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THE NON-METALLIFEROUS RESOURCES 
OF WASHINGTON. 

BUILDING AND ORNAMENT AL STONES. 

INTRODUCTION. 

In order to be valuable for building purposes a stone must 
possess strength and durability and be of a pleasing color. In 
addition to these qualifications, it must be accessible to market. 
It must also be of such a nature that it can be worked into the 
proper shape without an undue amount of labor. 

In regard to the first qualification, that of strength, its import­
ance is usually overrate_d. Most stone is sufficiently strong to 
withstand the weight of any ordinary building, and it is only 
when the stone is required for heavy masonry construction that 
its crushing strength needs to be carefully considered. 

The durability of a stone is a much more important factor. 
Buildings which are constructed of stone are presumably built 
to last, and careful attention should therefore be given to the 
durability of the material. Stones of different kinds are vari­
ously affected by the atmosphere. Sandstones which are com­
posed mainly of quartz grains are affected according to the 
character of the cementing material. If the cement which binds 
the grains together is easily leached out by water the stone 
quickly crumbles away, but if the grains are bound together with 
silica or some other insoluble material the stone is very durable. 

Granitic rocks and nearly all of the finer grained igneous rocks 
make very durable building stones. Gneiss and schist are apt 
to scale off along their bedding planes and when they are used 
in building should always be laid on their flat side, and never on 
edge. The same rule applies to all stones that show any signs 
of bedding. 

Serpentine, while rather a soft rock, seems to be little affected 
( 161) 
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by atmospheric agents, and when not too badly fissured lasts for 
a long time. Marble and limestone are somewhat soluble in 
water and in time weather badly, as may be seen in any old 
cemetery where the lettering on the marble monuments is often 
entirely obliterated. 

The commercial value of a building stone is largely influenced 
by its color. Light, fresh colors are in more popular demand 
than are the more somber tints. A very dark stone of any shade 
is rarely used in building except perhaps for foundation work. 

The cost of putting a stone on the market depends, 1st, on the 
accessibility of the quarry, and 2d, on the ease with which the 
stone can be quarried and dressed to the proper shape. The 
quarries thus far opened in \11/ashington are practically all close 
to a large town or city, or alongside a railroad, or convenient to 
navigable water. Stone will not bear the expense of a long haul 
unless it be of more than ordinary value. Good stone is so 
widely distributed that builders usually prefer to use that near 
at hand rather than go to the increased expense of importing it 
from a distance. 

More important even than accessibility, from the standpoint 
of cost, is the ease with which the stone can be quar ried and 
dressed. Some stones are so extremely hard to work that al­
though they are very desirable otherwise, they can not be used 
for b!,Jilding purposes. The soft sandstones of Western Wash­
ington are very easily worked, and it is to this quality rather than 
to the beauty or durability which they may possess that they are 
indebted for their present development. Granite is consider­
ably harder to work than sandstone. It can not be sawed eco­
nomically and it has no bedding planes to assist in splitting it 
into the required shape. Advantage is taken of its joint planes 
wherever possible. Many of the finer grained igneous rocks are 
still more difficult, and it is only when they take a fine polish 
and are suitable for monumental purposes that it pays to work 
them. Serpentine is soft and easily sawed and polished. Many 
stones otherwise desirable vary so rapidly from one shade of 
color to another that no large quantity can. be had of the same 
shade, so that when stone is to be used in the construction of a 
large building it is important to ascertain beforehand if a suffi­
cient amount can be obtained that will be uniform in color and 
texture. 



The Non-Metalliferous Resources of Washington. 163 

Washington possesses ap unusual variety of rocks suitable 
for building and monumental purposes, only a few of the most 
accessible of which will be enumerated here. 

In western Washington sandstone belonging to the Tertiary 
period occurs in a large number of places about the borders of 
Puget sound and farther south towards the Columbia river. It 
shows considerable variation in color and hardness, but is usually 
of a light grayish or bluish color, weathering sometimes to a 
light buff for a short distance below the surface. It is never 
very hard and is easily quarried and cut into the required shape. 

In eastern Washington between the Cascade mountains and 
Columbia river large areas of sandstone of Tertiary age occur 
in several places along the Great Northern and the Northern 
Pacific railways in Chelan and Kittitas counties. They have 
never been used to any extent for building purposes and are 
probably too soft to be of much value. 

Coarse sandstone and conglomerate of Cretaceous age con­
stitute the bed rock of the northern islands of the San Juan 
group. The sandstone varies in color through different shades 
from gray to brown. On Waldron island it forms cliffs two or 
three hundred feet high along the shore. It also occurs on 
Sucia, Matia, Spieden, Stuart and the northern part of Orcas 
island. 

Granite occurs in a number of places both in eastern and 
western Washington. Along the Great Northern Railroad it 
occurs at intervals all the way from Index to within a mile of 
Leavenworth. It is also known to occur between Snoqualmie 
and North Bend and on Mount Si, on the line of the Snoqualmie 
branch of the Northern Pacific Railway. 

East of the Cascades granite forms the country rock in a 
number of places in Kittitas, Chelan, Okanogan and Ferry 
counties, in none of which, however, has it been used for build­
ing purposes, because of an absence of any demand. Near 
Spokane and at Medical Lake granite also occurs which has 
been quarried extensively. Other small areas have been noted 
in the canyon of Snake river. 

The basalt forming the Columbia lava plain is not a high 
grade building stone. It is too dark, and is too h ard to work 
into shape. It has been used to a considerable extent for bridge 
piers and in foundation work for buildings. Other lavas lighter 

11-G 
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in color and more suitable for building purposes are found in a 
number of places in the Cascade and Olympic mountains, but 
have not yet been utilized. Serpentine, valuable for building 
and ornamental purposes, is extensively quarried at only one 
place, viz., Valley, !:>tevens county. 

GRANITE QUARRIF.S. 

Index. 

The Index granite works, owned by Mr. J. A. Soderberg, 
have for the last ten years enjoyed a practical monopoly of the 
granite business in the Puget sound region, except- for the finer 
varieties used in monumental work. Large quantities of this 
granite have been used for street curbing, monument bases, 
foundation work for buildings, and many other purposes. It is 
a light gray biotite-bearing hornblende granite with crystals of 
orthoclase and plagioclase feldspar. The great preponderance of 
feldspar over quartz carries the rock near to the border line of 
syenite. It makes a strong, substantial building stone but will 
not take a good polish. It occurs in inexhaustible quantities in 
the country about Index, the whole core_ of the mountain being 
made of it. The quarry is located alongside of the railway track, 
about half a mile west of the railway station at Index. The 
rock is blasted loose with black powder and split up into blocks 
by means of plug and feather drills. Cars are run on the side 
track and the blocks of stone are loaded by means of derricks. 
The number of men employed varies with the number of orders 
on hand. During the summer of 1901 about forty men were 
employed continually. 

About one-half mile east of Index a new granite quarry has 
been opened lately by Mr. T. S. Ellis, of Seattle. It is very 
similar to the Soderberg stone, but is a little brighter in appear­
ance. It is being used for the piers of the new Arcade building 
at the corner of Second avenue and Marion streets, Seattle. It 
is also being used for monument bases by some of the marble 
companies in Seattle. The demand for granite in western Wash­
ington is increasing nry fast, and there is no doubt but that both 
of these Index quarries will soon be developed on a much larger 
scale. They are very favorably located with regard to the rail­
road, and the stone is so situated that it can be quarried at a min­
imum expense. 
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Spokane. 

Spokane is very favorably situated with regard to building 
stones. There are several granite quarries very near the city 
which are worked as occasion requires. At the present time, 
however, none of the quarries are being worked continuously. 
In the quarries east of the city the stone is taken out by con­
tractors who only aim to fill their standing orders, and who do 
not keep a supply on hand or do any work when there are no 
orders ahead. The stone varies slightly in texture, but is mostly 
a very light gray muscovite-biotite granite with large crystals of 
feldspar. One of the quarries belonging to the Washington 
Monumental Company is in a dark gray biotite-hornblende 
gneiss, closely banded. The stone is used largely for street 
curbing, monument bases, and copings for building purposes. 

Medical Lake. 

The quarry at Medical Lake, about sixteen miles southwest 
of Spokane, is in granite very similar to that found about Spo­
kane. It is located on an outcropping of granite surrounded on 
all sides by basaltic lava, being one of the few places within the 
lava field where the older rocks crop out on the surface. The 
quarry has been in operation for a number of years. Most of the 
product goes to Spokane and surrounding towns. Some of it 
has been shipped as far west as Seattle where it was used in the 
Administration building of the State University. 

Snake River. 

The Snake River Granite Quarry, belongirig to Mr. Miles C. 
Moore, of Walla Walla, is located on a ledge of granite at the 
bottom of Snake river canyon at a point where the river has 
carved its way through the basalt and laid ha.re the older forma­
tion. The quarry is situated in Whitman county, about twenty 
miles below Lewiston, in township 13 N., R. 43 E. The rock 
occurs on both sides of the river and is capped by basalt proba­
bly a thousand feet in thickness. A recently constructed branch 
line of the Oregon Railway and Navigation Company runs di­
rectly through the quarry. Before the railroad was built the 
river steamers landed alonside and the stone was hoisted aboard 
by means of derricks and carried down the river forty miles to 
Riparia, where it was transferred to the 0. R. & N. Railway. 
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The stone is a light gray biotite-hornblende granite with large 
crystals of clear othoclase feldspar. It is very hard and un­
weathered and makes a handsome and durable building stone. 
About fifty thousand cubic feet of it was used in the new Gov­
ernment building at Portland, Oregon. The piers and buttresses 
of the Northern Pacific bridge at the mouth of the Snake are also 
constructed of this stone. It is used largely for street curbing 
in Spokane, Portland, Walla Walla, and other cities. 

Farther up the Snake than the locality last mentioned, near 
the mouth of the Grand Ronde river, Mr. Moore has another 
granite quarry, but which is not as accessible as the first one. 
The stone is a dark gray hornblende-biotite granite, rather fine 
grained. It takes a beautifu~ polish and has been used to some 
extent for monumental work, for which purpose it is admirably 
suited. Some of it has been brought down to Lewiston on scows 
and from there re-shipped by.steamers. Navigation on the upper 
Snake is very precarious and until better shipping facilities are 
obtained the quarry will be rather handicapped. Steamers have 
at times of high water ascended the river to points above this 
quarry, but for practical purposes the head of navigation of the 
Snake seems to be at Asotin. 

