quarries have been
leased at different times to private individuals and considera-
ble building stone quarried.

Situated near here are a number of other deposits of good
sandstone which are easy of access and well situated for easy
quarrying.

An examination under the microscope of thin sections of
the sandstone from this section shows it to be a little coarser
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than that from the Cumberland area. There are in the N. P.
quarry two layers suitable for building purposes which are
very similar, except that the upper layer is a little coarser
grained than the lower.

This sandstone consists of grains of quartz that have not
been entirely rounded, some of them at least being quite angu-
lar. The cementing material is quartz and the grains are not
held very firmly together by it. The rock contains some light
colored mica disseminated through it in very small scales.
There are also occasional grains of feldspar scattered through
the mass. The grains of quartz are of quite a uniform size.

The following analysis shows the rock to be practically
free from those substances that have a tendency to disinte-
grate rapidly and thus cause the stone to decay:

SHIGEYEE OF) il s e e i e et 98.056
sy el g s 1y TS R 0 0.89
Aluming (AL O . vescvsenanesonsios 0.07
LEMBE (& (0] 7 0 iha s onanivinrsssmisins 0.22
Magnesia (Mg O) ...oovvvreeevenass 0.12
LonE - Agnitlon oo ocvve i 0.76

100.12

Samples of the sandstone from both the upper and lower
ledges of the Wilkeson quarry were tested to determine the
crushing strength, and, as shown in Table I., the following re-
sults were obtained: The samples from the upper layer had a
crushing strength of 7,680 and 7,160 pounds to the square inch
respectively, while those from the lower layer showed a crush-
ing strength of 10,840 and 9,180 pounds to the square inch.
The stone from the two layers has practically the same speci-
fic gravity, that from the upper one being 2.649, while that
from the lower layer is 2.652.

The stone from the different layers was found to differ
slightly in its ratio of absorption and porosity, as is shown in
Table IL, that from the upper layer having a ration of absorp-
tion of 4.13% and a pore space or porosity equal to 10.125% of
its mass, while that from the lower layer has a ratio of absorp-

tion of 4.31% and a pore space or porosity equal to 10.027% of
the mass of the stone.
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The results of freezing and thawing tests made on samples
of stone from the Wilkeson quarry are shown in Table IIL
Samples from both the upper and the lower layer were alter-
nately frozen and thawed each day for a period of twenty
days, and at the end of that time the loss in weight of the
sample from the upper ledge was found to be .093 of 1% and
that from the lower layer was .218 of 1% of the mass of the
sample.

Samples were placed in a mufflle furnace and gradually
heated to a temperature of 800° F. and some of them cooled
gradually, while others were cooled suddenly by being taken
from the furnace and plunged into cold water and allowed to
remain until cooled. The samples that were cooled suddenly
crumbled on the corners and edges while those that were al-
lowed to cool gradually were but little injured. Samples
were then heated to 1,600° F., cooled gradually and while they
did not crumble readily at the same time they were very much
weakened and when struck with a hammer broke very easily.
The color of all these samples from the Wilkeson quarry re-
mained unchanged. This stone did not stand the sudden
changes as well as the tufas did.

FAIRFAX AREA.

Fairfax Quarry—Fairfax is six miles almost due south of
Wilkeson. The quarry is in section 22, T. 18 N,, R. 6 E. and
is about one and one-half miles down the Carbon river from
the coal mining camp of Fairfax. The quarry here is operated
by the Fairfax Coal Coinpany.

The sandstone quarried here is a light colored, fine grained
and well cemented stone. It contains considerable muscovite
and biotite and the stone is apparently quite free from iron.

The quarry at present is 110 feet long and has a face
that would average 20 feet in height.  The line of strike is N.
15° W. and dip 65° W. The stone quarried at present (July,
1901,) is being used by the Fairfax Coal Company for founda-
tions for extensive coke ovens which they are building. I
think no building stone has ever been quarried at this place.
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This stone when first quarried is quite soft but hardens on
being exposed to the atmosphere.

The microscopical examination of the sandstone from Fair-
fax shows that it is composed essentially of grains of quartz
which as a general thing are clear and transparent and range
in diameter from one-tenth of a millimeter to as much as one
and one-tenth millimeters. There is in addition to the quartz
grains quite a considerable amount of mica both the light
and the dark colored in very small flakes disseminated through
the stone. The cementing material is a light colored silica
which holds the grains quite firmly together. Most of the
grains are well worn and rounded. The stone has about the
same color as the Wilkeson stone but has a little finer texture.

STUART ISLAND AREA.

Stuart Island is one of the small islands in San Juan
County and is about five miles north and two east of San Juan
Island. The sandstones on this island have been quarried
at three different places around Reed’s Harbor. Two open-
ings have been made on the north side of the harbor and con-
siderable stone quarried, while a single small opening has been
made on the south side. The stone varies very much in tex-
ture ranging from a fine grained sandstone up to a conglom-
erate in which the pebbles are as much as four inches in
diameter. The color is dark and the stone is hard and well
cemented.

The microscope shows the sandstone on Stuart Island to
be composed essentially of medium sized to very coarse grains
of quartz. The texture of the best stone from this locality is
about the same as that of the Chuckanut stone, while the color
is a little darker even than that of the Tenino stone. The
cementing material is silica and iron. The individual grains
of quartz are well rounded as a general thing in the stone from
here. The stone from the south side of the harbor is harder
than that from the north side.

As shown in Table I. this stone has a crushing strength of
8,000 pounds to the square inch. As shown in Table IL. it



72 Annual Report Washington Geological Survey.

has a specific gravity of 2,724, a ratio of absorption of 1.82%
and a pore space or porosity of 1.736% of its entire mass.

A sample was tested to show the effect of freezing and
thawing by being alternately frozen and thawed for a period
of twenty days and the loss in weight as shown in Table IIIL.
was .014 of 1% of the weight of the sample. A sample was
placed in a muffle furnace and gradually heated to a tempera-
ture of 800° F. and cooled by being taken from the furnace
while at this temperature and put into cold water. The
sample was not cracked and so far as could be told was but
slightly injured. Samples were then heated to temperatures
of 1,200° F. and 1,600° F. and allowed to cool gradually. While
these samples did not show any signs of cracks their strength
was much less than before they were heated to these high
temperatures. The color was changed to a light brick red.

Sucia ISLAND AREA.

Sucia Island is a small island, three miles due north of East
Sound, in San Juan County. The sandstones occurring on this
island have been quarried at two different places and consid-
erable stone shipped from here. The stone is of a dark color,
medium grained, and appears to be well cemented. The
quarry was worked entirely by hand with the exception per-
haps of a steam derrick or two for handling the stone. The
stone from the quarry on this island was used in building the
dry dock at Bremerton and as the stone had to be of exact
sizes, to be accepted, there was a large amount of it rejected
because it did not quite meet the requirements in dimensions
and a large amount of good stone is still piled up in the quarry
yard.

An examination under the microscope of a thin section of
the sandstone from this locality shows that the grains of
quartz composing it range in size from quite small, one-fifth
of a millimeter in diameter, up to those that are as much as
one millimeter in diameter. The larger part of the quartz
grains are well rounded but occasionally one is found that has
quite sharp corners,

The sandstone from Sucia Island is composed of clear
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glassy grains of quartz together with quite a good many large
dark colored flinty looking quartz grains and an occasional
flake of black mica. These grains are held firmly together by
a cement of silica which has somewhat of a greenish color.
The color of the stone, however, is lighter than that of the
Chuckanut or Tenino stone, and the green shows but very
little. '

The following chemical analysis shows this sandstone to
have practically the same composition as the Chuckanut stone.

Silica (81 0p) ivevvrenenranarraeees 90.21
Tron (Fe; Og -cevvvecrsrnscnasinones 3.64
Aluming (Al 0p) so-cessoscvacsnsans 1.98
Lime (C8 O) eeccesresnscasoasasssns 0.72
Magnesia (Mg 0) ...cevviennrranens 0.81
Loss on ignition .......covevvnoneee 2.42

99.78

Samples of this stone were tested to determine ratio of
absorption, percentage of pore space, and specific gravity and
the results are shown in Table II. It hasa specific gravity of
2.642, a sample weighing 59.757 grams absorbed 1.798 grams
of water or 2.92 per cent. of its weight, and had a pore space
or porosity of 7.364 per cent. of its entire mass. As shown
in the same chapter, Table IIL,, it lost in weight by being al-
ternately frozen and thawed each day for a period of twenty
days .18 grams on a sample weighing 59.737 grams, which is
.058 of 1 per cent. of its weight.

Samples were heated to 800°, 1,200°, and 1,600° F. and some
of them cooled suddenly, while others were cooled slowly.
The samples at a temperature of 800° F. appeared to be but
little affected, both those that were cooled suddenly and those
that were cooled slowly. Those that were heated to higher
temperatures, however, were much injured. On the surface
they appeared sound but when tested they were found to
break very readily and their strength was practically gone.
The samples were changed in color so that they had a slightly
reddish cast.

CONCLUSIONS.

The sandstones of Washington when compared with those

being used for building purposes quarried in other parts of the
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United States are found with one exception, that of the
Chuckanut stone, to be below the average in crushing strength.
As shown in Table IIL the specific gravity is above the aver-
age, while the ratio of absorption is about an average. The
percentage of pore space in some of the Washington sand:
stones is high but in most of them it is not excessive. The
~sandstones of this state withstand high temperaures well and
in some cases are being used very successfully in place of fire
brick.
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CHAPTER V.

MARBLE AND SERPENTINE DEPOSITS OF WASH-
INGTON.

INTRODUCTION.

The term marble, in general, is used very loosely and is a
commercial rather than a scientific term. By many it is made
to include all limestones which will receive a polish, while
by others only those limestones that are capable of being
polished are suitable for ornamental purposes are considered
as being marble.

Merrill * in speaking of marble gives the following : “Under
the head of marbles there are here included all those rock
consisting essentially of carbonate of lime (limestone) or car-
bonate of lime and magnesia (magnesian limestone and dolo-
mite) that are susceptible of receiving a good polish and
are suitable for ornamental work.”

The term marble is also applied by some persons to orna-
mental stones which have a different mineralogical composi-
tion from the limestones. This, however, is not common.

Others again are inclined to restrict the use of the term
marble to metamorphosed limestones. R. S. Tarr{ has the
following to say: ‘“When a limestone has been metamor-
phosed, the carbonate of lime becomes altered to crystalline
calcite, and the impurities gather together either in bands of
different colors or in bunches of various minerals. This
results in the formation of true marble, which should very

properly be separated commercially from ordinary limestone,
" since it is metamorphosed and crystalline, and being capable
of a high polish, serves for purposes for which ordinary lime-
stone cannot be used. But under the term marble, in its
commercial sense, is included many non-crystalline lime-

# Stones for Building and Decoration, pp. 83 and 84.
+ Bconomic]Geology of the U. 8., p. 377.
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stones, which by polishing, show either banding or some de-
sired color, such as black. Consequently marble in its com-
mercial significance is made to include stone which is not
true marble.”

There are many varieties of marble, the variation being
principally in color and due in most cases to a variation in kind
or amount of impurities, or both, which occur in it.

Marble is found in a number of places in Washington but
the principal deposits are in Stevens county. Marble, how-
ever, is found in the Snoqualmie Pass region of the Cascade
mountains and to the north of there in some few places. The
amount, however, so far as known is not very great. In
Stevens county the deposits are quite numerous and in many
cases very large. At the present time western Washington
is not producing any marble and but very little is known to
occur in that part of the state.

METAMORPHISM.

Metamorphism is the process by which certain rocks have
been changed from their original condition or the condition
under which they existed when first formed. This change may
result in the formation of new minerals, a change in texture,
or simply a rearrangement of the minerals. Prestwich *
defines metamorphism as follows:

Metamorphism is the molecular and structural change in
the strata of the sedimentary series, or in the rocks of igneous
origin, whereby they have undergone a transformation in
the chemical combination of their elements, in mineral con-
stituents, and in structure so that their original condition has
been more or less modified and altered, and their characters
disguised.”

While in a certain sense this might include almost all sed-
imentary rocks as but few have retained their original condi-
tion, except having been hardened or having the grains ce-
mented together, the term is, however, used only to include.
those greater chemical and mineral changes which have been

* Geology, Chemical, Physical and Stratigraphical, Vol. I, p. 397.
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brought about by the combined action of heat, moisture and
pressure. *

Metamorphism is of two kinds, as regards the area affect-
ed, as follows: Local or contact metamorphism and regional
metamorphism. Local metamorphism as the term implies
has not affected any very large areas and is usually found
where igneous rocks in the form of dykes have been forced up
into the sedimentary rocks such as sandstones and limestones
and changed them to quartzite and marble. The conditions
under which this eruptive material has been forced into these
other rocks have varied more or less in different localities and
on this account the metamorphism has varied, in some cases
the change being but very slight and extending only a short
distance from the eruptive material, while in other cases the
change has been very great and widespread extending for con-
siderable distances on either side of the eruptive mass.

If strata which have been invaded by igneous rock should
be examined carefully we would find the metamorphism
growing less and less as we went away from the contact until
finally it would cease entirely, and if the strata should be lime-
stone near the contact we might find crystalline marbles and
as we went away from the contact there would be less and less
change until the marble would finally grade into ordinary
limestone.

Regional metamorphism affects much larger areas than
does local and implies the changing and reconstructing of
rock for very large areas, sometimes thousands of square
miles, even, being affected. Such widespread changes could
hardly be produced by the same causes that produced local
metamorphism and consequently others must have been pres-
ent also. The first step in metamorphism is probably a hard-
ening of the strata and this may be due to either of the two
agencies which Scott { designates as compression and pres-
sure or by both of them' acting together.

Different theories have been advanced at different times
to account for metamorphism, but at the present time it is

* Ibid. p. 397.
t Introduction to Geology, p. 201.
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pretty generally admitted that heat, moisture and pressure
have been very important factors in bringing about the change
that has occurred to produce these metamorphic rocks.

The reason for believing that heat has been an important
factor in regional metamorphism is the fact that the results
are very similar to local metamorphism. Then again many
successful attempts have been made to imitate metamorphism
experimentally and in all of these heat has been used. It is,
however, not probable that in all cases very high temperatures
were necessary to produce metamorphism. This heat has
been accounted for in different ways by different persons.
Dana * in discussing this subject gives the following:

“Regional metamorphic rocks are upturned rocks subjected
to the faulting, crushing, and flexing attending mountain-
making. Hence they are rocks which have been subjected to
pressure and movement on a vast scale, and thereby to heat
just where it was needed for metamorphic work. Mountain-
making movements might be so slow that the heat would be-
come mostly dissipated instead of accumulating. But the
rocks upturned were generally 10,000 to 30,000 feet thick or
more, and great pressure and high temperatures should be ex-
pected from movements so vast over regions extendmg some-
times a thousand miles in length.

“The heat for metamorphism appealed to is heat of a dyna-
mical source, and the conditions are those that will produce
its maximum effects.”

Pressure appears to have been necessary in order to pro-
duce certain results found in the metamorphic rocks. Lime-
stones even at low temperatures under ordinary conditions
lose their carbon dioxide. Under heavy rock pressure this
loss would not take place as has been shown by experiments,
it having been melted under pressure without decomposition.

Scott ¥ attributes regional metamorphism largely to
compression and says that “to it are due the structures of
cleavage, fissility, and schistosity, as well as the reconstruc-
tion and crystallization of mineral particles. This is dynamic

* Manual of Geology, p. 322.
t An Introduction to Geology, p. 291.



Building and Ornamental Stones of Washington. 79

metamorphism, but heat is probably a common accessory in
this method of change also.”

The rocks of the earth’s crust contain more or less moisture
which under high rock pressure would be retained and become
a very important factor in metamorphism. It has been shown
experimentally by different persons that water at 400° C. will
reduce to a pasty condition nearly all ordinary rocks. More-
over the amount of water necessary to produce this result, Le
Conte says, is not large—only five to ten per cent* This
being true the included water of sediments is sufficient.

Danat in discussing the presence of moisture gives the
following :

“All rocks are permeated by moisture, and this permeating
moisture is sufficient for all metamorphic results. If 2.67 per
cent., which is less than the average, the amount would cor-
respond to two quarts of water for each cubic foot of rock.
At one per cent. it would be one pound, and, therefore, one
pint of water to 100 pounds or two-thirds of a cubic foot of
rock; and, since a pint contains 29 cubic inches of water, this
amount would afford, at the ordinary pressure, nearly 45
cubic feet of steam to the cubic foot of rock. There is no
doubt, therefore, about enough moisture.

“The distribution of heat through rocks without moisture
is impossible; for heat travels but a short way into dry rock.
A thickness of two or three feet is sufficient to confine nearly
all the heat of the hottest furnace, and will make it safe to
walk over liquid lavas. But let the walls of the furnace be
wet, and the heat will go through with a rush, for the water
becomes steam.”

While it would appear that all of the agencies named above
are important factors in producing metamorphism it is prob-
ably true that, in many cases at least, some one of these agen-
cies has been the predominating one and the others may have
been absent almost entirely.

The marbles of Stevens county occur in a district where
the rocks are mostly metamorphic rocks and where great dis-

* Elements of Geology, p. 231.
+ Manual of Geology, pp. 311 and 312.
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turbances have taken place. The marbles vary in texture
from those that are very fine and compact to those that are
quite coarse. The composition of these marbles, as shown by
the analyses given in Table V., varies from an almost pure
calcium carbonate to an almost pure magnesium carbonate
with all grades between. Most of the Stevens county marbles
contain more or less magnesia. With our present knowledge
of these marbles it is not possible to throw very much light on
their origin. So far no evidence has been found of dolomotiza-
tion, or replacement of calcium carbonate by magnesium car-
bonate, and at present it is not possible, however, to say how
these deposits of magnesium carbonate have been formed as
there is not evidence, such as is usually given, to show that
they have been deposited by chemical action.

The Stevens county marbles are the products of meta-
morphism which was probably due, mainly at least, to heat,
moisture and pressure. The heat was probably due partly
to the disturbance of the strata which produced the tilting
and folding and partly to heat from the interior furnished
by the igneous rocks that are found in places beneath the
marbles. In places later deposits are found lying on the mar-
bles and these would insure rock pressure and this would pre-
vent the escape of the carbon dioxide.

USES OF MARBLE.

Marble, being a calcium carbonate the same as ordinary
limestones, is subject to all the uses for which ordinary lime-
stone is suitable and in addition has special uses of its own,
the most important of these being for outside building, in-
terior, decorative, and ornamental purposes, monuments, and
tombstones.

Outside Building Purposes.—Marble is not so generally
used for this purpose as granite, limestone, and sandstone.
There are several reasons for this, the principal ones of which
are cost and the fact that good marble is less widely distribu-
ted geographically than the granite, limestone, and sandstone.
The demand, however, for marble for this purpose is slowly
increasing and many of our leading cities, and especially those
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situated near good marble quarries, have not only their pub-
lic buildings, which are built in whole or in part of marble,
but also many private buildings which are built of this ma-
terial. This is especially true of such cities as Washington,
Baltimore, Philadelphia, and New York on account of their
nearness to good marble deposits.

The amount of marble quarried in the United States and
sold for outside building purposes in 1896 was valued at
$1,036,163,* while in 1901 the amount sold for the same pur-
pose was valued at $1,236,023 1 or an increase for the five
years of $199.860.

Interior Decoration in Buildings.—Marble has been used
for decorative purposes since very early in the history of civ-
ilization. The Romans used very extensively the Italian mar-
ble as well as that of other countries in decorating the palaces
of ancient Greece and Rome. In the United States marble is
used to a considerable extent at the present time for decora-
tive purposes such as wainscoting, columns, tiles, staircases,
mantels, fireplaces, and carved work of various kinds. Some
of the colored marbles of Washington would furnish some
very handsome material for this kind of work. Marble is be-
ing used very extensively for tiling and is a very superior
material for this purpose. The floors in the corridors and halls
\of many public and private buildings are made of marble til-
ing. It is being used very extensively also in the larger cities
to furnish the entrance to many of the prominent buildings,
and in many cases it has taken the place of wood for wains-
coting, for which purpose any of the different varieties may
be used.

