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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 I. 

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 buHding 
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
t ion 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 stone 
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. 

WASJltNGTON A O RICULTVXAL C OLLEGE 
AND SCllOOL OP SCreNCB. 

Pullman, Waahlngton , March, 1903. 

S. SHEDD. 



PREFACE TO PART II. 

In the report on the Coal Deposits of W asbington 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 ttpon which the report is based was done partly 
in the summer of 1901, but mainly in the summer of 1902. 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. 

H ENRY LANDES. 
UNtvERSITV OF WASHINGTON. c. A. RUDDY. 

Seattle, March, 1903. 
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PART I. 

BUILDING AND ORNAMENTAL STONES 
OF WASHINGTON. 
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S. SH E DD. 





THE BUILDING AND ORNAMENT AL STONES 
OF WASHINGTON. 

CHAPTER I. 

ORNAMENT AL AND BUILDING STONFS 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 
I11JOre permanence. 

T1he 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 useq 
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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 rea:ched 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 dist ributing 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 shoulc;l 
not l})e 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 pave in the 
la~t few years used quite a large amount of stone for this 
purpos.e. 

Bridges and Culvert Construction.-There is a constant 
and growing Qemand 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. W•hen 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 tbeir 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 fromJ the Chuckanut quarries is quite 
good flagging stone. 

NECESSARY CONSIDERATION IN THE SELECTION OP 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 1colors. 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 
appeararlce 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 a.ccur 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 frequently 
colored is because they contain impurities of various kinds. 
The sedimentary deposits, such as the sandstones, vary~ 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 proba:bly 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 aJction 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 miay resmt 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 aesignated as those of 
mechanical disintegration and those of chemical decomposi
tion. 

The principal agencies of mechanical disintegration are 
(1) ~hanges 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 miay 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 IO 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 change·s. Wh'ere the rO'cks 
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 rd.Ck 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 
S 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 ~n 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 m 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 sep>arating 
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 e.xpansive 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 ~o weaken the stone. This is especially true of 
sedimentary deposits such as sandstones, particularly where 
they have marked bedding planes. 

Mechanical Abruion.-Mechanical abrasion is a very 
prominent souree 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 Agenciea.- Plants of various kinds and under cer
tain conditions tend to cause the decay of the rock. Where 
the roots and ro:otlets 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 



12 Annual Report Washington Geological Survey. 

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 tliey 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 m:ay 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. 

ACENTS OF CHBMICAL DBCOMPOSITION. 

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 rQCks 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 th~ 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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INHBRRNT QUALITIES OF STONE. 
Mineralogical Composition.-The m:ineralogical composi

tion of a stone is one of the very inq>ortant factors in de
terminfog 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 
agen;cies 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 t'he sedimentary 
rocks and the more complex the composition b~omes the 
greater the chance that some of the minerals will ·be easily 
decomposed. The com'mon minerals occuring in the igneous 
rocks are quartz, feldspar, mica, pyroxene, ' and amphibole, 
Of these quartz is the nrost st able and in fact is hardly affected 
by atmospheric agencies at all, except, perhaps, t'hose that 
act m~hanically, such as changes of tem'perature and the 
freezing and thawing of included water, and as this mineral 
abso'fbs 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 ndt resist the decomposing agencies so 
well as quartz and when they do decompose they form new 
minerals such as kaolin which js 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 oacurs in finely 
diwded particles resists weathering very well, but when it 
occurs in large masses, on account of the fact that it occurs 
in very t'hin layers, many seams are exposed which give fav
orable conditions for the action of the atmospheric agencies. 
The amphiboles and pyroxenes are the least stable of the com
mon or prominent minerals oocurring 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 oc.cur, 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 t'he pyrite. 

The sedimentary rocks are grains of i·gne'ous or sedim<en
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 cem·enting materi
als are silica, calcium and iron. !fhe sandstones are fine or 
coarse grains -of swd, having either a silicious, calcareous or 
ferruginous cement. The rate of decomposition of the sedi
mentary r~ks is due partly to the original C'onstituent miner
als of which they are composed ano 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 tlie cementing materials in the sedimentary 
rocks: 

"The important cementing miaterials, in the order of their 
importance, are silica, calcium carbonate and iron oxide. A 
numbe·r 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 fmportant 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 
owmg 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 
c1dhesive and cohesive powers. It may be observed that, 
among the sedimentary rocks, in which the cements -are 
~qually abundant, sandstone, in which the cement is silica, and 
limestone or dolomite, free from any ~onsiderable admixture 
of quartz, are the strongest rocks. The silicious limestones, or 
-:alcareous sandstones, are of intermediate strength. The 
weakest are t hose 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 pr~eeds 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 b'Ound 
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 a:brasion. Silica, on lhe 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 r~ks 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 tbe less the amount of pore space 
the stronger the rock. Some rocks have substan<;es 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 t'hese are furmed in any very great numbers 
they are very injurious to the stone. The size of these cavi
ties will depend on the size of ~be individual mineral partides 
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 a'bundance. 

The sediment,\ry rocks are apt to vary m'Ore as regai;-ds 
the size and composition as well as the compactness of the 
grains t'han the igneous rocks. In many instances these varia
tions are plainly noticeaible in single ·beds while in otber 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 m:inerals composing it, t11e 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, th1s 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 rode still be fairly hard, so that i't is very plain 
thaJt 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 
simfilar, the one in which t'he 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 ro-cks. Not all rocks, however, 
having the same mineralogical aompositien 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 o'ther 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
MENT AL STONES. 

' 
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. 
Tlhe la:boratory 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 knowl~dge 
gained by such a series of tests will enable a person, if he 
knows the conditions under which the stone is to be pla-ced, 
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 
build'ing purposes and in the end would have saved much ex
pense. 



Building and Ornamental Stones of Washington. 21 

In the preparation of this report the laboratory tests have 
been considered under the following heads: : 

I. Microscopical; :z. Chemical; 3. Physical. 

MICROSCOPICAL TESTS. 

In the study of rocks a good hand lens is very useful and 
in the case of most rocks mu~h may be learned, as reganis 
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 tbe 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 t'he last few years has it been very extensively 
applied. One of the mt>st important things to knuw 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 ot'her 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 t'hat 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 wh~her 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 re.cognized by a microscopical examination. Chemical 
analyses have been much more generally made than the micro
scopical exam!ination on a:ccount 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
~ral acting at the same time. 
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Buckley* separates the physical tests into two classes as 
follows: 

A. STRENCTH TESTS. 

1. Crushing strength. 
2. Traverse strength. :\lodulus of rupture. 
3. Modulus of coefficient of elasticity. 

8. DURABILITY TESTS. 

1. Spe.cific gravity. 
2. Porosity. 
3. Weight of the stone per cubic foot. 
4. Effect of extreme heat. 
5. Effect of alternate freezing and thawing. 
6. Action of carbonic acid gas. 
7. Action of sulphurous acid fumes. 

A. STRENCTH 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 t'he 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 overestim1ated. 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. 

Bu<:kley 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 Omamfflt&l Stones o(Wlaco.Min, p. 57. 
t Building and Ornamental Stones of Wlaco11stn, 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 tbe result 
would be and how mnch 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 pre·ssure removed will not stand the same maximum 
strain w:hen placed under pressure again. 

In rn'aking 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 Mechani,cs, 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 a.ffecting 
the physical qualities of the specimen. 

It was desired in these tests to obtain the ultimate strength 
. and modulus of elasticity. In ord'er 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 mieans of thumb-screws 
with rounded ends. By this arrangement the actual amount 
of compression of the stone between thutnJb-screws in yokes 
could be measured. The amount of this compression was 
measured by mieans 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, w:as 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 comrpressometer 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 t he 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 sa1urated 
and this even under the most favorable conditions takes quit e 
a considerable length of time and is not completed when 
bubbles cease to be given off. "A third method is that which 
is comlmonly known as ,the specific gravity bottle. By this 
method a small bottle is weighed, fi lled 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 

• Buildltig and Ontam~tal Stones of Wi9co04ln, pp. 63 and 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 Agricuhural 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, 
wi'th a very few exceptions, were approximately one inch 
cubes. These were dried in a hot air bath at a temperature 
of I 10° 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 thait 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 eig:hth 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 pla.cing 
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 Wlac:onsin, p. 64. 



28 Annual Report Washington Geological Survey. 

placed on the scale pan and weighed as quickly as possible. 
In order to ascertain if the samples were completely saturated 
they were pla.ced in the bottle again under the same condi
tions as bef~re 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 T able 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 obje.cts 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
du.ct was then divided by the sum of the dry weight and t he 
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.- 'flhe 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 69. 
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given stone to be of value should be made on the dry stone 
and not on samples which confain indefinite amounts of water. 

The results given in this r~port were obta!'led by multiply
ing the weight of a cubic foot of water by the specific gravity 
of the stone which gives t'he 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 tbe 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 bot 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 
1nto 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 espe.cially true in the case of 111Jaterial 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 builaing 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 noo° F. to 1300° F. 
Stone is a poor conductor of heat and in the case of a fire in the 
cities the stone becomes heatea to a high temperature on the 
outside and then, frequently at lea:st, 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 c'hanges. 

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 8oo° 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 16oo° 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 uo0 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 th!! 
escape of the CO2, 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 uo° 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 . 

. GRANIT E. 

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 Wes tern Washington the prin.cipal 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 
numlber 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 

• :aoth Annual Report U.S. G. S., Part II., p. 107. 
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found on the surface at the present time, or basalt. This 
is snown by the outcrops of metamorphic and igneous rocks 
such as gneisses, quartzites, granites 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: 

"A:bout 15 miles up the Snake river from the town of Asotin 
is a locality known as Buffalo Rock, which is of espe.cial 
geological interest. This locality can be reached conveniently • 

• Water Supply and Irtication Paper No. 4, U. S. G. S. , p 31. 



34 Annual Report Washington Geological Survey. 

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 ~vident t'hat 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 sutnimit and buried it from 
sight. Additional overflows of the same character w:ere 
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 tbey 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 oi 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 W awawai 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 a:bove the 
water. The canyon walls are composed of toe edges of hori
zontal layers of basalt which rise 1,8oo 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 remove·d 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 som1ewhat 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 O'btained. 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. 

a 
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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 tbe 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 tfie feldspar. The feldspar has a clouded appear
ance but does not show the zonal structure w'hich 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 t'he 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 instanC'e are they very large. 
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The following chemical analysis shows the composiition 
of the granite from this locality: 

Silica (Si O.) ...................... 71. 70 
Ferrie iron (Fe. 02) . . .. . . .. .. .. .. . 1. 46 
Ferrous iron (Fe 0) .. .. . . . .. .. .. .. 1. 80 
Alumina (Al, O,) .. .. .. .. • .. .. .. .. lt.'54 
Lime (Ca 0) . • .. .. .. .. . .. .. .. .. .. . 3.13 
Magneaia (Mg O) .. .. .. .. .. .. .. .. .. 0.39 
Water at 100° C. (H2 0) .. .. .. .. .. . .. .. 
Wiater above 110° C. (H. 0) .. .. .. .. 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 I. 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 alt 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 I p~r cent, a,;id the percentage of pore space is .¢9 ·of 
I 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 thaw;ed each day, for a period of twenty 
days, and the loss in weight carefully determined. It will 
be seen by referring to Ta:ble III., that the loss in weight of 
a cube weighing 114.417 grams was .043 grams, or .036 of I 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. 

Sam'ples were heated in the muffle to test the power of 
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this granite to resist higb temperatures and sudden .changes. 
At a temperature of 8oo° F., the stone crumtbled 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 8oo° 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 
tipge 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. T,he quarry is 
abou,t one-half mJile 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 arc 
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 1901 a force of thirty men w:as 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 dis.coloration 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 tbe 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 nave 
any influen.ce 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: 

Silica (Bi o.) ............. . .... . ... 67. 46 
Iron (Fe. O,) . . . . . . . . . . . . . . . . .. . . . . s. S•· 
Alumina (AI1 0 1) • • • • • • • • • • • • • • • .. • • 13. 04· 
Llm-e (Ca 0) . . . .. . . . . . . . .. . . . .. .. . ,.68 
Magnesia (Mg 0) . . . . . . . . . . . . . . . . • • 2. 66 
AlkAlles (by "1itrere11ce) (K. O & Na. 

0) ............... ........ ...... 3.57 
Loss on ignition . . .. . . .. . .. . . . . . . . .. . 27 

100.00 
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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 considera:ble 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, w.hich is a little higher than that of the 
other granites being quarried in Washington at the present 
tinre. The same table shows the ratio of absorption to be 
.41 r of I per cent of the mass of the rock, while the pore 
space or porosity is 1.3o8 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 Ta'ble III, was .035 grams 
or .041 of I per cent of dry weight of the stone. This l~s 
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 w'ith two-inch faces were prepared 
in the same way a:s 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 16,6.Jo 
pounds to the square inch, while the modulus of elasticity is 
from 2,463,000 to 44,444,000 pounds to the square inch. Thls 
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 hig_h temperature 
by placing samples in a muffle furnace and gradually heat
ing to a temperature of 8oo° F. Samples after having been 
at this temperature and cooled were very much weakened and 
crum'ble'd on the edges, while those that were at a tempera-
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ture of 1,200° F. to 1,6oo° F. were practically destroyed. 
Specimens of this granite when heated to 8oo° F., and cooled 
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, w'hen 
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 side·track has been built and 
the stone is loaded right from the quarry on to the ears 
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 t'hey are well situated, as regards the railroad, and 
in other respects also, for being worked at a minimum ex
pense. In 1902 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. Vfowed 
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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 ro.ck 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: 

Slllca (81 0,) . .. . . . . . .. .. .. .. . .. .. 71.98 
Iron (Fe. 0,) .. .. .. .. . . . . . . .. . .. . .. 2.69 
Alumina (Al, 0,) . . .. . . . . . . . .. . . . . . lli. 07 
Lima (Ca 0) .. . .. .. .. .. . . .. . . .. .. . 2.,s 
Magnesia (Mg 0) .. • .. .. . .. . .. .. .. . 0.68 
Alkalies (by dltference) (~ O & Na., 

0) .. ... .. • • • . • • .. ............ .•. 6.92 
Losa on lcnIUon .. . . . . . . .. . . . .. . . . . 0. 20 

100 . 00 

From the above analysis it 1s seen that this granite is 
high in silica and alumina and low in iron, lime, and magnesia. 

The specifi.c gravity of this granite as shown in Table II, 
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 g8.7 grams, was .685 of a gram and the ratio of 
absorption was .6g of I 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 



44 Annual Report Washington Geological Survey. 

slightly weakened. The two cubes tested, as shown in Table 
I., had a crushing strength of 12,870 and 15,8oo pounds to 
the square inch, and, a modulus of elasticity of 1,8oo,ooo and 
2,058,000 pounds to the square inch respectively. This gran
ite has a•bout the same strength as tbe 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 themt 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 III., to 
be .07 of a gram on a sample weighing 98.7 grams or .07 of 
1 per cent of the whole mass of the stone. No visible cracks 
were developed ano 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 muffile furnace and gradually heating 
to a temprature of 8oo° 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 8oo° 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 com'Pletely 
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. 

MEDICAL 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 joinlts in the stt>ne h'ere appea,rs 
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 fromt 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 tinre 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 plagio.clase 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. 

Tlhe foHowing C'hemiical analysis s'hows the composition of 
th'e granite being quarried at Medica:l Lake: 

smca (Si O,) ...................... 118.24 
Iron (Fe, O,) . .. • . .. . ... . . .. . . . . . . . . 3. 60 
Alumina (Al, 0 1 ) .................. . 16. 30 
Lime (Ca 0) . .. . . . . . .. . . . . . . . . . . . . 8.20 
Magnesia {Mg 0) . . . . • • . . . . • . . .. . . . 1.88 
Alkalleo (by difference) (K, 0 & Na, 

0) ..... . ......... . ............. S.40 
Loss on i~IUon . . . . . . . . . . . .. . . • .. . 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 ~bout 
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.o62 grams 
had lost at the end of the twenty days .o62 grams or .o6 of 
1 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.o62 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 I 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 8oo° 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 tim!e. 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 gra.nites 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. 