SANDSTONE QUARRIES. 

Chuckanut. 

The Chuckanut quarry is situated on Chuckanut bay, about 
five miles south of Whatcom. The stone is a bluish sandstone 
very similar in appearance to that of the Tenino quarry, but is 
considerably harder. Like all sandstones of this class it hardens 
on exposure to the atmosphere so that in buildings like the Dex­
ter Horton bank building of Seattle, where it has been in posi­
tion for a number of years, it is now very hard. A compression 
test made at the Watertown arsenal, Massachusetts, gave an av­
erage crushing strength of u,389 pounds to tbe square inch. 
This strength is sufficient for all of the weight that will ever be 
brought to bear upon the stone even in the largest buildings. 

The stone occurs in a high bluff overlooking the bay and the 
beds pitch towards the bay at a steep angle. As the rock is 
blasted loose it flakes off along the bedding planes and is al­
lowed to slide down to the bottom of the slope. When required 
for dimension stone the large blocks are loaded onto trucks and 
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run into the mill where they are sawed into the required sizes by 
sets of gang saws. The mill is supplied with two sets of gang 
saws, and is run by steam power. A half dozen or more slabs 
are sawed at the same time, the nu.mber depending upon the 
thickness. The sawing is so arranged that when the stone is 
put into a building the bedding planes shall lie flat. Most of 
the orders call for sawed stone of specified size. 

The quarry was first opened up by Mr. Henry Roeder. He 
began operations at a point a short distance south of the present 
workings in the early seventies and moved to the present loca­
tion at a much later date. 

The following are a few of the important buildings constructed 
wholly or in part of this stone: U. S. custom house, Port Town­
send; U. S. custom house, Portland, Oregon; court house build­
ing, Port Townsend; Dexter Horton building, Seattle; new high 
school building, Seattle; Thurston county court house, now the 
state capitol, Olympia. 

Sucla Island. 

On Sucia island, the most northern one of the San Juan 
group, a quarry was opened some years ago in a dark brown 
sandstone of Cretaceous age. The quarry is located on the 
water's edge so that deep water vessels may land alongside and 
the stone hoisted by derrick from the quarry to the deck of the 
vessel. 

The stone is a hard, massive sandstone of such very coarse tex­
ture that it approaches a grit. It is not an easy stone to work 
and is probably more suitable for heavy masonry work than for 
ordinary building purposes. The United States drydock at Port 
Orchard was constr•cted of stone from this quarry. 

Tenino. 
BY MlUIOR RoBBR'l'S, 

At a number of points in the neighborhood of Tenino, fifteen 
miles southeast of Olympia, the Eocene sandstone has been 
quarried as a building stone for a number of years. In some of 
the pits that have been opened, while the stone is of excellent 
quality in small masses, it occurs interbedded with thin layers 
of shale or lmes of very hard concretions, which reduce or com­
pletely destroy its commercial value. Coal is found near by in 
the same geological horizon. 
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The only quarries in this region that are being worked at 
present are in a group at Tenino, controlled by Messrs. Russell 
and Fenton. Stone was first taken out in 1889, since which 
time the output has been practically continuous, amounting to a 
gross total of one and one-third million cubic feet. As almost 
every cubic foot of the stone is of a quality fit for the market 
and the waste in handling is slight, the yield of the quarries to 
date is seen to have been considerable. It is impossible to say 
what are the limits within which stone of the same lithological 
character may be found, since prospecting and development 
alone can prove that, but the indications are that it occurs in 
abundance. 

The stone is a rather fine-grained sandstone, light greenish 
gray in color, free from inclusions and of an even texture. The 
composition is given as follows: 
Silica. ....................... 74.00 per cent. 
Alumina ............ .... . ... 18.51 per cent. 
Magnesium oxide.......... l.66 per cent. 
Phosporous pentoxlde..... none. 

Oxide or Iron ............... 6.65 per cent. 
Calcium oxide ............... 8.61 per cent. 
Sulphur trioxide ............ none. 

A sample was tested by the ordnance department of the 
United States army at the Watertown arsenal July 3, 1893 -
compression test No. 9256. The first crack occurred under 
173,000 pounds pressure, and the ultimate strength was found 
to be 176,100 pounds, or 6,879 pounds per square inch. Under 
the microscope the rock shows a large proportion of well-rounded 
grains of white quartz, about one-tenth of a millimeter in diam­
eter. There are some dark colored grains of quartz present, 
along with crystals of mu&covite, biotite, hornblende, and other 
minerals. A tendency to exhibit a banded structure is apparent, 
but it is more noticeable in large masses in the quarry than in a 
block or hand specimen. The bands seem to be due to layers of 
finer and darker colored material, and represent the bedding 
planes of deposition. The dip is about 15 degrees, pointing a 
few degrees west of south. 

Two main quarries have been opened up in the north side of 
a hill, half a mile northeast of the station of Tenino, on the 
Northern Pacific Railway ( from which a spur enters the yards). 
The larger pit, used as a reservoir at present, extends 225 feet 
along the hillside, is over 100 feet wide, 50 feet deep at the back, 
and 25 feet deep in front, the difference being due to the slope of 
the surface. The newer pit, a few steps distant to the north-



The Non-Metalliferous Resources of Washington. 169 

west, is 180 feet long east and west, 85 feet wide and about 30 
feet deep. A swinging crane with 70-foot boom stands on the 
edge of this pit in the middle of the south side. 

The stone is cut out by two steam channelers into blocks four 
and one-half feet thick. A line of track made in permanent sec­
tions is laid along the floor close to the wall. The channeler, 
which carries its own boiler and engine, moves back and forth on 
the track for a distance of twenty feet, while the chisels work in 
vertical grooves with a steady str0 am of water running in. Ten 
or twelve cuts are needed to reach a depth of 5,i. inches, occupy­
ing from half an hour to an hour's time. When grooves have 
been cut along the whole length of track, the channeler is lifted 
by the crane and the track relaid for a parallel line of cuts. 
Other grooves are cut similarly at right angles to these, then the 
blocks are loosened by wedges driven in at the bottom. The 
crane hoists the blocks out of the pit, and places them on a small 
flat car, turning them on edge if they are to be cut by the gang 
saws. This is done in order that the sawn blocks when used in 
masonry shall lie in the same relative position as in the quarry. 

The gang saws are four in number, carrying from one to 
eight saws apiece. Each saw is simply a flat piece of steel, ten 
feet long, five inches wide and three-sixteenths of an inch thick, 
w.ithout teeth, and depending for its cutting power upon the 
speed with wh ich it runs, and upon an abrasive in the form of 
coarse steel filings, fed with water into the cut. The saws are 
set on edge, parallel, to cut downwards, and are bolted at the 
ends like a bucksaw, the distance separating any two saws de­
termining the thickness of the slab. The rectangular frame that 
holds them is swung from a shaft placed at right angles to the 
line of cut. The shaft may be raised or lowered by means of a 
positive feed gear. The gangsaw is driven by a rod connected 
directly with the piston of a steam cylinder. The limit of speed 
in cutting depends upon the rate at which the saws may be 
forced down against the stone without buckling. An average of 
more than one foot per hour is usual, but with plenty of steam 
and careful feeding of the steel filings, a speed of two feet may 
be attained. 

That the sawing is not the most expensive part of the quarry­
man's work may be judged from the fact that slabs one foot 
thick sell at the rate of 45 cents per superficial foot, eight inches 
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thick at 35 cents, four inches thick at 20 cents, and two-inch 
slabs at 16 cents per square foot of surface. When large quan­
tities of a certain sized stone are ordered it may be produced 
much cheaper than this. It is the custom here, as elsewhere, to 
cut stone at the quarry to the proper size ready for placing in 
the building, mainly to save freight on waste material. About 
thirty or forty men are employed, the number depending on the 
orders at hand. 

The Tenino sandstone has been used in many large buildings 
throughout the state and in Oregon and California, both as the 
principal material of construction and as a finishing stone. The 
State capitol now under construction, the Bailey building in 
Seattle, Calvary Presbyterian Church in San Francisco, and 
several business blocks in coast cities may be cited as examples. 
The stone seems to harden on exposure and wears well. Its 
refractory nature is proved by its continued use under boilers 
and as a lining for open fireplaces. Other uses to which it has 
been put with satisfactory results are as an ornamental stone for 
fountains, monuments and mantels, and in the shape of rubble 
or quarry waste to form concrete. 

Willuson. 

The Wilkeson quarry is the property of the Northern Pacific 
Railway Company and is situated at the town of Wilkeson, 
Pierce county. The rock is a sandstone belonging to the coal 
series. It is bluish-gray in color and is streaked with brown 
iron rust and carbonaceous matter. When· found free from 
these defects it has a fresh pleasing appearance and makes a 
hard, substantial building stone, but it is difficult to get a large 
quantity of it that is uniform in color and texture. The quarry 
has not been in active operation for the last seven or eight years. 
Occasionally the railway company quarries some of the stone for 
its own use, but does not place any of it on the market. 

SERPENTINE QUARRIES. 

Valley. 

The United States Marble Company, of Spokane, is operat­
ing a serpentine quarry near Valley, about fifty miles north of 
Spokane, on the line of the Spokane Falls & Northern Railway. 
It is the largest quarry in the state, both in the number of men 
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employed and in the value of the output. It is comparatively a 
new concern, only having been in active operation since July, 
1898, but they have already spent $75,000 in developing the 
property and in equiping the plant. The property consists of a 
compact group of eighteen claims on Greenway mountain, in­
cluding the serpentine dike upon which the quarry is located; 
also eighty acres of marble land within a mile of the railroad, 
upon which no work has yet been done except a little surface 
prospecting. The dike of serpentine lies between a foot wall of 
black marble and a hanging wall of silver gray slate, both valu­
able, but neither of which are being worked at present. The 
dike, which is about six hundred feet wide, bas been traced in 
length a distance of fifteen hundred feet and has a known depth 
of seven hundred feet. It varies in color from light gray to 
deep green, the green being the most valuable. The company 
has given to the latter the name Royal Washington serpentine. 
Three machine drills are now at work in the quarry and as soon 
as the installation of the new power plant is completed the num­
ber of drills will be increased to eight. No powder of any kind 
is used in quarrying, as the stone is too valuable to allow any of 
it to be shattered by blasting. It is quarried out in as large 
blocks as can be readily handled by team, and hauled to the mill 
which is situated at the base of the mountain. The company 
claim that they can quarry out blocks of the Royal Washington 
of fifty tons weight, if necessary. After the blocks are quarried 
they are loaded on a wagon by means of a derrick and taken to 
the mill. The mill is equipped with the very latest machinery 
for sawing, grinding and polishing the stone into any desired 
shape. There are two sets of gang saws, a rubbing bed thirteen 
and a half feet in diameter, three polishing machines, four 
lathes, and a number of other pieces of machinery. 