The amount of marble being used for interior decoration
in the United States is gradually increasing and in the last
four years the value of that produced for this purpose has
almost doubled, having been $576,083 in 1897 while in 1901
it wias $1,008,482, or an increase of $431,499.1

Cemetery Work (monuments and tombstones).—Marble
is still the principal stone that is being used for this purpose.

* Eighteenth Annual Report U. 8. G. §., Part V. (continued), p. 975.
+ Mineral Resources of the United States, rgo1, U. 5. G. 8., p. 666.
1 Mineral Resources of the United States, 1901, U. §. G. 8., p. 660.
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The amount of granite, however, that is being used for monu-
mental purposes is constantly growing and in 1901 the amount
produced for this purpose alone was valued at $1,467,557,*
while the value of the marble produced in the United States
for the same year and used for monuments and tombstones was
valued at $1,048,892,} or $481,335 more than the granite.

The white and clouded gray and bluish marbles have been
used much more extensively for this purpose than have the
highly colored ones. On the other hand the more highly col-
ored granites such as the Scotch granite have been used more
extensively for monumental work than the light colored ones.
This being the case there is no reason so far as I can see why
the more highly colored marble should not come into more
general use for this kind of work and especially the best
grades of the colored marbles at any rate. :

Minor Uses.—There are a number of minor uses to which
marble is especially well adapted, such as counters, sideboards,
soda fountains, table and wash stand tops. While any of the
different grades of marble may be used for these purposes
the whites and white clouded from Italy, Vermont and Geor-
gia have in the past been used more than any other kind.
This, however, has been changing somewhat in the past few
years and more colored marble is being used for these pur-
poses and some of the colored marbles of Washington will
undoubtedly prove to be very fine material for this kind of
work and in the near future should be used quite extensively.

A certain amount of marble is used for statuary purposes.
This, however, is not large and most of that used in the United
States is imported. Some statutary marble has been quarried
in Vermont, but the amount is small. The supply of good
statuary marble is not large and does not equal the demand.

Mr. Ruskin says “statuary marble is neither hard, brittle,
flaky, nor splintery, but uniform and delicately—yet not ig-
nobly—soft ; soft enough to allow the sculptor to work it with-
out force, and to trace on it the finest lines of finished form;
yet hard enough not to betray the touch, or crumble beneath

* Mineral Resources of the United States, 1901, U. 8. G. 5., p. 653.
t Ibid. p. 666
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the chisel. Furthermore the stone should have a pure white
color free from flaws or imperfections of any kind.*

Marble Production in the United States.—The amount of
marble produced in the United States for the year 1901 was
valued at $4,965,699. The leading marble producing states
are Vermont, which for the same period produced marble val-
ued at $2,753,583 or more than half of the entire output, Geor-
gia with a production valued at $936,549, and Tennessee with
an output valued at $494,637.1

There are a number of other states that produce some mar-
ble, but the amount is small. Washington is given credit by
the same authority for having produced in 1901 marble valued
at $22,816.

STEVENS COUNTY.

Stevens county is situated in the extreme northeastern
part of the state. It has an average length, north and south,
of about 76 miles, and average breadth of about 50 miles, an
area of about 3,800 square miles and is one of the largest
counties of the state.

The surface features of Stevens county may be separated
into two somewhat distinct topographical areas. The first
of these would consist of the southern part of the county or
of that part which drains south into the Spokane and Little
Spokane rivers. This region is one of plateaus and low hills
which as a general thing are timbered. This part of the
county ranges in altitude from 1,200 feet at the bottom, of
some of the deepest canyons, to 4,082 feet, the top of the
highest peak, above sea level. The general average of this
part of the country is probably about 2,600 feet. The streams
are short and some of them have cut quite deep gorges while
others have comparatively shallow ones.

The second one of these topographical regions is much
larger than the first and includes all of that part of the county
which is drained to the north by the Colville and Pend
d’Oreille rivers into the Columbia river. It would also in-

* Arkansas Geological Survey, Annual Report, 18g0, Vol. IV., p. 170.
+ Mineral Resources of the United States, 1001, U. S. G. § , p. 665.
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clude that part of the county which drains to the west directly
into the Columbia. It contains several good sized valleys, the
principal ones of which are the Colville and the Pend
d’Oreille situated along the streams of the same names. These
valleys are level tracts of land along the streams from a mile
to as much as two or three miles in width. Along some of
the lateral streams many little valleys occur also.

Between the Columbia river and the Colville river, with
the exception of the narrow valleys along these streams, the
country is rough and mountainous, in places reaching an alti-
tude, above sea level, of more than 6,000 feet and the divide
between these streams has an average altitude of more than
4,500 feet. To the east of the Colville valley and between
it and the Pend d’Oreille valley is another mountain range,
of which the highest point, Calispell peak, has an altitude of
6,905 feet above sea level, with the average height of the divide
between 4,800 and 5,500. East of the Pend d’Oreille river the
country is mountainous and rough with about the same alti-
tude as that to the west.

All of these mountain ranges are well supplied with lateral
streams which hdve found in many instances quite deep
gorges. The mountains rise gradually from the valleys first
being the foot hills which gradually merge into the moun-
tains. Along the Columbia the bluffs rise more abruptly than
they do along most of the streams. The mountain ranges
extend in an almost due north and south direction across the
county. ;

The country rocks through Stevens county are granite,
quartzite, slate, marble, limestone and metamorphic rocks in
general. In places the sedimentary deposits are steeply in-
clined, having been much disturbed. In many places the mar-
bles are found in contact with the granites. The marbles
show stratification in but few places, the metamorphism hav-
ing been great enough in most instances to destroy all evi-
dence of it. In many places the deposits have been badly
broken by the disturbances which have produced the metamor-
phism. Fossils, if they ever did exist, have been destroyed
throughout most of the district. So far I know of but one
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place where they have been found and this is near Valley
Brook, where the Washington Brick, Lime & Manufacturing
Company are quarrying the limestone which occurs there and
using it for the manufacture of lime. These fossils are very
scarce even here, are poorly preserved, and as yet it has not
been possible to do very much with them. They have the
appearance, however, of being Palaeozoic corals.

To the north of Stevens county in British Columbia the
same marble and limestone deposits are found and in some
places they contain a few poorly preserved fossils which are
thought perhaps to be of carboniferous age. The Stevens
county marbles and limestones are probably of the same age
as those to the north in British Columbia and if the latter
should prove to be carboniferous the Stevens county deposits
are also very likely carboniferous. The amount of evidence
at hand, however, at present is not sufficient to warrant any
definite conclusions.

The southern limit of the limestones of Stevens county in a
general way is about 48° north latitude or a few miles to the
north of this. The southern deposits occur in isolated masses,
do not cover large areas, and are not so common as the other
kinds of rock, such as quartzite, granite and other igneous
rocks. As one goes north from here the limestones or marbles
become more common and cover larger areas until finally in
the extreme northern part of the county the limestone forms
quite a large part of the country rock.

In the southern part of the area where marble is found
it occurs low down either in the valleys or low foot hills
while to the north it is found at a much greater altitude. The
highest parts of the mountain ranges, however, even in the
northern part of the county are not limestone but igneous
and metamorphic rocks such as granite, slate and quartzite.
On either side of the Colville valley from about Valley Brook
to the northern end of the valley more or less marble and
limestone is found in the foot hills and mountains which bor-
der it.

The indications are that the limestones and marble which
are found in Stevens county are the remnants of what was at
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one time a much larger deposit covering the country to the
west as far as the Cascade mountains. At the time these
deposits were forming this area must have been under water
and these sediments accumulated, after which there was an
elevation and the sedimentary deposits were folded more or
less and in places at least badly broken. At the time this
elevation took plaec the igneous rocks were forced up into the
sedimentary rocks, the sedimentary rocks more or less meta-
morphosed, and thrown into anticlines and synclines. Erosion
began then to cut down this area and has succeeded in re-
moving a large part of the limestone from it and especially
from the highest parts where erosion would naturally be the
greatest. The evidence of folding is not very great and only
in a few instances has any evidence been found. There is,
however, plenty of evidence that there have been very marked
disturbances and in many places the strata are tilted and
steeply inclined.

In many places, especially in the northern part of the
county, evidence is found which shows that at some time in
the past this part of Washington was covered with glaciers.
In places large masses of rock, which are unlike the rock on
which they rest, are found, while in others the country rock
shows very plainly the effects of ice on the polished surface
and striations which are found.

The marble and serpentine deposits in this area occur both
to the east and the west of Valley, which is a station on the
Spokane Falls & Northern Railway fifty-eight miles north
of Spokane. The deposits to the west of Valley are from five
to twelve miles from the railroad, while those on the east are
only about three miles from the railroad. All of these de-
posits, however, are easily accessible as fairly good wagon
roads have been built to them. Some of the properties in this
district have been located since 18g4, but very little, if any,
development work was done before 18g8. Since that time
considerable money has been expended in opening up some
of these deposits and at the present time a large amount of
work is being done.



Al -
5 - v .
&'{l‘rﬁ hr,-,'f.'_- e
i1 LY S i
[ ! _.;.3

= %{iﬁ;fﬁg?‘ﬁ I_.ﬁ. &

T

e S ey e




WASHINGTON GEOLOGICAL SURVEY, AXNUAL REPORT, 1902 Prate VI

ONE OF THE STONE GANGS, U. 8. MARBLE COMPANY, VALLEY.

QUARRY OF THE U. §. MARBLE COMPANY, VALLEY, FROM WHICH THE
“PURPLE ATHENIAN" IS TAKEN.
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VALLEY AREA.

The U. S. Marble Co.—The property of this company
is situated in a number of places in Stevens county but
the only place where much development work has been done
is at the quarry, twelve miles west and north from Valley.
From the railroad the quarry is reached by a fairly good wagon
road which has been built for a considerable part of the dis-
tance by the company. The altitude of Valley is 1670 feet
above sea level and the altitude of the mill at the quarry as
determined by aneroid is 3,570 feet above sea level. This
gives an average grade of a little less than 3 per cent. for the
twelve miles. The quarry is about 500 feet above the mill.
The mountains around the quarry rise to a considerable dis-
tance above it, Greenway Mountain being 4,615 feet above
sea level as given by aneroid. This property consists of a
group of twenty-one claims, about 420 acres, situated on the
south side of the above named mountain, all of which are in
Secs. 8 and 9, T. 31 N, R. 39 E.

The principal deposits being worked by this company at
this place are serpentine. They have, however, deposits of
dark, almost black, coarsely crystalline marbles and also slates.

Quarrying of the serpentines that occur on Greenway
Mountin is being carried on by this company in at least three
different places. The quarry situated on the east side of the
mountain and known as the Greenway quarry was the first
one to be opened and the one on which the most work has been
done. The serpentine at this place occurs as a wedge shaped
mass with the broader part of the mass extending downward.
It cuts across the mountain in a line 5° to the west of north
and the sides of this mass have a dip of 80".

Greenway Mountain is composed principally of slates and
limestones which dip to the north at an angle of 45°, while the
strike is N. 10° E. The slate is light gray in color and lies
conformably on the dark magnesian limestone and the ser-
pentine cuts through both. The material quarried here is of
various shades of green with more or less white scattered
through it and the company has designated three of the most
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common colors as follows: Royal Washington, Landscape
Green, and Athenian Green. This material is all quite soft
and easily worked into almost any shape. The thickness of
this wedge shaped mass where exposed on the quarry floor is
20 feet and the quarry face at the present time (July, 1901,) is
75 feet long and 30 feet high.

The stone is quarried by steam drills, a series of holes be-
ing drilled in the face of the quarry, along the desired direc-
tion, as deep as the size of the block to be taken out. These
holes vary as regards distance apart, on account of variation
in the material, but are usually about three inches from center
to center. After these holes have been drilled the drill is re-
placed by a cutter bar and the space between these holes is cut
out. After the blocks have been loosened in this way on three
sides they are broken off on the fourth by means of wedges
and then are hoisted by means of a steam derrick and carried
out into the quarry yard. One trouble with this material
has been the frequency of seams that have occurred in it and
which have to a certain extent, at least, prevented the quarry-
ing of large blocks. This trouble, however, has lessened
somewhat with depth and will probably continue to diminish
as greater depth is reached. Serpentines, while they may be
soft, may at the same time resist weathering well.

About five or six hundred yards south of the Greenway
quarry across a deep gulch the United States Marble Co. has
recently opened up a new quarry from which an entirely dif-
ferent grade of serpentine is being quarried. It differs from
the other in color and in being much harder. The material has
been designated by the company as Canyon Green. This body
of serpentine, like the other, seems to be an irregular mass,
alongside of which is a dike of igneous material called by Mr.
Greenway a diorite. This material appears to be freer from
checks and seams than that from the Greenway quarry and
appears very promising.

The company has also begun the opening up of a new
quarry a short distance below their mill on material which is
entirely different from that being taken out of either of the
other quarries and they have designated this Purple Athenian.
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This material is, if anything, a triffe harder than the Canyon
Green. The company has not done very much work at this
place as yet and it is hard to tell how it will show up as depth
is obtained but the indications are that large blocks of very
beautiful stone practically free from seams can be obtained.

The United States Marble Co. has not done nearly as much
work on their marble deposits as they have on the serpentines;
some work, however, has been done toward opening a quarry
in this deposit and if there should be a demand for the ma-
terial it could be easily produced. This marble appears mas-
sive rather than stratified and the deposit is quite large. It
resists weathering well, as shown by that exposed on the sur-
face. It is quite hard and not so easily worked as most mar-
bles. The deposit is practically free from seams and blocks
of almost any size can be quarried. This material varies some-
what in color, ranging from a light gray to a very dark, almost
black.

This company has a large and well equipped plant for
quarrying and working the serpentine and marble deposits
and employs from sixty to eighty men continually. The
company has, for quarrying the serpentine, three 3-inch and
one 2%-inch Rand drills which are operated on quarrying
bars and are driven by steam which is supplied from a 45
H. P. boiler. The drills will each drill on an average about
eight feet an hour. For handling the large blocks after they
are quarried the quarry is supplied with a ten-ton derrick,
which is operated by steam.

The mill for sawing, polishing and working the stone is
about one-half a mile from the Greenway quarry at the foot
of the hill and the large blocks of serpentine are loaded onto
heavy trucks and hauled down the hill to the mill. The mill
is supplied with two gang saws of the latest pattern and hav-
ing automatic feed. These saws have a stroke of twenty
inches, are 7x13 and 7x14 feet, and blocks of stone 6x6x11 and
6x6x12 feet can be cut. There is a rubbing bed thirteen and
one-half feet in diameter and three machines for polishing
the stone; also one eight-foot lathe, one four-foot lathe, two
small lathes for fancy work, and a polishing lathe. The
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power for driving this machinery is supplied by an 80 H. P.
boiler and a 40 and a 50 H. P, engine.

In addition to the machinery already mentioned the com-
pany has recently installed a very complete pneumatic tool
plant which operates a series of chisels that vary in size from
those a quarter of an inch wide, used for the finest carving, up
to the immense chisels used for dressing the blocks of stone
just as they come from the quarry.

The company has established a general merchandise store
which supplies its own employes and in addition does con-
siderable business with the nearby inhabitants. The camp,
which consists of bunk houses, kitchen, office, barns, store
building, etc., is situated on the mountain side, 210 feet above
the mill.

Thin sections of the serpentine from the Greenway quarry
when examined under the microscope show it to be very finely
crystalline and of uniform texture. Thin sections when
viewed in ordinary light are transparent. In polarized light,
under crossed nicols, they show brilliant colors.

Thin sections of the limestone or marble from this locality
when examined under the microscope show it to be made up
of very large but quite uniform sized crystals which interlock
in a very intricate manner. When viewed in ordinary light
it has a dirty and somewhat clouded appearance. Some of
the crystals show very plainly the rhombohedral cleavage so
characteristic of calcite while in others it is almost absent.
In polarized light it is shown to be practically free from all
foreign substances and to be, mineralogically, a very pure
limestone.

The following chemical analysis shows the composition of
the serpentine from the Greenway quarry:

BHIea (B O oinviviriiintoraasaa 16.30
on (B 0D s sasvisamis e 3.32
Alamina (AL Op) covvvvnivivevesans . 3.00
TAMEER ). 5.5 i v bl e et . None
Magnesia (Mg O) ............ wsesss D2.89
Carbon dioxide (C0;) ...vvvvvrnnnnn 1.27
Water at 110° C. (H;0) ...ovvvnnnnn. None
Water above 110° C. (H. O) ......... 23.86
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The following chemical analysis shows the composition of
the dark coarsely crystalline limestone from the United States
Marble Company’s quarry :

Silica (81 0y) .-ccovavensrnrsnrsanns 5.79
Ferric iron (Fe, O)) e

Ferrous iron (Fe O) oo
Alumina (Al; Og) .covervrennnanacnes 0.43
Lime (Ca 0) ....covvevasennsisnanss 1.69
Magnesia (Mg O) .......craeernnees 42.07
Carbon dioxide (C Og) ........ ve... 47.28

Water above 110° and undetermined
BUDBLATICEB ......ccoivancrnnnnnns 1.94
100.00

The above analysis of the serpentine from this locality
shows that it is entirely too low in the amount of silica it
contains to be a normal serpentine. After having the analysis
carefully checked and the same result obtained the second
time a sample was sent to Mr. F. W. Clarke, Chief Chemist
of the U. S. Geological Survey, with a request for his opinion
of it and he has kindly furnished the following.

A Pseudo-Serpentine from Stevens County, Washington.

The “Serpentine” varies a good deal in color, and a series
of samples in the U. S. National Museum shows that the out-
put of the locality is far from uniform. They range from a
white carbonate, through various intermediate mixtures of the
verde antique type, to material which appears to be ordinary
serpentine. The latter, however, as shown by the serpentine
under consideration, is distinctly laminated in structure, and
exhibits a splintery fracture. An analysis by Mr. George
Steiger gave the following results:

BII0L0 o i e e el 13.08
R I R R R 1.63
i R SR R G R e %
Ty Rl G L et e R . 0.19
I W AN G0 # RS APIRIG A AL 56. 44
O e S i S “aT008s
B0t 200 8 et el 0.85
H-0 e 0% e et 23.94
R R R e R AR 2.03
99.74

These figures at once suggest a probable admixture of
brucite with the serpentinous material, and a microscopic ex-
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amination by Mr. J. S. Diller tends to confirm this supposi-
tion.

According to Mr. Diller the specimen is mainly composed
of three minerals, a, b, and ¢. The first two have nearly
equal indices of refraction, but differ widely in birefringence.
The mineral a is the most abundant. In transmitted light it
is colorless, but between crossed nicols it exhibits brilliant
colors. The mineral b is pale green, and intermingled with
a. Its birefringence yields weak colors, quite characteristic
of chlorite. In quantity it is less than one-fourth of a.

Mineral c is granular, in scattered grains and irregular
groups with a high index of refraction and a birefringence
which suggests a carbonate, but it does not effervesce with a
dilute acid. It amounts to not more than 5 per cent. of the
whole. Mineral b is certainly chlorite, and a may be brucite
or possibly serpentine.

By applying Mr. Diller’s observations to the analysis of
the rock, the proximate composition of the latter may be de-
duced; although certain assumptions must be made, The
carbonate present is probably hydromagnesite for that species
is a frequent associate of brucite. The composition of the
chlorite is unknown, but it may be interpreted as essentially
clinochlore, and proportional to the ferric oxide and alumina.
So much assumed, the analysis gives the following approxi-
mate results expressing the composition of the specimen:

Hydromagnesite ........... seaianen D
CHloPIte i e sine Lol A T 14.0
Serpentine .......... eI V). 20.0
Brueite ...scsesrons (o e B TR 60.0
Extraneous water .............. S X 1)

100.0

In this, four minerals appear instead of three, but the
microscopic examination did not attempt to discriminate be-
tween the brucite and the serpentine,.