TUPA. 
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. 

• Bulldlnc aud Ornamental Stones of Willcooalo, p. 511. 
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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 hy 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 m'icroscopical examination of this rock was kindly 
m:ade and the following description prepared by Professor J. 
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 he a few crys
tals of quartz with glass inclusions." 

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

Silica (Si O,) .......... .. .......... 60.58 
Ferric iron (Fe, 0 1 ) • • • • .. • • • • • • • • • • 7. 90 
Alumina (Al, 0,) .. . . . . . . . . .. .. . . . . 18. 42 
Lime (Ca 0) . .. . .. . .. .. . .. .. . . .. . . 8.18 
Magneala (Mg 0) . .. . . .. . .. . . . . . .. . U,3 
Wiater at 110° C. CH, 0) . . . .. .. .. .. 1.81 
Lo81 on l~ltlon . .. .. .. .. . . .. .. .. .. 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 
tliis particular sample may be anorthite. 

Two cubes, each having two-inch faces, of this tufa from 
Lilliwaup Falls were tested to determine its crushing stren~th 
and as shown in Table I. they resisted a pressure of 10,300 

and II,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 a:bsorption and por
osity of this stone, and as shown in Table II. the amount of 
water absorbed by a sam1>le 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 II.235 of the rock. 
The specific gravity o.f 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 <jays 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 8oo° 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 16oo° 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 tem;perature 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 BENO AREA. 

What is known as China Bend is on the Columbia river 
I 19 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 

' 
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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 som'e work and shipped a lit
tle of the stone to their mill in Spokane. 

There has ·been some work done on t}:iis 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
sidera'bly 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 mlicroscopical 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 
adm1ixturc of what may be foreign ro.ck material. 

The ~rystals 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 fragm'ents of granite, 
but there are evidences of the minerals in the lndurated 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 iittle chlorite. 

The rock is a fine grained tuff derived from fra~nts of 
dadte." 

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

smca cs1 o.) ..................... 66.34 
Ferdc iron (Fe, 0,) . . .. . . .. . . . . . . . 8.61 
Alumina (Al, 0,) .................. 13.01 
Lime (Ca 0) . .. . .. . . . . .. .. .. . . . .. . 6.30 
Magn:esia (Mg O) .. . • .. .. .. .. .. .. .. 0.63 
Water at 110° c. (H, 0) ..........• Trace 
Loss on ignition . . .. .. . .. . .. . .. .. . . 1.17 
Alkalies and und'etermined .. .. . . .. . 6. U 

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 Thble 
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 II., 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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gramm-es was .244 grammes, or .297 of I% 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 8oo° 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 16oo 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 16oo° F. it was practically gone. 

From the above it will be seen that this stone does not re
sist heat so well as the Li.lliwaup 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. 
1lbrough all of Southeastern W asbington 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 bas 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 Kem 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 V.ancouver, 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 IV. 

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 
Whatcom1, 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 mounttain'S in ilhe nortt'hem part of t'he 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 exposea 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 

•~Annual Report u. s. G. s., Part n., p. 128. 
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gray to various shades of 1brown. 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 Wes tern 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 . 

. 'Dhe 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 : 2t5 
feet long, 100 feet wide, and 6o 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 m~ssive form, there being no marked stratifi
cation planes sevarating 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 w.as 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, $416oo.oo 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 ch·anneling machines. The company has two of these 
machines, one of which is 4~ 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.Yzxs.Yz feet, 11,VzxS 
feet, and 12,Vzx5.Yz feet. These saws are capable of cutting 
blocks 16x6x5,Vz 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 nraterial. 

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 prdbably 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: 

Slllea (SJ 0 1) ...................... 90.8" 
Iron (Fe. 0,) . . .. . . . . . . . . . . .. . . . . .. 8.38 
Alumina (Al, O,) . . .. . .. .. .. . .. . . . . 1.86 
Lime (C& 0) • . . . .. . . • .. .. .. .. . • . .. 0.66 
Magnesia (Mg 0) . .. . .. .. . . .. . . .. . . 1.02 
Loss on lpltlon . . .. .. . . .. .. .. . . .. . 2.2 

100.0S 

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 froxn 3,270, on edge, to 5,750 pounds to the square 
inch on bed, with a modulus of elasticity of from 551,000 to 
1,288,000 pounds to the square inch. This is a little iower 
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.ocn% 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 8oo° F. and some of the samples were cooled 
by being taken from the furnace, and while still hot they were 

• Wuhln&100 Geoloru:aJ Survey, Annual Report, 1901, p. 168. 





WASfllNGTON GEOLOGICAL Si;Rve,·. ANNUAL REl'ORT, 1902. Pr.A:J"E rv. 

HIGH SCHOOJ, RUILD!:SG, SEAl'Tl,E, MADE OF TENINO SANDSTONE. 

TRU."'IT\' CHURCH, SEATTLE, MADE OF CU1'>1BERLAND SANDS'rONE. 



Building and Ornamental Stones of Washington. 61 

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 16oo• 

F., and when cooled gradually did not appear to be much af
fected, but when tested they were found to be very much 
weakeneo 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 m<aterial, 
but as the principal ntaterial 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 F rancisco, 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 us·ed. 

Eureka Sandstone Company.-The property of this com
pany is one mile east and a little north of Tenino. The quarry 
is rt:ached 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 hP.re 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 wjth 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 1be 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 1,% 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. ' 

T.he 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. 

T,he following chemical analysis shows the Chuckanut 
stone to have practically the same chemical composition as the 
Tenino stone: 

Sillca (Si O,) .....•........•....... 90.19 
Iron (Fe, O,) . . . . . . . • . . . . . . . . . . . . . . 3. 60 
Alumina (Al, 0 1 ) • • • • • • • • • • • • • • • • • • 1.92 
Lime (Ca 0) . . . . . . . . . . . . . . . . . . . . . . . 0 : 69 
·Magnesia (Mg 0) . . . . . . . . . • • • . • . • . 1. 78· 
Loss on ignition . . . • . . . . . . . . . . . . . . . 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 I 1,070 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 
II., 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 muffie furnace and 
gradually heating them to a temperature of 8oo° F. Some of 
the samples were cooled suddenly by being taken from the 
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furnace and while at a temperature of 8oo0 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 1000° 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 
1000° 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. Custbm 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 dosing 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 firmfy 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: 

smca. cs1 o,> ...................... 95. 65 
Iron (Fe, 0,) . . .. . . . .. .. .. .. .. . . . . . 0.90 
Alumina (Al. o.) . . . . . . . . . . . . . . . . . . . o. 06 
Lime (Ca 0) • . . . . . . . . . . . . . . .. .. . . . 0.66 . ·, 
Magnesia (Mg 0) .. .. . . .. . .. .. . . .. . 0.22. 
Loss on tgn.itlon • . . . . . . .. .. . .. .. . .. 1. 64 

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 3,28o 
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 vis\ted the locality and it was hard to ob
tain gQOd, 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 in• a muffle furnace and gradually heated to a tempera
ture of 8oo° 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 
q-umbled 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 
1000° 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 16oo0 and cooled 
the stone was considerably weakened, but the strength was 
not entirely gone, as it was in t he case of the granites. The 
color was practically unchanged. The samples when scratched 
or struck with anything, after being heated, gave off a sound 
sim'ilar 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 
anl is on a branch line of the N. P. that leaves the rn'ain line 
at Cascade Junction and terminates at Wilkeson. The hill in 
which the quarry is situated is about 1200 feet a:bove sea ievel 
or 300 feet abov'! .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 6o9. 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 wlaS being worked a year ago, when they were 
shipping 150 cars a month. 11hese quarries have been 
leased at different times to private individuals and considera
ble building s.tone 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 tittle coarser 
grained than the lower. 

This sandstone consists of grains of quartz that have not 
been entirely rounded, some of them at least beiug 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 scalef 
Tilere 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: 

Silica. {S1 0,) ... . .................. 98. 05 
Iron {Fe, 0 1 ) • .. .. .. • • .. .. .. • • • • • • • '0.89 
Alumina (Al, O,) .. .. . . .. . . . . . . . .. .. 0.07 
Ltme (Ca 0) .. . • . . . .. • • .. . . . .. . . . • 0.22 
Magne:ala (Mg 0) ..... _............ O.lZ 
Loaa on ignition . . .. . . . . .. . . . .. .. . . O. 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 7,68o and 7,r6o pounds to the square inch 
respectively, while th'ose from the lower layer showed a crush
ing strength of 10,840 and 9,18o 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 II., 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 I0.027% 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 III. 
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. 

Sa~ples were placed in a muffile furnace and gradually 
heated to a temperature of 8oo° 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 1,6oo° 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. 

FAJRFAX 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 Company. 

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 ISi.AND 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 
8,900 pounds to the square inch. As shown in Table II. it 
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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 III. 
was .014 of I% of the weight of the sample. A sample was 
placed in a muffle furnace and gradually heated to a tempera
ture of 8oo° 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 1,6oo° F. and allowed to cool gradually. While 
these samples did not show any signs of cracks their strength 
was mU'ch less than before they were heated to these high 
temperatures. The color was changed to a light brick red. 

SUCJA ISL.ANO AREA. 

Sucia Isl;md 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 w.as 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 rang~ 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. 

smca (Si O,) ...................... 90.21 
Iron (Fe, OJ .. . .. .. . .. .. .. .. . .. . .. 3. 6' 
Alumina (Al, 0 1 ) .. .. • .. .. • .. .. .. .. • 1.98 
Lime (Ca 0) . .. .. . .. .. .. .. . .. . .... 0.72 
Magneaia (Mg O) .. .. .. .. .. • .. .. .. . 0.81 
Losa on il?lition .. . . .. .. . .. .. . .. .. . 2. U 

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 has a 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 cha~ter, Table III., 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 I per cent. of its weight. 

Samples were heated to 8oo0
, 1,200°, and I,6oo° F. and some 

of them c,ooled suddenly, while others were cooled slowly. 
The samples at a temperature of 8oo° 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 II. 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 Jire 
brick. 
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CHAPTER V. 

MARBLE AND SERPENTINE DEPOSITS OF WASH
ING TON. 

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: "Und'er 
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 re·ceiving 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 
mairble to metam~rphosed limestones. R. S. Tan t 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 rime-

• Stones (or Building and Decoration, pp. 83 and 84. 
t Bcoaoml<:;~loa of the U. 9., p. a77. 

• 
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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. 

' 
MBT AMORPHISM. 

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, 
ar simply ·a rea,rangemrenit of tlhe minerals. Prestwiich * 
defines m·etamorphism 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, 1Jhe 'term is, h'owever; used only t'o include. 
those greater chemical and mineral changes which have been 

• Geology, Chemical, Physical and Stratl~aphica.1, Vol. I, p. 391 • 
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brought about by ,t,hle combined ,action of heait:, nroisture 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 i's 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 tlh'em to quartzit e and m·arble. Th'e conditions 
under which this eruptive material bas been forced into these 
othe·r 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 mat erial, while in othe·r cases the 
change ha:s been very great and widesprea:d extending for con
siderable tlistances on either side of the eruptive mass. 

If strata, which h1ave been invaded by igneous ro·ck should' 
be examined carefully we would find the metamorphism 
growing less and less as we went away from the contact until 
fin•ally it would cea'S'e entirely, and if the strata: should be lime
stone near the contact we might find crystalline marbles and 
as we went aiway from the conta'Ct 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 
metlamarph1sm and consequently othe'rs must h'ave 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 
agencie'S w'hic>h Scoltt t de'sign'a.'tes ·a:s ct>mpressiOln and pres
sure or by both o.f them' acting together. 

Different tlieories have been advanced at d'ifferent times 
to account for metamorphism, but at the present time it is 

• Ibld. i,. 397· 
t llltroduction to Geology, p. :io1 . 
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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. Thi,s heat has 
been accounted for in different ways by different persons. 
Dana* in diS1Cussing this subject gives tihe 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 h'eat 
just where it was needed for metamorphic work. Mountain
making movements might be so slow that the beat wo·uld be
come mostly dissipated instead of aocum'Ulating. But the 
rocks upturned were generally 10,oex> to 30,oex> feet thick or 
more, and great pressure and high temperatures should be ex
pected from movements so vast over regions extending some
times a thousand miles in length. 

"The h~at far m~morphism appe·aleu 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 carb'On dioxide. Under heavy rock pressure this 
loss would not take plaice as has been shown by experiments, 
it having been melted under pressure without decomposition. 

Scotit t attributes regional me'tamorp.hlis'tnl lairgely to 
compression and says that "to it are due the structures pf 
cleavage, fissility, and schistosity, as well as the reconstruc
tion and crystallization of mineral particles. This is dynamic 

• Manual or Geology, p. 322. 

t 4A Iatroductlon to Geology, p . ~t. 



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~nly five to ten per cent.* This 
being true tne included water of sediments is sufficient. 

Dana t in discussing the presence of moisture gives the 
follOIW'ing : 

"All rocks M"e permeated by moisture, and this pernte·at'ing 
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 furqace, 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 
be<:omes steam." 

While it would appear that all of the agenci'e~ 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 tb'e 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-

• Jtlcmcota of Geology, p. 231. 
+ Manual of Geology, pp. 311 and 31s. 
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turban·ces have taken place. The ~rbles vary in texture 
from those that are very fine and compact to those that are 
quite coarse. The c'Omposition 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 ·bas 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 ev>idence, SU/Ch 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 partl, 
to the disturbance of the strata W\hich produced the tilting 
and folding and partly to heat from the interior furnished 
by >t'he igneous rocks th.lat are found in plaices bene'alth the 
marbles. Io places later deposits are found lying on the mar
bles an'd these would insure rock pressure and this would pre
vent the escape of the carbon dioxide. 

USF.S OP 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 bas special uses of its own, 
the mbst 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. 
T·he 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, W'hlich are bu~lt -in whOile 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 build1ng purposes in 18¢ was valued at 
$1,036,163,* ~h'ile in 1901 <the •am'Oun,t. sold for tihe same pur
pose was valued aJt $1,236,023 t or an increase for th·e five 
years of $199.86o. 

Interior Decoration in Buildings.-M'arble 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 W 1ashington 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 purp·ose. The floors in the corridors a.nd halls 

,of many public and private buildings are ma,de of marble til
ing. It is being used very extensively also in the larger cities 
to furnish the entrance t-o many of the prom'inent buildings, 
and in many cases it bias 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 graduailly increasing and in the last 
four yea.rs the value of that produced for this purpose has 
almost doubled, having been $576,g83 in 1897 while in 1901 
it wtas $1,ooS,482, e>'r an in·cr&se of $431,499.t 

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

• Elgbtttnth Annual Repof1 u. S. G. S., Part V. (continued), p. 975. 
t Mineral Reaoun:ea of the United Statea, 1901, u. S. G. s., p. 666. 
i Mineral Resources of the United States, 1901, U. s. G. S., p. 669. 
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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 vialued at $1,467,557,* 
while the valU'e of the marble produced in the United States 
for the same year and used for monuments and tombstones was 
valued •art $1,948,892,t or $481,335 m·ore than ,t/he granite. 