The camp, consisting of bunk house, kitchen, office, barns, 
store building, etc., is situated on the mountain side several hun­
dred feet below the quarry. The general store not only supplies 
the company's own employees, but also does considerable busi­
ness with the nearby mining camps. A warehouse bas been 
built at Valley, where the finished stone is stored awaiting ship­
ment. 

Since the fall of 1900 the mill and quarry have been operating 
night and day continually in an effort to keep up with the 
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orders. Many orders in fact have had to be refused until larger 
machinery could be installed. There are now over eighty men 
on the company's pay roll and they are working on orders for 
several months ahead. Most of the orders are for monumental 
and building stone, both for interior and exterior finish. 

At the Pan-American Exposition at Buffalo the company ex­
hibited a beautiful mantle showing the various colors and quali­
ties of their stone. The exhibit was awarded a silver medal. 

The marble and slate deposits which up to the present time 
have been entirely untouched offer a promising field for future 
activity. The present limited demand for these two stones can 
be largely increased and the company is now making prepara­
tions to open up these deposits and put the products on the 
market. 

MARBLE QUARRIES. 

Stevens County. 

At a number of places in Stevens county marble of an excel­
lent quality and of a very pleasing color is found. Blocks of 
large size may be quarried, and a monumental stone of superior 
excellence obtained. In some instances the marble lies conven­
ient to the railway so that the quarry products may be easily 
shipped to market. A great deal of interest is now being taken 
in these marble deposits and it is expected that a number of 
large quarries will soon be put in operation. 

The marble of Stevens county belongs to the ancient rocks 
now so highly metamorphosed that they have become quite crys­
talline. Such rocks are characteristic of the northern Cascades 
and the Okanogan highlands, extending eastward to the Idaho 
line. The marble occurs in occasional masses among the gran­
ites, gneisses, and schists wherever erosion has not yet removed 
it. 
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a.A Y MATERIALS. 

INTRODUCTION. 

The clays which are being used in the state in the manufac­
ture of different varieties of brick, drain tile, sewer pipe, terra 
cotta products, etc., belong to several different geological forma­
tions. The most important clay deposits may be divided accord­
ing to their method of occurrence into glacial clays, residual 
clays, and clay shales. 

Glacial clays are found very generally distributed over all of 
the glaciated region of western Washington. They are com­
posed of the fine flour ground up by the glacial ice and deposited 
by streams in the numerous small lakes and ponds which 
abounded throughout the region during the time when the ice 
was disappearing. The clay beds occur very irregularly, inter­
stratified with sands and gravels or embedded in the till, and the 
quantity in any one place is largely a matter of speculation. The 
brick yards which utilize this clay are all located either on the 
shores of the Sound or on railway lines close to the larger centers 
of population. The clay is used chiefly in the manufacture of 
common red brick, and this industry has grown to be one of con­
siderable magnitude. During the year 1901 the brick yards of 
Seattle alone made over thirty-nine million red brick, having a 
total value of nearly $400,000. 

Residual clay is found only in the non-glaciated parts of the 
state. It is the residue left after all the soluble parts of a rock 
have been carried away. In western Washington, between 
Puget sound and the Columbia river, this clay is very thick in 
places, being formed largely by the weathering of shale. Shale 
is merely consolidated clay, so that the line of distinction be­
tween them is not very clearly drawn. Occasionally the clay 
beds are not very deep, and graduate insensibly into the solid 
shale beneath. 

In eastern Washington the fine residue left by the decompo­
sition of basalt makes a very good red brick. Throughout most 
of the region where the basalt occurs the brick that is used is 
made from this material. Small kilns are in operation in a num­
ber of places to supply the local demand. 
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The more expensive products, such as cream-colored pressed 
brick, red pressed brick, vitrified brick, drain and sewer pipe, 
and terra cotta articles are all manufactured from the older shales 
and clays wrucb are described in connection with the different 
manufacturing plants wruch use them. 

DENNY CLAY COMPANY. 
BY MILNOR ROBERTS. 

The clays used by the Denny Clay Company, of Seattle, are 
all obtained from the company's mines at Kummer and Taylor 
on the Columbia & Puget Sound Railroad. At Kummer, in 
Green river canyon, the variety known as "flint" clay is mined 
from a seven-foot vein at the foot of an incline 700 feet long. 
The clay used for making sewer pipe occurs in a mass 60 feet 
thick, which is treated just as a coal bed would be, and mined 
by breasts. A tunnel has been driven in at a point 20 feet above 
the high water mark of Green river. On account of the strength 
of the clay wide breasts and small pillars have been found safe 
to use. At Taylor, 20 miles to the northeast, the quality of the 
clay renders it suitable for making pressed brick, flue lining and 
terra cotta. 

George W. Kummer, general manager lof the company, who 
has been experimenting here for a dozen years past, and is fa­
miliar with Eastern methods of manufacture, has found that 
unlimited combinations can be made out of these clays, to pro­
duce practically all forms of brick, pipe and fire-proofing mate­
rial. For instance, the highly refractory but non-plastic "flint'• 
from Kummer, when mixed with a proper proportion of the 
Taylor clays, makes a highly refractory yet strong fire brick. 
Again, as a matter of experiment, pressed brick for facing build­
ings has been produced in twenty-three distinct shades of color, 
from the seven different kinds of clay at band. Doubtless in 
some of these cases the result has been due to skillful handling 
in the kilo, varying the degree of heat, muffling, using direct 
fire or radiated heat. In burning a kiln full of brick it is un­
usual to find absolute uniformity of color throughout, as differ­
ent conditions may prevail in different parts of the kiln, and for 
similar reasons it is difficult to match a peculiar color with 
exactness. 

In the following analyses, made by W. J. Rattle, of Cleve-
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land, No. I is the flint clay from Kummer, Nos. 2 and 3 are 
from Taylor, and No. 4 is a fine sand from Kummer which is, 
mixed with clays to increase their percentage of silica, and add 
solidity to the brick. 

C0MPON111NT PARTS. No. 1 No. fl No. 3 Fi-fe0sa~ 
-----------------11---------
Silica....... .. ............... ...... ....... ............. .... 83.44 41.86 72.30 78.60 
Alumina... ........................... ... . ............. .... 45.28 40.49 19.96 13.08 
Lime .. ...................... . ................ ........ .... 1.60 .62 .52 1.22 
~~n:::~iic1e::::::::::::.::::::::::::::::::::::::::::::: U} Troce Trace 2:ts 
I ron sesqut oxide .................... . ... ........ . ...... . ............ :,i· ... :ii" .lH 
Alkalies........................ . ......... .............. .. 1.44 . . .. . . . . .114 ......... . 
Sous. and potash..... . ..................... ....... . . . . . . . . . . . . . . 1.47 2.98 ... . . . ...• 
Common water.......... . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. 16.44 15.29 8.50 S.80 

The works of the Denny Clay Company are situated one mile­
southeast of Georgetown, and six miles from the center of 
Seattle on the line of the Northern Pacific Railway and the elec­
tric line to Tacoma now in pro~sc- of construction. 

Clay arriving by car from the mines is piled under sheds, 
each class by itself. Certain combinations of ciays being re­
quired for certain products, the mixing is done by taking the­
proper number of loads by wheelbarrow from each pile and 
feeding them together into the crushing pan. Coarse lumps 
are first broken in a jaw-crusher, from which an endless belt 
carries the broken material to the pan. The latter is a form of 
Chilian mill, consisting of a circular steel pan nine feet in diam­
eter, with flat bottom and vertical sides eighteen inches high. 
Power furnished to a central column with bevel gearing causes. 
the pan to turn at the rate of 25 to 30 revolutions per minute. 
Two steel-tired grinding wheels, four feet in diameter and eight 
inches thick, rest vertically on the bottom of the pan and turn_ 
on a horizontal axis which is hung on springs. The outer edge­
of the pan bottom for a width of two feet is a screen surface, 
with slotted openings one-fourth inch by two and one-half 
inches, radiating from the center. The clay is both crushed 
and ground by the rollers, and forced to the outer edge of the-. 
pan, where the fines fall through the screen to a lower plate and 
are discharged into an elevator. Stationary steel guides set in 
the pan shunt the contents in toward the center at every turn, 
thus bringing back under the grinding wheels all material that. 
fails to pass the screen. 

The elevators used for clay are canvas and rubber belts with_ 
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paddles attached, running in a trough. From the grinding pan 
the fines are carried up to the third floor and run through a 
trommel. The coarse is allowed to run back over a long screen, 
returning to the grinding pan. The size of the mesh used in 
the trommel and screens depends altogether on the purpose for 
which the clay is needed, but ordinarily it varies from ten to 
twenty holes per linear inch. Screened clay falls through a 
chute to the mixing or "wet" pans, two in number, placed side 
by side and handled by one man. The apparently simple work 
of tempering the clay by mixing with water, in reality requires 
great experience in handling clays, and a knowledge of their 
physical properties, especially their plasticity, therefore the man 
who fills the position of mixer is more responsible than anyone 
else for the burning and wearing qualities of the product. The 
pans are similar in construction to the grinding pan, but as there 
is no outlet for the mixture through the bottom, a long-handled 
scoop set on a pivot is used to raise the tempered clay and 
dump it into an elevator. 