In order to obtain evidence confirmatory of the foregoing
conclusions, a few experiments were made, tending towards
fractional determinations. Upon digesting the powdered rock
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volume), 1.32 per cent. of Fe: O: 1+ Al: Os and 47.29 per cent.
MgO went into solution. In a similar experiment with cold,
20 per cent. acetic acid, 0.69 Fex O»—Al: O: and 45.64 MgO
were extracted. Brucite dissolves readily in acids of the in-
dicated strength, but some chlorite was evidently attacked as
well. I also found that ordinary serpentine was quite ap-
preciably acted upon by weak acetic acid. These experiments
then merely show that the rock contains a large amount of
magnesium in a very easily soluble condition, the quantity
equivalent to 60 per cent. of brucite being 41.4. The results
are in harmony with the conclusions already reached, and
helps to support them, although accurate fractional determina-
tion cannot be made. The rock is unusual in character, and
if the sample examined is fairly characteristic of the entire
deposit, the latter should be carefully studied in reference to
its origin and its geological relations.
F. W. CLARKE,
U. S. Geological Survey, Chief Chemist.
Washington, D. C,,

Jan. 21, 1903.

Samples of the black marble from the quarry of the United
States Marble Co. have a crushing strength, as shown in Table
L., of 27,800 and 31,710 pounds to the square inch, while the
modulus of elasticity as shown in the same table was 11,045,000
and 11,813,000 pounds to the square inch respectively. This
stone has a specific gravity of 2.908, a sample weighing 65.025
grams absorbed .09 grams of water or .14 of 1 per cent. of the
entire weight of the sample, and the percentage of pore space
is .401 of 1 per cent. of the mass of the stone.

Samples were tested to show the effect of freezing by being
alternately frozen and thawed each day for a period of twenty
days and at the end of this time the loss was found to be .007
of 1 per cent. of the weight of the sample. Samples were also
placed in a moist atmosphere of CO: and allowed to remain for
a period of twenty days, at the end of which time a sample
weighing 65.02 grams was found to have lost .005 of a gram.

Tests were also made on this marble by placing samples in
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a muffle furnace and heating to a temperature of 800° F.
Some of the samples were cooled suddenly by being put into
cold water while at this temperature and allowed to remain
until cold, when they were tested and found to crumble on the
edges. Those that cooled slowly were but little injured.
Samples heated to a temperature of 1,200° F. were completely
destroyed even when allowed to cool slowly.

All of the serpentines being quarried by the United States
Marble Co. take a very high polish and are very easy to work
after the stone is taken from the quarry. This material is not
so easy to quarry, however, as some stone on account of the
fact that it has no bedding planes and occurs on the face
of a steep mountain. All of the material being taken out of
the quarry first opened is very soft and while it is very easy
to work and takes a high polish it is suitable for only certain
kinds of work. This includes what has been named by the
company Royal Washington, Landscape Green, and Athenian
Green. All of these have more or less of a splintery fracture.
The chemical analyses given in this report of the serpentine
from this quarry are of a sample of the Royal Washington.
The softness of this material makes it very easy to work into
all kinds of shapes and all kinds of ornaments may be manu-
factured from it. Unfortunately in the past, in some cases at
least, this material has been used in places for which it is
not well suited. The principal use for which this material is
suited is decorations.

The company is opening a couple of new quarries from
which a different grade of material is being produced. From
one of these the Canyon Green material is obtained, while from
the other the Purple Athenian is derived. These are either
of them very handsome materials, considerable harder than
that obtained from the other quarry, and would be suitable for
most of the interior work for which marble is used; such as
wainscoting, counters in banks, mantels, cornices, capitols,
friezes, etc. This appears to be a very promising material and
it seems to me the only question to be determined in connec-
tion with it is the extent of it and perhaps also the size of the
blocks that can be obtained.
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The black marble which occurs in connection with these
serpentines has a very high specific gravity and high crushing
strength. It takes a very good polish but is quite hard and
not easily worked. As shown by the accompanying chemical
analysis this is almost a pure magnesian carbonate and has
very much the same composition as magnesite but it differs
from most magnesite in the fact that it is crystalline. This
stone is too hard to work to be used very extensively for
purposes where dressed stone is required, but it might be
used as an ordinary building stone if some cheaper means
of transportation could be had than hauling by teams for
a distance of twelve miles to the railroad. It is a stone that
should last well in buildings.

The North American Marble & Onyx Co.—The property
of the North American Marble & Onyx Co. is situated in Sec.
19, T. 31 N, R. 39 E,, Secs. 24 and 25, T. 31 N,, R. 38 E,, and
Sec. 12, T. 31 N, R. 39 E. There are seven claims in this
property, six of which are west and a little north of -Valley,
a distance of from eleven to twelve miles, while the other is
almost due northwest of Valley, a distance of five and one-
half miles and is very close to the property owned by the
Washington State Marble Co. A wagon road has been built
to these deposits and an average grade of 3 per cent. obtained.

This company has done but very little work on any of its
claims. A few openings have been made on some of them
but no systematic development work has been done. The
altitude above sea level of the Green Gem, Malachite and
Creole is 3,310 feet. Two openings have been made on these
claims along the bluff and some very good looking material is
exposed. These openings are about one hundred feet apart
and the deposits are exposed for a distance of fifty feet in one
place and sixty feet in another and the indications are that
the deposits are practically the same between these two open-
ings. These deposits outcrop at intervals for a distance of at
least 200 feet above these openings and above that they are
covered with soil and gravel. Between the deposits where the
openings have been made, and the slates which lie over them,
is a body of limestone which differs from the other somewhat.
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This material seems to resist weathering well as shown by
that exposed in these openings. It varies much in color,
ranging from solid greens to those in which the greens and
whites are intimately mixed.

One-half mile up the small creek from the above named
claims are the Brooklyn, Greater New York and the Black
Bear. These claims are 4,310 feet above sea level or 1,000
feet above the other claims. The deposits on these claims are
in places somewhat stratified, while in others they are mssive.
In places small seams of quartz are found in these marbles.
Seams and joints are quite common but not enough so but
what good sized blocks could be quarried. One set of these
joints is fairly regular, while the others are not. This ma-
terial is quite hard and resists weathering well. Some work
has been done on these claims but no very great depth reached
at any place. The prevailing colors here are pink and various
combinations of pink and white.

These claims are not so easy of access as the others owned
by the same company. They are a little more than half a
mile from the wagon road and it would be quite expensive to
build a road to them as they are eight hundred to one thousand
feet above where the road at present terminates. It would,
however, be possible to build a road up the gulch to the foot
of the mountain in which the deposits occur and there build a
tramway up the mountain to the deposits. The outcrop of the
red marble, which is found here, has been traced for a distance
of 3,000 feet on either side of the deposit and it is known to
have a width of from 600 to 1,000 feet with bluffs from 75 to
100 feet high.

A small stream of water passes through these claims and
would furnish, at all times, enough for running an engine
and a mill for cutting and working the marble.

The claim known as the Ophir Onyx, owned by this same
company is not nearly so difficult of access as the others,
being only about one-half mile from a good wagon road. It
is 2,465 feet above sea level or 795 feet above the railroad at
Valley. Several openings have been made on this claim and
in one place a depth of thirty feet has been reached. These
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deposits contain both marble and serpentine of various colors
from green to pure white with various mixtures of green,
white, pink and purple. The serpentine, in places, is very in-
timately associated with the marble, occurring in layers alter-
nating with it; this, however, seems to be the case only near
the surface and as depth is obtained the serpentine disappears
entirely. In one opening that has been made the material
at and near the surface is serpentine and a short distance
below: the surface thin layers of marble begin to appear in the
serpentine and these keep gradually increasing in number and
thickness as greater depth is obtained until they compose the
whole of the deposit.

The marble on this claim is distinctly stratified and has a
dip which varies somewhat in amount, being in places as much
as 25°. The deposits are very little checked and broken even
near the surface and large sized blocks could be quarried with
very little depth; there is a good supply of the material and
it resists weathering well, as shown by the exposures in the
bluffs and it lies in a position quite favorable for easy quarry-
ing.

Thin sections from these deposits, examined under the
microscope, shows that the deposits vary from very fine
grained to those that are very coarse grained. Thin sections
of the coarse grained pink colored limestone are fairly uniform
as regards the size of the individual crystals. When viewed
in ordinary light the sections appear somewhat clouded with
one set of parallel lines well marked. In a few of the crystals
the rhombohedral cleavage so characteristic of calcite is very
marked. The crystals interlock in a very complex way and
this accounts quite largely for the very great strength of this
stone. Under polarized light the stone is seen to have a very
simple mineralogical composition, being composed principally
of magnesium carbonate or magnesite. The twinning so com-
mon in calcite is absent here.

Sections of the finer grained stone present an entirely dif-
ferent appearance from the above described ones. In ordinary
light they have a clouded and slightly yellowish tinge. The
principal mineral is dolomite with some serpentine. In places
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in some of the sections the serpentine shows a very distinct
mesh structure, while many of the calcite crystals show very
plainly the characteristic rhombohedral cleavage. In polarized
light under crossed nicols twinning is shown to be quite com-

mon.

Thin sections of the serpentine from these properties
viewed in ordinary light are clear and transparent in places,

while in other places they are very much clouded.

The following analysis shows the chemical composition of
the coarse grained pinkish colored material from the property

of the North American Marble & Onyx Co.:

Below is given an analysis of a sample of the very fine
grained light colored stone from the Ophir Onyx claim of this
company:

The chemical composition of the serpentine from this prop-

SIHea . (8] 'O ..ivvsmssvesvspenasios 0.89
Ferrlc fron (Fey Q) wevssasinnvassss 0.00
Ferrous iron (Fe O) ........... ciwie | 008
Alumina (Al; Op) ........u00 sessens NODO
Lime (C& O) ..coicsvevsasans v.... None
Magnesia (MZ O) .vvveeeveneonanran 45.76
Carbon dioxide (C 0y) .....o0nvuua.. 49.24

Water above 110° and undetermined
sustances (H, O0) .............. 3.63
100.0

iie e BRTE o o M T A cesse. 40.35
Berrlo 1ron (Fe, 0,) visvvneresnrvane 0.00
Ferrous iron (Fe O) ........covvuen 1.66
Alming (AL /05) isasavrsaaniain None
LB, (8 0) uiniaissas s 11.85
Magnesia (Mg O) .......cocenvvnnnn 22.07
Carbon dioxide (C Q) .......c...... 17.22

Water above 110° and undetermined
substances (H, 0) .............. 6.85
100.00

erty is shown by the following analysis:

Billea (B 09 vovcecrveccssnsnoncnss 38.47
Feorric iron (Fe, Of) ..ccevevennnnnns 2.04
Ferrous iron (Fe 0) ......ccovununnn 0.00
Alimina (Al, O)) ..ccvcicvecncens R, K3
Magnesia (Mg O) ...ccivcninvinmans 38.86
Lime (Ca0) ... iviiiinmess i None
Carbon dioxide (C 0)) ....... SRRy 4.84
Water above 110° and undetermined
substances (H,v) .... 4.63
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From the above analysis it is seen that there is a wide
variation in chemical composition in the material found in the
deposits owned by this company. The coarse grained pink
is a magnesium carbonate entirely free from calcium carbon-
ate, while the fine grained is a mixture of magnesium carbon-
ate, calcium carbonate and magnesium silicate. In some cases
the magnesium silicate is in the form of serpentine, while in
others it is more or less in the nature of talc. The samples
analyzed were taken as extremes and much of the material
would have less silica and magnesia and more calcium car-
bonate.

Samples of the pink colored magnesium carbonate from
the property of the North American Marble & Onyx Co. were
found to have a specific gravity, as shown in Table II. of 2.858.
A sample weighing 48.02 grams absorbed .052 of a gram of
water or .18 of 1 per cent. of its entire weight. It had a pore
space or porosity of .308 of 1 per cent. of its mass.

Tests were made to determine the effect of freezing and
thawing on the weight of samples of this stone by alternately
freezing and thawing them each day for a period of twenty
days, at the end of which time it was found that the loss as
shown in Table III. was .014 of 1 per cent. of the weight of
the samples tested. It was also tested to see what the effect
on it would be of a moist atmosphere containing Co: and at
the end of twenty days a sample which weighed to begin
with 48.013 grams had lost .003 of a gram.

Samples were placed in a muffle furnace and heated to a
temperature of 800° F. and taken from the furnace and put
into cold water while at this temperature and allowed to re-
main until cooled, when they were carefully examined and so
far as could be told they were uninjured. Samples were then
heated to 1,200° F. and allowed to cool gradually and were
found to be practically ruined, being calcined throughout the
larger part of the sample and after being left out in the air for
a few days the samples crumbled and fell to pieces.

The pink colored coarsely crystalline magnesium carbon-
ates from the property of the North American Marble & Onyx
Co. is almost identical in texture and composition with the

7
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black marble from the quarry of the U. S. Marble Co. The
hardness is practically the same and in fact the only respect
in which it differs from the other is in color. The color is a
pink or red and is fairly uniform. In places there are seams
of white mixed with the red. This stone takes a very good
polish but on account of its hardness is not as easily worked as
ordinary marbles and consequently more expensive. It would
be a very handsome stone for building purposes, for which it
is undoubtedly well suited on account of its strength, color and
ability to resist weathering well.

The material occurring in the Green Gem, Malachite, and
Creole claims, which has usually been considered as serpen-
tine, is found to be a mixture of calcium and magnesium car-
bonate with serpentine in varying amounts. The material,
however, takes a good polish and is hard enough so that it
would be suitable for all kinds of interior finishing and decora-
tive work, while on the other hand it is not so hard as to make
it difficult to work.

On the Ophir Onyx claim still a different kind of material
is found. It varies much in composition, ranging from a true
serpentine to crystalline magnesium carbonates with only
small amounts of calcium carbonate. The material takes a
good polish and except in the case of that containing a high
percentage of silica it is not difficult to work. This claim is the
best situated of any of the claims owned by this company,
being much nearer the railroad and only a very short distance
from a good wagon road. The finest grades of decorative
stone will bring a high enough price so that it is possible to
transport them for some distance by teams but ordinary grades
of building stone as a general thing will not stand this heavy
expense. The question of transportation is a very important
one in connection with the working of the deposits owned by
this company and one that should be very carefully considered.

Washington State Marble Co.—The deposits owned by the
Washington State Marble Co. are in Secs. 6 and 7, T. 31 N,,
R. 40 E,, and Sec. 12, T. 31 N,, R. 390 E. The company has 80
acres in Sec. 6, 160 acres in Sec. 7, and 120 acres in Sec. 12,
making in all 360 acres. In addition to this the company has
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40 acres of deeded land a short distance north of the north line
of the above located property which includes a water power
right and mill site on Huckleberry Creek. This property is
distant five miles northwest from the Spokane Falls and
Northern Railroad, a branch of the Great Northern system,
at Valley.

The property of this company is easily accessible, there
being a good wagon road most of the way to it and with a
very little work it could be put in good condition the rest of
the way. The deposits as given by aneroid are, at the cabin,
2,500 feet above sea level or 830 feet above Valley. Taking
the distance as 54 miles and we would have an average grade
of about 3 per cent. From Wait’s Lake to the property is one
and a half miles and the aifference in altitude is 500 feet and
for this distance the average grade would be about 6 per cent.
The altitude of the marble deposits at their highest points on
this property is 3,000 feet above sea level and in places there
are almost perpendicular bluffs of marble from 300 to 500 feet
high.

But very little work has been done on this property up to
the present time (July, 19o2,) only a few very small openings
having been made. The marble on this property is somewhat
broken on the surface but will probably improve as depth is
obtained. Some fairly good sized blocks for surface material
have been quarried. From all indications this marble will
resist weathering quite well. The amount of marble exposed
here is very large and practically inexhaustible. The de-
posits are more or less bedded and vary in the amount of dip
from 10° to 30° and the direction of dip is toward the west.
The bedding planes vary much as regards their distance apart,
in some places being not more than a foot or two, while in
others they are as much as fifteen to twenty feet. The stream
on the property even at its lowest stage could probably be
made to produce from one hundred and fifty to one hundred
and seventy-five horse power, which would be sufficient to
operate a large plant. These deposits vary much in color as
well as in composition, the prevailing colors, however, are
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some shade of pink or green with various combinations of this
and in some cases there is a distinct purple tinge.

Thin sections of this material viewed under the microscope
show it to vary much in structure, being in some cases very
fine grained, while in others it is quite coarse grained. There
are also all grades between these extremes. Viewed in or-
dinary light the sections have a dirty appearance and are
shown to be made up of grains that are quite uniform in size
with the exception of those found in small veins which traverse
the material taken from certain places in these deposits. The
grains in the individual sections, however, vary much in size.
In places these deposits contain a considerable amount of ser-
pentine while in others they are practically free from it.

The following chemical analysis show the composition of a
sample of the pink and of the green material from these de-

posits:
Pink. Green.

Silica (81 0y) ....evvess 18.18 10.47
Ferric iron (Fe; 0;) ..... 0.45 0.56
Ferrous Iron (Fe O) .... 1.17 0.57
Alumina (Al Q) ..ovvens 0.44 1.85
Lime (Ca O) ..cceccesss 24.74 32.66
Magnesia (Mg O) ....... 16.10 15.03
Carbon dioxide (C O;) ... 38.18 38.19
Water at 110° C. (H; 0).. 0.05 0.10
Water above 110° C. (H; 0) 0.69 0.57

100.00 100.00

The above analysis shows that both the pink and green
material from these deposits contains quite a considerable
amount of silica which is probably combined with the mag-
nesia to form a serpentine.

A sample of the pink colored marble from the deposits
owned by the Washington State Marble Co. was found, as
shown in Table II., to have a specific gravity of 2.829. As
shown by the same table a sample weighing 93.309 grams ab-
sorbed 1.225 grams of water, which was 1.32 per cent. of the
weight of the sample. It had a pore space or porosity of
3.578 per cent. of the mass of the sample.

These deposits have some very handsome colored marbles
which take a very high polish. The material is a trifle harder
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than ordinary marbles but at the same time it is not so hard
as to make it difficult to work. It has a high specific gravity,
being considerable above the average for marbles and lime-
stones. The deposits are easier of access than many of the
Stevens Co. marble deposits and are fairly well situated for
being worked economically.

Pacific Coast Marble, Tiling & Manufacturing Co.—This
company owns property located in Sec. 18, T. 31 N., R. 41 E.
The quarry and mill are about two miles almost due east of
Valley, but to follow the wagon road it is four miles to the
quarry. The altitude of the quarry above sea level as given
by single reading of the aneroid is 2,150 feet or 480 feet above
the railroad at Valley. The property is easy of access, having
a good wagon road all the way from Valley to it. The com-
pany owns about forty acres of land, all of which has been
taken for marble.

Considerable work has been done by this company and a
fair start made toward opening up a quarry. A depth of forty
feet has been reached and some large blocks which appear
to be quite free from seams have been taken out. These de-
posits are massive and in no place, so far as I could see, do
they show any sign of stratification. They extend north and
south for a distance of about four miles, and in Sec. 18 have
a width of about one-third of a mile. In this distance of four
miles, however, the material varies a great deal and much of it
is of no value. There have been several openings made at
different places on this property and the fact of an extensive
deposit existing here proven.

Near the surface the deposits are considerably broken and
quite a good many seams are found running through them but
they improve with depth, as is shown in the quarry at the
present time when a depth of only forty feet has been reached.
The material varies considerably in color, that at or near the
surface being different from that some distance below the
surface. The surface material is a mixture of white, green
and occasionally a very little red in various shades and mark-
ings, while below the surface a short distance the prevailing
colors are sienna, white and green, with some very dark brown.
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The sienna forms the main part of the stone and the other
colors show through it in streaks and seams and produce
various markings and a very pleasing effect. To the east of
this property are limestones and quartzites, the ridges being
quartzite and the limestone lies on it but does not reach so
great an altitude as the quartzite does. West of the property
about one-half a mile slates outcrop. There is a nice spring
of water on the property which will probably supply enough
for the operating of the mill and engine.