The white and clouded gray and bluish marbles have been 
used much more extensively for this purpose than h·ave 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 t'he 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 kirrd. 
This, however, has been changing somewhat in the past few 
years and more colored mlarble 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, 
fla1<y, nor splintery, but uniform and delkately-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 n·ot to betray the touch, or crumble beneath 

• Mineral Resources of the United States, 1go1, u. s . G. s., p. 65,!, 
t Ibid. p. l,66 
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the chisel. Furthermore the stone should have a pure whjte 
color free from .fla;ws or imP'erfe,ctions of any kind.* 

Marble Production in the United States.-The a.mount of 
marble produced in the United States for the year 1901 was 
valued at $4,965,699. The leading marble producing states 
are Vermont, whkh for the same period produced marble val
ued at $2,753,583 or more than half of the entire output, G~or
gia with a production valued at $936,549, and Tennessee with 
an output V'alued at $494,637.t 

T·h~e are a number of other s·tates that produce some mar
ble, but the altnbunt is small. W ashingttm is given cred'it by 
the same aiUt!hbrity for having produced in 1901 marble valued 
a,t $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 3,8oo 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,o82 feet, the top of the 
highest peak, above sea level. The general average of this 
part of the country is probably about 2,6oo 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-

• AfUDllU G~logical Survey, Allllual Report, 189<>, Vol. IV., p. 170. 
t Mineral Resources or the United States, 1901, U. s . G. s , p. 665 • 
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elude 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 Col~ille 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 4,8oo 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 hltve 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 g~anite, 
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 pla:ces, 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 ana 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 m·asses, 
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 ro-ck. 

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 m:ore 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 o,f 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, whi'ch 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 1894, but very little, if any, 
development work was done before 1898. 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. 
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VALLEY AREA. 

The U. S. Marble Co.-The property of this ~mpany 
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 
tw.elve 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 10 

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 So0

• 

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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comimon 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 wecfge 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 7XI4 feet, and blocks of stone 6x6x1 I 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 8o 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 matble 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: 

Silica (Si 0 1 ) ............. . .... . ... 16.30 
Iron (Fe, 0 1 ) .. • • • • • • • • .. • • • • • • • • • • a. 32 
Alumina tAl, 0 1 ) • • • • • • • • • • • • • • • • • • • 3. 00 
Lime (Ca 0) . . . . . . . . . . . . • . . . . . . . • . None 
Magnesia. (Mg 0) ................... 52.89 
Carbon dloxl\ie (C' 0,) . . . . . . . . . . . • . . 1. 27 
Water at 110° C. (H, 0) . . . . . . . . . . . . None 
Water above 110° C. (H1 0) ......... 23.86 

99 .64 
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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 (Bl O,) . . . .. . . . . . .. . . .. . . . . .. 6. 79 
Ferric iron ( Fe, 0 1 ) • • • • • • • • • • • • • • • • O .1!6 
Ferrous Iron (Fe 0) . . . • . . . • • . • . . . . None 
Alumina (Al1 0 1) • • • • • • • • • • • • • • • • • • o. 43 
Lime (Ca O) . . . . . . . . . . . . . . . . . . . . . . 1.69 
Magnesia (Mg 0) .................. U.07 
Ca.rbOn dioxide (C 0 1 ) ••••••••••••• 47 .28 
Water abOve 110° and undetermined 

aubatancea . . . . . . . ... . . . . . . . . . . . . 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 furn ished 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. T'he 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 : 

81 o •.............................. 13.08 
Al. o, . .. . . . . . . . . . .. ... . . .. .. . . . . . . . 1.68 
Fe, O, . . . . . . . . . . . . . . . . . . . .. . . . . .. . . 1.26 
Fe O .............................. 0.19 
M.g O . ..... ..... ......... .... •• .... 66.44 
Ca O . . . . . . . . . . • . . . . ... . . . .. . . . . . . . . 0.88 
H, 0 at 100° . . . . .. . . . . . . . . . . . . . .. . . 0.86 
H. 0 above 100° . . . • . . . . . . . . • . . . . . . . 28. 94 
co. . .. . . . . . . . . . . . .. . .... . . . . . . . .. . . 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 c. 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 c'hlorite. 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..effer-vesce 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 M:r. 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: 

Hyoromagneslte .. .. .. . .. .. .. . . . .. . ·o. o 
Chlorlte . ......................• . . . 14. 0 
Serpentine ..... .... ..... . ....... .. . 20.0 
Bruclte . . . . . . . . . . . . . . . . . . . . . . . . . . . 60. o 
Extraneoua water . . .. .. . .. .. .. . .. . 1. O 

100. 0 

In this, four mfoerals 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 Fea O,+Alt 0, and 47.29 per cent . 
.MgO went into solution. In a similar experiment with cold, 
20 per cent. acetic acid, o.6g Fea 0-Ah 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 6o 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 
I., of 27,8oo and 31,710 pounds to the square inch, while the 
IIllOdulus of elasticity as shown in the same table was n,045,000 
and n,813,000 pounds to the square inch respectively. This 
stone has a specific gravity of 2.go8, a sample weighing 65.025 
grams absorbed .09 grams of water or .14 of I per cent. of the 
entire weight of the sample, and the percentage of pore spa'Ce 
is .401 of I 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 I 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 muffie furnace and heating to a temperat ure of 8oo° 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 crumrble 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. 
'!'he 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 

1
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 
wains·coting, 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 wluch 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 n'O system:atic development work has been done. The 
ail·titude above sea level of the Green Gem, Ma.liachite and 
Creole is 3,310 feet. T.wo openings 1have been made on these 
claims along the bluff and some very good looking material is 
expose'd. These openings are ab'out one hundred feet apart 
and the deposits are exposed for a distance of fifty feet in one 
p\~e and sixty feet in anot her and the indications are tha't 
the depo-sits are practically t!he same between these two open
ings. Tohese deposits outcrop ait intervals for a distance of at 
lea;st 200 feet above these openings and above that they are 
covered with soil and gravel Between the deposits where the 
openings have been m•ade, and the sla,tes which lie over them, 
is a body of limestone w:h'ich differs from th'e other somewhat. 
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This material seems to resist weathering well as shown by 
that exposed in these o'penings. It varies much in color, 
ranging from solia greens to those in which the greens and 
whites are intimately m~xed. 

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 tn·,ssive. 
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 res'ists 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 6oo to 1,000 feet wi th 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 mm 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 oeen 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 w,hite 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 
below1 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 m1arble on this clainr 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 wit'h 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 
tl:ie coarse grained pinkish colored material from the property 
of the North American Marble & Onyx Co.: 

Silica (Si 0,) . . . . .. . . . . .. . . . .. . . . . 0.89 
Ferric Iron (Fe. 0 1 ) • .. • • .. .. • .. • • • • 0.00 
Ferrous Iron (Fe O) . . . . . . . . . . . . . . . 0.58 
Alumdna (AI, O,) . . . . . . . • • • ... . . • ..• . None 
Lime (Ca 0) . . . . . . . . . . . . . . . • . ... . . None 
Magne'Sia (Mg 0) .... . ............. !5. 76 
Carbon dioxl.ie (C O,) .............. f9.2f 
Water above 110° and und'8termlned 

Buatancea (H, 0) .. . .. .. .. .. .. . 3.53 

100.0 
Belowi is given an analysis of a sample of the very fine 

grained light colored stone from the Ophir Onyx claim of ~bis 
company: 

Sll1ca (Si 0 1) ...................... f0.35 
Ferric lroni (Fe. 0 1) • • • .. • • .. • .. • .. • o. 00 1 

Ferrous iron (Fe 0) . . . . . . . . . . . . . .. 1. 66 
Alumina (Al, 0,) . . . . . . . . . . . . . . . . . . None 
Lime (C'a 0) ....... . ..... . ........ 11.86 
Ma.gn.esia (Mg 0) ................. 22.07 
Carbon, dioxide (C 0 1 ) .............. 17 .22 
Water above 110° and undetermined 

substances CH, 0) .............. 6.85 

100.00 
The chemical composition of the serpentine from this prop-

erty is shown by the following analysis : 
S1lica (Si 0,) ...................... 38.f7 
Ferrie iron (Fe, 0,) .. . . . . . . . . . .. .. . 2.0. 
Ferrous iron (Fe 0) . . . .. . . . . . . .. . . . 0.00 
Alumina (Al, 0,) . . . . . . . . .. . . . • . . . . 0 .16 
Magnesia (Mg 0) .................. 38,86 
Lime (Ca 0) ....................... None 
Carbon dioxide (C 0 1) • • • • • • • • • • • • • f.8f 
Water above 110° and undetermined 

substances CH, v) . . . . f.63 

100.00 
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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 I per cent. of its entire weight. It had a pore 
space or porosity of .3o8 of I 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 I 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 8oo° 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 crystaUine 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. 39 E. The company has 80 

acres in Sec. 6, 16o acres in Sec. 7, and 120 acres in Sec. 12, 

making in all 36o 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 50 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 01fference 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, 1902,) 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. 
S111ca (Si 0 1 ) .......... 18.18 

Ferric iron (Fe. 0 1) • • • • • 0.45 
Ferrous Iron (Fe 0) . . .. 1.17 
Alumina (Al, 0 1) • • • • • • • • 0. 44 
Lime (Ca 0) ........... 24. 74 
Magnesia. (Mg 0) ....... 16.10 
Carbon d4oxid-e (C 0 1) ... 88.18 
Water at 110° C. (H1 0).. 0.05 
W.ater above 110° C. (Ht 0) 0.69 

100.00 

Green. 
10.47 
0.56 
0.57 
1.85 

32.66 
15.08 
38.19 
0.10 
0.57 

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 p~lish. 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 considera6le 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, hcl;ving 
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 mm and engine. 

The company has a sma:11 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. ~he 
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. 

T,hin sections of the material from the property of this com
pany examined under the mlicroocope show it to have a very 
fine and even texiture W:ith 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
a'Cteristic rhombohedral cleavage. 

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

S1lloa. ( Si 0,) . • .. . .. . . . .. .. . . .. .. .. 27 . 11 
FelTic iron (Fe, 0,) . . . . .. . . . . . . . . . . 1. 90 
Ferrous iron (Fe 0) . . . . . . . . . . . . . . . . 2 ... 
Alumina (Al, O,) . .. . .. . . . .. . . . .. . . . 1. 90 
Lime (Ca 0) ............. .. ..... . . 23.68 
Magn-esla (Mg O) .................. 16.fo 
Carbon dloxid'e (C 0,) .............. 19.30 
WJa.ter and undetermined ·aubstances.. 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 sm:all amount of silica, iron, alumina and 
other substances occurring as accessory minerals. 

This material is not a building material and "S'hould be used 
only for decorative purposes. It is of medium hardness but 
nOlt 'hard enough to make i,t difficult 1:o work. It takes a very 
fine polish and some very handsome colors occur in th!! de
posits. The nearness of this deposit to transport'ation and the 
ease with which it can be reache<l ~e points in favor of pro
ducing it •cheaply, w.hile on the dther hand the conditions 
in connection with quarrying the stone are such that the 
quarry will be a little more expensive fo work than the average 
quarry. The important question here, a:s it is in many of the 
Steven'S county mia:rble'S is 11le one a:s regards the size of tihe 
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 alm.t>st due e'ast 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 ha'S been 
reac'hed in this opening. The m•aterial take·s 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 lime 
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 c<:>nsiderable 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 16o acres of deeded land ancl 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 
ha'S less seam·s 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 fias a small plant for working the quarry, 
cutting and polishing the marble. A small mill ha·s 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 
R,and 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 
frotn' a small stream running through the property and this 
stream i's fed by a very large spring. Tµis water bas 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 i't 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 meish 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: 

Sllica (Si o.> . .. . . . .. .. .. . .. . . .. . .. 27. 93 
Ferric Iron (Fe, O,) .. . . .. . .. .. . .. .. 2. 08 
Ferrous iron (Fe 0) .. .. .. .. .. .. .. . 2 . 38 
Alumina (Al, 0,) .. . .. .. .. .. .. .. .. .. 2.32 
Lime (ca 0) . ..................... la.06 
M.agnesla (Mg 0) ................... 27. H 
Cfl.Tbon dloX'ide (C 0,) ......•....... 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 
12,18o to 14,820 pounds to the square inc-h 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 ra,tio 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 cenrt. of 
the weight of the sample and had a porosity or pore space of 
.881 of I 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 I per cent. of its 
weight. 

The effect of CO, in a moist atm~sphere was tested an'd 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 8oo° F. Some of the samples were taken 
from the fu:rn'ace and put into C'Old water, while a,t this temper
ature, and allowed to remain until cooled, while the others 

-
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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 hea,ted 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. T•his 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. 

CoLVILLB AREA. 

C1:>lville, 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 wiithin the last year or two 
that anything like active development work has been carried 
on. Most all of these properties are easy of a'Ccess and fairly 
good wagon roads have been built to them. 

The Jefferson Marble, Mining & Milling Co.-The quarry 
of the Jefferson Maxble Co. is northeast from Colville, by 
wagon road, a distance of fifiteen miles. The property is sit
uated between the norfu and south forks of Clugston creek 
and consists of tw.enoty-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 t-hat they have twelve distinct colors varying from 
dark blue to pure statuary white, but their most promising 
material is probably their variegated or mottled br-0wn 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 6o0 to So0

• 

The company has installed quite a complete plant for 
quarrying and worlcing 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 m'ar6le has been installed; also a 9-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 construe-
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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 magnesi1a, 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. 
Silica (Si OJ . . . ... . . . . . . 0.87 
Iron (Fe. Oa} • • • • • • • • • • • • Nolli& 
Alumina (Al, 0 1 ) • • • • • • • • None 
Lime (Ca 0} ....•.•.... .. 65.16 
Magnesia (Mg 0} . . . . . . . . o. 21 
Carbon dioxide (C O,) . . . . 43. 77 
Water at 110° C. (H, 0} 

and undetermined aub-
stances . . . . . . . . . . . . . . . . None 

100.01 

Pinkish. 
3.49 
0.24 

None 
ol.64 
1.11 

42.46 

0.16 

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 I per cent. of its weight, and a pore 
space or p6'rosity of .957 of I per cent. of the mass of the sam-
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pie. The dark blue marble has a specific gravity of 2.594, a 
ratio of absorption of .07 of I per cent. of its weight, and a por
osity of .184 of I per cent. of the mass of the stone. A sample 
of the white and brown, mixed, bad a specific gravity of 2.72, 
a ratio of absorption of .12 of I 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 I 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 .o66 of I per cent. of its weight, 
tfie dark blue .05 of I per cent. of its weight, and the white 
with brown had lost .042 of I per cent. of the weight of the 
sample. The white was tested to determine the effect of CO• 
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 muffie furnace and graduall~ 
heated to a temperature of 8oo° 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 suiterl 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
ter ial 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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least, by teams for a distance of fifteen miles, which is an im
portant item affecting the cost of this marble. 

Crystal Marble C°".- 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 7g8 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, how.ever, 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. T he 
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 
die 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 bad 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: 

Whlte. 
Silica (Si 0 1 ) • .. • .. • • • .. 0.91 
Iron (Fe2 o.) . . . . . . . . . . . None 
Alumina (At. 0,) . . . . . . . . None 
Lime (C'a 0) .. .. .. . . .. .. 31. 80 
Magnesia (Mg 0) . . . . . . . 20. 68 
Carbon dioxide ( C 0 2) • • • • 46. 64 
Water and undetermined 

sabstances . . . . . . . . . . . . None 

Dark. 
0.98 

None 
None 
30.08 
22.21 
46.70 

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 Ta·ble 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 20,6oo 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 13,6oo 
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 I per cent. of its weight and a 
pore space or porosity of .464 of I per cent. of its mass. The 
other samples tested -show a ratio of absorption of from .10 to 
.18 of I ,p~r cent. of the weight of the samples and a porosity 
of from .291 to .518 of I per cent. of their mass. Samples after 
having been for twenty ,days in a moist atmosphere containing 
Co• showed the following results: A sam1ple of the coarse 
grained white weighing 59.35 grams was unaffected, while a 
sam,ple 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 Ta·ble 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 I per cent. of 
their entire weight. Samples were placed in a muffle furnace 
and g~aciually heated to a temperature of 8oo° 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 m'aterial, 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 transpo~tation 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 th_e 
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 I 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 ~ight 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 
consideraibly 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 wihich they occur trends almost due north and 
south. The country rock along the road from fa:ho 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 coarst:st 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: 

White. 
smca est o.) . . . . . . . . . . o.98 
Ferric iron (Fe. o.) . . . . . Trace 
Ferrous iron (Fe 0) .. . 
Alumina (Al, 0,) ..... . 
Lime (Ca 0) .......... 53.96 
Magnesia (Mg 0) . .. . . . 1.26 
Carbon d1oxlde ( C o.) . . •a. 76 
Water at 110° C. (R. 0) ..... 
Water above 110° C. (H, 

0) ...................... . 