The main building in which the brick and pipe presses are 
placed measures .80 by 150 feet and is three stories high. A 
complete heating plant with steam radiator pipes under the first 
floor keeps the air in the building at the proper temperature for 
drying green material. The engine and boiler plant in an ad­
joining building generates 300 nominal horse power. In order 
that the buildings may be free from the jar caused by the work­
ing of heavy machinery and the revolution of the line shaft, the 
latter is supported on several blocks of concrete weighing ten 
tons each set in the ground, and the mixing pans have similar 
foundations. Fourteen down-draft circular kilns are in use, 
some of them being of unusual size, 34 feet in internal diameter. 
The fuel is obtained from a coal bed overlying the clay in the 
company's mine at Taylor. 

The total force of men employed numbers 145, of whom two­
thirds are at the works, and the rest in the mines. The main 
products of the works are as follows: 

Pressed facing brick, made in a number of different shades as above 
stated. Standard colors a.re kept on hand in large supply, and others 
a.re made to order. This brick finds a market in Seattle, Tacoma, Vic­
toria., Vancouver, Spokane, Walla Wa.lla, and Portland .. 

Vitrified or annealed paving brick, for street paving. Annealed 
and glazed brick is rapidly growing in favor as a street paving material, 
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owing to its great strength and durability under heavy traffic, its 
smoothness, cheapness and the Bl)eed with which it can be laid. 

RlilPOB'l' OF MECHANICAL TlliSTS, 
Made with tbe U. S. testing macblne (capacity 800,000 pounds) at Watertown Arsenal, 

Mass., June 18, 1894.- Material contributed by the Denny Clay Co., at tbe World's 
Columbian Exposition, Chicago, Illinois. 

DIMlllN· ~ ~ 
ABSORPTION :!'l UIJl'.DIATlil 

SlONS. Et~ OF WATER, i STRENGTH. 

ff 
.,,. 

D.ESCRIP'l'ION. ~ O<>m· ::: ~ !l .. ~ :;ti ~'13 prusea l ~ ~-~ ~b:, 1'> e: .,,. 
sur- ce«: ~ S'~ ~ f ace. ~ l --- - - - -- Per Per --------

In. In. In. sq. ill. lbs . oz. oz. ct. ct. Lbs. Lbs. Lbs. 
- - --- - - - -------

Facing brick: 
2.45 8.98 Denny Clay Co ........ 4.48 40.28 6 18~ 6!4 5.6 11.00 250,000 606,800 12,578 

Faolug brick: 
2.S8 8.89 Denny Clay Co ••••...• 4.45 89.66 6 6~ 6 5.8 u _oo 809,000 519,700 18,187 

•Vitrified paving brick: 
4.28 8.78 Denny Clay Co ... , .... 2.70 23.71 7 12!( % 0.4 00.86 49,000 288,100 12,151 

Vitrified saving brick: 
2.61 8.76 4.08 l.85 56,000 761,000 21,293 Denny layCo .... . .. 85.74 7 l2l( 1 0.8 

• Teated 011 edge. 

Sewer pipe, glazed, varies in diameter from 8 to 24 inches inside 
measurement, length two feet. 

Drain tile, ma.de in one or two-foot lengths, size from 2 to 6 inches. 
Chimney pipe, tops and flues, made of high grade fire clay, in all 

necessary forms. 
Hollow vitrified foundation blocks, in two sizes, st or 12 inches in 

square section, and from 8 inches to 8 feet long. Being vitrified, they 
a.re impervious to moisture, while the air space in each block is a poor 
conductor of heat trom within or cold from without. 

Fire brick, in all the usual shapes, proved to possess excellent quali­
ties as locomotive brick, furnace blocks, linings, etc. The following 
results are from tests made by J . W. Reilley, major ordnance department, 
U.S. A., Watertown Arsenal: 
Area. exposed to crusbing ......................... .. . . .................. 87.97 square inches 
Average weight under wbicb brick cracked ....... .................... 29.95 tons 
Average torce required to cruab brick .......... .. ...... . ... . .......... 1>2.49 tons 
Weight wben dry........................................................ 5.135 pounds 
Percentage of water absorbed .......................................... 12 

Ground fire clay. The fllnt clay from Kummer is mixed with a 
plastic clay, and by a special process of treatment is brought to a plastic 
condition, meanwhile retaining its refractory qualities. The mixture is 
dried, pulverized, and shipped in barrels, to be used as a cement in lay­
ing fire brick. From five to seven hundred pounds are required to lay 
one thousand brick, making the joints as thin as possible. 

Sidewalk and floor tile, both plain and ornamental, partition tile of 
-fire clay, ornamental ware, terra cotta, etc. Two small kilns are de­
voted to the manufacture of such ware. 

Acid brick, made from very siliceous clays free from alkalies, for 
special use in acid and powder works. 
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LITTLE FALLS FIRE CLAY COMP ANY. 
BY Mn.NOR ROB:&11,TS, 

Along the Cowlitz river, a few miles above the crossing of the 
Northern Pacific Railway at Olequa, and two miles east of the 
station of Little Falls or Sopenah, an excellent exposure of clay 
shale occurs in the west bank of the river. At several points in 
its southerly course the stream has reached the western border of 
the bottom lands of its valley, where the strong current swinging 
against the bordering hills has cut away the lower banks and left 
escarpments several hundred yards long and thirty or forty feet 
high. Here may be seen sandstones interbedded with shales, 
both arenaceous and argillaceous, containing numer9us fossils 
probably of Pliocene age. A portion of the shale has a finely 
laminated structure, but much of it is massive, in this case 
usually containing inclusions of very hard sandstone, fossillifer­
ous. Although land-slips have disguised the true bedding in 
many places, the average dip seems to be from two to ten de­
grees to the northeast. Several lines of sandstone boulders stand 
out prominently on the face of the cliff, in beds varying from a 
few inches to two feet in thickness, and in these the fossil con­
tents are much better preserved than in the adjacent shales. 

Fresh specimens of shale from this locality are of a grayish 
drab color, commonly called " blue," while the same material, 
when exposed on the surface or along joint lines, turns to a light 
brown shade, with coatings of red oxide of iron. Small amounts 
of alkaline sulphates are present, showing as efflorescence, but 
the usually common black oxide of manganese is absent. Mica, 
mostly muscovite, is quite prevalent, and is especially noticeable 
in the fine laminated structure, where the thin plates lie parallel 
to the cleavage of the shale. Columnar structure is sometimes 
shown in the thick beds of shale, the columns being fo'ur and five 
sided usually (with irregular forms intervening), having a diame­
ter of a few inches only, and not much greater length. Each 
column is commonly coated with a layer of thoroughly oxidized 
material, changing in character towards the center, which may 
be of original "blue." 

About a quarter of a mile northwest of the above locality, on 
hilly ground rising from the Cowlitz river, pits have been opened 
up in the beds, from which several thousand yards of clay have 
been taken by the Little Falls Clay Works. These beds appar-
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ently overlie those on the river, and their geological horizon is 
probably not distinct, although no connection can be traced ac­
curately at the present time. Some difficulty is experienced in 
working the pits, as water accumulates in all the hollows, owing 
to the impervious character of the beds, and in the spring season 
when the whole ground is saturated, slides are frequent, bring­
ing down the overlying gravel and debris of timber, thus cover­
ing the working face. The method of working is very simple. 
A level floor with a tramway is graded in the face of the hill, 
and the material is broken down with picks directly into cars. 
Nodules and boulders are thrown on the dump, along with un­
suitable clay, gravel, etc. For the most part, a pick is found 
to be the best tool for the work on account of the easy breaking 
due to the joints and columns, but occasionally a large mass is 
loosened or thrown down with a charge of low-grade giant pow­
der. Certain layers occur here which contain iron in such quan­
tities as to give them a rather brilliant orange-red appearance. 
Some of the layers of the blue are practically unweathered and 
have the same appearance throughout. 

Pits have been opened at other localities in this region, 
yielding clays of economic value. Especially good clay, both 
blue and white, has been obtained in the valley of the Cowlitz 
river, about four miles above the place described. 

In the year 1891, the Washington Fire Clay Company bP.gan 
the manufacture of brick and pottery at Sopenah, a station on 
the Northern Pacific Railway, midway between Tacoma and 
Portland. During the years 1894- 5 the works lay idle, but since 
that time have been running quite steadily, for the past three 
years under the name of the Little Falls Fire Clay Company. 

A tramway nearly two miles long leads from the works to the 
pits described above. Owing to the grades on the line, a car 
carrying one and one-half tons is found to be a full load for a 
horse to pull. Clay has also been brought by wagon from pits 
further up the Cowlitz river and other points near at hand, as 
well as from Gale creek. 

The company's works are very compact, all the manufactur­
ing and drying being done under a single roof, while the kilns 
are placed under an adjoining shed. The main building i.s of 
brick, three stories high, and bas an inside measurement of 80 
by 250 feet, giving a total floor surface of 60,000 square feet. 

1~ 
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As the main purpose of such a large building is to give drying 
room, the builders kept that idea in mind throughout its con­
struction. The flooring is of I~ -inch stuff, set three-eighths of 
an inch apart, thus allowing free circulation of air from base­
ment to roof. The heating plant, located in the basement and 
ground floor at the center of the west side, consists of two re­
turn tubular boilers ( 66 inches by r6 feet, with 56 flues apiece), 
connected at the bottom by a mud drum and at the top by a 
steam dome 28 inches by r2 feet. Two supply pipes, I }.(-inch 
diameter, carry live steam to two 8-inch headers, placed one in 
each end of the building, from which radiator pipes extend the 
whole length of the building, 250 feet, at intervals of six inches 
or less, making a total length of over seven miles of pipe. This 
great radiating surface serves to keep a volume of warm air cir­
culating through the whole building aided by the spaced flooring. 
The drip of the dead steam returns by gravity to the boiler 
room and is pumped while hot into the boilers. 

A 6-inch pipe supplies steam to the engine, a Nor~berg Cor­
liss, 16 by 36 inches. The main line shaft runs part way across 
the center of the building on the first floor. The brick presses 
are also on the first floor. The remainder is used as a drying 
floor, where the brick and tile receive their final drying before 
going to the kilns. Drain tile, sewer pipe and flue lining are 
made in a press on the second floor; the steam cylinder which 
furnishes the compressing power is set between floors, and the 
tempered clay is fed into the press on the third floor, where the 
screening machinery is placed. The company's office occupies 
the southeast corner of the second floor. On account of the 
fact that the drying of the pressed material must be done slowly 
and carefully at first, to avoid cracking, it is customary to send 
the products of the presses up to the third floor, farthest re­
moved from the steam pipes, where, after two days' drying, the 
necessary trimming is performed. 