The company has a small plant on the property consisting
of an automatic feed gang saw 6x12 feet, a rubbing bed six
feet in diameter, one polisher, and two steam drills complete
for use in the quarry. The power for driving this machinery
is furnished by a 40 H. P. boiler and a 25 H. P. engine. The
mill is about 100 feet long by 35 feet wide. In addition to
the above there are such otner things as derrick, blacksmith
shop and cook house.

Thin sections of the material from the property of this com-
pany examined under the microscope show it to have a very
fine and even texture with frequently fine veins of calcite oc-
curring in it. In ordinary light the sections present a very
clouded and dirty appearance. The fine seams are quite com-
mon in places in the sections and they appear to have been
formed after the main mass of the stone. The principal min-
eral is calcite, which in a very few instances shows the char-
acteristic rhombohedral cleavage.

The following analysis shows the chemical composition of
a surface sample and one entirely free from the brown or

sienna colored material:

Bilea 8 05 o aitiees
Ferric iron (Fe, O,) .. e
Ferrous iron (Fe O) ..
Alumina (AL O,) .....
Lime (Ca O) ........
Magnesia (Mg O0) ........
Carbon dioxide (C 0,) .
Wiater and undetermined substances.. 8.32

—

100.00
The above analysis, when considered in connection with
the general appearance of the stone, would tend to show that
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calcium carbonate and serpentine are the principal minerals
in this material, with small amount of silica, iron, alumina and
other substances occurring as accessory minerals. .

This material is not a building material and should be used
only for decorative purposes. It is of medium hardness but
not ‘hard enough to make it difficult to work. It takes a very
fine polish and some very handsome colors occur in the de-
posits. The nearness of this deposit to transportation and the
ease with which it can be reached are points in favor of pro-
ducing it cheaply, while on the other hand the conditions
in connection with quarrying the stone are such that the
quarry will be a little more expensive to work than the average
quarry. The important question here, as it is in many of the
Stevens county marbles is the one as regards the size of the
blocks that can be obtained with depth.

The Green Mountain Marble Co.—In Sec. 13, T. 31 N, R.
40 E. is the property owned by what is known as the Green
Mountain Marble Co. This property is about one and one-
half miles almost due east of Valley and very easy of access
as it is close to a good wagon road. The deposit has been
opened up in one place and some development work done. It
is principally of a green color with various markings and is
very handsome. It has a very fine texture, contains calcium
carbonate and magnesium silicate and is probably a mixture
of marble and serpentine. In the opening which has been made
are exposed chlorite schists, talc and the above described
material. A depth of about twelve to fifteen feet has been
reached in this opening. The material takes a good polish and
is hard enough to hold it well. The principal trouble with this
deposit is the fact that it is very badly broken and at the {ime
I visited the property (July, 1902,) it was not possible to ob-
tain anything like large pieces without they were full of seams
and cracks; this, however, may change when a greater depth
is reached. The indications, however, on the whole are not
very favorable for this material, being entirely free from
checks and becoming entirely sound until considerable depth
is obtained, if it does even then.
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MiLAN AREA.

The Spokane Marble Co.—The property of this company is
six miles north and a little west from Milan, which is a small
station on the main line of the Great Northern Railway, twen-
ty-six miles north and a little east of Spokane, and is in Sec.
32, T. 30 N, R. 43 E. It is on what is known as the west
branch of the Little Spokane river and has an altitude of 2,050
feet above sea level, or 271 feet above Milan, which gives an
average grade of a little less than 1 per cent. for the six miles.
The wagon road as located at present, however, reaches a
greater altitude than this before the quarry is reached and
comes down to it but at the same time the road has a very easy
grade and the property is easy of access.

The company has 160 acres of deeded land and three claims
of 20 acres each, located under the placer act, making 220
acres in all.

The Spokane Marble Co. has done quite a large amount of
work toward opening up and developing their property and
at the present time have an almost perpendicular face exposed
for a horlizontal distance of about 50 feet and 30 feet verti-
cally. The marble found here is of various colors, from black
to a very light, slightly yellowish gray, with various mix-
tures of black, white and green. The mixtures of the black,
white and green are probably the best grades of stone found in
these deposits. These deposits are massive where they have
been exposed and in no place did I see any signs of stratifica-
tion.

The indications are that this marble will resist weathering
well and that the deposits are quite extensive. The extent
is not, however, definitely determined as yet as the surface
material throughout this locality is a mixture of soil and gravel
which covers and hides the country rock in most places. A
few small openings, however, have been made at different
places on this property and the same character of material
found in each case. This material is not so badly broken and
has less seams and checks in it than many of the Stevens
county marble deposits and fair sized blocks of very handsome
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stone can be taken out even with the present development of
the quarry. The property is well supplied with water, timber
and sand for the mill.

The company has a small plant for working the quarry,
cutting and polishing the marble. A small mill has been built
and in this a gang saw 8 feet long, a rubbing bed 3 feet in
diameter, a large lathe, and tools for marble turning, and a
Rand air compressor have been installed. The power for
driving this machinery is water, which is supplied by a ditch
and pipe 1,200 feet long, and a Pelton wheel. The water is
from a small stream running through the property and this
stream is fed by a very large spring. This water has 150 feet
fall and develops 45 H. P.

A short distance southwest from the mill some white mar-
ble occurs and one or two openings have been made but no
work to speak of has been done. The surface indications
here are not very favorable as the marble is badly broken and
contains more or less iron sulphide scattered through it which
would injure it even if it were not so badly broken as to make
it of no value. The country rock through this locality is
granite principally, with some quartzite and shale with the
marble occurring in places.

Thin sections of the marble from the property of the Spo-
kane Marble Company examined under the microscope show
it to be composed essentially of calcium carbonate and ser-
pentine with some magnetite and more or less clayey ma-
terial scattered through it. In ordinary light the calcium car-
bonate has a clouded appearance and in places shows very
plainly the rhombohedral cleavage. The serpentine when
viewed in ordinary light is transparent and almost clear.
When viewed in polarized light, under crossed nicols the
calcite shows polysynthetic twinning so characteristic of it
and the mesh structure of the serpentine is very distinctly
shown.

The following analysis shows the chemical composition of
the material from the quarry of the Spokane Marble Co. The
silica and magnesia are combined and with water form the
serpentine. The carbon dioxide and lime are united to form .
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the calcite, which is common throughout the rock, while the
iron is probably an oxide, principally at any rate, with perhaps
a little sulphide and the alumina and some of the silica have
combined to form a small amount of clay:

Silea (81'0.) vsseissvisonassn vens 27.93
Ferric iron (Fe, Op) .......... ises  2.08
Ferrous iron (Fe O0) .....cccvuvunens 2.38
Aluming (Al; O)) ...cccviiensinnnasns 2.32
FImne (a8 O . o crvisrianiasrenanaeis 13.06
Magnegla (Mg O) .....connareesanens 27.74
Carbon dioxide (C O;) .......ccvvuun 11.33
Water and undetermined substances.. 13.17

100.00

Cubes of the stone from the property of the Spokane
Marble Co. were tested to determine the crushing strength
and the results are shown in Table I. Samples of the dark
colored marble from this quarry were found to have a crushing
strength ranging from 8,210 to 10,400 pounds to the square
inch and a modulus of elasticity of from 3,309,000 to 4,208,000
pounds to the square inch. Samples of the light yellow ma-
terial from the same property had a crushing strength of from
12,180 to 14,820 pounds to the square inch with a modulus of
elasticity of from 3,876,000 to 11,023,000 pounds to the square
inch,

Tests were also made to determine the ratio of absorption
and as shown in Table II. a sample weighing 46.729 grams
absorbed .154 of one gram of water or .33 of one per cent. of
the weight of the sample and had a porosity or pore space of
881 of 1 per cent. of its mass. It has a specific gravity of
2.696. A sample was alternately frozen and thawed each
day for a period of twenty days, at the end of which time it
was found that the sample had lost .019 of 1 per cent. of its
weight.

The effect of CO: in a moist atmosphere was tested and at
the end of a period of twenty days it was found that a sample
weighing 46.64 grams had lost in weight .002 of a gram.
Samples were placed in a muffle furnace and gradually heated
to a temperature of 800° F. Some of the samples were taken
from the furnace and put into cold water, while at this temper-
ature, and allowed to remain until cooled, while the others



Building and Ornamental Stones of Washington. 109

were allowed to cool slowly. The samples that were cooled
suddenly were cracked and practically destroyed, while those
that were allowed to cool slowly were but little injured.
Samples heated to a temperature of 1,200° F. were calcined
and crumbled to pieces.

This marble is easy to work and takes a good polish. These
deposits are well situated for being worked cheaply as the
company has a very fine water power for running all the
machinery, such as saws, polishers, lathes, rubbing bed and
the drills used in the quarry. This is a very handsome orna-
mental and decorative material and will probably never be
used very extensively, if at all, as dimension stone for ordinary
building purposes. The stone has a crushing strength above
the average for marbles as shown in Table I., while the specific
gravity is about the average and the ratio of absorption below
the average.

COLVILLE AREA.

Colville, the county seat of Stevens county, is eighty-nine
miles north and a little west from Spokane and is on the Spo-
kane Falls and Northern Railway. The marbles of this area
are northeast and southwest from the town a distance of from
six to twenty miles. Some of these deposits have been located
for a number of years but it is only within the last year or two
that anything like active development work has been carried
on. Most all of these properties are easy of access and fairly
good wagon roads have been built to them.

The Jefferson Marble, Mining & Milling Co.—The quarry
of the Jefferson Marble Co. is northeast from Colville, by
wagon road, a distance of fifteen miles. The property is sit-
uated between the north and south forks of Clugston creek
and consists of twenty-two claims of 440 acres, together with
the exclusive water right on Clugston creek, which passes
through the property. The quarry is reached by a fairly good
wagon road, for a mountain road, which has been constructed
to it and which has a moderate grade for all except the last
three-fourths of a mile before the quarry is reached and this is
quite steep.
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These deposits cover a large area here and are practically
inexhaustible, at any rate for years to come. They show
stratification in places while in others they appear massive.
The atmospheric agencies seem to have little effect on this
material, at least so far as can be told from field exposures.
This material varies a great deal in color and it is stated by the
company that they have twelve distinct colors varying from
dark blue to pure statuary white, but their most promising
material is probably their variegated or mottled brown and
white. This is a very handsome stone and should prove a
very valuable stone, especially for decorative purposes. The
marbles in this locality vary somewhat in hardness, as is
shown by the way in which it has weathered. The property
is well supplied with water, timber and sand.

On the surface these deposits are quite badly broken and
as yet very little depth has been reached in any place, so that
it is hard to say what the condition will be below the surface.
The deposits are fairly well situated in places at least for
economic quarrying and with a channeler blocks 4x4x6 feet are
being taken out and while they have some checks in them
they are quite good for surface material. ‘Where the deposits
show stratification, however, they are steeply inclined, the
angle of dip being from 60° to 80°.

The company has installed quite a complete plant for
quarrying and working marble. The quarry is equipped with
one of the latest improved Wardwell four-foot channeling ma-
chines, by means of which blocks are cut out on four sides and
then broken loose on the lower side by means of wedges. In
addition to the channeling machine the quarry is supplied with
a large derrick, which is operated by steam, for handling the
marble. The company has steam drills and all the minor ap-
paratus needed for operating the quarry. \

A good sized mill has been built and a 6x14 foot gang saw
for sawing the marble has been installed ; also a g-foot rubbing
bed, and an engine and boiler for driving the machinery. The
company have their own saw mill and cut their own lumber,
quite a large amount of which they have used in the construc-
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tion of buildings for the accommodation of the men employed
in operating the property.

Thin sections of the marble from the Jefferson quarries,
when viewed under the microscope, show that this material
varies considerably in texture, in some cases the individual
grains or crystals being very regular in size, while in others
they vary a great deal, ranging from those that are less than
1-20 of a millimeter to those that are as much as a millimeter in
diameter. This material, however, taken as a whole, is very
fine grained. The crystals or individual particles in this mar-
ble are very closely interwoven and have only very small
spaces between them. When viewed in ordinary light these
marbles have a slightly clouded appearance. In some few
cases rhombohedral cleavage is quite marked but on the whole
it is not very common. The microscope shows this material
to be entirely crystalline and when viewed in polarized light
twinning is seen to be very common.

The following chemical analyses of samples, from the Jef-
ferson quarry, of the pure white marble and the variety having
a slight pinkish cast show these deposits to be very pure cal-
cium carbonate practically free from magnesia, iron and alum-
ina. The sample having the pinkish cast is seen to have more
silica than the other and a little iron which is probably the
cause of its color:

White. Pinkish.

SiHon (BEEER) v vemseness 0.87 3.49
Iron ([ Hey (D5 v s swnniee None 0.24
Alumina (Al, Op) ........ None None
Lime KR O) s 55.16 51.54
Magnesia (Mg O) ........ 0.21 1.11
Carbon dioxide (C 0.) .... 43.77 42.46

Water at 110° C. (H. 0)
and undetermined sub-
i TS S None 0.16

100.01 100.00

Tests were made on three of the different grades of the
marble found in these deposits and as shown in Table II. the
fine grained pure white had a specific gravity of 2.719, a ratio
of absorption of .35 of 1 per cent. of its weight, and a pore
space or porosity of .57 of I per cent. of the mass of the sam-



112 Annual Report Washington Geological Survey.

ple. The dark blue marble has a specific gravity of 2.504, a
ratio of absorption of .07 of 1 per cent. of its weight, and a por-
osity of .184 of 1 per cent. of the mass of the stone. A sample
of the white and brown, mixed, had a specific gravity of 2.72,
a ratio of absorption of .12 of 1 per cent. of its weight and a
pore space or porosity of .341 of 1 per cent. of the mass of the
space or porosity of .341 of 1 per cent. of the mass of the
sample.

Tests were made on the same grade of marble to show
the loss in weight by freezing and thawing and the results
are shown in Table III. After being alternately frozen and
thawed each day for a period of twenty days it was found
that the pure white had lost .066 of 1 per cent. of its weight,
the dark blue .05 of 1 per cent. of its weight, and the white
with brown had lost .042 of 1 per cent. of the weight of the
sample. The white was tested to determine the effect of COs
in a moist atmosphere and at the end of twenty days a sample
weighing 45.27 grams had lost in weight .004 of a gram,

Samples were placed in a muffle furnace and gradually
heated to a temperature of 800° F. Some of the samples were
cooled quickly by being taken from the furnace while at the
above temperature and put into cold water and allowed to re-
main until cooled, while others were allowed to cool more
gradually and in both cases the samples were uninjured so far
as could be told. At 1,200° F. the samples were calcined and
when cold crumbled to pieces.

This marble takes a good polish and is easy to work. The
deposits, in places at least, are quite steeply inclined and con-
siderably broken on the surface. Some very fine grained and
quite clear white is found here. The most promising material,
however, so far found in these deposits is probably the mix-
ture of the white and yellowish material. This is a very hand-
some stone and would be well suited for all kinds of ornamen-
tal work. At the time I visited the property last the work had
just been commenced on this last named material and the ma-
terial being taken out was right from the surface and it had
quite a good many checks and seams in it. All of the material
from here will have to be transported, at the present time at
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CHANNELER IN THE QUARRY OF THE JEFFERSON MARBLE, MINING AND
MILLING COMPANY, COLVILLE.

QUARRY OF THE CRYSTAI MARBLE COMPANY, COLVILLE,
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least, by teams for a distance of fifteen miles, which is an im-
portant item affecting the cost of this marble.

Crystal Marble Co.—The marble deposits owned by the
Crystal Marble Company are situated about seven miles south-
west of Colville on the right hand bank of Stensgar creek and
are in Secs. 26, 27, 34 and 35, T. 34 N., R. 38 E. The company
has located 1,320 acres of land in this locality for marble. At
the present time the property is reached by a wagon road
either from Colville or Addy, but it is the intention to build
a road to the property, starting at Winslow, which is a small
station on the S. F. and N. R. R. between Addy and Colville,
and in this way the distance will be much shortened. The
altitude of these deposits, as given by aneroid, where the com-
pany is getting ready to quarry them, is 2,400 feet above sea
level, or 798 feet above the railroad at Colville, which would
make a very easy grade for a road, and while I was not over
the route for the proposed new road it was stated to me that
it would be a very easy road to build.

This company has done considerable work toward opening
up their marble deposits, principally, however, in clearing a
place for the camp, building roads and work of this character.
These deposits are exposed on the surface in many places so
that no clearing and uncovering is necessary. As far as can
be told from field observations it resists weathering well, being
changed only very little on the exposed surface. The de-
posits are stratified, the individual layers being very thick
and usually steeply inclined. The strike is almost due east
and west and the deposits dip to the north.

The country rock over a large area here is limestone, which
is much less broken wherever exposed than it is in many places
in Stevens county and in fact very good sized blocks should be
quarried here almost from the surface. The color of this
marble varies much from pure white to almost black with
various mixtures and markings of the white and dark. The
company has a water power right on Stensgar Creek that is
capable of furnishing power to run the plant. There is also
plenty of timber on the property for all purposes and taken on
the whole the property is very well situated for economic
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working. The company intends to install machinery for work-
ing these deposits as soon as it can be obtained from the East.

This company had at the quarry (Jan. 1, 1903,) ready to be
installed, the following machinery: Wardwell steam chan-
neler, a steam gadder, a circular marble saw, lathe and polish-
ing machine of large capacity, hydraulic ram with necessary
piping to elevate water from the creek to the quarries proper,
and three derricks. The company also has a portable steam
saw mill for cutting lumber.

Thin sections of these marbles viewed under the micro-
scope show that the individual grains vary considerable in
size, ranging from those that are one-fifteenth of a millimeter
to those that are as much as one millimeter in diameter. The
pure white is the most coarsely crystalline of all marbles
found in this locality. The grains in the white marble are
quite uniform in size and are very closely knit or united to-
gether. In some of the sections examined there are seams of
coarse grained material running through the fine grained.

In ordinary light the sections have a somewhat dirty ap-
pearance, more marked in places, however, than in others, and
with well marked cleavage planes. In polarized light poly-
sinthetic twinning is very noticeable.

The chemical composition of the marble from these de-
posits is shown by the following analyses. Two samples were
analyzed from the Crystal property, one of which was the
coarse grained white, while the other was somewhat finer
grained and dark colored. In each case the samples are seen
to have about the same amount of magnesia and to be dolo-

mites or magnesian limestones:
White. Dark.

Siltea (B 0;) .. huneven 0.91 0.98
Iron ((Bes 03 L el None None
Alumina (AL O;) ........ None None
Tidme 0/ ) .okl 31.80 30.08
Magnesia (Mg O) ....... 20.68 22.21
Carbon dioxide (C 0,) .... 46.64 46.70

Water and undetermined
substances ............ None None
100.03 99.97

.Samples of the blue, gray and white marbles from the
quarry of the Crystal Marble Co. were tested to determine the
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crushing strength and the results are shown in Table I. The
two samples of the blue which were tested had a crushing
strength of 24,000 and 23,200 pounds to the square inch and a
samples of the gray marble were found to have a crushing
strength of 15,420 and 20,600 pounds to the square inch. Two
modulus of elasticity of 8,250,000 and 5,220,000 pounds to the
square inch. Three samples of the coarse white marble from
this property had a crushing strength of from 11,870 to 13,600
pounds to the square inch, and a modulus of elasticity of from
2,372,000 to 8,200,000 pounds to the square inch.

The coarse grained white marble from this property as
shown in Table II. has a specific gravity of 2.744, while the
other grades have a specific gravity of 2.875. The white has a
ratio of absorption of .17 of 1 per cent. of its weight and a
pore space or porosity of .464 of 1 per cent. of its mass. The
other samples tested show a ratio of absorption of from .10 to
.18 of 1 per cent. of the weight of the samples and a porosity
of from .291 to .518 of 1 per cent. of their mass. Samples after
having been for twenty days in a moist atmosphere containing
Co: showed the following results: A sample of the coarse
grained white weighing 59.35 grams was unaffected, while a
sample of the fine grained blue weighing 47.173 grams had lost
at the end of the twenty days .004 of a gram.