I 
99.95 

Gray. 
0.82 

Trace 

6•.81 
0.70 

•s.66 

99.89 

Dark 
Gray. 
1.89 

Trace 

il.60 
10.05 
U.63 

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 J e:fferson 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 6,28o and 11,6oo 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 14,36o and 16,000 pounds to the square inch for 
the two samples tested. The modulus of elasticity was 9,-
014,000 and II,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 I per cent. of its wei•ght and of the light 
blue 1.02 per cent. of the weight. T,h:e pore space OT porosity 
of the coarst white is .364 of I 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 
w.ere exposed for a period of twenty days in a moist atmos
phere of Co,, 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 8oo° 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. 

T.ests were also made by alternately freezing and thawing 
each for a period of twenty days and at the end of this tim·e the 
samples were weighed and as shown in Table III. the coarse 
white lost .058 of I per cent., the white and blue lost .043 of 
I per cent., and the light blue .002 of I 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, ate 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 lim'estone 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 polysynthetic 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. : 

Sillca (Si O,) . . . . . . . . . . . . . . . . . . . . . . 0.82 
Ferric iron (F6t 0 ,) . . . . . . . . . . . . . . . . 0. 63 
Ferrous iron (Fe 0) .........•••.... Trace 

Aluilllina (Al, 0 1) •••••••••••• • •••••• 

Lime (Ca 0) ...................... 32. 77 
Magnesia (Mg 0) ................... 19.02 
Carbon dioxide (C O,) .............. 46. 73 
Water at 110° C. (H, 0) ......... . . . 
Water above 110° C. (Ha 0) ........ . 

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 I per cent. of its weight, and the pore space 
or porosity was found to be .455 of I 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 .oo8 of I 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 .001 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 th~m 
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. 1'he deposits are from 2,500 to 3,000 feet above sea 
level or 8g8 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 tbat 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 bole 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: 

Slllea (SI 0 2) ••••••••••••• 

Ferric Iron (Fe. 0 1 ) •••••• 

Ferrou·a iron (Fe 0) ..... . 
Alumina (Al, 0 1 ) ••••••••• 

Lime (Ca 0) ........... .. 
MagnEBla (Mg 0) •..•.... 
Carbon •JloxJde (C OJ •... 
Water at 110° (H1 0) .... . 
Water above 110° C (B, 0) 

Dark 
White. Gray. 
2.61 8.12 

68.68 
o·.76 

42.89 

0.12 
0.81 

62:04 
0.67 

4_8.22 

99.94 119.98 
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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 8o 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 tne 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 mtaterial from these deposi<t,s when 
viewed under the microscope show that in the mairt the in
dividual particles composing the marble are very small and of 
qu~te uniform size with the exception of an occasional very 
thin seam in which rhe 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 1bands cro'Ssing 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 tbe dark pink c()lored 
material from these properties. They contain considerable 
silica and magnesia and are quite hard: 

P.tnkulth 
White. 

Silica {Si 0,) .. .. .. ..... . .. 5.28 
Ferric iron {Fe, 0 1 ) .. .. .. 0.64 
Ferrous h-on {Fe 0) .. .. .. 1.01 
Alumina {Al, 0,) . . . . . . . . . 2.58 
Lime (Ca 0) ............. 28 .83 
MagnesJ.a {Mg O) .. . .. .. . 17. 28 
Carbon dioxide {C OJ .... 44.27 
Water at 110° C. {H, 0) . . . ... . 
Water above 110° 0. {H, O) .... . 

Dar,k 
Pink. 
17.59 
0.56 
1.06 
0.48 

26.o2 
15.46 
38.26 
Trace 

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 strengtn of from 14,56o to 20,950 
pounds to the square inch and a modulu'S 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 I per 
cent. of its weight and a pore space or porosity of .078 of I 

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 16o 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 dee 
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 plarces 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: 

Sillca (Si OJ ..................... 17 .G7 
Ferric iron (Fe. 0 1) • • • • • • • • • • • • • • • • • 0.92 
FerroU'a iron (Fe 0) . . . . . . . . . . . . . . . . 0. 62 
Alumina (Al, 0 1) • • • • • • • • • • • • • • • • • • • 4. 61 
Lime (Ca O) .................. . ... 30.92 
~gneBla (M'.g 0) ............... .... 16.32 
Carbon dioxide (C 0 1) ..... . ........ 25.~8 
Water at 11Q° C. (H, 0) ...........•. .•.. 
Water above 110° C. (H1 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 .o6 of I per cent. of the weight of the sample, and 
a pore space or porosity of .175 of I 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 I per cent. of its weight. It was subjected 
to a moist atm'Osphere, containing CO•, 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 8oo° 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 throHgh 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 mat~rial 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: 

Silica (Si 0 , ) . . . . . . . . . . . . . . . . . . . . . . 0 .17 
Ferric iron (Fe2 Oa) . . . . . . . . . • . • • • • • . .•. 
Ferrou·s iron (Fe 0) .... . ........... Trace 
Alumina (AI. Oa) ..•••........•... 
Lime (Ca 0) ..................... . . 43.24 
Magnesia (Mg 0) ............ • •.••. 10.78 
Ce.rbon dioxide ( C 0,) . . . . . . . . . . . . . . . 46. 76 
Water at 110° C. (H, 0) .......... . 
Water above 110° C. (H, O) ........ . 

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 I per cent. of their weight, 
and a pore space or porosity of .38 of I 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 foun-d that 
there had been a loss in weight of .046 of I 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 Soo° 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 16o 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 tfie 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: 

SU1ea (Sl O,) ....................... 23.98 
Ferric iron (Fe. 0 1) • • • • . • • • • • • • • • • • • 0. 96" 
Ferrousi'ron (Fe 0) .... ............. 0.44 
Alumina. (Al1 O.) . . . . . . . . . . . . • . . . . . . .•• 
Lime (Ca 0) ....................... 22.61 
Magnesia (Mg 0) .. ... ............. 16.43 
Carbon dlo~ide (C 01 ) . . ............ 85.61 
Water at 110° C. (H1 0) . . . . . . . . . . . . 0.26 
Water above 110° C. (H, O) ..... .. ... .. . . 

100.19 

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 comme·rcial 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 MaThle 
Co. This property consists of one hundred and sboty 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 Ion~, 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: 

Sillca (SI OJ ........ . ...... .. ..... 16.18 
Ferric l.ron (Fe. o.) . . . . . . . . . . . . . . . . . ... 
Ferrou"& Iron (Fe 0) ......... •. . .. .. Trace 
Alumina (Ala O,}) . . . . . . . . . . . . . . . . . . ..• 
Lime (C& 0) .... •............... .• 27.89 
Magnesia (Mg O} . .•... ............ 17.02 
C&rbon dioxide (CO,} ••....••...•.• t0.66 
Water at 110° C. CH, 0) . . . . . . . . . . . . . .... 
Water above 110° C. (H1 0) • . . • . • . • • . •••. 

100.•• 
80SSBURG Alu!.J.. 

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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an'<l in sdme ~es at least these have been made mainly wiith 
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 maTkings o.f gray and white. T·hey vary 
somewhat in texture but in most c·a:ses are quite coarse 
grained. These deposits are dis,tincdy stratified and lie prac
tita:lly ·horizonta:l 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 
Silica (Sl o.) . . . . . . . . . . . . . 2.49 
Ferri<: iron (Fe2 0,) . . . . . . 0.49 
Ferrous iron (Fe 0) ...... Tra.ce 
Alumina (Al, 0,) . . . . . . . . . 0. 49 
Lime (Ca 0) ............. 31.66 
Magnesia (Mg 0) ... ...... 18.66 
Carbon dioxide (C 0,) .... 45.91 
Water alt 110° C. (H. 0) .. Trace 
Water above 110° C. (H, 0) Trace 

Light Gray 
0.13 

64.96 
0.64 

44.22 

99.95 99.84 

From the above analyses it will be seen that some 0£ the 
marbles from these deposits are dolomites and contain much 
magnesia, while in other places they are practically free from 
magnesia. 

The samples of mar.ble from this locality which were tested 
show it to have a specific gravity of 2.73, a ratio of absorption 
of .24 of I per cent. of its weight, and a pore space or porosity 
of .486 of I 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 8oo° 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. 

RYAN -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 
$ec. 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, r902). 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: 

Sillca (,81 0,) . . . . . . . . . . . . . . . . . . . . . . 1. 00 
Ferric iron (Fe, 0 1 ) •••••••• • ••••••• 

Ferrous iron (Fe 0) ..•.•.. • ..•.•• . . 
Alumina (Al, 0 1 ) ••••••••••••••••••• 

Lime (Ca 0) ... ................ ... 53.96 
Magneaia (Mg 0) . . . . . . . .. . . . . . . . . . 1.60 
Carbon dioxide (C 0,) ............. 43 .27 
Water at 110° C. (H, 0) ... . ..... ... 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 9£ 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 

• 
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N., R. 39 E. and are very easy of access as the railroad pass~s 
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 CANYON 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 daTk 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 possib,le for m'e 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 bloc\{s 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 23,16o pounds to the square inch with 
a modulus of elasticity of 2,646,000 and 3,66o,ooo 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. 



CHAPTER VI. 
TABLE I-CRUSHING STRENGTH AND MODULUS OP ELASTICITY 
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GRANITE 

Miles c. Moore and Sons ..................... Snake River ................. I.ight gray ................ .. ... .............. . 
Miles C. Moore and Sons ........ ...... ...... Snake River ................ . Light gray ........ ........... .. ........ ...... . 
Miles c. Moore and Sona ........ ............ Snake River ........... ...... Light gray ................................... . 

f: t E~~1 ::::::::::::::::::::::::::::::::::: ~!E :::::::::::::::::::::::::: t!mf:~ :::::::::::::::::::::::::::::::::::: 
Wash. Monumental and Cut Stone Co. Little Spokane River ... Light g,-ay ................................... . 
Wash. Monumental and Cut Stone Co. Little Spokane River ... Light g,-ay ............................. ..... . 

2.o6 X 2.o6 r 4-24 2.oS 45,500 10,730 
2.o8 X 2.o8 4.33 2.01 71,000 16,400 
l.98 X 2.04 4.04 2.10 63.450 15,66o 
1.99 X 2.04 4.o6 2.o6 ~,200 1a,580 
2.o6 X 2.02 4.16 2.02 ,190 I ,610 
2.00 X 1.98 3.96 2.01 5.5,200 13,c 
2.00 X 1.98 3.g6 2.07 62,500 1.5, 
2.01 X 2.05 4.12 2.04 53,000 12,870 

TUFA 

Lilliwaup Stone Quarry ..................... lLllliwau~-Palle ··········1Dark g,-ay ·····•··· ········· ·················1 •·00 x 1 ·941 
Lilliwaup Stone Quarry ..................... Lilliwaup Palls ........... Dark gray .................................... 2.02 x 2.05 
Wash. Monumental and Cut Stone Co. Bossburg ..................... Light gray.................................... 2.00 x 1.g6 
Wash. Monumental and Cut Stone Co. Bossburg .................... Light gray.................................... 1.92 x 1.75 

--- ·-·--·---

3.88

1 

1.95 I 40.000 I 10.000 I 4.14 2.02 48,000 11,590 
3.92 1.90 36,400 9,300 
3.36 1.94 26,000 7,730 

SANDS,TONE 

The Tenino Stone Quarry Co ........ ...... Tenino ........................ Light greenish gray ............ ......... 2.00 x 2.00 4.00 2.14 
The Tenino Stone Quarry Co .............. Tenino .................. ...... Light greenls.h gray ..................... 2.07 x 2.07 4.29 1.911 
The Tenino Stone Quarry Co .............. Tenino ........................ Light greenish gray ..................... 2.03 x 2.09 4.24 1.g6 
Chuckanut .......................... ................ Chuckanul Bay ........... Bluish gray ..... .............................. 2.12 x 2.12 4.49 2.04 
Chuckanut .... . ................... ................ Chuckanut Bay ........... Bluish gray............................. ...... 2.20 x 2.20 2.16 4.84 
Chuckanut .......................................... Chuckanut Bay ........... Bluish gray ....... ............................ 2.20 x 2.22 2.10 4.88 
Stuart Island. ...................................... Stuart Island .............. Dark brown.... .............................. 1.65 x t.72 2.84 1.63 
Wilkeson ............................................. Wilkeson ..................... Light gray from lower ledge •...... 1.58 x 1.59 2.51 1.53 
Wilkeson ..... ..... ........... ........................ Wilkeson ..................... Light g,-ay from tower ledge ........ dl3 x 1.63 2.66 1.49 
Wilkeson ............................................. Wilkeson ..................... Light gray from upper ledge .............................................. . 
Wilkeson ............... .............................. Wilkeson ..................... Light gray from upper le<l,ge........ 1.72 x 1.71 2.94 1.70 
Eureka ................................................ Cumberland ................. Light gray .................................... 1 85 x 1.91 3.52 1.92 
Eureka ........... .................................... Cumberland ................. Light gray .. ....... ........................... 2.07 x 2.1~ 4.41 2.01 
W.W. Evans ....................................... Cumberland ................. Light gray . ................................... 2.00 x 1.90 3.92 2.o6 

23,000 5,750 
14,000 3,270 
22,050 5,200 
24,000 5,340 
52,000 10,740 
54,000 11,070 

·~·2So 8,900 
1 ,ooo 7,16o 
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MARBLE 

Keystone Marble Co. ........................... Colville .................. ..... Coarse white ............ ................... .. 
Keystone Marble C'l ............................ Colville ....... ................ Coarse white ................................ . 
Keystone MRrblc Co ................. ........... Colville ........................ Blue ............... ............................ .. 