The clay brought from the pits in tram cars, is 9umped in 
heaps under sheds, each class by itself. It is then wheeled to 
the grinding pan and after being crushed is elevated to the third 
floor, screened through a trommel, and sent down to the mixing 
or wet pans. 

Clay that has been mixed, screened and tempered to a proper 
degree of plasticity for pipe making, is elevated to the third floor 
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and there fed to the steam press. A 4-inch pipe supplies steam 
at a 95 pounds pressure to a cylinder 44 by 36 inches. Under 
this enormous pressure the moist clay is easily forced down 
through the mould. For making sewer pipe a " former" is set 
at the bottom of the mould to form the joint head or shoulder of 
the pipe. Steam is let into the cylinder until the triple piston 
rods are forced down a few inches, filling the '' former " with 
with clay. Next, the "former" is lowered and swung aside, 
steam is again admitted and enough clay is squeezed down 
through the mould to give a length of 29 or 30 inches to the 
pipe. Steam is shut off, the pipe is cut by a jack-knife folding 
up inside the mould, and the pipe is placed on a truck and hauled 
to the drying floor. The "former" is greased and swung back 
into position ready for another length. Four men are required 
to handle the pipe press, one to regulate the steam in the cylin­
der, one to handle the "former," and two to cut and lift off the 
finished pipe. 

In making drain tile, or any straight pipe without a shoulder, 
great speed may be attained. As many as 2,500 pieces of tile 
of four inches inside diameter can be turned out on a single press 
in one day. One thousand five hundred would be a good day's 
run of 3-inch pipe, 1,000 for 8-inch, while in making the heavy 
2-foot sewer pipe 200 pieces is about the working limit for ten 
hours' time. All these sizes are made on the same press, by 
changing the mould. After drying for two days, the pipe goes 
to the hands of the finisher, who cuts and fits the elbows, and 
trims to proper length, allowing for a shrinkage of one inch in 
eight, so that the burned pipe shall be two feet long. Ten days 
or two weeks is required for the final drying. 

Paving brick which is to undergo vitnfication is formed in a 
somewhat similar manner. A horizontal steam press forces a 
steady stream of clay through two moulds side by side, with 
opening 2Yz by 4Yz inches. As the stream of moulded clay 
issues it is cut into 9-inch lengths by means of a revolving wheel 
carrying pieces of fine steel wire stretched taut. An endless belt 
conveys the bricks to another machine where they are pressed 
again. Dry pressed brick is made by -running rather dry clay 
into separate moulds, which are subjected to a high steam pres­
sure. Special tempering is required, in order that the brick 
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shall be stiff enough to hold a sharp edge, but will not crack on 
drying after being greatly compressed. 

Six kilns are in use at the Little Falls works, all of them cir­
cular, 30 feet in diameter, 12 feet to the crown inside, with 10 

or 12 fireplaces apiece. Down-draft is obtained by means of 
"bags," which direct the heat from each fire against the crown; 
the floor is built of spaced brick, through which the air is drawn 
to underground flues leading to stacks 65 feet high, one for each 
pair of kilns. Sewer pipe is stacked in the kilns on end, three 
rows high, and burned for about six days. "Try-pieces" of 
clay are placed inside near the door, where they can be removed 
by taking out a plug in the door. The kiln man in charge of 
the burning is thus able to tell its rate of progress. At the fin­
ishing point of the burning, vitrification is caused by scattering 
one or two shovelfuls of salt over each fire, using about 200 

pounds to a kiln. Three or four hours later the process is com­
pleted and the kiln may be opened gradually, cooling through­
out in three days. Pipe that has entered the kiln in a "green'' 
state, that is, not thoroughly dry, usually shows white streaks 
and blotches on its surface, and fails to vitrify. 

Dry pressed brick is heated slowly and burned carefully for 
ten or twelve days, the time varying with the character of the 
clay and the amount of beat it requires. Both pipe and brick 
attain a white heat, from which the brick will not cool in less 
than four days, on account of absoption due to thickness. Sec­
tions of pipe are nested, the small within the large, giving a kiln 
capacity of more than one thousand pieces. 

The following figures showing the output of the L ittle Falls 
Fire Clay Company for the year 1901 were furnished by the 
manager, Mr. R. P. Bradley: 
Total feet of sewer pipe, all sizes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186,196 
Branches, 2-foot lengths, all slzes • . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8,876 
Curves and elbows, all sizes...................................... . .... ....... . ...... 1,368 
Other sewer pjpe fittings, pieces . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 
Feet of drain tlle, S.in. to 8-ln... ... ..... .. . .. . . ..... .. . .. ..... ..... .. ... . ...... .•.... 24,488 
Paving brick .. .. ..•....................•............................. •................ 106,400 
Face brick, dry press ................................................................ 228,500 
Fire briok . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . .. . . . . . . . . . . . . 10, 500 

WASHINGTON BRICK.LIMBAND MANUFACTURING COMPANY. 

Beside the plants engaged in the manufacture of common 
brick for the Spokane market there are several companies turn-
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ing out high grade clay products whose market is not by any 
means confined to that immediate vicinity. The most impor­
tant of these is the Washington Brick, Lime and Manufacturing 
Company with headquarters at Spokane and works at Springdale 
and Clayton, Stevens county, and at Freeman, Spokane county. 
The plant at Springdale is engaged in the manufacture of lime 
and has been described under that heading. The Clayton works, 
situated on the line of the Spokane Falls & Northern Railway 
about twenty-five miles north of Spokane, is the most important 
of the company's plants. There is here a fully equipped clay 
manufacturing plant employing seventy men, engaged in the 
production of common and pressed brick, architectural terra 
cotta, fire proofing and drain tile. The market for their product 
includes all the larger towns and cities of Montana, Idaho, 
Washington, British Columbia and Oregon. Numerous recent 
orders from Seattle, Boise and elsewhere have kept them run­
ning at full time. Fire proofiing and terra cotta for the new 
Great Northern depot at Spokane and the Masonic temple at 
Butte are among the most recent orders filled. 

The Freeman plant, on the O. R. & N. Railway about fifteen 
miles southeast of Spokane, manufactures common and fire brick 
of superior quality. The~e are about forty men employed about 
the works. ( H. Brooke.) 
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LIMESTONE. 

INTRODUCTION. 

Limestone suitable for lime-burning has been discovered at 
many places in Washington. It is found in a crystalline condi­
tion among the ancient rocks of the Okanogan highlands and the 
northern Cascades; and well-known deposits of it occur on both 
San Juan and Orcas islands. Wherever it is found it is wholly 
or partly converted into marble, and always gives evidence of 
much metamorphism. As a rule the limestone is a very pure 
calcium carbonate, although magnesium carbonate is sometimes 
present. 

Lime belongs to that class of heavier building materials which 
can not stand the expense of long transportation, especially the 
usually heavy expense of land transportation. Lime weighs so 
much in proportion to its value that freight charges soon increase 
the price until the latter becomes prohibitive. For this reason 
we find a number of small kilns scattered about the state supply­
ing the local markets, especially in the interior. Some of our 
lime kilns, however, are so conveniently situated in regard to 
cheap water transportation that they are able to supply a much 
more extended market and are consequently able to conduct 
operations on a very large scale. The lime-burning industry is 
more than keeping pace with the industrial development of the 
state along other lines. Not only are we able to supply all local 
demands, but we are also able to make heavy shipments to points 
outside the state. 

SAN JUAN ISLANDS. 

The San Juan islands are the center of the lime burning in­
dustry of western Washington. The principal plant on the 
islands, the Roche Harbor lime works, is the biggest concern 
of its kind in the state, if not on the Pacific coast. It manufac­
tures more lime than all the other kilns in the state combined. 
Its output at the present time is about fifteen hundred barrels 
per day. The plant is thoroughly modern in every respect, and 
is under the very efficient management of Mr. John S. McMillin, 
the president of the company. The company has the largest 
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deposit of pure limestone thus far discovered on the islands. It 
extends all the way across the peninsula from Roche Harbor to 
Westcott bay, a distance of half a mile. The width of the out­
crop is about eight hundred and fifty feet, and the average 
thickness above water level two hundred and fifty feet. It ex­
tends below water level to an unknown depth. The quarry is 
worked from a steep face close to the water's edge and at a suf­
ficient elevation to employ the gravity system. From the time 
the stone leaves its original position in the quarry until it 
reaches the steamer its course is always down hill. In the 
quarry air drills are employed in putting in the holes and giant 
powder is used in blasting. In work of this character the aim is 
of course to break as much rock as possible with each shot irre­
spective of its fineness or coarseness. The stone as it is blasted 
loose rolls to the bottom of the slope where the larger pieces are 
broken with a hammer; the finely broken stone is next loaded 
onto iron dump cars which are then run down an incline track 
to the chutes above the kilns. The stone is then dumped into 
chutes each one of which communicates with the upper opening 
to a kiln. The stone is fed into the kiln from above as fast as 
the burned lime is drawn off from the bottom. The fires are 
never allowed to go out except when it becomes necessary to re­
line the furnaces, which does not occur very often. Each kiln 
holds thirty tons of rock. 