Samples were alternately frozen and thawed each day for
a period of twenty days and at the end of the period the loss
in weight was carefully determined, the results being shown
" in Table III. The coarse grained white lost .025 of 1 per cent.
of its weight, the fine grained dark blue lost nothing, while
the other samples ranged from .005 to .024 of 1 per cent. of
their entire weight. Samples were placed in a muffle furnace
and gradually heated to a temperature of 800° F. and then
cooled, some gradually and others suddenly. The samples,
so far as could be told, were all uninjured. Samples were
then heated to a temperature of 1,200° F. and when cooled
were found to be calcined and easily crumbled and when ex-
posed to the air for ten days had practically fallen to pieces.

The marble from the property of the Crystal Marble Co.

takes a good polish, is a trifle harder than the Georgia or the
8
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Vermont marble, and has a higher specific gravity than the
average run of marbles. It is above the average in crushing
strength, while its ratio of absorption is about normal. This
marble is well suited for all the ordinary purposes for which
marble is used, such as exterior building material, interior .
furnishing and decorative purposes, monuments, etc. The
stone carves well and is suited to carved and ornamental work.
These deposits differ from many of the Stevens county de-
posits in that they contain nothing but the standard grades
of marble with the ordinary blue, gray and white colors
with various mixtures of these. The property is better sit-
uated with regard to transportation than many of the Stevens
county deposits and this is a point in its favor. The material
is not so badly checked and broken on the surface and lies in a
better position for quarrying than much of the Stevens county
marble.

Keystone Marble Co.—The property of this company is
about sixteen miles north and a little east of Colville in the
foot-hills of the western slope of the Pend d’Oreille range of
mountains, and on the head waters of Clugston creek. The
deposits are in sections 1 and 12, T. 37 N, R. 39 E,, and are
reached by a wagon road from Colville to Echo and then up
Clugston creek for about seven miles. The road to Echo is
comparatively level, while the road up Clugston creek has a
gradual ascent but is a fairly good mountain road most of the
distance. The nearest point to the railroad from this property
is Bossburg, a station on the S. F. and N., and distant from
the property eight and one-half miles with an easy grade
for a road. This company owns four claims of twenty acres
each or eighty acres in all. In addition to the above the com-
pany has a water power right on Clugston creek about four
miles from the quarry.

Considerable work has been done on this property toward
opening it up but no machinery has been installed as yet. The
work has all been done in one place and a depth of about fif-
teen feet has been reached. Exposures of these deposits vary
considerably in appearance, in places being quite solid and
free from checks, while in others they are badly broken on the
surface at least.
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These deposits vary considerably in color, ranging from al-
most pure white to almost black. There is also a pinkish col-
ored marble found in these deposits which is very handsome.
There are various shades and markings of the ordinary gray
marbles. Exposures of these marbles indicate that they will
resist weathering well as they are changed but little on the
surface. The deposits are massive rather than stratified and
the ridge in which they occur trends almost due north and
south. The country rock along the road from Echo to the
quarry is shale, slate, limestone and marble.

Thin sections of the marble from these deposits show that
there is considerable variation in the size of the individual
particles composing them, the white, some of it at least, being
the coarsest grained of these deposits, the grains being as
much as one and one-half millimeters in diameter, while the
smaller ones are not more than one-tenth of a millimeter in
diameter. In ordinary light the sections have a more or less
clouded appearance and in places show very plainly the char-
acteristic calcite cleavage. The grains are irregular in outline
and appear to interlock in rather a complex manner. In
polarized light the light and dark bands due to polysynthetic
twinning so common in calcites are very marked.

The following chemical analyses show the composition of
three of the different varieties of the marble found in these
deposits. The one marked dark gray was almost black:

Dark

White. Gray. Gray.

StHea (Bl 0)) «vivreeces 0.98 0.82 1.89
Ferric iron (Fe;, 0,)..... Trace Trace
Ferrous iron (Fe O) ... «.eve cenes Trace
BIamIng (ALO) i aeeaa o waeealh | eiaee
Lime (Ca 0) ....... il 1« F 54.81 42.60
Magnesia (Mg O) ...... 2 0.70 10.05

Carbon dioxide (C 0,).. 43.76 43.56 44.63
Water at 110° C. (H, O) ..... L Ol g T
Water above 110° C. (H,

0)

......... frssssass sssas EER srsae

99.95 99.89 100.17

From the above analyses it is seen that the marbles from
these deposits, with the exception of the very dark gray, are
practically free from magnesium and all impurities of an in-
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jurious nature. The composition of this marble is practically
the same as that from the quarry of the Jefferson Marble,
Mining & Milling Co., as shown in Table V.

Two samples of the coarse white marble from the Keystone
Marble Company’s property were tested and as shown in
Table I had a crushing strength of 6,280 and 11,600 pounds
to the square inch, with a modulus of elasticity of 5,780,000
pounds to the square inch. Samples of the blue marble from
the same property had a crushing strength considerable
greater, being 14,360 and 16,000 pounds to the square inch for
the two samples tested. The modulus of elasticity was 9,-
014,000 and 11,330,000 pounds to the square inch. This marble
has a specific gravity of 2.734. The ratio of absorption of the
coarse white is .1 of 1 per cent. of its weight and of the light
blue 1.02 per cent. of the weight. The pore space or porosity
of the coarst white is .364 of 1 per cent., while that of the light
blue is 2.83 per cent. of its mass.

Samples of the coarse white and the white and blue mixed
were exposed for a period of twenty days in a moist atmos-
phere of Cos, after which they were weighed and it was found
that a sample of the white weighing 42.43 grams had lost .01
of a gram, while a sample of mottled blue and white weighing
8.505 grams lost in weight .005 of a gram. Samples were
tested to determine the effect of high temperatures by grad-
ually heating them to a temperature of 800° F. and cooling
some of them suddenly, while others were allowed to cool
slowly, and in both cases the specimens appeared but little in-
jured. At 1,200° F. the samples were calcined and practically
destroyed and after being exposed to the air for a few days
crumbled and fell to pieces.

Tests were also made by alternately freezing and thawing
each for a period of twenty days and at the end of this time the
samples were weighed and as shown in Table III. the coarse
white lost .058 of 1 per cent., the white and blue lost .043 of
1 per cent., and the light blue .002 of 1 per cent. of the entire
weight of each.

The crushing strength of the marble from the property of
the Keystone Marble Co. is about equal to that of the better
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grades of marble being produced in the United States.
The specific gravity and ratio of absorption are about the same
as they are in other marbles. This marble takes a very high
polish and is easy to work. The property contains a number
of different grades and colors, the predominating colors, how-
ever, are the standard white, gray and blue, with mixtures of
these in varying proportions. There is also some white mixed
with yellow, which if it occurs in any quanity it would be a
valuable decorative stone. The deposit is some distance from
a railroad and the material would have the additional expense
of being hauled by teams for several miles.

The Standard Marble-Onyx Co.—This company has some
property in sections 13 and 18, T. 35 N., R. 39 and 40 E., and
about four miles east and a little south of Colville. The prop-
erty is very easy of access, there being a good wagon road
that passes along one side of the property. This is one of the
oldest marble locations of any place in Stevens county. The
company owns 652 acres in this tract.

These deposits are massive and rise up from the road and
bottom of the gulch to an altitude of one hundred feet. The
deposits are considerably broken on the surface, and depth at
least would have to be obtained before good sound marble
could be found. The principal color is a gray with more or
less white mixed through it. The deposits seem to have a
fairly uniform texture throughout. This material has been
burned for lime, but it does not make a good lime, which is
probably on account of the large amount of magnesia in the
deposits. These limestone deposits occur in contact with
granites and are found lapping up onto them.

Thin sections of this limestone when viewed under the
microscope show it to be made up of grains which vary in size
from those that are not more than one-twentieth of a milli-
meter in diameter to those that are one millimeter in diameter.
The individual particles are irregular in outline, are very close
together, and interlock very firmly. In ordinary light it has
a somewhat clouded appearance and very few cleavage planes
are noticeable. In polarized light the polysynthetlc twinning
‘of the calcites is quite noticeable.
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The following chemical analysis shows the composition
of the material from the deposits owned by the Standard Mar-
ble-Onyx Co.:

BHIcm Ul B)) 2o hnivinanssiveeis vans
Ferric fron (Fe; Op) cicvvvrnecanenss
Ferrous iron (Fe 0) .......ci00iunnn
ATOIINAL CAL O)) & cuavagaian sass e maiisn
EAme (G O) ovvensesines venssaens
Magnesia (Mg 0) ........convnvnnnen
Carbon dioxide (C Q) ......... e
Water at 110° C. (H, 0)
Water above 110° C. (H, 0) .....covv wvens

99.97

The analysis shows this marble to contain a considerable
amount of magnesia and it what would be called a magnesium
limestone.

One sample of this stone was tested and found to have
a crushing strength of 21,500 pounds to the square inch and a
modulus of elasticity of 5,120,000 pounds to the square inch.
The specific gravity as shown in Table II. is 2.873, the ratio of
absorption is .16 of 1 per cent. of its weight, and the pore space
or porosity was found to be .455 of 1 per cent. of the mass of
the stone. A sample after having been alternately frozen and
thawed each day for a period of twenty days was found to
have lost .008 of 1 per cent. of the weight of the sample. After
having been for a period of twenty days in a moist atmosphere
containing CO: it was found that a sample which originally
weighed 63.375 grams had lost .0o1 of a gram in weight.

Samples were placed in a muffle furnace and gradually
heated to a temperature of 800° F., after which some of them
were allowed to cool slowly, while others were cooled sud-
denly. In each case the samples were practically uninjured.
Samples were then heated to a temperature of 1,200° F. and
allowed to cool slowly. When cooled they were found to be
calcined and after being left in the air for a few days they
crumbled and fell to pieces.

The Colville Marble Co.—The property of this company is
situated on the north fork of Mill creek about sixteen miles
northeast of the town of Colville. The company has located
a large tract of land in this locality for marble, there being
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about one thousand acres in all. The property is reached
by a wagon road from Colville up Mill creek and for a con-
siderable part of the distance it is a very good road for a moun-
tain road. The deposits are from 2,500 to 3,000 feet above sea
level or 898 to 1,398 feet above Colville, which is the nearest
point on the railroad.

Very little work has been done on any of the deposits in
this locality and for that reason it is not possible to say what
will be found when depth is obtained but on the surface the
deposits are badly broken. There are a number of colors
shown in this locality varying from almost pure white to
black. The black material occurring in this property and
designated as black marble is more of a calcareous shale than
anything else and is very badly broken, so that nothing but
very small pieces could be obtained. The texture of the ma-
terial of these deposits varies considerable, in some cases being
quite fine, while in others it is what would be called rather
coarse.

Along the road up Mill creek shales and slates are the
prevailing formations. At the old mill site a short distance
up the stream limestone occurs and a hole has been drilled
to a depth of eleven hundred feet in prospecting for oil and
it is said to be in limestone for the entire distance.

An examination of specimens of these marbles under a
strong magnifying glass shows that it varies from a fine to
quite a coarse texture but the grains in any one sample seem
to be quite uniform in size.

The following chemical analyses show the composition of
the cream white and the very dark gray or almost black:

Dark

White. Gray.

Silica (31 02) cvcovracnanes 2.61 3.12
Ferric iron (Fe; Of) +ovvvv sunns 0.12
Ferrous iron (Fe 0) ...... «eees 0.81
Aluming (AL O cocosnios soves
Lime (CR0) cosreessnsass 53.68 62.04
Magnesia (Mg O) ........ 0.76 0.67
Carbon dioxide (C O,) .... 42.89 43.22
water at 110° (H; O) ...cv cveee anees
Water above 110° C. (H, O0) ..... = «....
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The analyses show these deposits to be quite free from im-
purities with the exception of a small amount of silica. The
dark gray sample also contains a little iron and this is probably
the cause of its color.

The marble deposits of this area are situated on the east,
north and west sides of the town and distant from it from
three to ten miles. The deposits are situated in the foot hills
and easy of access as good wagon roads are already con-
structed. These deposits have not been developed to as great
an extent even as some of the other deposits in Stevens county
and in fact most of them have been located within the last two
or three years; some of them, however, have been located con-
siderably longer. The occurrence of these deposits in general
is similar to that of the others in Stevens county, being found
in conection with granite, quartzite, shales and slates.

CHEWELAH AREA.

The Great Western Marble Co.—The Great Western Mar-
ble Co. owns 120 acres about four miles northwest of Chewelah
in Sec. 32, T. 33 N,, R. 40 E. and 80 acres in Sec, 14, T. 33 N.,
R. 38 E. The property in Sec. 32 is very easy of access as it
is only a short distance from tne Spokane Falls & Northern
Railroad, and the place where the company has started to open
up the deposit is not more than about one-fourth of a mile
from the railroad. The altitude of the quarry opening is but
little above the railroad and a tram could be easily constructed
from it to the railroad.

The company had not done a very large amount of work
last July toward the development of its property and in fact
was just beginning active operation. A few small openings
had been made but not enough work had been done in any one
place to show anything very definite. These deposits vary
in color, in places being very light colored and almost white,
while in other places they are very dark red with almost every
variation between these two that may be produced by different
combinations of the red and light colored material. The de-
posits are not very distinctly stratified but are as a general
thing what would be called massive. They resist well the
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action of the atmospheric agencies and are little decomposed
even on the surface. The material is somewhat broken on the
surface. The company is putting up a plant in Seattle for
cutting and polishing their material and working it in general.

Thin sections of the material from these deposits when
viewed under the microscope show that in the main the in-
dividual particles composing the marble are very small and of
quite uniform size with the exception of an occasional very
thin seam in which the grains are much larger. In ordinary
light the thin sections have a very dirty appearance and are
almost opaque.  They show very plainly dark and light ir-
regular bands crossing the sections which give to it a banded
or schistose structure. There are also occasional small seams
of quartz found in the sections. In polarized light the ap-
pearance is much the same as in ordinary light, none of the
marked characteristics of calcite being very noticeable.

The following chemical analyses show the composition of a
sample of the pinkish white and also the dark pink colored
material from these properties. They contain considerable
silica and magnesia and are quite hard:

Pinkish  Dark

‘White. Pink.
Silica (81 Og) .covvivennans 5.28 17.59
Ferric iron (Fe, O;) ...... 0.64 0.56
Ferrous iron (Fe O) ...... 1.01 1.06
Alumina (Al, Q) ......... 2.68 0.48
Lime (Ca O) ....ovevnvess 28 .83 26.52
Magnesia (Mg O) ........ 17.28 15.46
Carbon dioxide (C O,) .... 44.27 38.26
Water at 110° C. (H; O) .. ..... Trace

‘Water above 110° C. (H; 0) .....  «....

99.89 99.92

Samples of the marble from the property of the Great
Western Marble & Onyx Co. were tested and as shown in
Table I. they had a crushing strength of from 14,560 to 20,950
pounds to the square inch and a modulus of elasticity of from
5,537,000 to 8,682,000 pounds to the square inch. It has a
specific gravity of 2.874, a ratio of absorption of .03 of 1 per
cent. of its weight and a pore space or porosity of .078 of 1
per cent. of the mass of the stone. Samples were alternately
frozen and thawed each day for a period of twenty days, at
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the end of which time they were weighed and found to weigh
the same as they did before being frozen.

As shown by the tests this marble is above the average in
crushing strength, has a high specific gravity and a very low
ratio of absorption. It is well situated as regards transporta-
tion facilities, being only a very short distance from a rail-
road. The stone takes a good polish but is quite hard and
this will tend to make it expensive to cut and polish this
marble. The stone, however, when finished is very handsome
and it may be that it will stand this expense.

The Royal Serpentine Marble Company.—This property
is situated five miles almost due east from Chewelah and con-
sists of 160 acres of deeded land. It is in Sec. 9, T. 32 N, R.
41 E.  The property is easy of access and a fairly good wagon
road has been constructed to the property. It is in the foot-
hills of the mountains to the east of Chewelah at an altitude
above the sea level of 2,510 feet, as indicated by barometer, or
820 feet above the valley at Chewelah.

Very little work has been done toward opening up or de-
veloping this property. A few small openings, however, have
been made and some samples taken out. These deposits are
distinctly stratified and dip to the north at an angle of 45°.
The color varies considerable but some shade or marking of
green is the prevailing one. In places, however, a light gray
is found. These deposits appear fairly solid and in places, at
least, some medium sized blocks could be obtained even on the
surface. These deposits occur in contact with granite and in
places the granite comes to the surface on the tops of the hills
and the limestone is found on all sides and practically sur-
rounding it. Quartzite is also found in this locality.

Thin sections of this material when examined under the
microscope show it to be a mixture of serpentine and calcium
carbonate. It is what would be called fine grained and the
individual particles of calcite are of quite uniform size. In
places grains of serpentine are found which are as much as
three millimeters in diameter, while in other cases they are
less than one millimeter in diameter. Viewed in ordinary
light the sections have a clouded and dirty appearance. In
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polarized light the polysinthetic twinning of the calcite is very
noticeable, while the serpentine shows a very marked mesh
structure. In places the serpentine occurs in distinct grains,
while in others it is more of an amorphous mass disseminated
throughout the stone.

The following chemical analysis shows the composition of
the material from these deposits:

Billea (MO0 -iiiiae i ienise 17.67
Perric drom (Fe, U« asspeosesivebians 0.92
Ferrous ifron (Fe 0) ........v00vnees 0.62
ARBIA R oo s nbie e saine anidnid 4,61
TAME (R 1O on= s ssnnns sasininiionisse 30.92
Magnesia (MZO) ....cvvivvnannsnnes 16.32
Carbon dioxide (C Og) ..ovvuviiarans 26.08
Waterat 110° C. (Hy; 0) ..cvvvenvcnes ssase
Water above 110° C. (H, 0) ......... 3.86

100.00

From the above analysis it appears very probable that the
silica and all the magnesia are united to form the serpentine
and that calcium carbonate occurs as pure calcium free from
magnesia.

The samples of the marble from the property which
were tested had a specific gravity of 2.817, a ratio of absorp-
tion of .06 of 1 per cent. of the weight of the sample, and
a pore space or porosity of .175 of 1 per cent. of the mass
of the sample. After having been alternately frozen and
thawed each day for a period of twenty days it was found that
it had lost .031 of 1 per cent. of its weight. It was subjected
to a moist atmosphere, containing COs, for a period of twenty
days and at the end of this time it was found that a sample
weighing 57.12 grams had not diminished in weight. Samples
heated to a temperature of 800° F. and cooled either gradually
or suddenly were but little affected. When heated to a tem-
perature of 1,200° F. and cooled the samples had changed to a
much lighter color, but were not calcined as most of the other
marbles were and were not materially affected.

Columbia Marble and Onyx Co.—The Columbia Marble
and Onyx Co. have two hundred acres of land situated three
miles almost due east of Chewelah in Secs. 7 and 8, T. 32 N,
R. 41 E. The property is very easy of access, there being a
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good road from Chewelah to it. The altitude of this deposit
where the company has commenced to open a quarry is 1,900
feet above sea level or 210 feet above the railroad at Chewelah.

Very little work has been done on this property, only a
few small openings having been made, and these do not show
very much as regards the deposits. The country here is not
as rough and broken as it is in connection with some of the
other marble deposits of Stevens county. The deposits do not
show any very distinct bedding planes but are considerably
broken by joints and seams running through them. The
material in these properties varies considerable in color, rang-
ing from almost pure white through various’shades of grays
and in some places greens are found. The material is of
medium grain and quite uniform. There is a small stream
running through the property that would furnish power for
driving machinery for working the deposits. The deposits lie
practically flat or level and rise only a short distance above
the valley. The principal formations in this locality, aside
from the marble, are granite, quartzite and slate, and the
limestones or marbles are found in contact with the granite
and in places the marble is found lapping up onto either side
of the granite ridges. This marble is harder than most mar-
bles and should resist weathering quite well.