!"[{~ff] ~:.:: ii!::::: i~ \ ;:::::::; 
Crystal Marble Co ............................... Colville ........................ White ........................................... . 
The Standard Marble aod Onyx Co ..... Colville ................. ..... Blue .............................................. . 
Spokane Marble Co .............................. Milan ......................... Dark ........................................... .. 
Spokane Marble Co ............................. Milan .......................... Dark ........................................... .. 
Spokane Marble Co ........ ..................... Milan .......................... Dark ............................................ . 
Spokane Marble Co ............................. Milan ......................... I.lgbt yellow ............................... .. 
Spokane Marble Co ............................. Milan .......................... I.igbt yellow ............................... . 
Spokane Marble Co ............................. Milan .......................... I.igbt yellow ............................... .. 
Great Western Marble and Onyx Co ... Chewelah .................... Columbian .................................. . 
Great Western Marble and Onyx Co ... Chewelah .................... Columbian .......... ......................... . 
Great Western Marble and Onyx Co ... Chewelah .................... Columbian .................................. . 
Toronto Marble Co .............................. Jone ............................. White ........................................... . 
Toronto Marble Co .............................. Ione ............................. White ......................................... .. 

i~~~:~~ ::~~l~ ~~::::::::::::::::::::::::.::::: ~~::::::::::::::::::::::::::::::. g:~~ ~~ :::::::::::::::::::::::::::::::::::: 
Federal Marble Co .............................. Northport .................... I.ight gray ......... ......................... .. 
Federal Marble Co .............................. Northport .................... I.ight gray .................................. . 
The United Stales Marble Co .............. Valley .......................... Diamond black ........................... .. 
The United States Marble Co .............. Valley .......................... Diamond black ............................ . 
The United States Marble Co .............. Valley .............. ............ Greco from nearlntern•t boundary! 
The Unit~d States Marble Co ............. Valley .......................... Greenfromnear lotem'I bounde.ry 

1.95 X 1.96 3.82 I.g6 24,000 6,28o 
l.9J l< 1.95 3.76 1.95 43,6oo 11,6oo 
1,92 X 1.92 3,69 1.90 53,000 1i,36o 
1.92 ][ 1.90 3.65 1.91 ~,400 I ,ooo 
2,05 X 2,05 4.20 2.04 ,400 20,6oo 
2,00 X 2,01 4.02 2.05 62,000 15,420 
2.04x2.os 4.18 2.o6 100,350 24,000 
J .94 X l,96 3.So J.86 88,ooo 23,200 
2.00 X l,g8 3.96 1.96 ~·900 

13,6oo 
2.~z2-.oo 4.o6 2.00 ,200 11,~ 
2. x 2o6 424 2.00 t,640 12, 
1.90x 2.96 3.72 J.85 ,ooo 21 .500 
2 .03 X 1.99 4-04 2.o6 42,000 10,400 
2.0J X 2.o6 .p8 2.05 41,6oo 9,950 
2.04" 2.03 4.14 2.03 34,000 s ,~uo 
2,03 X 2.o6 4.18 2.01 S6,8oo 13,590 
2.02 X 2.04 4-12 2.04 50,200 12. 18o 
2,02 X 2.00 4-~ 2.02 6o,ooo 14,820 
2.01 X 2.02 4. 2.02 59,100 14,s6o 
2.00 X 2.01 4.02 2.01 66,ooo 16,420 
2.0J X 2.02 4.10 2.02 85,000 20,950 
2,02 X 2,02 4.o8 2.03 100,000 24,r 
2.0J X 2.0J 4.12 2.04 81,700 19, 30 
2.01 :Z. 2.01 4.04 2.01 62,300 15,420 
2 .02 :Z. 2.02 4,o8 3.02 94,500 23,16o 
2-,02 lC 2.02 4.o8 2 .02 

~·000 
12,990 

2.00 X 2.00 4.00 2.00 ~ ,Soo u,700 
2.01 X 2.04 4.10 2.00 130,000 31,~ 
1.C)8x 1., 3.86 2.00 107,450 27, 
2 ,01 X 1, 3.98 2.00 92,000 23,uo 
2 .00X 2 ,00 4.00 2.00 54,000 IJ,500 
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5,78o,ooo 
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8,200,000 
.s,120,000 
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n,02-3,000 
5,640,000 
3,876,000 
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a,617,000 

.682,000 
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TABLE ll - SPECIFIC GRAVITY, POROSITY, RA TIO OF ABSORPTION AND WEIGHT PER CUBIC FOOT 

NAKB OP QuAUY 

Wei&htll are In ,rain• and fractions thereof 

LOCATI01< 
DBSC1UPTJ:Olf OP 

SAMPLl!S 

GRANITE 

t:I 
2.~ 
ti)~ 
• !l a.., 
°20' 
?''"" 

g-a~ ii£ 
cs .. a~ OQ 

~ 11'.°2"' ~!! 
: l:ln b' 0 o 
: tQ a.,... .., .... 
i 8'~ 2. [~ 

Hilea C. Moore and Son! ..................... Snake River ................ Light gray ........................ u .417 114-82.5 .4o8 
Gllea and Peat ....................... ............ ,Medical Lake ........ ...... ,Light gray ...... . ................. , 102.o62 , 102.624, .562 I 
Wash. Monumental & Cut Stone Co ... Little Spokane River ... Light gray......................... .700 .385 .685 
J. A. Soderberg ........................ .. ........ Index .......................... Light gray ...... . ....... .......... i!.040 fs.451 .4n 

TUFA 

~ ~· ~= fUnl ..,o .. 1:111-
eo ~"'°""' 1 

g.... : ~;;trl 
: CD : ti,... 

, ry i s; 2., 

,$, 
63-931 .36 71.69 

:~ 61.87 
53.97 

!G ~, 
*n 

2.~1 2.&77 
2.679 
2.743 

SiJ"a'll ~1:£ . " ... 
l 

?"' 0 tr 
.E .• e-~; i2~ . ... 

... ,,~ 1 'll _& 
'<;,.... • q t:t'< 

1.ffi I 164.149 . 165.015 
1. 163.68o 
1. 167..p, 

Lllliwaup Stone Quarry .................... -.-lLUll~:u;~alls ........... ,Dark gray ......................... 1 '4,l,749, 45-7So 12.031 I 4·6.4127-705 1 2.726 , 11.235 1 150.615 
Wuh. Monumental & Cut Stone Co ... Boseburg ..................... Dark gray.................... ..... 81.975 88.420 6.445 7.86 50.750 2.621 17.075 135.288 

SANDSTONE 

Wilkeson, Lower Ledge ..................... Wilkeson ................... .. Light gray ...................... .. 
Wilke.son, UJ>per Ledge ..................... Wilkeson .................... Light gray ...... . ............... .. 
Cbuckanut .......................................... Chuckanot !lay ........... Bluish gray ..... . ................ . 
~relta ...... ...................... ........... ......... Cumberland ................. Bluish gray ...................... . 

:U-J! i!i:~~::::::::::::::::::::::::::::::::::::::: ~:~~~!t::::·:.:::::::: :,i;;bb~:fn:::::::::::::::::::::: 
Stuart Island ....................................... Stuart Island ............... Dark brown ..... . ................ . 
Tenino Stone Quarry Co ..................... Tenino ........................ Light greenish gray ........ . 

37.574 39.195 1.6'11 4.31 23.fo 2.652 10.027 148.554 
a~:~ ~ -925 1.98o 3.13 29. So 2.649 10.125 148.193 

.095 2.927 4.47 41 .275 2.7~ 10.910 151.22.4 
49.288 51.932 2.6.44 5.36 30.545 2.6 12.355 1,-i6g 
3P43 f.·710 1.~ 4.76 21.470 2.68, 10.6'>7 1 . 1 
YH57 .535 ,. !:t: 37.130 2.6.p 7.364 'S2·ri3 54.040 55.025 .g85 34.2.40 2.724 1.736 166. 12 
67.532 73.075 5.543 8.21 42.340 2.681 18.001 136.829 
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TABLE II-sPBCIPIC GRAVITY, POROSITY, RA TIO OF ABSORPTION AND WBIGHT PRR. CUBIC FOOT-COocL 
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MARBLB 

The u. s. Marble Co ........................... Vatleri .......................... Diamond Black ................. 65.025 65.115 .ogo .14 ~:~ 
2.go8 .401 18o.272 

Keyatone Marble Co ........................... Colvi le ........................ Coarse white ........... .......... 42--455 ~512 .057 .10 2.724 ~m 'll337 Key1tone Marble Co ........................... Colville ........................ White and blu.e ................ 68:m 775 .241 .36 43lo 2.717 t 959 
Key1lone Marble Co ........................... Col•llle .....................•.. Light blue ......................... 109 uo.6oo 1.154 1.02 59. So 2.763 171.514 
The Jefferson Marble, Ml.olq and 

Milling Co ..................................... Colville ....................... Dark blue-....................... SJ-491 SJ-535 .oJ8 .<Y] 33.840 2.594 .184 161.166 
The Jefferson Marble, Mlulnir and 

Colville ........................ White with yellow ............ 63.58o 6J.66o Milling Co ..................................... .010 .12 40.210 2.720 .341 167.170 
The Jefferson Marble, Mining and 

Colville ......... .............. Fine white .................•.•.... 28.650 Milling Co ...................................... ~.300 45.461 .161 .35 2.719 ~ 166.634 
Columbia Marble and Onyx Co ........... Chewelah .................... White ................................ .437 68.518 o81 .15 37.340 2.,54 170.171 
Toronto Marble Co ........ ..................... Ione ............................. Dine and whiu .................. 66.510 66.665 .155 .23 43.350 2. 72 .664 1~.591 
Tbe Standard Marble and Onyx Co .... Colville ........................ Blue .............. .................. ~·J8o 6~-481 .JOI .16 41 .360 2,~ i I .026 
The North Amer. Marble & Onyx Co. i~\~1 ~:::::::::::::::::::::::: Pink with white ............... .020 4 ·;2 .052 .17 31.150 2.8 177-432 
Spokane Marble Co ............................. White with green .............. 46.729 46. 3 .154 .33 29.400 2.696 166.334 
Crystal Marble Co ........ ....................... Colville ...... .................. Coarse wblte ..................... S9·3r 59.465 .JOI .17 38.735 2.748 .464 1~-023 
Crystal Marble Co ............................... Colville ........................ Coarae white ..................... 42.1 • 42.253 .071 .16 24.055 2.878 .475 I .291 
Crystal Marble Co .............................. Colville ........................ Fine blue with white ......... 36.8s8 t~ .oSB .16 24.055 2.878 .451 1,S.~ 
Crystal Marble Co .............................. ColvUlc ...................... Mottled blue and white-... SC.798 .092 ·'8 ~! 2.875 . 518 1,S . 
Cryatal Marble Co ............................... Colville ........................ Fine dark blue .................. 47.1~ 47.221 .048 .10 ,o. 2.875 .291 1,S.434 
The Royal Serpentine Marble Co-...... Che.,elah .................... Fine grained dark ....... ..... 57-1 57.170 .032 • o6 36 . 2.817 

:~ 
175.035 

Great Western Marble and Onyx Co ... Chewelah .................... Fine grained light ........... 76~2 76.513 .021 .03 49.755 2.874 1,S.753 
'l'be U.S. Marble Co ........................... Bostburg ................... . Blue with white ........... ...... 54. 5 55.030 .135 .24 t.t; 2.,30 .4 169.103 
Wuhlnpn State Marble Co ............. Valley .......................... Pink. ................. ................. 93-309 94.515 1.255 1.32 2. 29 3.578 173 834 

• 1 cubic fool of water -62.245 !be. 
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T ABU! m- FRBEZING AND THAWING TESTS 

NAMB OJ' Qt7....-Y Lcl<:ATI0lf DBSCJUPTJOlf OJ' S,UiPLE 

GRANITE 

Mllct C. Moore and Sona...................................... Snak.e River............... ...... Light iiray ......................... ........ . 
GIie, and Peat .. ................................................... , Medical Lake .................. , Ll&ht iiray ................................. . 

Wubin on Monumental and Cut Stone Co......... Little Spokane River....... Light e,-ay •................................ 
J . A.. ~rbcrg ........... ... ....... ................... .......... ... Juda........ ........ ... ............ Light gray ................................. . 

TUFA 

Lilllwaup Stone Quarry ..... ~ ............••••................ ~, ~ll;waup Falls···············! Dnrk gray ..... ··=·····=·······~1 Wathlngtou Monumental and Cut Stone Co......... Boesburg ........ ............ ...... Ll&ht gray .................................. . 
------·----··-----·----

SANDSTONE 

Wllkct0n, Lower Ledge... ................................... Wilkeson ......................... . 

~~~uU.:t ~~~ .~!~::::::::::::::::::::::::::::::::::::::. r~~~:~·l,Bay·::::::::::::::: 
:Uureka ................................................................. Cumberland ..... ............... . 
W.W. Evan, ......................................................... Cumberland .................. . 
Suda Island........................................... ............. Suda hland .................. . 

Light gray ................................. . 

ii~~h ~ ·::::::~::::::::::::::::.:::::::: 
Light gray ...... ..... ...................... . 

~ttb~~;;::::::::::::::::::::::::::::::::: 
Stuart Island...... ............................................ ..... Stua.rt hland .................. . 
Tenino Stone Quarry Co....................................... Tenino ........................... .. 

Dark brown .............................. .. 
Light grceulah gray ................... . 

" ':1~ 
eJ 
It,' 

I ir 

102.o62 
114,417 
98.7()0 
85.040 

43.749 I 81.975 

37.574 

i;:m 
49.288 
34-243 
59.737 

~~ 

.e." 
i~ 
~;~ 
i~ =·-

102.000 
114.375 
98.630 
85.005 

r.·~ 1 

37.049 
47,900 
65 128 
48.975 
34.o65 
59.702 
!14·032 
67.352 
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TABLE ID - FREEZING AND 'THAWING TEST8--ConcJucW 

NAME OP QvAllRY 

The U. s. Marble Co. 
Keystone Marble Co ............................................ . 
Keystone Marble Co ........................................... .. 
Keystone Marble Co ........................................... . 
The Jeff'erson Marble, Mining and Milling Co ... .. 
The Jeff'erson Marble, Mining and Milling Co .... . 
The Jefferaon Marble, Mining and Milling Co .... . 
Toronto Marble Co ............................................ .. 
The Standard Marble and Onyx Co ...... ............ . 
The North American Marble and Onyx Co ......... .. 
Columbia Marble and Onyx Co ............................ . 
Spokane Marble Co ................ .... ........................ . 

~:!:l ::~gl! g~:::::::.::::::::::::::::::::::::::::::::::.:::.:: 
Crystal Marble Co .......... ...................... ....... : ...... .. 

gg:!:l ::~g}: f~::::::· :::::::::::: :::::: :::::: :::::: :::::: :::::: 
The Royal Serpentine Marble Co ....... ............... .. .. 
Great Western Marble and Onyx Co ................... . 

\ 

LOCATION DBSCRll'TION OP SAMPLB 

MARBLE 

Valley ........................... .. 
Colville ........................... .. 
Colville ........................... .. 
Colville ............................ . 
Colville ........... ........... ..... . 
Colville ........................... . 
Colville ........................... . 
Ione ............................... .. 
Colttlle ... .................. ....... 1 

if=~~·.:::.:':':::_::::·:·::::::::::: 1 

Colville. ...................... .... . . 
Colville .......................... . 
Colville ................ : ........... . 
Colville. ........................... . 
Colville ........................... . 
Chewelah 
Chewela.h 

Diamond black ........................... . 
Coarse white ................................ ' 
White and blue ......................... .. 
Light blue .............. ................ .... . 
Dark blue ............... .................... . 
White with yellow ..................... .. 
Pine white ................................ .. 
Blue and white ........................... .. 
Blue ............................................ . 
Pink with white ........................ .. 
White ........................................ .. 
White with green ............... ...... .. 
Coarse white .............................. .. 
Coarse white ........... ..... .............. . 
Pine blue with white .................. . 
Mottled blue and white .............. . 
Pine dark blue ............................ . 
Fine grained dark ...................... . 
Fine grained light .................... .. 

~ 
tq~ 

2.. 
~I 
~~ 
: ;· 

65.025 
42.455 
68.538 

109.446 
53 427 
63.5&> 
45.300 
66.510 
63.38<> 
48.020 
58.437 
46.729 
59.364 
42.182 
36.858 
50.798 

~~::Xi 
76.492 

~~ 
'§ ~. 
,: .. ,. ., o _ 

f'~ 
~~~ 

65.020 
42.430 
68.505 

109.443 
53.470 
63.553 
45.270 
66.510 
61.375 
48.013 
58.410 
46.640 
59.350 
42.175 
36.850 
50.795 
47,173 
57.120 
76.492 

ti 
0 

= s· • ~ 
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.027 
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.014 
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TABLE IV - EFFECT OF CARBONIC ACID IN A MOIST AT
MOSPHERE ON SAMPLES OF MARBLE 

Time 20 Days 

-o~ .. o1 t" 
~. !!. i .. 0'1111 a-~ Ei NA.MS OF QOARRY DBSCllIPTION OF SAMPLE 9,.~ .... .... ,._,. !"a~ ~ ~o: ,. ~,. ... c,j' ., M .... M 

,.<i, : ., '& a: 
In In 

grams grams 
The United State. Marble Co-............ Diamond black ................. 65.020 65.015 .005 Keystone Marble Co ................ ........... Coarse white ..................... 42.430 42.,4.20 .010 Keystone Marble Co .......................... White and blue ................. 68.505 68.500 .005 

T':;uliiile&~~ .. ~.~~~~~'. .. ~~.~'.~~-.~~~ White with yellow ............ 63 553 63.545 .oo8 The Je erson Marble, Mining and 
MllllogCo ........................................ Fine white ............... ......... ~-270 ~.266 ·OC>.I Toronto Marble Co ............................. Blue and white ................. .510 .505 .005 '.f:! sk8:rtrdA~:~~dM~~ c~iici Blue .................................. 63.375 63.374 ,001 

Onyx Co .......................................... Pink with white ............... 48.013 48 010 .003 Columbia Marble and Onyx Co ........... White ................................ 58.~o s8·ti .005 Spokane Marble Co ............................. White with green .............. 46. o 46. 3 .002 Crystal Marble Co .............................. Coarse white ........... .. ........ 59,350 59.350 .000 Crystal Marble co ............................. Coarse white ..................... 42.175 42.172 .003 Crystal Marble Co .............................. Fine blue ........................... 47.173 47,169 .004 Cryatal Marble Co .............................. Mottled blue and white ..... 50.795 50.792 .003 Hertzell and Kyle .............................. Fioe grained dark ............ 57.120 57.120 .000 The U. s. Marble Co., from Bossburg. Gray and white ....... .......... 54.895 54.88o ,015 



T ABLB V - CHBMICAL ANAL YSBS OP WASHINGTON BUILDING AND ORNAMENT AL STONF.S 

N41oCB OF QUAJlllY LOCATIOl'I DBSCRl'PTJOl'I 
f 
6 . 
1 

ot 

11· 
Ji 

GRANITE 
Per ct. Peret 

Gile. and PcaL ................................. 'Medical Lake ............. lGray ............................ j 
Mlle. C. Moore and SoDS-............... Snalte River-.............. Gray ............................ 1 
Wuh. Monumental & Cut Stone co_ LitUe Spoltaue River ... Gray ............................ ' 
J . A. Soderbere ................................. Inde:r ........................... Gray............ . ............ , 

68.24 16.30 
11.'10 14-54 
71.98 IS#7 
67-45 13.04 

TUFA 

.., 
"'" .r a on 
~o 
: !i 
: Q, 
: .. 