The length of time required to turn limestone into lime de­
pends on the intensity of heat generated in the furnace. The 
kilns are of the Monitor pattern, consisting of two inner layers 
of fire brick, an outer layer of ordinary red brick and a sheeting 
or jacket of boiler iron riveted together. Between the outer 
layer of brick and the jacket there is a space of about two inches 
filled with ashes and small pebbles to act as a non-conductor of 
heat and also to relieve the iron jacket from the strain caused by 
the expansion of the bricks due to the intense beating of the in­
terior. Each kiln is fired by two furnaces, one on each side, 
and consumes about a cord and a half of wood each day. Each 
kiln is surmounted by a smokestack of boiler iron. These in­
crease the draft and so cause a more nearly perfect combustion 
of the fuel. By increasing the intensity of the heat the smoke­
stacks reduce the time necessary to burn the lime and thus add 
to the capacity of the plant. Underneath the firebox there is a 
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cooling receptacle into which the lime falls after it has become 
thoroughly burned. There is a system of cold air drafts in the 
cooler which carries off all the dust and gases and greatly hastens 
the process of cooling. From the cooler the lime is drawn through 
a chute directly into barrels of a capacity of two hundred pounds 
each. The barrel stands on a platform scale as it is being filled 
and when exactly two hundred pounds have been drawn the bar­
rel is passed along and another empty one takes its place. The 
heads are put in the barrels by workmen skilled in the business, 
and from them the barrels are hauled in large trucks to the ware­
house on the docks. The company always keeps a reserve stock 
of several thousand barrels in its warehouse with which to fill 
emergency orders on short notice. There is a good deep water 
harbor so that vessels of the largest size may come alongside of 
the wharf and load. The plant could not be more favorably lo­
cated as far as cheap water transportation is concerned. The 
abundance and purity of the raw material, the unsurpassed 
transportation facilities, and the very efficient management are 
the three factors which have combined to build up this great in­
dustry. The following analysis of the limestone shows in a 
striking manner its exceptional purity: 

Per cent. 
Silica .................... . ...... .-................. . .......................... ············ .2S 
Iron and alumina.. ............ . .......... .. . . . . . . . .... ... . .. ... . . . .. .. .. .. . . . .. . . . . ... .80 
Pbosphorus...................... . .............................. . ......... .. ............ .10 
Carbonate of lime ............... . ......... . ............................................ 98.85 

100.00 

The company owns and operates its own barrel factory on the 
premises. Fir is the only wood employed in making the barrels 
and it has been found to be admirably suited for that purpose. 

Besides using the limestone for the manufacture of lime the 
company has been shipping large quantities of the raw material 
to different smelters to be used as a flux in their blast furnaces. 
The stone for this purpose is run out of the quarry on cars and 
dumped into a long chute which leads directly to the scows onto 
which the limestone is loaded. The scows are then towed by 
means .of tug boats to their destination. 

Besides the plant at Roche Harbor there are a number of 
smaller plants burning lime in different parts of the San Juan 
group of islands. The chief drawback thus far encountered by 
most of them is that they cannot find large bodies of good lime­
stone.. The stone occurs only in isolated fragments embedded 
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usually in an eruptive rock. These fragments are usually of 
small size, the largest thus far found being that owned by the 
Roche Harbor Company. 

Henry Cowell & Company have a plant of two kilns located 
on the west coast of San Juan island, and about seven and one­
half miles from Friday Harbor. The plant has a capacity of 
two hundred and thirty barrels per day. The kilns are built of 
sandstone and limestone, and lined with a double row of fire 
bricks. A gravity track runs from the quarry to the kilns, and 
from the kilns to the wharf. Most of the lime is shipped to the 
cities and towns of Puget Sound, and to Portland, Oregon. 
Occasional shipments are made to San Francisco and Hawaii. 

At several places on Orcas island, notably near East Sound 
and Deer Harbor, small deposits of limestone occur. Along the 
water's edge near these lime outcrops several kilns have been 
built and in them considerable lime has been burned. The un­
expected exhaustion of the supply of stone has caused some of 
the kilns to become idle. At the present time lime is being 
burned near Deer Harbor by two companies, one, the Eagle 
Lime Company, operating one kiln of 120 barrels capacity, and 
the other, the Island Lime Company, operating a kiln of 80 
barrels capacity. 

GRANITE FALLS. 

Three miles east of Granite Falls, on the Everett & Monte 
Cristo Railway, is the quarry of the Canyon Lime and Cement 
Company. The property embraces a little more than twenty 
acres, or one full mining claim. The quarry is located along­
side the railway and the stone is loaded directly onto the cars on 
the company's sidetrack. The quarry has been in operation for 
a year and a half, and from it at the present time there is being 
shipped about sixty tons of limestone per day. Regular ship­
ments have been made to the Everett smelter ever since the 
quarry was opened. Shipments are also made to Seattle and 
other places. There is a first-class modern lime-kiln installed, 
having a capacity of one hundred barrels per day. From three 
to five hundred barrels of lime have already been made and 
shipped. An analysis of the lime gives the following constitu­
ents with the percentage of each: Percent. 

S1llca. ...... . ......................................... . ................................... 0.60 
Iron oxide...... . .................... . ............ . ...................................... 1.15 
Calcium ca.rbona.t.e ............... . ...................................................... 98.43 
Ma.gneslum.. . . . . . . . .. . . . . . . . . . . . . . .. . . .. . .. . . .. . . .. . . . . . . .. . . . . . . . . .. .. . . . . . . . .. . . .. . . .. 0.80 
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SPRINGDALE. 

The Valley-Brook White Lime Works, located at Springdale, 
Stevens county, belongs to the Washington Brick, Lime and 
Manufacturing Company of Spokane. The property consists of 
about 640 acres of land, and the necessary equipment and ma­
chinery for the daily production of 500 barrels of lime, which is 
the present output. The Spokane Falls & Northern Railway 
passes through the property, and the sidings, switches, etc., 
provide cheap facilities for the loading and transportation of the 
lime. 

Wherever the solid rock formation outcrops on the com­
pany's land it is limestone. Pits dug at different points, and 
cuts made where the formation does not outcrop, all show that 
limestone is the country rock throughout the entire tract. 
Analyses hav~ been made from various outcrops of limestone 
with the following general results: 
Calcium oarbonate ........................... . ........................ 96 per cent. or more. 
Magnesium carbonate......... .. .......... . . .... . .................... 3 per cent. or less. 
Silica......... . ... . .... . ............................ . ........ ... .. . .... l per cent. or less. 

Total .......... . . - .................... . ... . ...................... 100 per cent. 

Analyses made from one special quarry, with a view of sup­
plying the paper mills with a high grade magnesian limestone, 
showed the contents given below : 
Magnesium carbonate ...... . ............................•.......... 47 per cent. and under. 
Calcium carbonate .................................................. 52 per cent. and over. 
SU!ca, a trace to.. .. .............. ........................... ....... 1 per cent. 

Shipments of the magnesian limestone were made to the W il­
lamette paper mills, and the rock was found to be well suited to 
their purpose, but the freight rates would not permit of extended 
shipments at a profit, and so they were discontinued. 

The equipment consists of four continuous kilns, capacity 500 

barrels daily, track, cars, and other necessary machinery; build­
ings, consisting of store houses, office, residences, etc. 

There is a constant and growing demand for the lime pro­
duced, but the rock carrying the high percentage of magnesium 
carbonate will not be in demand until paper mills or other man­
ufactories are located sufficiently near so that freight rates will 
not interfere with its use, or the rates to those mills now using 
it are reduced. 

REPUBLIC. 
There is a small lime kiln between Republic and Wauconda 

that has produced a considerable quant ity of lime for local use. 
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The stone found here is a bluish, compact limestone, checked 
with light blue granular marble with very little spar of any sort. 
An analysis made by S. G. Dewsnap gave the following result: 

Per cent. 
Calcium carbonate............. . ................. .. ................ . ................... 98.2 
Sllioa......................................................... . .......................... .6 
Magnesia ............................ ...... .............................................. trace 
Phosphorus ......... ...... .................. ............ ...... . ..... .... ................ trace 
Sulphur ....................................... .... ...................................... trace 
Organic matter and water............. .. . . . .. . . . .. .. .. .. .. .. .. . . .. .. .. .. .... .. . . .. .. .. . 1.2 

100.00 
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son.s. 

GENERAL STATEMENT. 

ORIGIN OF SOILS. 

The rocks which form the crust of the earth are everywhere 
at their surface exposed to the disintegrating action of air and 
water. Soil is simply the decomposition product, the insoluble 
residue left after nearly all the soluble portion has been carried 
away by percolating waters. It is evident therefore that the ele­
ments which constitute the soil must have existed in some form 
or other in the parent rock. It does not follow, however, that 
the resultant soil resembles in chemical composition the rock 
from which it was derived, in fact analyses usually show them to 
be widely dissimilar. This is conspicuously the case in limestone 
regions where the lime in many cases has been almost entirely 
leached out of the soil, although forming the great bulk of the 
underlying rocks. In these cases the greater part of the soil is 
made up of constituents which formed a very small portion of the 
parent rock, and we must bear in mind that one foot of soil 
usually represents the residue left by the decomposition of a great 
many feet of the solid rock. 

Rocks lying at any considerable distance below the surface of 
the earth are protected from the destructive agencies of the at­
mosphere, and undergo little or no alteration from these causes, 
but when in the course of time the rocks above them are denuded 
and carried away by the streams to be re-deposited somewhere 
else, then these underlying rocks are exposed in their turn. The 
agents of disintegration which exist in the atmosphere and in the 
soil act usually from the surface downward, so that it is always 
the surface of the rock which is being most attacked and any 
cause which increases the surface area accelerates the work of 
destruction. Thus the mechanical agents of air and frost which 
are at work breaking up the rocks act as pioneers for the chemi­
cal forces which follow them. Usually, however, most or all of 
these forces are working together at the same time. The agents 
which are at work disintegrating the rocks may be divided into 



The Non-Metalliferous Resowrces of Washington. 191 

two classes : rst. Mechanical, 2nd. Chemical. Each of these 
may be subdivided into the forces of air, and water. 

DISINTEGRATION OF ROCKS BY MECHANICAL AGENTS. 

Arn.-The corrosive action of wind-blown sand in certain 
localities in the Middle West has carved the rocks into many 
fantastic shapes. This corrosive action is of course greatest 
nearest the ground, since most of the sand carried along by the 
wind is aot raised far above the surface. The result is that the 
base·s of the cliffs are continually being carved out until they 
become top-heavy and topple over. In comparatively arid re­
gions like certain parts of eastern Washington where the pre­
vailing winds are from the west or southwest, the result is shown 
in the form of the hills, the side exposed to the wind having its 
fine material carried away as fast as formed and re-deposited in 
more protected places. The etching effect of wind-blown sand 
is on the same principle as the mechanical device known as the 
sand blast, used in certain industries. 

The rocks which form the great mass of the earth's crust are 
made up of a number of minerals, each having a different coeffi­
cient of expansion, so that under a change of temperature the 
minerals expand or contract in different degrees, thus setting up 
internal strains which tend to force the par ticles apart. The 
same disintegrating effect may take place in rocks of uniform 
texture and composition due to the unequal heating and cooling 
of different parts of the same rock. 