The following chemical analysis shows the composition of
a sample of the white marble from these deposits:

Bt (BITO): iviininsaiisntosbvnme 0.17
Ferric iron (Fe; O5) .vvvvvvnernnnnnn
Ferrous iron (Fe 0) ......cocvvnuuen Trace
Ahnmina (AL 05 e ves P
RN (OR D) ouim s svows s sienimmgs 43.24
Magnesia (Mg 0) ......ccvvvvvnnnnns 10.78
Carbon dioxide (C0,) .....oovvvvvunn 45.76

Water at 110° €. (H; O0) cvvcnerenen seses
Water above 110°C. (H. 0) .....o0vve vunnn

99.94

From the above analysis it is seen that the marble from
these deposits contains magnesia enough so that they would
be classed as dolomites. The material from here takes a
very high polish and is not as hard but what it can be easily
worked. :
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The samples of the white marble from the property of
the Columbia Marble Onyx Co., which were used in making
the physical test, were found to have a specific gravity of
2.754, a ratio of absorption of .15 of 1 per cent. of their weight,
and a pore space or porosity of .38 of 1 per cent. of the mass
of the samples. Tests were made by alternately freezing and
thawing each day for twenty days samples that were saturated
with water and at the end of the period it was found that
there had been a loss in weight of .046 of 1 per cent. A
sample of this marble was exposed for a period of twenty days
in a moist atmosphere of COs and at the end of the time it was
found that a sample weighing 58.41 grams had lost .005 of a
gram in weight. Samples were tested by being placed in a
muffle furnace and heated to a temperature of 800° F. and
some of them allowed to cool slowly, while others were cooled
suddenly. In neither case were the samples materially in-
jured. When heated to a temperature of 1,200° F. and cooled
they were found to be ruined and in a few days’ exposure to
the air fell to pieces completely.

Standard Marble-Onyx Co.—The property owned by this
company in this locality is about five miles southwest from
Chewelah and consists of 160 acres of land. It is in Sec. 19,
T. 32 N., R. 40 E. The property is easy of access and a good
road could be easily constructed to it.

The company has done very little work on the property up
to the present time but an order has been placed for a very
complete quarry outfit and it looks as if it is the intention
to begin work at once. The deposits occur on either side
of a narrow gulch and rise in precipitous bluffs as much as
one hundred feet above it. This material varies in appearance,
there being various shades and colors. The prevailing color,
however, is dark red. These deposits are badly broken on the
surface, but may improve as depth is reached. The material
in these deposits is very fine grained and somewhat harder
than ordinary marble. These deposits occur in contact with
slates and in fact the country rock is principally slate in this
immediate locality, while along the road to the north of these
great bluffs of quartzite are found.
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Chewelah Mottled Marble Co.—Almost due west from
Chewelah, a distance of one and a half miles, is situated the
property of this company, consisting of eighteen acres of land,
fifteen of which are marble land. The wagon road from Col-
ville to Sprindale passes by the property and makes it very
easy of access.

These deposits rise in a steep bluff from forty to fifty feet
above the wagon road but do not extend very far back to the
west from it and it appears to be only a local occurrence of
this material. To the north of these deposits, which extend
along the road for about one-half a mile, immense bluffs of
massive quartzite are found, while to the west of them are
slates. These deposits are massive and show various colors
and combinations of colors, the prevailing ones, however, be-
ing reds of different shades. The deposits lie on the face of a
ridge which extends almost due north and south.

The following chemical analysis shows the composition of
an average sample of the material from this deposit:

Sl D) v v iissimamarsmrres 23.98
Ferrie ivon (F'ey 05) .« cinvvisvaisivina 0.96
Ferrousiron (Fe0) ........cvvnvunnnn 0.44
ATl (Al 00 s s e
| % T o O 0 RS e N 22.51
Magnesia (Mg O) ......ovvvnnnnnnns 16.43
Carbon dioxide (C0O;) .....cvvvvuvne 35.61
‘Water ab:110* €. (H,; 0) .vvvenniions 0.26

Water above 110°C. (H, 0) .......cv vuun.

From the above analysis it will be seen that there is a large
amount of silica, which exists as free silica, and this accounts
very largely for the extreme hardness, brittle, and flinty char-
acter of the material. It also contains some magnesia and
this also has a tendency to make it hard. The stone is very
fine grained, would have a very low ratio of absorption, and
should resist weathering well, but is so hard that it would
be very expensive to work and it is very doubtful if it has
much commercial value at the present time at least.

Northwestern Marble Co.—In Sec. 30, T. 32 N., R. 40 E.
-is located the deposits owned by the Northwestern Marble
Co. This property consists of one hundred and sixty acres
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of land, four and one-half miles southwest from Chewelah,
which is the nearest point on the Spokane Falls & Northern
Railway. This property was not visited by me and I know
nothing about it except what I have been told. There is said
to be a large body of marble at this place, the deposit be-
ing one-fourth of a mile wide, one-half a mile long, and
showing an initial depth of 200 feet. The prevailing colors
are from almost pure white, through various shades of blue,
yellow and browns, with veinings of black and green.

In Sec. 18, T. 32 N, R. 41 E. limestone deposits are found
and some of it has been used from which to manufacture lime.
It varies in color in different parts of the deposits in places
being almost white, while in others it is a very dark blue,
and still others it has more or less of a greenish color on ac-
count of its having serpentine mixed with it.

The following chemical analysis shows the composition of
the dark almost black variety that has been used in the manu-
facture of lime:

BHeR B 05 o ihans by s weaan 15.18
Forric iron (Fey O3) cccvevvairsnnens
Ferrous fron (Fe 0) .......co00vuess Trace
Alumina (Al O)) ...... I S w st Sk
LATO MCR )10 s ainvmis v wviaiaipsinin oais 27.69
Magnesia (Mg 0) .....cocvvvvnvnnaas 17.02
Carbon dioxide (CO,) .c.vvvvvnennns 40.66
Water at 110° C. (Hs0) ..cciaviniose vaeas

Water above 110° C. (H,; 0) .....cc00 cense

BOSSBURG AREA.

Bossburg is a small town on the Spokane Falls & Northern
Railway, one hundred and eleven miles north and a little west
of Spokane. The marble claims that have been located in this
locality are across the Columbia river from Bossburg and
northwest from it a distance of two and one-half miles. All
the claims examined are in Sec. 13, T. 38 N, R. 37 E. The
altitude of these deposits is from six to eight hundred feet
above the Columbia river at Bossburg, and they could be
easily reached by wagon road from this place.

But little work has been done on any of the claims located
in this district, a few small openings only having been made
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and in some cases at least these have been made mainly with
powder and the marble injured more or less. The deposits
through this locality vary in color from a fairly pure white
to various shades and markings of gray and white. They vary
somewhat in texture but in most cases are quite coarse
grained. These deposits are distinctly stratified and lie prac-
tically horizontal and have every appearance of weathering
very slowly.
The following chemical analyses show the composition
of the white and light gray marbles from this locality:
White Light Gray

Silica (81 02) «vvvvevnnnnns 2.49 0.13
Ferric iron (Fe, O,) ...... 0.49  .....
Ferrous iron (Fe Q) ...... iy A S
Alumina (Al; Op) ...vvnnns (157 S
Lime (Ca 0) ...ccvovivues 31.56 54.95
Magnesia (Mg O) ......... 18.56 0.54
Carbon dioxide (C O,) .... 45.91 44 .22

Water at 110° C. (H; O) .. Trace  .....
Water above 110° C. (H, O) Trace  .....

99.95 99.84

From the above analyses it will be seen that some of the
marbles from these deposits are dolomites and contain much
magnesia, while in other places they are practically free from
magnesia.

The samples of marble from this locality which were tested
show it to have a specific gravity of 2.73, a ratio of absorption
of .24 of 1 per cent. of its weight, and a pore space or porosity
of .486 of 1 per cent. of its weight. Samples when heated to
a temperature of 1,200° F. and cooled were found to be cal-
cined and ruined. At a temperature of 800° F. the samples
even when cooled suddenly were but little injured.

This marble takes a good polish and is easily worked and
would be suitable for either exterior building material or
interior finishing work.

RyaAN -AREA.
Florentine Marble Co.—Ryan is a station on the Spokane
Falls & Northern Railway, one hundred and eighteen miles

from Spokane. The marble quarry that is being opened up
here is one mile up the river from the station but it is right
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along by the side of the track and a short spur could be put in
which would make it very easy to market the marble as it
could be loaded directly from the quarry or mill on the
cars. The property owned by the Florentine Marble Co. is in
Sec. 12, T. 38 N, R. 38 E., and consists of 312 acres of land.
The marble occurs on the face of a bluff that rises from
the Columbia river to an altitude of perhaps 150 to 200 feet
but does not extend back from the river to any very great dis-
tance. There has been considerable development work done
toward opening up the deposits but no stone had been quar-
ried at the time I was there (July, 19o2). Across the Col-
umbia river are large bluffs of limestone which appear similar
to the material being worked by this company. The deposits
of the Florentine Marble Company show somewhat of a bed-
ded structure, are fine grained, mostly of a light gray color and
a little harder than most marble but still not hard enough so
but what they can be easily worked.
~ The following chemical analysis shows the composition of
the material from these deposits:

SHCe (B O v esinerssvansies 1.00
Porrie Iron (T8 04) - vuniigaisisiails
FOrrousiron (Fe D) oieerisesnsasse | aies i
AR AL ) i s ena s ndis e
Ll R A Y s saws o roe b dovisar 53.96
Magneaia (Mg 0) ......ccvvvennnnes 1.60
Carbon dioxide (C O;) ..........u.. 43.27
Water at 110° C. (H, 0) ,.evcnisians Trace
Water above 110°C. (H,0) = .....
99.83

The above analysis shows these deposits to be practically
free from magnesia and to contain very little impurities of any
kind.

MARBLE AREA.

Columbia River Marble & Lime Co.—Marble is a small
town on the Spokane Falls & Northern Railroad one hundred
and twenty-two miles distant from Spokane and the lime-
stone deposits are one mile farther up the railroad. What is
known as the Columbia River Marble & Lime Co. have five
claims located here. These claims are in Secs. 22 and 27, T. 39

9
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N.,, R. 39 E. and are very easy of access as the railroad passes
through them and a spur could be built and the material
loaded on the cars at very little expense.

These deposits vary much in color, ranging from light gray
to almost black. Very little work has been done here and the
deposits are not very promising for marble so far as the sur-
face indications are concerned. The material is fine grained
but the deposits are so badly broken on the surface at least
that no very large blocks could be obtained. The deposits
are stratified in places at least. Much of the limestone in this
locality is covered with a layer of gravel and sand, which
varies in thickness from six to fourteen feet. In places, how-
ever, the limestone rises above this layer of sand and gravel
and occurs as steep bluffs of limestone from ten to thirty feet
high.

Box CaANYON AREA.

Toronto Marble Co.—On the Pend d’Oreille river, sixty
miles north of the town of Newport at what is known as Box
Canyon the Toronto Marble Company owns three hundred
acres of marble land. This property is in Sec. 20, T. 38 N,, R.
43 E. and on the east side of the river. Newport is a small
station on the main line of the Great Northern Railway and
is distant from Spokane about forty miles. The property is
easy of access as the Pend d’Oreille river is easily navigable
from Newport to Box Canyon. Various colors are found
here from pure white to quite dark blue, with various shades
and markings of these. There is also a cream colored variety
that is very handsome. The deposits are said to be very ex-
tensive, occurring in bluffs which rise five hundred feet above
the water. I have had some very promising looking hand
specimens from these deposits but as stated elsewhere in this
report it is not possible to tell from hand samples very
much about a quarry and it has not been possible for me to
make a personal examination of this property. The marble
takes a very high polish and if the deposits are not badly
broken and large blocks can be obtained this should become
a very important marble quarry.
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Tests were made on two of the different grades of marble
from this property to determine the crushing strength and
modulus of elasticity and as shown in Table I. the white had
a crushing strength of 19,830 and 24,510 pounds to the square
inch and a modulus of elasticity of 7,865,000 and 7,071,000
pounds to the square inch. The dark gray had a crushing
strength of 15,420 and 23,160 pounds to the square inch with
a modulus of elasticity of 2,646,000 and 3,660,000 pounds to the
square inch.

The crushing strength of this marble as shown by the
above tests is considerable above the average of the marbles
being quarried in the United States.
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TABLE IV — EFFECT OF CARBONIC ACID IN A MOIST AT-
MOSPHERE ON SAMPLES OF MARBLE

Time 20 Days

5°8 508 | §
fol (g &| 2
NAME OF QUARRY DESCRIPTION OF SAMPLE E oo E" o 2
goz |87 | &
i L] Ll
Hak|fna T
In In
grams | grams
The United States Marble Co.. Diamond black .... 65.020 | 65.015 | .00§
Eeystone Marble Co Coarse white.... 2.430 | 42.420 010
Eeystone Marble Co ‘White and blue.... .505 .500 005
The I]'eﬂ’ersm Marb!
Milling Co....... cuus White with yellow.. 63 553 | 63.545 .008
13
Fine white.... 45.270 | 45.266 004
Blue and wh 510 505 | .o05
The Standard Marble and Onj Co... IME ieninnann 63.375 | 63.374 | .o0o1
The North American Marble and
Onyx C Pink with white.. 48.013 | 48010 | .003
Columbh Marble and Onyx Co, ‘White 58.410 58.2: 005
Spokane Marble Cou...ciuenns " ‘White with green.... 46.240 46. ;g 002
Crystal Marble Co. Coarse white..... 59.350 | 59.350 000
Crystal Marble Co... 42.175 | 42.1 003
Crystal Marble Co. 47173 | 471 4004
Crystal Marble Co.... Mottled blue and white..... 50.795 | 50. .003
Hertzell and Kyle... Fine grained dark .| S7.120 | 57.120 | .00O
The U. 8. Marbie Co., from Bossburg. | Gray and White........... 54.805 | s4. 015
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TABLE VIL—CRUSHING STRENGTH IN POUNDS PER SQUARE
INCH, SPECIFIC GRAVITY AND RATIO OF ABSORPTION OF
BUILDING STONE OCCURRING OUTSIDE OF WASHINGTON.

Csommpnratii;e S Ratio of
Loca pecific o
TR ORI BIoNE Pounds per | Gravity |Absorption
square inch
GRANITE
1) Montello, Wi i ~ 1973
1) Granite City, Wisconsin .......ccovsersssrrsarsrssrssssrssnns | ;g.goo
1) Berlin, Wisconsin 32,747
1) Granite Heights, Wisconsin ......c.cicovrmssrnisrnsannse 16,723
3) East St. Cloud, Min t 28,000
2) Sauk Rapids..........ceee. PR — 21,500
2) Beaver Bay, Mi Bl i et paaiansesee 20,750
Fourche Mountain, Arl g,mo
Fourche Mountain, Ark 4700
3) Fourche Mountain, Ar} 21,500
4) Little Rock, Arkansas 22,388
4) Little Rock, Arkansas 17,407
4) Milbridge, Maine 19,917

White Haven, Pennsylvania

2 Hincklei, Mi t 19,000
2) Dresbach, Minnesota........cesessssseissssennssssatsnniansin 1500
2) Jordan, Minnesota 4,750
1) Ablemans, Wisconsin 13,669
1) Ablemans, Wisconsin 11,030
1) Ablemans, Wisconsin ,602
1) Ablemans, Wisconsin 10,056
1) Dunnville, Wisconsin 2,502
1) Port Wing, Wi O e s s ehee e s 5,498
1) Houghton, Wisconsin 4,549
1) LaValle, Wi si 13,
1) Bayfield, Wisconsin 4.?3
(5) Birdsboro, Pennsylvania.. 11,448
(5 ‘Waltonville, Pennsylvania .. 14,000
(5) Waltonville, Pennsylvania.. 12,730
5) Lumberville, Pennsylvania 22,250
) an un, Pennsylvania .. 17,
Laurel R ia 6oo
S,
&
5,
5,
LS,
g

Portland, Connecticut....... & he
Middletown, C ticut 6,250
E. Longmeadow, chusetts 12,330
Medina, New York 16,031
Marquette, Michigan 6,150
St. Anthony, Indi E,ooo
i e, Indiana ,100
6) R B LT LT T e e e e e A e SEST
6) Worthy, INdiana .......ccusssstssssesrsensissmsnnsnssnanie 6,825
6) Berea, Ohio..... 11,213 2,110 1/20
6) Hummelstown, Pennsyluani 13,810
Gunnison Colorado ,250 2,200 090
6). 'Cleveland, OBIA0 ... coimensisssmasvassisssmnsssssrsiosestes ,800 2.240 1/37
6) N.Amherst, Ohio 5,450 2.140 1/09
6) Angel Island, California 4574 2.730 1/31
_San Jose, California........... 4 2,400 2. 1/16
6) Bass Island, Wisconsin 4,850
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TABLE VL—Concluded.

—~—~

(g:mpar%ui;e Specifi Ratio of
ren; C {s]
LOSAXION 08 HTONE Pounds per | Gravity |Absorption
square inch
LIMESTONE
1) Enowles, Wisconsin.........cooerrinne 29,189 2.793 1.790
1) Bridgeport, Wisconsin 10,112 2.740 5.460
1 Bﬁm,W' i 6,675 2.740 5.460
1) Du Ik, Wi 11 R 23,783 2. 419
1) Sturgeon Bay, Wi - R 31,957 2.841 190
:2 Sturgeon Bay, Wisconsin 1983 2.700 64
1) G wi in ... gg,;m 2.833 1.10
1) Genesee, Wisconsin...... 29,2 2.829 115
1) Marblehead, Wisconsin ...... 42,73? 2.856 .31
1) Lannon, Wisconsin.............. 31,936 2.814 1.32
1) Fountain City, Wisconsin 8,830 2.804 4.95
1) Wauwatosa, Wisconsin........ 19,111 2.821 2.29
1) Wauwatosa, Wisconsin.. & 13,406 2,826 2.53
1) Wauwatosa, Wisconsin.. 23,744
2) Red Wing, Minnesota......... 3% 23,000 2.750 2.95
2) Stillwater, Minnesota......... 10,750 2. 219
1) Kasota, Minnesota.. 18,500 2.640 2.51
3) Mantorville, Minnesota 9,500 2.650 5.37
2) Minneapolis, Minnesota. 21,750 2770 2.36
7) Ell lle, Indiana...... 6,700 . = 1-31
7) Ellettsville, Indiana 5:900 1-41
7) Salem, Indiana..... 11,700 2.510 1-31
7) Salem, Indiana........ 6,900 PR RRDARI) iy pRawrcsO I 0 B
7) Bloomington, Indiana 4,200 1-14
7) Bloomington, Indiana... 5,700 1-19
7) Bloomington. Indiana. 8,000 1-33
7) Romana, Indiana.... s - 7,000 1-39
7) Bedford, Indiana.. 4,600 1-23
7) Bedford, Indiana .. 14,000 o e
7) Bedford, Indiana .. 6,500 1-24

MARBLE

.34
0.33
. 0.35
¥ 0.57
10,381 2. 0.49
yArkansas... 14,400 2.711 0.39
St. Joe, Arkansas........... = SRS y7 2. 0.37
Bt Joe, ATERNGAS.........cc vouisnuns iasnseon srsere susaes snassnny 6,935 2.675 0.56
Montgomery County, Pennsylvania .................., 13,700
Dorset, Vermont ... 7,612 2.635 0.58
Cararra, Italy .... = 12,156 2.
10,000
13,100 2
11,400 2.717
4 12,000 e X T RN
Y & 10, 2.7 :

Wisconsin Geological and Natural History Survey, Bulletin No. 4, Building and
Ornamental Stones, pp. 319°-4ic5' by E. R. Buckley.

Geol. and Nat. Hist. Sur. of Minn., final report, Vol. I, pp. 196-200.