Peret 
1.37 
1-46 
1.97 
5.56 

.., 
&~ ,e 
!~ 
: Q, .. 

Peret 
2.13 
1.l!o 
0.82 
2.78 

t" 

[ 
~ 
0 
~ 

Peret 
3.20 
3.13 
2-46 
4.68 

L1~1...::P Stone Quarry .. ~ ............... ,Lllli ... up Pall• .: .. : .... ,Darlt ~;, 6.nc ... :~1 6o.s8 ,-1~.~ 1· 7-90 , .. : ...... , 8 16 
Wa1b . Monumental a.nd Cut Stone Co. Boaburg ..................... Wblle, coarse_............ 63.34 13.01 _ 8.51 ......... 6.JO 

SANDSTONE 

Wilke.on ...... ................. ...................... Wilke.on ..................... WbUe ......................... . 

i!~~~~~~ :::::::::::::::::::::::::::::::::::::::::: g~::,c:e~:!f.~~::::::::::: ~~ !~:.'.~~-~~::: 
Suda llland ....................................... Suda Jaland ................. Dark ltf'&Y, coane-.... . 
The Tenino Stone Quarry Co .............. Tenino ........................ Dark gray, medium .. .. 

gS.u 0.07 0.25 o.~ 0.22 
go.19 1.92 1.42 2. 0.59 
¢.6s o.o6 0.27 0.63 0.63 
go.21 '·X: 1.8') 1.75 0.72 
go.84 I , S 1.66 1.72 0.65 

SERPENTINE 

a: a: . 
°o"' I D 
: .. 
: . ·-• 

Peret 
J.88 o.! 0, 

2. 

on 
H• 
~; 
no 
OD 
'! Q, 
: -:-

Peret 
......... 
......... 

~ 
~ 
M 

~ 

Peret 
0.24 

0000000H 

M, 
~~ 
! g' 
: <I 
: .. 

Peret 
0.24 
0.92 
0.20 
0.27 

i:i 
~~i 
: ;; .. : ,& 

Peret. 
6.30 
6.o6 
6.92 
3.57 

l,SJ , ......... 1 1,81 , , .83 , ........... . 
0.53 ......... lr&N ........ 5.14• 

Total 
0,12 ......... ......... 0.76 J00,2·2 
1.78 ········· 0.97 I.SJ 100.30 
0.22 ......... t race 1.54 IOO.o6 
0.81 ......... 0.69 1.73 99.78 
1.02 trace 2.39 100.03 

Tb: u. s. Marble Co ........................... lValley~ ......................... ,Green .==: ............ I 
The North A.mer. Marble & Ony,r Co- VaUey ......................... Green ......................... . 

;.JO 1---;.:·1- 3-321 ~race, ......... , 52.89 1 1.27,none ,24.22.--1 
38-47 0.16 :·04 Ira~ ......... 39.86 4.84 trace 14.63• 

100.00 
100.00 

• H.o and undetermined matter, by dllrerence. 
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T ABLB V - CHBMICAL ANAL YSBS OF WASHING TON BUU.DING AND ORNAMENT AL STONES-Cooduded 

NAN:B OP QVAllllY I.OcATION DBSC:RIPTION 

MARBL E 

Columbia Rivu Marble & Lime Co ..... Marble ....................... Black. ......................... . 

T hM/if1!~! ... ~.~~~'.~· .. . ~~~.~.~ .. ~~~ Colville ....................... White ......................... . 

ThM/if1!~"c! ... ~~~.~.
1
.~'. •.. ~~~~.~.~ .. ~~ Colville ........................ Pink ......................... .. 

The U.S. Marble Co .......................... Valley ......................... Blac:k ......................... .. 
The North Amer. Marble & Onyx Co. Valley ..................... .... Wllite ........................ .. 
Crystal Marble Co ............................... Colville ........................ White ......................... . 
Crystal Marble Co ............................... Colville ........ .............. . Gray ........................ .. 
Pac. Coast Marble Tiling & affg. Co ... Valley .......................... Black ......................... .. 
The North Amer. Marble & Onyx Co. Valley .......................... Pluk ......................... .. 

~~o"ue/':::'~feceo::::::::::::::::::::::::::: ~':!~:::::::::::::::::::::::: ~1:.c:::::::::::::::::::::::::::: 
Chewelah Mottled Marble Co .............. Chewelah .................... Pink .......................... . 
The Royal Serpentine Marble Co .. ...... Chewelah .................... Black ...... . .................. . 
Keystone Marble Co ........................... Colville ........................ Dark gray .................. .. 
The Standard Marble & Onyx Co ........ Chewelah .................... Light gray ... .............. . 
Columbia Marble & Onyx Co .............. Chewelah .................... White· ........................ .. 
Keystone Marble Co ........................... C<>l•llle ........................ Cream white .............. . 
Great Western Marble &Onyx Co ...... Chewelah .................... Pinkish white ............ .. 
B. Vogt ............................................... Chewelah ................... Gray ................... ...... .. 
Colville Marble Co ............................. Colville ....................... . Dark gray .................. . 
Colville Marble Co ............................. Colville ........................ Cream white .............. . 
Great Western Marble & Onyx Co ..... Chewelah ................... Dark piult ...... . ......... . 
Bryant r,ropcrty .................................. Boesburg ..................... White ........................ . 
Jllorcnt oc lldarble Co ......................... RY&D ......................... Ll&'ht gray ................ .. 
The u. S. Marble Co ... ....................... Valley ......................... Light gray ................ .. 
Waahlngton St.ate Marble Co .............. Valley .......................... Pink ........................ .. 
Washington St.ate Marble Co .............. Valley .......................... Grtto ........................ . 

• HaO and undetermined matter, by dlffcrcucc. 

1/) 

f 
1/) 

0 
T 
j 

Per ct. 
~·32 

0 .87 

3-49 
5.19 

40.35 
0.91 
e>.98 

,7.n 
o.Sg 21.r. 
o. 2 

23.98 
17.67 
1.89 
0.82 
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5.28 
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3.12 
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p,, 
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: p,, ~--

Peret 
........... 
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trace 

0.43 
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2.32 
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2.sB 
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0-49 
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.., .., .. 
~ 3. on 
To 
: !1 
: ... 
: .. 

Per ct 
• 0.19 

trace 

0.24 
0.85 
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2.o8 
trace 
0.96 
0.92 
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trace 
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trace 
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trace 
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trnCle 
trace 
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l.Ol 
trace 

0.81 

J.o6 
trace 

1.17 
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Ir ,. 

r 
Peret 
.µ.46 

S5.ll 

51.54 
1.69 

11.85 
31.Bo 
30.oB 
23.68 

13.05 
54.81 
22.51 
30.92 
43.6o 
32.77 
43.24 

~:( 
27.69 
52~ 

~.52 
31.56 
53.96 
54.95 
24,~ 32. 

I( 
11:. 
~°" • = : ,. 
'• ·-:. 

Peret 
0.32 

0.21 

I .JI 
42.07 
22.07 
20.68 
22.21 
15 4S 
45.76 
27.74 
0.-,0 

16.43 
16.32 
10.05 
19.02 
10.78 

1;:!i 
17.02 
0,67 
0.76 

'i:46 
1.t 

I . 
0.54 

66.10 
15-03 

n 
g_~ 
""Cl' 
"o s= 
! e: : . 

Per ct 
33-44 

43.77 

42.36 
47.23 
17.22 
46.64 
46.70 
19.30 
49.2.4 
ll.~ 
43. 
33.61 
25.oB 
44.63 
46.73 
45.75 
43.76 
44.27 
40.55 
43.22 
42.Sg 
38.~ 
45.91 
43.27 ~··· .18 
31!.19 

:: 
0 
~ 
" " 'l, 

• 

Peret 
0.05 

0.05 

= ::c, 
'l.,. 
I Cl' 
: 0 : . 
: "' 

Per ct 
. ........ 
. ........ 

0.10 ......... ......... J.t• 
......... 6. s-
.................. 
......... 8.324 
......... 3.53• 
......... 13.,,. 

o.26 ......... 
trace 3.W 
trace ......... .................. 
................... .................. .................. .................. .................. 
.................. 
tnce ......... 
trace ......... 
trace ......... 
trace ......... 

0.05 0.69-
0.10 0.57• 

~ 
B"!!' -=~ =~-3.,. a 
I;~ 
: 1Q. 

Total 
99.78 

100.01 

99.114 
100.ooio 
100.00 
100.03 
99.97 

100.00 
100.00 
100.00 
99.Sg 

100.19 
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100.17 
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TABLE VL-cRUSHING STRENGTH IN POUNDS PER SQUARE 
INCH, SPECIFIC GRAVITY AND RA TIO OF ABSORPTION OF 
BUILDING STONE OCCURRING OUTSIDE OF WASHINGTON. 

l,ocATION OP' STONB Strength in I 
Com pa.ratlvel 

Pounds per 
squBie inch 

GRAN !TE 

Montello, Wisconsin ............ ................. .............. . 
Granite City, Wisconsin ....... ................... .. ........ . 
Berlin, Wisconsin ........................ ... ......... .... ....... . 
Granite Heighta, Wisconsin ......... : ..................... . 
~t St. Cloud, Minnesota .................................. . 
Sauk Rapids ..................... .................................. . 
Beaver Bay, Minnesota ................................. ........ . 
Fourche Mountain, Arkansas .... ......................... . 
Fourche Mountain, Arkansas ............................. . 
Fourche Mountain, Arkansas ............................. . 
Little Rock, Arkansa,, ................ ........................ . 
Little Rock, Arkansas ..... .................................... . 
Milbridge, Maine ........................................... ..... . 

43,973 
25,000 
32,747 
16,723 
28,ooo 
:U,50<> 
20,750 
29,000 
28,700 
21 ,.soo 
22,388 
17,407 
19,917 

SANDSTONE 

gt g}~~~b'. :1:~:s~~:::::::::::::::::::::::::::::::::::::::::::: 
(2 Jordan, M.inneaota ......................................... .... . 

1 Ablemans, Wisconsin .................. .. ..................... . 
1 Ablemans, Wisconsin ........................................ . 

Ablemans, Wisconsin ........................................ . 
Ablemans, Wisconsin ............ ............................. . 
Dunnville, Wisconsin ........................... ............. . 
Port Wing, Wisconsin ....................... ...... ...... ...... . 

~:!~~~~:~~~'.~.:::::::::::::::::::::::::::::::::·:::::::: 
1 Bayfield, Wisconsin ............................................ . 
5 Birdsboro, Pennsylvania ...................... ... ... ........ . 
:S Waltonville, Pennsylvania .................................. . 
5 Waltonville, Pennsylvania .................................. . 
5 LumbervUle, Pennsylvania ................................ . 
5 Laurel Run, Pennsylvania ................. ................. . 
5 White Haven, Pennsylvania ..... ..... .... ................. . 
s Portland, Connecticut ....... ................................. . 
S Middletown, Connecticut ................................... . 
s E. Longmeadow, Massachusetts .•..............•...•....• 
S Medina, New Yotk ................................ ... .....•...... 

~ ~~~:~;y~l~~~!:::::·::.::::::::::::::.::::::::::::::::::::: 
6 Riverside, Indiana ................................... ........... . 
6 Riverside. Indiana .......................................... ..... . 
61 Worthy, Indiana .......................................... ....... . 

I 
Berea, Ohio ....................................... .................. . 

6 Hummelstown, Pennsyluania ....................... .... . 
Gunnison Colorado ............... ............................. . 

6 Cleveland, Ohio .................................................. . 

1
6 N. Amherst, Ohio .................. ....... ........................ . 
6 Angel Island, California ................................. ..... . 
6 San Jose, California ........................... ............. ... . 
6 • Bass Island, Wisconsin .......... ........................ ..... .. 

19,000 
6,500 
4,750 

13,669 
11,030 
8,6cn 

10,056 
2,502 
5,498 
4,549 

13.~~ 
4,588 

n,448 
14,000 
12,730 
22,250 
17,6oo 
19,2~ 
12,580 
6,250 

12,330 
16,031 
6,150 
3,000 
6,100 
6,Soo 
6,825 

u,213 
12,810 
5,250 
6,800 
S,450 
4,574 
2,400 
4,850 

Specific I Ratio of 
Gravity Absorption 

2.639 
2.675 
2.643 
2.631 
2.692 
2.710 
2.6g 
2.642 
2.635 

.079 

.133 

.143 

.18o 
2.59 
.190 
.140 

1-1673 

4.ss 
U.i8 
12.69 

2.6o1 15.130 
2.638 10.330 

2.66o · ·····•·•·· ········ 
2.66o 1-9()0 

2.JSO 
2.36o 
2.48o 
2.400 

2.110 1/'JIJ 

2.200 
2.240 
2.140 
2.?J,O 
2.6.jo 

.090 
1/37 
1/99. 
I/.JJ 
1/16 
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TABLE VL-Concluded. 

l.OCATION OP STONll I 
ComparaUvel Strenrtb ln 
Pounclsper 
aqnare inch 

_________ L_IMESTONB 

I~ 
(I 
ii 

l 
I 
I 
I 
I 
I 
1 
I 
2 
2 
I 
2 
2 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

' 7 

Knowles, Wi1COnaln ............... ............................. . 
Bridgeport, WIICOnsin ......................................... . 
Bridgeport, WIICOnsln ......................................... . 

§liifit~~i:i:::)::\\\iii~)(\\(\i\:\:::: 
Genesee, WIICOn.sin .............................. ... ............ . 
Marblehead, Wl1COnain ... .. .... ............... .............. . 
Lannon, Wlaconaln .............................................. . 
Pountain City, Wisconsin .................. ................. . 