WATER. - The mechanical effect of water from the soil-form­
ing pomt of view is nearly all of the destructive sort. The ul­
t imate fate of all soil is to be carried away and deposited in the 
sea. The material which forms the crust of the earth is contin­
ually going through a great cycle of change. It passes from 
solid rock to soil, is carried by the sreams down to the sea, is 
there deposited as sediment on the sea floor and during the suc­
ceeding ages is covered up by sediments to a depth of perhaps 
many thousands of feet. When these sediments have been hard­
ened into rock, through causes little understood, they are usually 
elevated until they become parts of the land, and the work of 
erosion and deposition begins anew. We are only concerned 
here, however, in that stage when the rock has crumbled into. 
soil and bas not yet been carried away to the sea. 
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The journey of the soil from the place of origin to the sea is 
usually one of many stages. The soil of steep hillsides is car- · 
ried away almost as fast as formed and deposited in the stream 
bottoms, where it accumulates often to considerable depths. 
Thus we have transported soil in distinction to soil that is 
formed in situ. 

Frost is the most powerful natural agent in the mechanical 
disintegration of rocks. Water in passing from the liquid to 
the solid state undergoes a sudden increase in volume so that 
100 parts of water are changed into 109 parts of ice. All rocks in 
their natural state are more or less saturated with moisture. 
When this freezes, an expansive force equal to 150 tons to the 
square foot is exerted tending to force the rock apart.* Any crevi- · 
ces which are filled with water are forced further apart when the 
water freezes so that the whole mass of the rock is gradually torn 
asunder. This force is most active on cliffs and steep hill sides 
where the blocks fall downward as they are riven off. Good ex­
amples of this may be seen in the talus slopes at the bottom of 
the basaltic cliffs bordering the stream valleys of southeastern 
Washington. There the frost, combined with unequal heating 
and cooling, has gradually wedged off and broken up the basalt 
into angular blocks usually of a fairly uniform size. In this par­
ticular case the cleaving action of frost seems to have stopped 
at a certain point, beyond which further weathering is due to 
chemical forces which cause the blocks to crumble into fine dirt. 

DISINTERGATION OF ROCKS BY CHEMICAL AGENTS. 

Arn.-There is no clear line of distinction between the chem­
ical changes effected by water and those effected by air. The 
chief constituents of air by weight are nitrogen 75.66 per cent., 
oxygen 23 per cent. and varying small proportions of carbon di­
oxide and water vapor. The nitrogen is entirely inert. When 
the air is very dry neither the oxygen nor carbon dioxide exer­
cise any chemical effect upon the rocks, but when moisture is 
present in the air they become active agents of disintegration. 
Among the minerals the feldspars are attacked by the carbon di­
oxide, and their soda, potash, and lime constituents are carried 
away in solution, leaving a residue of kaolin. Such minerals as 
pyroxene, amphibole, and mica have their iron constituents oxi­
dized and carried off in solution. 

•Geo. P. Merrill: Rocks, Rock Weathering and Soils, p. 198, New York, 1897. 
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A striking example of how different climates affect rocks is 
shown in the rapid decay of the Egyptian obelisks brought to 
Europe and America. During the few years since their remova1 
in which they have been exposed to the damp, changeable cli­
mate of temperate latitudes, they have decayed more than dur­
ing all the centuries in which they stood in Egypt. The dry, 
equable climate of Egypt affected them hardly at all. 

W ATER.-Absolutely pure water has very little, if any, solvent 
action upon the minerals composing the rocks, but pure water 
does not exist in nature. Meteoric waters in their passage from 
the clouds to the earth and into the soil take into solution a 
number of acids and other impurities both organic and inorganic. 
Water in this condition is almost a universal solvent. Its action 
upon the rocks from day to day is of course imperceptible, but 
the total effect lasting through years and centuries is very great. 
The chief acids in water which act as solvents are carbonic acid, 
humic, ulmic, and other organic acids which the water takes up 
in its passage through the soil. One of the principal effects of 
water upon the rocks is seen in the oxidation of the iron con­
stituents of the silicates and their removal by solution, leaving 
the rest of the rock to crumble into dust. The most insoluble 
constituent of the rock-forming minerals i1> silica or quartz, so 
that it forms by far the largest proportion of the residue after the 
soluble portions.of the rock are carried away. The higher the 
temperature the more active are the chemical forces and the more 
rapid is the disinte!{ration of the rocks. 

FERTILITY OF SOILS. 

The fertility of soils is dependent upon: 1st, Chemical com­
position; 2d, Physical condition ; 3d, Climate. 

CHEMICAL COMPOSITION. 

A soil in ordeF to be fertile must contain all the elements 
necessary for plant nutrition in adequate proportions and in solu­
ble form. Silica forms the great bulk of all soils. In lesser 
amounts are alumina, iron, magnesia, lime, potash, soda, phos­
phoric acid, sulphuric acid and nitric acid. The three ingredi­
ents which are essential to plant growth and which are most 
likely to have to be renewed are lime, potash, and phosphoric 
acid. Potash in the form of feldspar and phosphoric acid in the 
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form of apatite are not available for plant nutrition because they 
are in an insoluble form. Where there is a large amount of lime 
present smaller proportions of potash and phosphoric acid are 
sufficient than where the lime is in lesser quantities, so that in 
many soils which contain potash and phosphoric acid in small 
quantities all that is necessary to insure permanent fertility is to 
add lime to the soil, usually in the form of calcium sulphate or 
gypsum. Nitric acid in some form is essential to plant growth. 
The process of nitrification changes the inert nitrogen of the air 
into a form whereby the plant can assimilate it. 

All soil contains humus or vegetal mould in a greater or less 
proportion. Besides its chemical effect, it performs an impor­
tant function in keeping the soil loose and porous, and thus fa­
cilitates the passage of moisture. 

PHYSICAL CONDITION •. 

It sometimes happens that a soil rich in all the elements of 
fertility and blessed with a salubrious climate still obstinately 
refuses to yield good crops. This is due to some defect in its 
physical condition whereby it is unable to receive and retain the 
requisite heat and moisture. If the particles composing a soil 
are too coarse the water passes quickly through it, so that in dry 
weather vegetation perishes for lack of moisture. This is con­
spicuously the case on some of the gravel plains lying to the 
southward of Tacoma and Olympia. On the other hand, if the 
p articles composing a soil are too fine it becomes caked and im­
pervious to moisture. In this condition it is hard to cultivate 
and crops usually do not thrive. 

CLIMATE. 

In a general way it may be said that the warmer the climate 
the more luxuriant the vegetation, providing the moisture is ad­
equate. Some plants require a hot growing season, but are 
able to stand a severe winter, while others require a more 
equable temperature throughout the year, so that there is no 
very rigid standard of comparison. Probably nowhere on the 
American continent is there a more striking instance of the 
effect of climate upon vegetation than in the state of Washing­
ton. On the western side of the Cascades the climate is very 
moist and there are no great extremes of beat or cold. The re­
sult is that we have here the densest vegetation of any place on 
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the continent. East of the Cascades there are far greater ex­
tremes of temperature and the rainfall is very slight, especially 
in the central part of the state. The scanty vegetation is all of 
the desert type-sage brush, cactus and greasewood. The dif­
ference in vegetation between these two parts of the state is due 
mostly to the difference in the amount of rainfall, and to a much 
lesser extent to the greater variations of temperature in eastern 
Washington. 

For every average temperature there is doubtless a maximum 
rainfall beyond which any more rain would not increase the veg­
etation. It is probable that this point of saturation has been 
reached in parts of western Washington, but it is by no means a 
common occurrence in tropical and temperate climates and there 
are probably very few places outside of the high latitudes where 
an increase in rainfall would not be followed by a greater luxur­
iance of natural vegetation. 

The direct effect of winds upon vegetation is not great. 
Winds, however, affect temperature and rainfall most vitally. 
Using again as an example the difference in climate between 
eastern and western Washington, we find that the equable cli­
mate of western Washington is due to the warm, moist, prevail­
ing westerly or southwesterly winds which blow off the Pacific 
ocean. It is well known that a large body of water is not sub­
ject to such extremes of temperature as a large body of land, so 
that the winds which blow off the ocean are warmer in winter 
and cooler in summer than those which blow off the land. The 
moisture laden breez.es of the Pacific pass over western Wash­
ington and up the slopes of the Cascades and down into eastern 
Washington. By the time the Cascades are passed much of the 
moisture has been precipitated as rain or snow, and the air has 
been greatly cooled by passing over the high altitudes. It is 
therefore dryer and cooler. 

W ASffi.NGTON SOILS. 

SOILS OF WESTERN WASHINGTON. 

The soil~ of Washington are the result of geological condi­
tions widely dissimilar in the different sections of the state. All 
of western Washington, except the southwestern part, is a re­
gion that in comparatively recent geological times, has been 
covered deep with glacial ice. The glaciers which filled the 

13-G 
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greater valleys of Puget sound during the geological period, 
came from three directions. First, there were the glaciers mov­
ing eastward from the Olympic mountains; second, the glaciers 
moving westward from the Cascades; and third, the great south­
ward moving body of ice which came from the mountains of 
British Columbia, and greatly exceeded in volume the other two 
combined. The heterogenous mass of earth and rocks ·carried 
along by these ice streams wa~ deposited upon the melting of 
the ice, and now forms the great mantle of drift which nearly 
everywhere covers the bed rock of the Puget sound basin. The 
soil formed by the weathering of this glacial material is usually 
quite fertile. The soil of the uplands in its virgin state supports 
·an exceedingly heavy forest vegetation, and when this is cleared 
away very good farm lands are thereby produced. The bottom 
lands when not too swampy are exceedingly fertile, and grow in 
profusion all kinds of crops suitable to a temperate climate. · 
These soils, owing to the heavy vegetation which they have sup­
ported in their unreclaimed state, are very rich in humus or veg­
etal mould. Here and there throughout the glaciated region 
there are are found lake beds, where old lakes have become en­
tirely silted or filled up. These always have a very fertile soil, 
and yield excellent farms when well drained. A lake such as 
described once occupied the Snoqualmie valley above the falls, 
including the country about the present towns of North Bend 
and Snoqualmie: 

The larger streams flowing into Puget sound have flood plains 
in their lower courses which contain some of the richest agricul­
tural lands in the state. The Skagit flats and the White river 
valley belong in this category. The soil is a very fine silt brought 
down from the upper reaches of the river and deposited a thin 
layer at a time, during seasons of extreme high water. Like the 
ancient valley of the Nile the fertility of the soil is annually re­
newed. The silt which fills the valley of the White river has been 
brought down from the muddy streams flowing from the glaciers 
of Mt. Rainier, and like the product of all volcanic rocks, is ex-
tremely rich in the essential elements of fertility. • 

The giant glaciers that were mentioned above did not extend 
as far south as the Columbia river, so that in southwestern 
Washington there is a large area where the soils of the highlands 
are composed of the residue left by the decomposition of the 
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rocks immediately underlying them. The rocks here are mostly 
sandstones and shales of the Tertiary period, capped in places by 
basalt. The valley soils have been washed down from the high­
lands and are probably nearly the same in composition but finer 
in texture and richer in vegetal mould. 