Ann, Reg;. Ark. Geol. Survey, Vol. II, 1890, pp. 4450, by J. ¥. Williams,

Tests of Metals, Government Rep't., 1895, pp. 319-320.

Apendix Ann. Rep't, Pa. State College, 1896, Ig 30, (Brownstones).

Twentieth Ann. Rep't, on The Geology and Natural Resources of Indiana, p. 323.

Twenty-first Ann. Rep't,on The Geology and Natural Resources of Indiana, pp. 313-315.

Ann. Rep't Ark. Geol. Survey, Vol. IV, 1890, p. 210, by T. C. Hopkins,

Geological Survey of Georgia, Bulletin No. 1, p. 81.
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CHAPTER VII.
CONCLUSIONS.

A comparison of the results of the physical tests made on
the building stones of Washington in the preparation of this
report with those from other places as shown in Table VI.
will be helpful in determining the quality of Washington
stone. The results of the chemical analyses are shown in
Table V.

The granites being quarried in Washington at the present
time are all of them about the same color, a light gray. The
crushing strength ranges from 10,730 to 16,610 pounds to the
square inch which is perhaps rather below the average for
the granites that are being quarried in the United States. As
has been already shown, however, those having the minimum
strength are much stronger than is necessary for building pur-
poses. The specific gravity of the Washington granite is
practically the same as that of the best granites that are being
quarried in other states. The ratio of absorption is a trifle
higher than that of most granites but at the same time is not
high enough to injure it in the least. The greatest ratio of
absorption was in that from the Little Spokane river and it
was only .69 of 1 per cent. and the least was in the sample
from the Snake river where it was .36 of 1 per cent. The
weight of the granite per cubic foot from the different locali-
ties differed less than four pounds and the average weight is
165 pounds to the cubic foot. The stone does not resist high
temperatures very well being considerably injured at 800° F.
to 1200° F.

The granite being quarried in Washington is a very good
building material as shown by the comparison of it with other
granites and by careful examinations of buildings where it has
been used.

The sandstones that are being quarried in Washington at
the present time have a crushing strength ranging from 3,280
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to 11,070 pounds to the square inch and compare very favor-
ably in this respect with many of the best sandstones that are
being quarried in other states and in most cases at least is sui-
ficient for use in the construction of any building. The speci-
fic gravity is higher than that of most sandstones. The weight
per cubic foot as determined in the laboratory is from 143,369
to 166,612 pounds. The percentage of pore space or porosity
in one case is as high as 18, but in most cases is about 10,
which is about the same as that of many of the best sand-
stones. The sandstones of Washington vary somewhat in
color and range from those that have a light color to those
that have a dark color with a greenish cast to them.

The marbles of Washington occur principally in Stevens
county. They are of various colors and range in texture from
those that are very fine to those that are very coarse. The
composition is quite variable in some cases being almost pure
calcium carbonate, in others being magnesium carbonate with’
only traces of calcium carbonate, while in still others mixtures
of calcium and magnesium carbonate are found in which there
is more or less serpentine. The samples of marble used in
making the physical tests shown in this report were perhaps
hardly fair samples on account of the fact that many of the
quarries are not developed to any extent as yet and the sam-
ples were necessarily from material that would not be as solid
as it would be when a greater depth is reached. The results,
however, of the tests of crushing strength show that the Ste-
vens county marbles compare very favorably, as far as strength
is concerned, with the best marbles from other parts of the
United States. The specific gravity of these marbles is above
the average being as high as 2.908 in the case of the “Diamond
Black” from the quarry of The U. S. Marble Co. This same
material also had the highest crushing strength of any sam-
ple tested, being 31,710 pounds to the square inch. The aver-
age specific gravity was about 2.75, which is about the same as
that of the Georgia marbles. The porosity of the Washing-
ton marbles is low, being in all the samples tested, with the
exception of two, less than 1 per cent.

In but very few cases have the marble deposits of Wash-



MICROPHOTOGRAPHS

OF THIN SECTIONS OF

GRANITE, BASALT, TUFA, SANDSTONE, MARBLE,
SERPENTINE AND LIMESTONE.

(Magnified Twenty Diameters.)




PLATE VII.—MICROPHOTOGRAPHS.

Granite from the guarry above Index. This section consists of quartz,
feldspar and mica, which are very intricately interwoven and interlocked.
It shows very well the zonal structure which is so prominent in the granite
from this locality. This figure shows considerable biotite, but at the same

time it is not a very prominent constituent of the rock.

Granite from the Soderberg quarry below Index. This section is very
similar to the preceding one, with the exception that this one shows horn-
blende instead of biotite. The close interlocking of the grains is well shown
in this section also. The mineralogical composition of this granite is the
same as that from above Index.



WASHINGTON GEOLOGICAL SURVEY. ANNUAL REFORT, 1902, PLATE VIIL

GRANITE FROM THE QUARRY ABOVE INDEX.

GRANITE FROM THE SODERBERG QUARRY BELOW INDEX.



PLATE IX.—MICROPHOTOGRAPHS.

Medical Lake granite. This section shows the mineralogical composi-
tion of this granite to be principally quartz, feldspar and biotite, with some
hornblende. The grains are very intricately interwoven and intermixed,
which makes this granite quite strong. The zonal structure of the feldspar
is well shown here also.

Granite from the Little Spokane River. This section shows the very
coarse texture of the Spokane granite, The minerals shown in this section
are quartz and feldspar, which are closely interlocking.



WASHINGTON GEOLOGICAL SURVEY, ANNUAL REPORT, Igoz.  PLATE IX.

GRANITE FROM THE QUARRY ON THE LITTLE SPOKANE RIVER.



PLATE X.—MICROPHOTOGRAPHS.

Granite from the quarry of Miles C. Moore, on Snake River. This
figure shows fairly well the texture of the Snake River granite.

Basalt from a quarry near Pullman. The section from which this cut
was made shows well the porphyritic texture of this basalt, with the lath-
shaped plagioclase feldspar. The rock has a very compact fine-grained
texture.



WASHINGTON GEOLOGICAL SURVEY. AxNUAL REPORT, 1g02.  Prate X.

GRANITE FROM THE QUARRY OF MILES C. MOORE, ON SNAKE RIVER.

BASALT FROM A QUARRY NEAR PULLMAN.



PLATE XIL—MICROPHOTOGRAPHS.

Tufa from Lilliwaup Falls, on Hood’s Canal. This figure shows nicely
the feldspar crystals disseminated through the somewhat glassy ground
mass. The crystal fragments in this rock are not closely interlocked, how-
ever, as they are in many rocks,

Tufa from near Bossburg, Stevens County. This figure shows the crys-
tals and fragments of crystals, as well as the fragments of glassy ground
mass. The crystals are principally feldspar. There are, however, smaller
amounts of quartz, biotite, pyroxene and magnetite.



WASHINGTON GEOLOGICAL SURVEY. ANNUAL REPORT, 1g02. PLATE XI.

TUFA FROM LILLIWAUP FALLS, ON HOOD'S CANAL,

TUFA FROM NEAR BOSSBURG, STEVENS COUNTY.



PLATE XIL.—MICROPHOTOGRAPHS.

Sandstone from the Sucia Island quarry. This section is composed
principally of grains of quartz, which are rather angular in outline and vary
somewhat in size. It also contains some feldspar grains scattered through
it. The grains are closely compacted and firmly bound together.

Sandstone from the property of the Tenino Stone Quarry Co. This
figure shows the small angular quartz grains, composing this stone, very
nicely. The grains throughout are quite angular, with only once in a while
one that is at all well rounded. The grains are not so well compacted and
firmly bound together as thev are in many of the sandstones. The grains

are practically all quartz.



WASHINGTON GEOLOGICAL SURVEY. ANNUAL REPORT, 1902, Prate XIIL

SANDSTONE FROM THE SUCIA ISLAND QUARRY.

SANDSTONE FROM THE QUARRY OF THE TENINO STONE COMPANY.



PLATE XIII.—MICROPHOTOGRAPHS.

Cumberland sandstone from the W. W. Evans property. This section
is composed principally of grains of quartz, some of which are very angular,
while others are well rounded. The grains vary considerable in size, but as
shown in the cut none of them are more than medium size. The grains are
quite well cemented together, but are not closely interlocking as they are
in igneous rocks. The section shows the presence of an occasional grain of
feldspar.

Sandstone from the Chuckanut quarry on Chuckanut Bay. The grains
in this section are very angular and little rounded. They are also much
smaller than those in any of the preceding sections. The grains are held
firmly together by a cement composed principally of silica. Occasional
grains of feldspar are mixed with the quartz grains.
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SANDSTONE FROM THE W. W. EVANS QUARRY AT CUMBERILAND,

SANDSTONE FROM THE CHUCKANUT QUARRY.



PLATE XIV.—MICROPHOTOGRAPHS.

Sandstone from Wilkeson. The texture of the sandstone from the
lower ledge is well shown in this section. It is a very coarse grained stone,
in which the individual grains composing it are in most cases quite well
rounded. The structure is rather loose and open and the grains are only
fairly well cemented. t

Sandstone from Wilkeson. This section shows the texture of the stone
from the upper ledge of this quarry. It is finer grained than that from the
lower ledge of this quarry and is a little more compact. Most of the
grains are well rounded, but in some instances they are quite angular.
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SANDSTONE FROM THE LOWER LEDGE, WILKESON QUARRY,

SANDSTONE FROM THE UPPER LEDGE, WILEKESON QUARRY.



PLATE XV.—MICROPHOTOGRAPHS.

Marble from the quarry of the Jefferson Marble, Mining and Milling
Co. The section from which the accompanying figure was taken is com-
posed essentially of calcite. The grains are small but uniform in size and
very closely interlocking. The sample from which the section was made
was almost pure white and very fine grained.

Marble from the property of the North American Marble and Onyx Co.
The section shows this marble to be a mixture of calcium carbonate and
serpentine. The calcite grains vary somewhat in size but are very closely
interlocking. The serpentine occurs in seams running through the section,
and is not evenly distributed through it.



WASHINGTON GEOLOGICAL SURVEY. ANNUAL REPORT, 1g02. PLATE XV.

MARBLE FROM THE QUARRY OF THE JEFFERSON MARBLE, MINING
AND MILLING CO.

MARBLE FROM THE QUARRY OF THE NORTH AMERICAN
MARBLE AND ONYX CO.



PLATE XVL—MICROPHOTOGRAPHS.

The section from which the accompanying figure was made shows the
texture of another sample from the property of the North American Marble
and Onyx Co. It is very fine grained, almost amorphous, but there are

some very long and narrow crystals scattered through the mass.

Serpentine from the property of the North American Marble and Onyx
Co. The texture of the serpentine from this property is very well shown
in the accompanying figure.
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MARBLE FROM THE QUARRY OF THE NORTH AMERICAN
MARBLE AND ONYX CO.

SERPENTINE FROM THE PROPERTY OF THE NORTH AMERICAN
MARBLE AND ONYX CO.



PLATE XVIL—MICROPHOTOGRAPHS.

Limestone from the property of the North American Marble and Onyx
Co. This figure is a splendid illustraticn of the way in which the individ-
uals of the very coarse crystalline limestone from this property interlock.
The material is coarsely crystalline, but the individuals are very closely

bound together and the pore space is very small.

This figure shows the texture of the material from the quarry of the
Pacific Coast Marble, Tiling and Manufacturing Co. The section is composed
of calcite, serpentine and some clay material. The rock is very fine grained

and compact.
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LIMESTONE FROM THE PROPERTY OF THE NORTH AMERICAN
MARBLE AND ONYX CO.

MARBLE FROM THE QUARRY OF THE PACIFIC COAST MARBLE, TILING
AND MANUFACTURING CO.



PLATE XVIL—MICROPHOTOGRAPHS.

Marble from the property of the Crystal Marble Co. The section from
which the accompanying figure was taken shows the texture of the gray
marble. Asshown by the figure it is made up of graius of calcite, which
are quite uniform and of medium size. The stone is very close and com-

pact, which accounts for its very low percentage of pore space.

Marble from the property of the Crystal Marble Co. The section from
which the accompanying figure was made shows the very coarse texture of
the white marble from this property. The section is made up of very coarse
grains of calcite, which interlock in a very complex manner.
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GRAY MARBLE FROM THE PROPERTY OF THE CRVSTAIL, MARBLE CO.

.

WH_ITE MARBLE FROM THE PROPERTY OF THE CRYSTAI, MARELE CO.



PLATE XIX.—MICROPHOTOGRAPHS.

Marble from near Milan. The figure shows serpentine principally, with
a little calcite. It also contains some iron scattered through it.

Marble from near Milan. The section from which the accompanying
figure was made is from material from the same locality as the preceding
one. This figure shows some serpentine, but more calcite than the other.
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MARBLE FROM NEAR MILAN.

MARBLE FROM NEAR MILAN.



PLATE XX.—MICROPHOTOGRAPHS.

Marble from the quarry of the United States Marble Co. The section

from which this cut was made was from a sample of what is known as their

“Diamond Black.” The cut shows the very coarse and compact texture of

this material. The compactness and close union of the crystals account
largely for its high crushing strength.

Marble from the property of the Keystone Marble Co.

This cut shows
the coarse texture of the white marble from this property.

The crystals,
while quite large, are firmly held together and very closely and intricately
interlock. -
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MARBLE FROM THE QUARRY OF THE UNITED STATES MARBLE CO,

MARBLE FROM THE QUARRY OF THE KEYSTONE MARBLE CO.
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ington been developed to any very great extent and in fact
it has not been more than about a couple of years since active
work was begun on most of the properties that are being
worked at present. Since that time a very large number of
marble claims have been staked and much of the material that
has been located will never be of any value as marble. In some
cases it is so hard that it will be too expensive to work it, in
others the question of transportation will prevent the working
of the deposits at a profit, while in other places the deposits
are so badly broken and shattered that they will be of no
value as marble for building or decorative material except in
a small way. _

The general opinion seems to be that as depth is reached
the seams that may occur on the surface will certainly disap-
pear and that no matter how badly the marble may be broken
on the surface it will be solid when a comparatively short dis-
tance below the surface is reached. This disappearance of
these seams, however, as has been already shown, is only an
apparent one in most cases at least unless a considerable depth
has been reached and may be only apparent even then.

There are, however, in Stevens county quite a number of
very promising marble properties both as regards the ordinary
grades of marble as well as the more valuable decorative
varieties.

10
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CHAPTER VIII.
METHODS OF QUARRYING AND DRESSING STONE

GENERAL CONSIDERATIONS.

The rocks of the earth’s crust are usually divided into three
groups, as follows: (1) Sedimentary, (2) Igneous, (3) Meta-
morphic. Each of these groups has certain structural features
which are very important factors in connection with the quar-
rying of the rock and which will have much to do in determin-
ing the method to be used in the quarrying of each group.

The sedimentary rocks are rocks that have been formed
under water and for this reason should show more or less evi-
dence of stratification unless it has been destroyed since the
formation of the deposits. The layers in these sedimentary
beds will vary from those that are an inch or less to those that
are many feet in thickness. The planes of stratification in
these deposits were originally, in most cases at least, nearly
or quite horizontal and their present position is due to subse-
quent movements. These strata composing the sedimentary
beds in many cases do not adhere firmly, due probably to the
conditions under which they have been formed and the depos-
its may be separated very readily along certain planes and
this is taken advantage of by the quarrymen and is a very
great help in working the quarry. Again the thickness of
these layers or the frequency with which they may be easily
separated along certain planes has much to do with determin-
ing the size of the blocks that may be obtained and it also has
much to do with the economical working of the quarry. If the
beds are not too thick about all that is necessary in quarrying
the stone is to put down holes or channels through one layer
after another. This is especially true if the deposits are in a
horizontal position. Where the layers are very thick and mas-
sive the cost of quarrying is greater as the stone has to be
loosened along the under side also. This may be done by
drilling and wedging and in some cases by wedging alone,
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The uniformity of the beds in texture and color is another
very important question as regards the economic quarrying
of any deposit. The variation in texture of these bedded de-
posits is often a source of considerable additional expense
as is well shown in some of the quarries of Washington where
good and poor stone are found alternating throughout the

deposit and in order to get the good stone a large amount of
~ poor stone has to be removed and this of course increases the
cost of the good stone. The position of stratified deposits,
that is whether they are horizontal or inclined, frequently has
much to do with the ease or difficulty with which they may be
worked. Horizontal deposits have some things in their favor
and on the other hand there are some things in favor of the
inclined deposits. All things considered, however, the hori-
zontal position is the one best suited to economical quarrying.

This bedded structure does not exist in the igneous rocks
and it becomes necessary, especially in case of the very mas-
sive rocks, to split the stone by some means into proper sizes
and this may be done by wedging or by what is known as gad-
ding. There are, however, in all rocks, no matter whether
igneous or sedimentary, more or less seams or fractures separ-
ating the rocks into blocks of different sizes and these are
usually taken advantage of by the quarrymen. These seams
and fractures are known as joints.

These joints vary much in size, in some cases being so fine
as to be almost imperceptible, while in other cases they are
capable of being traced very considerable distances. Pro-
fessor Geikie * in discussing the joints in stratified rocks has
the following to say:

“As a rule they are most sharply defined in proportion to
the fineness of grain of the rock. In limestones and close-
grained shales for example they often occur so clean-cut as
to be invisible until revealed by fracture or by the slow disin-
tegrating effects of the weather. The rock splits up along
these concealed lines of division, whether the agent of de-
molition be the hammer or frost. In coarse textured rocks, on

* Text Book of Geology, pp. 524 and 525.
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the other hand, joints are apt to show themselves as more ir-
regular sinuous rents.

“As a rule, they run perpendicular, or approximately so,
to the planes of bedding, and descend vertically at not very
unequal distances, so that the portions of rock between them,
when seen in profile, appear marked off into so many wall-like
masses.

“An important feature in the joints of stratified rocks is
the direction in which they intersect each other. In general
they have two dominant trends, one coincident, on the whole,
with the direction in which the strata are inclined from the
horizon, and the other running transversely at a right angle
or nearly so.”

The frequency of joints in the sedimentary rocks varies
much and in-some deposits they are very plentiful while in
others they are quite scarce. In cases where the strata or de-
posits have been very much disturbed, folded, and faulted the
joints are much more common than where such changes have
not taken place.

While joints occur in the igneous rocks such as granite,
diabase, diorite, and basalt, they do not have the same regular-
ity of arrangement that they have in the stratified deposits.
In sedimentary rocks there are, in most cases at least, strati-
fication planes along which they split more readily than across
them and also the joints which usually intersect these at a
high angle. In the igneous rocks the only divisional planes
are the joint planes. The igneous rocks usually have two sets
of these joints which intersect each other and separate the
rock into blocks of various shapes and sizes. Sometimes there
is still a third series of joints occurring in these rocks which in
some respects is similar to the bedding planes in the sedimen-
tary rocks. These last are well shown in places in the basalt
area of eastern Washington.

In many cases where joints are very conspicuous on the

surface they apparently disappear entirely as depth is reached.
This disappearance as Merrill* states is probably only appar-

* Stones for Building and Decoration, p. 369.
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ent and just as many really exist as at the surface, but on ac-
count of not having been exposed to the atmospheric agencies
are not so readily noticed, and then again in some cases at
least at considerable depths the rocks may be more or less
firmly united along the joint planes. This may have been
brought about by having some cementing material deposited
in the joints or as Merrill* says by pressure.

This same authority in discussing the question of joints
and their disappearance with depth gives an instance of a
quarry of beautiful deep gray coarsely crystalline granitic
rocks, which when first opened was found to contain so many
joints that only very small and very irregular shaped blocks
could be obtained, to show that this disappearance is only an
apparent one:

“So abundant were these joints that on the suface for
short distances the stones would often separate into slabs of
but from one to two or three inches in thickness. At a dis-
tance of not above 25 feet from the surface the joints disap-
peared entirely, and large, handsome and apparently sound
blocks were being taken out. Knowing, however, from the
surface indications that the joints must be there nevertheless,
I looked for them with care, and on the polished shaft of a
finished monument was able to point out three running per-
pendicularly, each as fine, sharp and straight as though made
with a glazier’s diamond. They were simply so small as to
be overlooked by others than an expert. Being there they are
bound in time to open under the persuasive action of heat and
frost. How long a time may elapse before they will open suf-
ficiently to become conspicuous, can be determined only by
actual experiment. The only safe way, however, is to avoid
them wholly.”