;:;:5:: :!E:i::::::::::::::::::::::::::::::::::::::::: 
Red Wing, Minnesota ........................................ . 
Stillwater, Minnesota ......................................... . 
Kuota, Minnesota .............................................. . 
Mantorville, Minnesota ...................................... . 
Minneapolis, Minnesota ...................................... . 
Bllettsvllle, Indiana ............................................ . 

tl~c!!1::~~~~::::::::::::::::::::::::::::::::::::::::::::: 
Salem, Indiana .................................................... . 
Bloomington, Indiana .................. ...•...... .............. 
Bloomington, Indiana ......................................... . 

!i;.~:::a~:~:::::::::::::::::::::::::::::::::::::::::: 
==::~:~.:~::::::::::::::::::::::::::::::::::::::::::::: 
Salem, Indiana .................................................... . 

MARBLE 
RuUand, Vermont ............................................... . 
Rutland, Vermont ............................................... . 
Mountain, Vermont ............................................ . 
Sutherland Palla, Vermont.. ................................ . 
DeXalb, New York .............................................. . 
DeKalb, New York. ............................................. . 
DeKalb, New York .............................................. . 
DeKalb, New York .............................................. . 
Cotton. Ca11fomla ................................................ . 

1 Canaan, Connrc:Ucut ........................................... . 
8 St. Joe, Arkanaaa ............................................... . : :t J:: t::UU::: ::::::~·::::::::::::::::::::::::::::::::::::::: 
8 Marble City, Arkansas ........................................ . 
8 Marble City, Arkansas. ....................................... . 
8 Rhodes Mill, Arkansas ....................... ................ .. 

: :t J:: !;~:!::::::::::::::::::::::::::::::::::::::::::::::::::: 
8 Montgomery County, Pennaylva.nia ................... . 

29,189 
10,112 
6,675 

23,783 
31,9$7 
39,983 
36,731 

::;ij 
31,936 
8,830 

19,111 
13..4o6 
23,744 
23,000 
10,750 
18,500 
9,500 

21,750 
6,700 
5,900 

u,700 
6,900 
4,200 
5,700 
8,000 
7,000 
4,6<>9 

14,000 
6,500 
8,900 

Specific 
Gruity 

2.793 
2.740 
2.740 
2.843 
2-841 
2.700 
2.833 
2.829 
2.856 
2.814 
2.llo4 
2.821 
2.8:,6 

2.510 

2.712 
2.697 
2.707 
2.6g1 
2.689 
2.711 
2.(igs 
2.675 

I 
RaUoof 

Abeorptlon 

1.790 
5.¢o 
5-46o 

-419 
.190 
.64 

1.10 
1.15 
.31 

1.32 
4.95 
2.29 
2.53 

2.95 
219 
2.51 
5.37 
2.~ 
I-JI 
1-41 
1-31 

1-24 
1-31 

0.34 
0.33 
0.25 
0 .57 
0.49 
0.29 
0.37 
0.56 

8 Dorset, Vermont ................................................. . 

! 1 1
I': ••••••••• I••••••••••••••• 1:••• I 

11,892 
13,864 
12,833 
16,1,56 
13,733 
10,478 
12,CJO.t 
13,772 
17,783 
5,812 

17,835 
10..447 
11,265 
8,894 

10,31l1 
14,400 
6,728 
6,935 

13,700 
7,612 

12,156 
10,000 
13,100 
11,400 
12,000 

:a.635 0.58 
2.6go ........... ...... . 

9 Georgia ................................................................ . :::c 
(1) Wisconsin Geological and Natural Butory Survey, Bulletin No. 4, Building and 

Oma.mental Stones, pp. 3go..,co3, by B. R. Buckley. (:•t Geo!. and Nat. Hist. Sur. of Minn., final report, Vol. I, pp. 196-200. 
Ann. Rept. Ark. Gcol. Survey, Vol. II, 1Sgo, pp. 4450, by J . P . Williams. 
Tests of Metals, Government Rcp•t., 1895, pp. 319-320. 

i
9

51 Apendix Ann. Rep't, Pa. State College, 1896, p. 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, 1Sgo, p. 210, by T. C. Hopkins. 
Geological Survey ofGeorjfia, Bulletin No. 1, p . 81. 
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CHAPTER VII. 

COl'fCL USIONS. 

A icomparison of the results of the physica,l tests made on 
the building stones of Washington in the preparation of this 
report with those from other places as s1hown in Thble VI. 
will be helpful in determining the quality of Wa'Shington 
stone. The results of the chemical analyses are shown in 
Table V. 

The granites being quarried in Wiashington 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 whkh is perhaps rather below the average for 
·the grainites that aire being quarried in the United States. As 
has been already shown, however, those having the minimum 
strength are much stronger tlhan is necessary fur buiilding pur
poses. The specific gravity of the Washington granite is 
pract:ically the same as fu'at of the best granites th:at are being 
quarried in other states. The ratio of absorption is a trifle 
higher th<an that of most granites but at the same time is not 
high etrough to injure it in the le:ast. T·he greatest ratio of 
absorption was in th'at from the Litltle Spokane river and it 
wa:s only .6g of I per cent. and the 1'ea!St was in the sample 
from the Sn·ake river · where it was . 36 of I per cent. The 
weight of the granite per cubic foot from the different locali
ties differed les'S 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 8oo° F. 
to 1200° F. 

The granite being quarried in Washington is a very good 
building material as shown by the compar,ison ,of it with other 
gran,ites 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 st~ength ranging from 3,28o 
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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 suf
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 t!he best sand
st:ones. The sandstones of W<a:shington vary somewhat in 
color and range from those that have a light color to those 
that have a dark color with a grecenish cast to them. 

Trhe marbles of Washington occur principa:lly 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 
oalcium carboniaite, in others being magnesium carbon·ate with · 
only tra.rces 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 
h'ardly 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 thart: would not be as solid 
as it would be when a greart:er depth is r,eached. The results, 
however, of the tests of crushing strength show that the Ste
vens county marbles compare very favombly, as far as strength 
is concerned, wlith the best marbles from other parts of the 
United States. The specific gravity of these marbles is above 
the average being as high as z.go8 in ~e case of the "Diamond 
Blaick" from t'he quarry of The U. S. Marble Co. 'I1his 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 I per cent. 

In but very few cases have the marble deposits of Wash-
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OF THlN SECTIONS 01' 

GRANITE, BASALT, T UFA, SANDSTONE, MARBLE, 

SERPENTI NE AND LIMESTONE. 

{Magni fied Twenty Diameters.) 



PLATE VIII.-MICROPHOTOGRAPHS. 

Granite from the quarry above Index. This section consists of quartz. 

feldspar and mica, which are very intricately intenvoven 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, \\'itl1 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. 
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GRANITB FROM THE Q.UARRV ABOVE INDEX. 

GRANITE FROM THE SODBRBBRG QUARRY BELOW INDEX. 



PLATE IX.- MICROPHOTOGRAPHS. 

Medical Lake granite. This section shows the mineralogical composi

tior1 of this g ranite to be principally quartz, feldspar and biotite, with some 

hornblende. The grains are very intricately interwoven and intermixed, 

which makes this grauite 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. 
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GRANITE I'ROlll THE QUARRY A'r ~iEDICAL T,AKE, 

/. 
/ 

GRANlTE FROM THE QUARRY ON THE LITTr,li: 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 lille-grained 
texture. -. 
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GRANIT !t F ROM TH!t QUARRY OJI Mil.HS C. lllOORJt, ON SNAKI? R IVl?R , 

BASALT FROM A QUARRY NEAR I'ULX.MAN, 



PLATE XI.-MICROPHOTOGRAPHS. 

Tufa from Lilliwaup Falls, on Hood's Canal. This figure shows nicely 

the feldspar crystals disseminated through the somewhat g lassy ground 

mass. The crystal fragmen ts 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, biotit e, pyroxene and magnetite. 
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T UFA FROM LlLf, IWAUP PALLS, ON HOOD'S CANAL, 

T U.FA FROM XBAR BOSSBURG, STBVBNS COUNTV. 



PLATE XII.- MICROPHOTOGRAPHS. 

Sandstone from the Sucia Island quurry. 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 bouurl together. 

Sandstone from the property of the Tenino Stone Quarry Co. This 

figure shows the small angular quartz grains, composing this stone, ,ery 

nicely. The grains throughout are quite angular. with only once in a while 

one that is at nil well rounded. The grains are not so well compncted and 

firmly bound together as they are in many of the sandstones. The grains 

are practically all quartz. 
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SANOSTONJt l'ROM THE SUClA JSLAND QUARRY. 

SANDS'.l'ON!t P'ROM THE QUARRY OF THE T8NINO STONlt COMPAN\·. 



PLATE XIII.-MICROPHOTOGRAPHS. 

CuU1berland sandstone from the ,v. W. Evans property. This section 

is composed principally of grains of quartz, some of which are very ang ular, 

wh ile 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 Chnckanut quarry on Chuckanut Bay. The grains 

in this section are very angu lar 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 si lica. Occasional 

grains of feldspar are mixed with the quartz grains. 
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SANDSTON~ !'ROM THl~ W. W. EVANS QUARRY AT CUMJ3ERT,AND. 

S.L'roSTONE PROM THB CHOCKANOT QUAR RY. 



PLATE XIV.- MICROPHOTOGRAPHS. 

Sandstone from \.Vilkeson. 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 a~e in most cases q uite well 

rounded. The structure is rather loose and open and the grains are only 

fairly well cementecl. 

Sandstone from Wilkeson. Tliis section shows the texture of the stone 

from the upper ledge of this quarry. It is finer grained t han 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 PROM Tl:lll; J,OWER L EDGE, WlLKESON QUARRY. 

SANDSTONE PROM THE UPPER LEDGE, WILKESON 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. 
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:IIARBLE FROM 'J'HE QUARRY OF '!'HE JEFFERSON MA RBLE, MIN ING 
AND MU.LING CO. 

:l{ARBLE FROM THR QUARRY OF THE NORTH A:111':RICAN 
MARBLE AND ONYX CO. 



PLATE XVI.- MICROPHOTOGRAPHS. 

The sectiou from which the accompanying figure was made shows the 

texture of another sample from the property of the North Amerfran 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 . 



WASHh'<GTO:S GEOLOGICAL SUl\VP.Y. AXZ..UAL R£t>O.RT, 1902. 

... ~-, • .> l!f.,., 
•. ·; .' ; .•'!, .... · .. · ... 

'·· •'A,···~··>-. i ,. 
• .. ' • • :,., "'# •• /~ .. --.. ~~, ... r .,..,.~. -t.· 

' • .ii • · · "·• er,• .J1 • 1 ~ · 
,,... •. !'{ ~·, ·• :{{?:,~:;i·~~~¥:: [j~·. 

• • \ • 4 p ... ~ •;.,. -.rlt.-.._, 
f, . . • • . :6. iir. ,: < .... "' .: ... , .. ,.\ .;· ... •:" "\'·,:-.~, .. -:-' . ' ......... "''f.f .. ,.,,,._.·, \ 

... 
~--

, A. ,I ...... ~··:· .... :.:~\ ,4 -,~'1 . "• - J.,f/f, •• _, . . ~ • I , . .1.., : .••.• _, .-:..: ....... 

, ·_.,, .. •· . w·· . ~-.J'_- . s"',1:, . .. .:. ... ~ ....... ~-·f.,, .. C.,j-•. ,., ........ t'"'·~· af ' .. ·. ,:,._,. •'.'-. '~$"",·· ·,. >..,_ ·" • ;,; ·., ... _, .•-r.' ;j' -
, ""'} ..• . . •. t·.' ' . ;-.;.. f. -. ·11 

.. ' • ~ .. - . .,,...-:,.,,,. .•. ·.j ( -~ · ... 

. ~- ·,.;·,;-:,~.'-~-. ~;-· ~-• ... i• 
. '"'',· ·.• 

PLATE XV1. 

MARBT.E FRO!lf 'l'HE QUAR.RV OF THE NORTH AMERICAN 
MARBLE AND ONYX CO. 

SERPENTINE FROM THE PROPER'rv OF THE NORTH AMERICAN 
l\tARBLE AND ONYX CO . 



PLATE XVII.- MICROPHOTOGRAPHS. 

Limestone from tbe 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 figw::e 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 g rained 

and compact. 
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LIMESTONE FROli TlIE PROPERTY OF TH.Ii NORTH AMERICAN 
~'lARDLI:~ AKO ONYX CO. 

MARBr.1;: FROM THE QUARF.Y OF ·rHE PACIFIC COAST J\IARBLE:, TILING 
AND MANUFACTURING CO. 



PLATE XVIII.-MICROPHOTOGRAPHS. 

Marble from the property of the Crystal Marble Co. The section fro111 

which the accompanying figure was taken shows the texture of the gray 

marble. As shown by the figure it is made up of grains 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 srace. 

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 'r.1-LE PROr:i,:RTY Or" 'l"Jil,) CRYS'l'AL MARBI,E co. 

I 

Wm'L'E MARBLE FRO:.r THE PROPERTY 01' 'l'HB CRYSTAL MARBf,E co. 



PLATE XIX.- MICROPHOTOGRAPHS. 

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

Marble from near Milan. The section from which the accompanying 

figure was wade 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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MARBI,F, FROM NE;AR MILAN. 

MARBLE FROM NEAR l\ULAN. 



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 te~ture 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 FROlll THE QUARRY OF THE UNI'l'ED STATI·:S MARBLE CO. 

MARBLE FRO)I THE QUARRY OF THE KEYSTON'E lllARRLB CO. 
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ington been developed to any very grealt 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 
Wbrked at present. Since that time a very large number of 
marble claims have been staked and much of the mtalterial that 
has been locaited will never be of any value as marble. In some 
cases it is so hard ihat 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 fOT' building or decorative material except in 
a small way. 

The general opinion seems· to be that as depth is reached 
t'he seams that may occur on the surface will certa1nly disap
pear and that no matter how badly the marble may be broken 
on tlie surface it will be solid when a comparatively short dis
tance below the surface is reached. T.his disappearance of 
these seams, however, as has been already shown, is only an 
apparent one in mbst 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 l)I'Operties 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 CONSIDER.A TIONS. 

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 wit'h the quar
rying of the ~ock and which will have much to do in determin
ing the method to be used in the quarrying of each group. 

Tihe 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 t'he 
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 w.ith 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 C'ost of quarrying is greater as the stone ha·s 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 shoWiil in some of the quarries of Washington where 
good and poor stone are found alternating throughout the 
depe1sit 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 in.dined, 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 economic.al 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 sedim•entary, 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 h;i.s 
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 
unequial distances, so that t'he por-tions 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 whi:ch they intersect each other. In general 
they have two dominant trends, one coincident, on the whole, 
w.itb 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 c·ommon than where such changes have 
not taken pla~e. 

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, str-ati
fication planes along which they split more readily than across 
them and a:lso the joints which usually interse:ct 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 whic'h in 
some respects is similar to the bedding planes in the sedim'en
tary rocks. 'I'hes·e last are well shown in places in the basalt 
area of eastern Washington. 

In many cases where joints are very conspicuous on the 
surfa:ce they apparently disappear entirely a-s depth is reached. 
This disappearance as Merrill* state-s 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 m some cases at 
leia,st ait 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 crystallinie granitic 
rocks, which when first open-ed ,was found to contain so many 
joints that only very small and very irregular shaped blocks 
could be obtained, to show that thi'S 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 t-o two or three inches in thickness. At a dis
tance of not above 25 feet from t'he surface the joints disap
peared entirely, and large, handsome and apparently sound 
blocks were being taken out. Knowing, ·however, from t'h·e 
surface indications that the joints must be there neV'ertheless, 
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 ot>h'ers than an expert. Being there t hey a:re 
bound in time to open under the persuasive action of heat and 
frost. How long a time may elapse before they Wlill ·open suf
ficiently to b~ome conspicuous, can be determined only by 
actual experiment. The only safe way, however, is to avoid 
them wholly."t 

In some rocks such for instance as the basalts still a dif · 
ferentt form: of jointing is found which is due apparently t'o 

the cooling of the molten mass. 'I'bis jointing gives rise to 
more or less regular shaped blocks which as a general thing 
are six sided and appear as hexagonal columns. 'Phese are 

•Ibid. 
t 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 wihicb this form of jointing occurs; fortunately how
ever this form of jointing is not common and occurs only in 
rocks that would be use'd very little for building purpO'Ses 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, arnd by still others joints are supposed to 
have been produced by ~arthquakes. The indications are t!hat 
in some particular case some one of these fo~es 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 wihetiher 
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, wihile on the 
other hand if they occur too frequently they will spoil the 
stone for building purposes. 