In some rocks such for instance as the basalts still a dif-
ferent form of jointing is found which is due apparently to
the cooling of the molten mass. This jointing gives rise to
more or less regular shaped blocks which as a general thing
are six sided and appear as hexagonal columns. These are

* Ibid.
+ Stones for Building and Decoration, George P, Merrill, p. 369.
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well shown in many places through the basaltic area of east-
ern Washington. These joints spoil the stone for dimension
purposes as nothing but small blocks could be derived from a
quarry in which this form of jointing occurs; fortunately how-
ever this form of jointing is not common and occurs only in
rocks that would be used very little for building purposes on
account of their hardness and color.

There is still considerable difference of opinion as to the
cause of joints and no explanation that has been offered so far
has been entirely satisfactory. By some authorities joints
have been attributed to contraction from loss of heat or loss
of moisture, by others compression has been considered an
important factor, and by still others joints are supposed to
have been produced by earthquakes. The indications are that
in some particular case some one of these forces may have
been the predominating one, while in others some other one
may have been most active, but in all probability in most
cases, if not in all, the joints are the result of a number of
forces acting together. In a quarry the question is not so
much, however, how joints have been formed as it is whether
they exist or not in the rock that is to be quarried. If joints
are absent it will take more work and hence cost more to
quarry the stone than it will if they are present, while on the
other hand if they occur too frequently they will spoil the
stone for building purposes.

GRANITE QUARRYING.

The methods used in quarrying stone of course will vary
with the kind and quality of the stone and the purposes for
which it is intended. The object aimed at in most cases is
the same, that is, to obtain large and well shaped blocks with
as little work as possible. This should also be done so far as
it is possible, without too much additional cost, without the
aid of explosives of any kind on account of the sudden jar be-
ing very liable to develop minute fractures and injure the
stone and perhaps completely shatter and destroy very valu-
able material. :

The kind of material to be quarried will have much to do
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IMPROVED STONE CHANNELING MACHINE, MANUFACTURED BY THE INGERSOLL-SERGEANT DRILL CO.
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in determining whether or not explosives may be used and
in the case of granite and that class of rocks there is much less
danger from their use than there is in the case of marbles or
sandstones. Then the greater hardness of the granite renders
the quarrying of it, by other means than explosives, quite dif-
ficult and expensive.

The leading granite quarries of the United States such as
those in Maine and Massachusetts use no machinery except
the steam drill and hoisting apparatus. By means of the
drills a series of what are known as lewis holes is put down to
a depth dependent on the thickness of the sheets. These are
then charged with medium charges and fired simultaneously.
These lewis holes consist of a series of two or more holes
drilled as closely together as possible, and then connected by
knocking out the thin partition between them, forming thus
one wide hole, having its greatest diameter in a plane with
the desired rift. Blasts from such holes are wedgelike in their
action, and by means of them larger and better shaped blocks
can be taken out than would otherwise be possible. In quar-
ries where the sheets are entirely free from one another this
is all that is necessary to loosen the blocks from the quarry
and they are then broken up with wedges. In many cases the
sheets are thick enough so that it is necessary to drill a series
of horizontal holes along the line where it is desired to break
the rock from the bed and then complete the process with
wedges.

MARBLE QUARRYING.

In the quarrying of marble and other soft rocks channeling
machines are being used quite largely at the present time.
These machines run on narrow tracks back and forth across
the quarry bed and cut as they go vertical channels which are
usually about one and a fourth inches wide and from four to
seven feet deep. Some of these machines are so arranged that
two channels are cut one on each side of the machine, at the
same time and are then known as “Double Gang Machines,”
while others are arranged for cutting a channel on only one
side of the machine at a time and are known as “Single Gang
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Machines.” These machines are practically locomotive en-
gines which can be reversed without stopping.

These double machines carry on each side a gang of cut-
ters composed of five steel bars from seven to fourteen feet
long according to the depth of the channel to be cut. In each
one of these gangs of five cutters, two have diagonal cutting
edges, and three have their edges transverse. The center cut-
ter extends the lowest and they altogether form a stepped ar-
rangement each way from the center. When the machine is
moving forward the three forward cutters, which include the
center one operate and while moving in the opposite direction
the other two with the center one perform the work. The ob-
ject of the diagonal cutting edges is to insure an even bottom
to the channel.

At the present time there are two distinct types of chan-
neling machines which differ primarily in that in one case
the gangs of drills or cutters are raised and dropped by means
of a lever and crank arrangement while in the other type the
blow is struck by the steam in the cylinder just as it is in the
rock drill or steam hammer. The Wardwell machine is of the
first type and is constructed either with a single or a double
gang of cutters. It is claimed that these machines will
strike 150 blows per minute on ‘each side, and feed forward
on the track J4 inch at each stroke or six feet per minute and
cut from }2 to 1 inch in depth (according to the stone) each
time passing over it.

The Sergeant channeler is of the second type or what
is known as the direct acting machine. These are sin-
gle gang machines and like the Wardwell single gang ma-
chines are capable of being so arranged that channels may be
cut at almost any angle as well as vertical. The cutting points
in this machine are the same as in others but they are attached
rigidly by a clamp directly under the center line of the piston
rod.

After these vertical channels are cut to the required depth
a series of horizontal holes is drilled along the bottom of the
block and it is then split from its bed by means of wedges.
The operation of drilling these horizontal holes is known to the
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quarrymen as “gadding” and special machines have been
constructed for this purpose. In some cases diamond pointed
drills, as well as the ordinary impact drills, are used for gad-
ding. The horizontal holes are usually drilled to a depth
equaling about one-half the width of the block to be extracted,
however this as well as the frequency of the holes will depend
very largely on the kind and character of the material.

The rate of cutting of channeling machines varies, as shown
by the Arkansas Geological Survey * in limestones and mar-
bles from 32 square feet of channel in ten hours to as high as
100 square feet and the cost of running channeling machines
varies from $5 to as high as $10 for ten hours.

The bar channeler is also used to a considerable extent in
some quarries at the present time. These are much cheaper
than locomotive channelers and are capable of being used for
various purposes. It is the same as a rock drill mounted on
a quarry bar except that a gang of chisels is used instead of
the drill. It may also be used for gadding and also for drilling
plug and feather holes.

SANDSTONE QUARRYING.

Channeling machines are also used more or less in the
quarrying of sandstones especially the softer ones. The pre-
vailing method however is to loosen large blocks with powder
and then work them into the required shapes and sizes. Deep
holes are drilled in the rock and these are charged with heavy
blasts of powder and then fired, and in this way large masses
are loosened. In the Portland, Connecticut, quarries the most
of the stone is loosened by blasting, the method used being as
follows: “The holes are made by a crude machine driven by
cranks, like an ordinary derrick, and are 10 inches in diameter
and about 20 feet deep. Into these are put from 25 to 75
pounds of powder, contained in a flattened or oval tin cannis-
ter, with the edges unsoldered and closed at the ends by paper
or cloth. This is placed in the hole in such a position that a
plane passing through its edges is in line with the desired

# Arkansas Geological Survey, Annual Report, 18g0,\Vol. IV., p. 367.
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break, and fired. In this way large blocks are freed from the
quarry, and these are then broken to any required size as fol-
lows: The workmen first cut with a pick a sharp groove
some 4 to 8 inches deep along the full length of the line where
it is desired the stone shall break. Into this groove are placed,
at intervals of a few inches, large iron wedges, which are then
in turn struck repeated blows by heavy sledge-hammers in
the hands of the quarrymen until the rock falls apart.” *

OPENING THE QUARRY.

In opening up a stone quarry of any kind there are a num-
ber of things that should be taken into consideration and fre-
quently many important points are overlooked or neglected
and large sums of money squandered which might have been
saved had these points been duly considered. Among the
most important of these points are quality, quantity, position
of the stone, and location. The position of a deposit, that is,
if it be a bedded deposit at least whether it is horizontal or
whether it is steeply inclined, may make difference enough in
the expense of quarrying so that in one case it would be possi-
ble to work the deposits at a profit while in the other case it
would not be possible to work them at a profit. It is not pos-
sible to determine the commercial value of a deposit from
hand specimens as there are many things that cannot be told
from small samples and it is necessary that the deposit should
be studied as a whole.

The location of the quarry as regards transportation is a
very important point at least in many cases. The ordinary
grades of building stone have to be produced as cheaply as
possible in order to compete with the cheaper grades of build-
ing material and on this account they must have the least pos-
sible cost for transportation. A quarry that might be worked
at a profit when situated on a railway might have no commer-
cial value when only a few miles from it. Only the most ex-
pensive varieties of marbles and stones used for decorative
purposes can be profitably transported by wagon for even

* Stones for Building and Decoration, by G. P. Merrill, N. Y. 18¢1, p. 374
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short distances. In some cases certain stones can be quar-
ried only to supply a local demand and this local demand may
determine the output of the quarry so that the question of
how much this local demand will be should be carefully con-
sidered.

If after having considered the above points very carefully
it is decided to open a quarry on any particular deposit the
next step is to determine the exact location of it and this is a
question of no small importance and one that calls for the ser-
vices of an experienced quarryman, that is one who has had
experience in quarrying similar stone elsewhere. He should
also have at least a fair knowledge of geology and the more
he knows about it the better. The deposits should be pretty
thoroughly prospected and for this purpose a diamond drill
may be very helpful in gaining some knowledge, at least, of
the interior of the deposits.

Where a quarry is being opened in a new region and the
quality of the stone has still to be determined it is a good pol-
icy not to put in too expensive an outfit at first but start with
a medium priced one and gradually add to it if the quality of
the stone, with the development of the quarry, will warrant it.

“Professor W. L. Saunders,* in his notes on quarrying,
estimates that a first-class equipment for quarrying dimension
stone, which includes derricks, boilers, pumps, channeling ma-
chines, rock drills, pipe, blacksmith’s tools and fittings, costs
about $8,000; however, if the rock to be worked only promises
well, but its quality or quantity is not assured, a good equip-
meent, including channeling machine, rock drill, boiler, pump,
derrick and hoisting apparatus, can be obtained for $3,500. It
may not be advisable to purchase a channeling machine at
first, and its omission from the list will greatly reduce the
necessary outlay-for the beginning of operations.”

The prices of the different pieces of apparatus, as shown in
the following list, will enable anyone to figure out the cost of
any outfit he may desire:

* Arkansas Geological Survey, Annual Report, 1890, Vol. IV., p. 373
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Channeling ‘machine, double ........ $2,000

Channeling machine, single .....,... 1,700 to $2,200
Bar: channelal: i Gininisiasaale 1,000

Steam drill, unmounted ............. 170 to 416
e s L A e S i P 50 to 66
ot Lt S S I S P S 176 to 2560
Portable quarry gang saw .......... 1,000 to 2,000
18 g T e P Rty 200 to 800

The above quotations are the catalogue prices for 1902
and many of them are subject to trade discounts. The cost of
labor and tools will vary in different localities.

METHOD OF WORKING A QUARRY.

The method to be used in working a quarry should be
determined quite largely at least by the kind of stone and the
use for which it is desired. In addition to the above there will
be many other things to be taken into consideration some of
which in particular cases at least may be very important.

The quarrying of marbles, limestones, and some sandstones
at the present time is done quite largely by the use of chan-
neling machines of some kind while in the harder igneous
rocks such as granite explosives are quite largely used for
breaking the rock loose, after which the large masses are split
and worked into sizes by hand. In the opening of a quarry,
in which channeling machines are to be used, the usual thing
to do is to remove the debris overlying the stone to be quar-
ried and secure a comparatively level floor of the same size
that it is desired to make the quarry. When this is done the
channeling machine is put to work and a series of channels
the required depth and distance apart are cut and one of the
blocks loosened on the under side in some manner usually by
wedging and then lifted out or it may be removed by blasting.
After the first block is removed the others may be loosened
on the under side either by gadding or by means of wedges.
Then another layer is begun and removed in exactly the same
manner and in this way the quarry floor may be carried down
almost any depth provided the stone continues.

In some quarries what is known as the step or bench sys-
tem is used and consists in having a ledge of varying width at
the back wall each time instead of taking out an entire layer
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WARDWELL DOUBLE GANG CHANNELING MACHINE FOR MARBLE
OR LIMESTONE.
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of the quarry floor. This will give to the back part of the
quarry the appearance of a set of steps. If the quarry is to be
worked after this plan the bar channeler is probably the best
one to purchase, as it is much more easily moved from bench
to bench. In the case of quarries worked by hand either one
of the above plans may be followed.

USE OF EXPLOSIVES IN QUARRYING.

At one time the use of powder in the quarrying of building
stone such as limestones, sandstones, and marbles was very
general, but at the present time its use is very limited and es-
pecially so in the quarrying of marbles and limestones. It is
used quite extensively however in quarrying granites and the
harder kinds of stone and also to a limited extent in some
sandstone and limestone quarries.

There are two principal reasons why explosives should not
be used in quarrying marbles and the softer grades of building
stone. First and most important is the fact that the stone is
injured more or less by their use. The jar of the blast and the
sudden strain produced will cause lines of weakness or open
up hidden seams, defects which as Hopkins * says are “ren-
dered doubly serious by the fact that they frequently do not
appear until after the stone has been placed in the structure.
This is well illustrated by the Carrara marble, of which it has
been said that most of the stone used by the Romans before
the invention of gunpowder is firm and sound, while much
that has been used since gunpowder quarrying began shows
signs of decay. The injurious effects of the blast are often
greatly increased in the Carrara quarries by another some-
times equally serious shock, produced by the large masses be-
ing blown out of the quarry on the mountain top and falling
or rolling 400 or 500 feet down the mountain side.”

While there are very few marble quarries in which powder
is used in the real work of quarrying still many of them use
it in the removal and clearing away of the overlying worthless
material. Even for this purpose however it should be used

* Arkansas Geological Survey, Annual Report, 18go, Vol. IV., p. 376.
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with considerable care as otherwise there is danger of doing
much injury to valuable material. In many places in Stevens
County where marble quarries are being opened much time
and money might be saved by an intelligent use of the ordi-
nary black powders, but unless they are handled by some one
who has some knowledge of their use much damage may re-
sult.

In quarrying ordinary dimension stone where the stone
is to be used in foundations, retaining walls or similar uses
where the question of durability is not so important a one pow-
der may be used and with the proper handling good results
obtained.

In the use of powder for quarrying dimension stone the
following suggestions taken from the Arkansas Geological
Survey Report, Vol. IV., 1890, pp. 377 and 378, may be found
helpful :

“The limited number of directions in which a rock is liable
to break is determined by the shape of the drill hole and the
structure of the rock.

“The first object, where it cannot be obtained by the drill,
is to a large extent governed by putting the charge in tin can-
isters of the required shape in large drill holes and tamping
in with sand, the effects of which are nearly the same as though
the holes were drilled the shape of the canisters.

“A break in a straight line is obtained when a horizontal
cross section of the charge is elliptical, or nearly so, in shape,
the line of break being continuous with the longest diameter.
This may be obtained by making the canister of two pieces of
sheet tin, with the edges unsoldered and the ends made of
paper or cloth, or without the canister by drilling two holes
and chipping out the wall between them.

“Two breaks may be made with planes crossing at right
angles by making the canister a square prism,.

“Much depends on the nature of the explosive used; for
dimension stone black powder is nearly always preferred to
dynamite, as the former, slow acting like a powerful hydraulic
press, tends to split the rock; but the latter, sudden in its
action, like a ponderous hammer, tends to shatter the rock.
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“Light charges covered with sand are preferable to heavy
ones tamped in tight.

“Light charges often repeated are less liable to shatter
the rock than one heavy charge.”

In the working of any quarry advantage should be taken
of the joints and bedding planes as this one thing may make
the difference between a quarry worked at a profit and one
worked at a loss.

CUTTING AND DRESSING STONE.

While many machines have been invented for cutting and
dressing stone still the same slow hand processes that were
in use hundreds of years ago are still quite largely used. Large
masses of the stone are loosened by means of powder and
then these are split into blocks of the required sizes by what
is known as the plug and feather method. This method con-
sists in drilling a series of holes about three-fourths of an
inch in diameter and a few inches deep along a line where it is
desired to split the stone. Into each one of these holes is
placed two pieces of soft half-round iron called “feathers” and
between these a steel wedge or “plug” is placed. The quarry-
man then takes a hammer and moves along this line, striking
alternately each one of these wedges until the stone splits and
falls apart along this line. There is considerable knack in the
splitting of various kinds of stone and it consists simply in be- -
ing able to take advantage of the rift and grain of a stone and
it is surprising how readily some persons will work a stone
into the desired shape while others can hardly work it into any
shape at all.

In some cases stone is cut to the proper sizes in the quarry
by means of channelers, steam drills, and portable saws but in
most cases marbles, limestones, and sandstones are cut into the
desired shapes after leaving the quarry and going to the mill.
Usually the stone is taken out of the quarry in large blocks
and then taken to the mill where it is usually cut into the re-
quired dimension by means of saws and if it is to be carved or
polished this is done here and in fact the stone is finished ready
for its place in the building.
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Most of the cutting to sizes is done by sawing. This saw-
ing is done principally by means of gang saws which consist
of a number of toothless blades of soft iron fastened in a frame
in a horizontal position and this frame so arranged that it can
be moved backward and forward continuously. The stone to
be sawed is brought under these saws and the blades set for
the required thickness of the stone and then the machine set
in motion. The cutting is done principally by sand or some
substitute for it which, along with water, is supplied to the
saw blades. The water softens the stone, aids in carrying
away the dust produced by the cutting of the stone, and in
carrying the sand to the saw. The saw may be of almost
any length and the frame may contain any number of blades.
The blades are usually about one-eighth of an inch in thick-
ness and about four inches wide. In the latest patterns the
frames are lowered automatically as the saws cut into the
stone.

The rate of cutting by these saws varies with the stone be-
ing much faster in some kinds than in others, as for instance
the rate for the Tenino sandstone is from one to two feet per
hour while in the serpentine, which is a much softer material,
at the U. S. quarry the rate is not more than from four to six
inches per hour.

The kind of power used for driving these saws varies and
may be steam, electricity or water power and in Washington
all three are used. Steam however is the one most commonly
used but is. much more expensive than water power.

Machines of various kinds for planing and dressing marbles
have been constructed and they are said to work very satisfac-
torily, producing a surface equal to a sand rubbed finish and
saving much labor and expense in the finishing of marbles.
Up to the present time however nothing of this kind is being
ased in this State.

Lathes of various kinds and sizes are in use in the mills for
turning marbles and serpentines. The lathes are used for
turning out columns of marble and vases and ornaments of
various kinds from marbles and serpentine. These lathes are
practically the same as those used for the turning of wood and
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iron. After the desired shape has been obtained and while
the column or whatever it be is still in the lathe the polisher
is brought into use and it is finished before it is removed from
the lathe.

For the rubbing of the stone smooth preparatory to pol-
ishing the most common contrivance is perhaps what is known
as the rybbing bed. This consists of a heavy cast iron plate
which revolves in a horizontal plane. The plate is revolved by
means of a perpendicular shaft through the center which is
geared to the power. This gearing in some cases being above
the bed while in others it may be below. Above the revolving
bed are a number of fixed arms extending from the center to
the outside of the bed and just high enough above it so as not
to touch it. The slabs and blocks of marble are placed on this
rubbing-bed and these arms prevent their revolving with it
when it is put in motion.  Onto this plate is then put sand, or
some other abrasive, and water. A large number of pieces
may be placed on one bed at the same time and rubbed at the
same time and rubbed at much less expense than they could
be by hand.