GRANIT E QUARRYING. 

The meth:ods used in quarrying stone of course will vary 
witb 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 tost, 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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in determining whether or not explosives may be used and 
in the case of gran"ite and that class of rocks there is much less 
danger from t'heir 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 ~hairges and fired simultaneously. 
These lewis holes consist of a series of two or more hOiles 
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 di'ame1ter in a pl1arne wiith 
fue desired rift. Ela.sits from such hQles are wedgelike in t<heir 
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 fre·e 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 r~ks channeling 
machines are being used quite largely at the present time. 
These machines run on narrow tracks back and forth across 
the quarry bed a111d 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 bh~t 
two channels are cut one on each side of the ma,chine, at the 
sam·e time and aire then known as "Double Gang M'achines," 
w11ile others are arranged for cutting a drannel on only one 
side of the machfoe alt. a time and are known as "Single Gang 
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Ma'Chines.'' These machines aTe pra.cticaUy locomotive en
gin:es w1lioh oam 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 cha1I1nel 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 al}d they altogether form a ~tepped ar
rangement each way from the center. W·hen 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 a:re two distinct types of chan
neling machines which differ primarily in th~t 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 h'amm~r. The Wardwell machine is of the 
first type and is constructed either Wlith a single or a double 
gang of cutters. lit is cla~med th,at theie machines will 
strike 150 blows per minute on ·each side, •and feed forward 
on the tr"'Ck ~ inch at each stroke or six feet p·er minute and 
cut from ~ to I inch in depth (according to the stone) each 
time passing over it. 

'f.he Sergeant channeler is of the second type or wh'at 
is known ··as 1Jhie direct acting machine. These are sin
gle gang machines and like tlie 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 ma.chine are the same as in others but they are attached 
r,igidly by a clamp directly under the center line of the piston 
rod. 

After these vertica'l chann'Cls are cut to the required d1epth 
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 dr.illing these ·horizontal holes is known to the 
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quarrymen as "gadding" and spedal ma.chines 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-h'alf 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 ma:chines va:ries, as shown 
by the Arkansas Geological Survey* ,in lim'estones 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 chceaper 
than locomotive channelers and are capahl'e of being used for 
various purposes. It is the same as a r~k drill mounted on 
a quarry oa.T except that a gang of chisels is used instead of 
the drill. It may also be used for gadding an·d also for drilling 
plug and feather !holes. 

SANDSTONE QUARRYING. 

Channeling machines are also used more or tess in the 
qU'anying of sandstones especially the softer ones. The pre
vailing method how~ver i"s to loosen laTge blocks with powder 
and then wt><rk them into the required shapes and sizes. Deep 
holes -are drilled ,in the rock and these al"e chiarged with heavy 
blasts of powder and then fired, and in t'his way large m~sses 
a,re loosened. In the Portland, Connecticut, quarries the most 
of the stone is loosen'ed by blasting, the m·ethod used being as 
follows: "The holes aire made by a crude machine driven by 
ct'°anks, like an ordinary de't'rick, and are IO inches in diam~ter 
and abou.t 20 feet deep. Into thes·e are put from 25 to 75 
pounds of powder, contained in a flattened or ov,al tfo 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 
p1'a,ne passing th'rough its <edges is in line with th'e desired 

• Arka.Daae Geological Survey, Annual Report, rllgo,lVol. IV., p. 3&1. 
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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 tile stone shall break. foto this groove a,re phl'ced, 
at intervals of a few inches, large iron wedges, which are then 
in turn struck repeated blows by h·eavy sledge-hammers in 
the hands of the quarrymen until the rock falls apart." * 

OPENING THE QUARRY. 

In opening up a stone quarry of any k,ind there are a num
ber of things that should be taken into consideration and fre
quently m:any important points are overlooked or neglected 
and large sums of money squandered which might have been 
saved h'a<l these points been duly considered. Among the 
most important of these points are quality, q.uantity, position 
of the stone, and location. The position of a deposit, that is, 
if it be a bedded deposit a,t least whether it is horizonta.l or 
whether it is steeply inclined, may make difference enough in 
tb'e expense of quarrying so that in one case it would be possi
ble to work the deposits at a profit while in the other ~ase 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 C'annot be told 
from small samples and it is necessary that the deposit should 
be studied as a whole. 

The locaition of the quarry as regards transportation is a 
very important point at Jeast in many cases. The ordinary 
grades of building stone have to be produced as ch·eaply 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 transpontation. A quarry th'at might be wo'rked 
alt 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. MetrW, N, Y. 1891, p. 374. 
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short distan:ces. In some cases certain stones can be quar
ried only to supply a local demand and this local demand may 
determnne 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 imrticula.r deposit the 
ne.xt step is to determine the exact location of it and this is a 
question of no small importance 'and one tihat 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 art: 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 di•amond drill 
may be very helpful in gaining some knowledge, at least, of 
the interior of the deposits. 

Wihere 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
tcy 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, wi1!h th'e development of the quarry, will wtanant it. 

"Professor W. L. Saunders,* in his notes on quarrying, 
estimates that a first-class equipment for qU'arrying dimension 
stone, which includes derricks, boilers, pum;ps, chann·eling ma
chines, rock drills, pipe, blacksmith's tools and fittings, costs 
about $8,000; however, if the r-ock to be worked only promises 
well, but its quality or quantity is n'Ot assured, a good equip
m!ent, including chamreling machine, rock drill, boiler, pump, 
derrick and h'Oisting apparatus, can be obtained for $3,500. It 
may n·ot be advisable to purchase a 'Channeling machine at 
first, and its omission from the list will greatly reduce the 
n·ecessary outlay--for the beginning of operations." 

Th'e prices of the different pieces of apparatus, as shown in 
the following list, will enable anyone t'O figure out the cost of 
any outfit he may desire : 

• Arkansas Geological Survey, Annual R.cport, 189<>, Vol. IV., p. 373. 
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Channeling •machine, double .....•.. $2,000 
Cha.unellng ,maoh1ne, single ... ...... . 1,700 to $2,200 
Bar channeler . . . . . . . . . . . . . . . . . . . . . . 1,000 
Steam drill, unmounted . . . . . . . . . . . . . 170 to n6 
Tripod . . . . . . . . ... . . . . . . . • • • . . . . . . . . . 60 to 66 
Quarry •bar . • • • . . • . • . . . • . ... . • • . • • . 176 to 260 
Portable quarry p.ng saw . . . . . . . . . . 1,000 to 2,000 
Derrick . . . . • • . • . . • . . . . . . . . • . . . . . . • .. 200 to 800 

The above quotations aTe the catalogue prices for 1902 

and mainy of them are subject to trade discounts. The cost of 
labor and tools will vary in different localities. 

METHOD OP WORKING A QUARRY. 

The method to be used in working a quarry should be 
determined quite la,rgely at lea'St 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, limiestones, and some sandstones 
at the present time is done quite largely by the use of chan
nieling machines of some kind while in the harder igneous 
rocks such as granite explosives are quite largely used for 
breaking th'e rock loose, after whkh 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 dio is to remove the debris overlying th'e stone to be quar
ried and S'ecure a compar.atively level floor of the same size 
that it is desired to make the quarry. When this is done the 
channeling maC'hine is put to work and a series of channels 
the required depth and distance apa:l"t a:re 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 \oosened 
on th-e under side either by gaddfag .or by means of wedges. 
Then anrother layer is begun aind removed in exactly tlhe same 
manner and in this way th'e quarry floor may be C'arried down 
almost any depth provided ,the •stone continues. 

In some quarries what is kn'Own a!S the step or bench sys
tem is used and consists in having a ledge of varying width at 
the back wiall eaC'h time instead of taking out a,n entire layer 
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of the quarry floor. This w.ill give to the back part of the 
quarry the appearance of a set of steps. If tihe quarry is to be 
worked after th:is plan tire b'ar channeler is prol>ably the best 
one to purch'ase, as it is much more easily moved from bench 
to bench. ln the case of quarries wt>rked by hand eit'her one 
of the above plans may be followed. 

USE OF EXPLOSIVF.S IN QUARRYING, 

At one time the use of powder in the quarrying of building 
storre such as limestones, sandstones, and m,airbles was very 
general, burt alt the present time irts use is very limited aind es
pecially so in the quarrying of marbles and limestones. It is 
used qu•ite extensively 'however in qu'arrying granites and tih-e 
harder kinds of stone and also to a limited extent in some 
sandstone and limestone qu1a.l'ries. 

There are two principal reasons wihy explosives should not 
be used in quarrying marbles and tlie softer grades of building 
stone. First and most important is the fact trhat the stone is 
injured rn!Ore or less by their use. The jar of the blast and the 
sudden strain produced will rcause lines of weakness or open 
up hidden seams, defects whic'h as Hopkins * ·says are "ren
dered doubly serious by the fact that they frequently do not 
appeaT until after the stone has been placed in the structure. 
This is well illustrated by the Carrara matble, of which it has 
been 'S'aiid that most of tb:e stone used by the Romans before 
the invention of gunpowder is firm and sound, while much 
tha!t 'h'as been used since gunpowder quarrying began shows 
signs of decay. The injurious effects of the blast a,re often 
greatly increased in the Carrara qua.Tries by anoth·er 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 rC'ail work of quarrying still many of them use 
it in the removal and clearing away of the overlying worthless 
material. Even for t'his purpose however it should be used 

• Arkansaa Geological Survey, Annual Report, 189<>, Vol. IV,, p. 376. 
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with consid·erable ca!I'e as o'bherwise there is danger of doing 
muich injury to valuable material. In mrany places in Stevens 
County where ma:rble quarries are being opened much time 
and money might be s•aved by an intelligent use of the ordi
na,ry black p'Owders, but unless th'ey are hta.n·dled by some one 
wih'o has some knowledge of their use much d·am'age may re
sult. 

In qu·arrying ordinary dimension stone wthere the stone 
is to be used in foundations, retaining walls or similar uses 
w!:tere the ques'tion of durability is not so important a one pow
der IIl/3.Y be used and wiith t'he proper handling good results 
obtain'ed. 

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 breiak is determfoed by t'he shape of t'he dr,ill hole and the 
struc:ture of the rock. 

"'!1he first object, where it cann·ot be obtained by the drill, 
is to a l'arge extent governed by putting t'he charge in tin can
isters of th•e required shape in large drill holes and tamping 
in wtith sand, the effects of which are ne·a:rly t'he same as though 
the ·holes were drilled the sh•ape of the canisters. 

"A break in a str<a.ight line is obtained when a horizontal 
cross section of the 'C;ltarge is elliptic:al, or nearly so, in shape, 
t'he line of break be'ing continuous with the longest diameter. 
Th!is may be obtained by making the canister of two pieces of 
sheet bin, with the edges unsoldered and the ends made of 
paper or cloth, or wtith'out the canister by drilling two holes 
and ch~pping out the w·all between them. 

"Two breaks may be m1ade with planes crossing at right 
angles by making t he canister a square prism. 

"Muclh depends on the nature of the explosive used; for 
dimension stone black powder is nearly always preferred to 
dynamite, a'S the form'er, 'Slow ·acting like a powerful hydraulic 
press, tends to split the rock; but the latter, sudden in its 
action, like a ponderous hamm:er, terrds to s1hiatter the rock. 
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"Light cha,rg-es .'Covered with sand are preferable to heavy 
ones tamped in tight. 

"Light charges often repeated are less liable to shatter 
the rock than one h'eiavy charge." 

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

CUTTING AND DRESSING STONE. 

W•hlile m,'a:ny machines have been invented for cutting aind 
dressing stone still the ·same slow hand processes that were 
in use hundreds of years ago 1are still quite la,rgely used. Large 
mla:sses of the stone are loosen·ed by means of powder and 
then tihese ra:re split into bl'Oeks of the required sizes by what 
is known as the plug and feather meth~. This method con
sists in -drilling a series of holes about tlhree-fourths of an 
inch in diameter and a few inches deep along a line where it is 
desired t'o split the stone. lntt> each one of these ·h'oles is 
placed two pieces of soft ·half-round iron called "foathers" and 
between these a steel wedge or "plug" is p-laced. The quarry
man then takes a hammer and moves along this line, striking 
al-ternately each (me o f these wedges until tlhe stone splits and 
falls apart atong this line. There is ~orrsiderable knack in the 
splitting of various kinds of stone and it cmtSlists simply in be
ing able to take advantage of t'he rift and grain of a stone and 
it is surprising how readily some persons will wo.rk 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 ch'annelers, steam drills, and portable saiws but in 
mast cases marbles, limestones, and sandstones are cut into the 
desired shapes after leaving the quarry a:nd going to the mill. 
Usually t:he 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 t() be carved or 
poilishe.d this is don·e here an'd in fact the stone is finished reaicly 
for its pla·ce in the building. 

.. 
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Most of th-e cutting to sizes is dorre by sawing. This saw
ing is d'one principally by m~ans of gang saws which consist 
of a number o.f toothless blades of soft iron fastened in a frame 
in a horizonta:l position and this frame s·o arranged that it can 
be moved backward and forw.aird continuously. The stone to 
be sawed is brought urrder these saws and the blades set for 
the required thickness of the stone and then t-h'e machine set 
in motion. The cutting is done princip·ally by sand or some 
substitute for it which, along with water, is supplied to 'the 
saw blades. The water softens tlre stone, aids in carrying 
away the dust produced by the cutting of the stone, and in 
ca:rrying the sahd to the ·saw. The s•a.w ma.y be of almost 
any length and the fra:me may contain any number of blades. 
The blades aire usually about one-eighlbh of an inch in thick
ness and about four ine'h'es wide. In the latest patterns the 
frames aire lowered automatically as lthe siaws cut intb the 
stone. 

The rate of cult.ting by these saws varies wit'h the stone be
ing tll!llch faster in some kinds than in others, as for instance 
tihe rate for the Tenino sands,tt>ne is from one to two feet per 
hour Wlhile in the serpentine, wih'ich is a much softer material, 
alt the U. S. quarry the rate is not more th'an from four to six 
inches per hour. 

The kind of power used for driving tihese saws varies and 
may be steam, ele·ctl'licity or water power and in Washington 
.a.11 three aire used. Steam h'owever is the one most commonly 
used but is. much more expensive than wate'r power. 
· Macihines of various kinds for plan~ng and dressing ma,rbles 

have been constructed and they are said to work very satisfac
torily, producing a surface equal t'o a sand rubbed fin.!ish and 
saving much labor and expense in the finishing of marbles. 
Up tb the presen't time however nothfog of this k'ind is being 
11se:d in this State. 

I;a,thes of various kinds and sizes are in use in the miills for 
turning mairbles and serpenitines. The laJthes are used for 
turning out columns of marble and vases ·and omiaments of 
vaJrious kinds from marbles and serpentine. These lathes are 
pria.ctically th'e same a.rs those used for the turning of wood and 



Building and Ornamental Stones of Washington. 168 

iron. After the d·esired sh>ape has been obtained and while 
t'he column or whatever it be is still in the lat'he 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 mo'St common contrivance is pe,rhaps what is known 
as the nibbing bed. This consists of a heavy cast iron plate 
which revolves in a horizontal plane. The pl·ate 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 blt>cks of marble a.Te placed on this 
rubbing-bed and these arm·s 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. 
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