The glacial drift of western Washington does not usually ex­
tend up the flanks of the Olympic and Cascade mountains above 
an altitude of two thousand feet. Above this the soils are mostly 
residual and comparatively thin and probably will never be of 
any great value for agricultural purposes. 

SOILS OF EASTERN WASHINGTON. 

By reference to the geological map accompanying this report 
it will be seen that one of the chief geological leatures of eastern 
Washington is the vast lava plain extending from the foot hills 
of the Cascade mountains to the eastern boundary of the state 
arid from the Columbia and Spokane rivers on the north south­
ward to Oregon. The rock is a basalt, very rich in minerals 
containing iron, lime, potash, and phosphoric acid. Every­
where in this area where the rock has decomposed sufficiently to 
form a soil, and the rainfall is at all adequate or water can be 
procured by irrigation, the land is very fertile and is rapidly 
being brought under cultivation. The soil of the highlands has 
been formed in situ and the solid rock is usually not far below 
the surface. Owing to the fact that the rocks below act as a 
reservoir for moisture and yield it up gradually during the dry 
months of summer a very little rainfall is sufficient. 

Succeeding the period of the lava outflows there came a time 
in its geological history when large lakes were formed within the 
region now under discussion. These were finally drained, and 
most of the sediment which had been deposited in them has been 
carried away by the streams, but in some localities large areas 
still remain. The soil formed by the weathering of these sedi­
ments is usually of a sandy nature. It occurs in patches all 
along the course of the Yakima river, also in the western part of 
Franklin county and the southern end of Douglas county. This 
region is one of scanty rainfall, so that it has been found neces­
sary to resort to irrigation in order to raise crops. Wherever 
this has been done the dry and barren sage-brush desert has 
been converted into a garden and made to support a large and 
thriving population. 



198 Annual Report Washmgton Geological Survey. 

The only cloud on the horizon which threatens the prosperity 
of the irrigated districts of the lava plain is the continual spread­
ing of the alkali area. In regions of abundant rainfall the solu­
ble salts for!lled from the decomposition of the parent rock are 
carried away in solution almost as fast as formed, but where the 
rainfall is scanty the water does not flow off in underground 
channels but rises to the surface and evaporates during the 
succeeding dry weather. Thus the salts instead of being carried 
away accumulate in the soil. They are carried upward by the 
ascending moisture during dry weather and upon evaporation of 
the moisture they form a crust or scum upon the surface of the 
ground. Farmers usually recognize two kinds, black alkali and 
white alkali. Black alkali is more injurious than white alkali. 
It is composed mostly of carbonate of soda, and has the power 
of dissolving the humus of the soil. Upon evaporation the dis­
solved humus leaves a dark ring about the deposit, which gives 
it its distinctive name. White alkali is mostly sodium sulphate 
and is not quite so harmful to vegetation. In the irrigated re­
gions along the Yakima river, especially in the Kittitas and Yak­
ima valleys, what to do with the alkali bas become a serious 
problem to the farmer. It is only when the land has been under 
cultivation for a number of seasons and where it receives the 
drainage from land lying higher that the effects of the alkali are 
seriously felt. In bulletin 49 of the Experiment Station of the 
Washing ton Agricultural College and School of Science, Pro­
fessor W. H. Heileman takes up the subject at length and sug­
gests a number of remedies. 

Towards the end of the Glacial period the Columbia river, 
together with the other streams in the northern part of the state, 
was charged with more sediment than it could readily carry, 
with the result that instead of cutting its valley deeper it kept 
filling it up, until the old valley was filled many hundreds of 
feet deep with gravel. After the ice had all gone and normal 
conditions again prevailed, the river carried off to the sea most 
of this sediment, but has left remnants all along its upper 
reaches in the form of gravel terraces, at various elevations 
above the river. Where water can be had for irrigation from 
the lateral streams flowing into the Columbia, these level topped 
terraces are cultivated. Owing to the light condition of the soil, 
the dryness of the climate, and the high winds which prevail, 
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the soil is largely windblown. It is exceedingly rich and some 
of the finest fruit farms in the state are in trus section. 

Along the lower course of the Wenatche river the rocks are 
sandstones of Eocene age. They form, on decomposition, a 
light soil largely of fine sand wruch is easily carried about by 
the winds. This, mixed with glacial material brought down by 
the river, has formed a very fertile soil. Whenever water can 
be obtained for irrigation the soil yields abundantly, and up to the 
present time no trouble has been experienced from alkali. The 
general appearance of a soil gives little indication of its fertility. 
One can hardly conceive of any soil more barren and desolate 
than that which is found in many places along the Columbia 
river. It consists almost wholly of drifting sand, in the summer 
time dry as powder, and needing only the slightest puff of wind 
to send it whirling, yet when water is turned upon it crops grow 
as if by magic. 

North of the Columbia lava plain, between the Columbia and 
Spokane rivers on the south and the international boundary line 
on the north there is a wide belt known in a general way as the 
Okanogan country. The hills are made up of granites, scrusts, 
gneisses and other crystalline rocks of ancient origin. The soil, 
as might be expected, differs very materially from that to the 
southward. These ancient rocks are composed very largely of 
complex silicates, such as feldspar, amphibole, pyroxene and 
mica. These are comparatively rich in the elements of fertility, 
so that we usually expect to find soil quite fertile when it is de­
rived from such rocks. Because of the small amount of rainfall, 
however, nearly all of the farming that is done in this part of the 
state at the present time is on the terraces of the rivers where 
little lateral streams come in in such a manner as to afford water 
for irrigation. The rest of the land is given up to stockraising. 

All along the eastern slope of the Cascade mountains there is 
a wide belt given over chiefiy to pasturage. The soil is mostly 
formed by the disintegration of the rocks immediately below and 
is of at least ordinary richness, but above an altitude of about 
two thousand feet farming cannot be carried on successfully. 
Owing to the limited rainfall the timber is not heavy, and in the 
open glades of the forest the pasture is excellent. Large bands 
of cattle, sheep and horses belonging to the farmers of the low­
lands are pastured here every summer. 
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The following analyses of Washington soils, made by Profes­
sor Elton Fulmer and Mr. C. C. Fletcher, are taken from Bulletin 
13 of the department of chemistry, Washington Agricultural 
College and School of Science. 

No. 1. No. 2. No. 3. 
------

Insoluble residue ............. 76.49' 78.7ll4 78.484 
--- ------

Insoluble silica ............... 62.831. 6.5.768 60.207 
Combined sllioa .............. 18.663 12.948 18.227 
Soluble sUica ................. .301 .016 .210 
Potas~bO) ................ .635 .331 .433 
Boda \~ ) ................. .874 .568 .874 
Lime (Oa ) ................... 1.081 1.512 1.213 
Magnesia (MgO) .............. .727 1.527 .788 
Peroxide of iron ....•......... 4.554 4.610 6.158 
Alumina JA1a0s) ......... . ... 7.526 6.930 6.891 
Phospbo c aoid (P,iOi) ..... .142 .182 .101 
Sulpburto aoid (SOs) ......... trace trace trace 
Oblorlne ....................... .020 .016 .006 
Water at 120 degs. O ....... , .. 4.628 2.781 3.458 
Volatile and organio matter. S.612 8.745 8.019 

--- - -----
Totals ................•.... 99.992 99.881 100.79 

---
Humus .••..•.......•.......... .996 .610 .265 
Nitrogen ...................... .uo .141 .087 

No. 4. No. 5. 
------

75.865 28.852 ------66.668 21.649 ~ 
9.187 6.703 

.033 .181 

.008 .137 
.286 .191 
.769 .379 
.426 .036 

8.687 1.055 
6.465 4.801 

.054 .818 

.038 .093 

.007 .018 
3.120 11. 760 
9.160 52.874 

------
99.808 99.691 ---- --
2.001 6.915 

.23( 1.847 

No. 6. 

69. 
---

69. 658 
02'2 
448 
504 :1s 1 

.1 28 
828 
37 

846 

4. 
8.1 

:04 9 
006 

98 
618 

a'.4 
11. 

---
100.00 

8. 465 
20 .7 

No. 1.-Typice.l soil of the Pe.louse country, ta.ken from the college 
fa.rm, Washington Agricultural College and School of Science, Pull­
man, Whitman county. 

No. 2.-Fa.rm of J . B. Holt, Wa.waiwa.i, Whitman county, located on 
the bank of Snake river. Soil is mostly sand. 

No. 3.-Sa.ge brush soil from S. W. t sec. 12 T. 14 N. R. 18 E. near 
North· Yakima. 

No. 4.-Glacial soil from Anacortes, Ska.git county. 
No. 5.-Typical marsh soil of western Washington from near Ana­

cortes, Skagit county. 
No. 6.-Gra.nite soil from garden of A. L. Smith, twelve miles north· 

east of Spokane. 

Professor Fullmer sums up his conclusions as follows: 
"Barrenness may be due first, to a deficiency in lime, potash and 

phosphoric acid; second, to their not being in an available form, or 
third, to adverse climatic conditions. 

"Analytical results prove that western Washington soils will be 
greatly strengthened by the application of lime. 

"The average percentage of lime and potash are higher and phos­
phoric acid lower in eastern than in western Washington. 

"The lime percentages a.re lower in regions of abundant rainfall 
than in the dryer· parts of the state.,, 
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ROAD-MAKING MA TER.1ALS. 

GENER.AL ST A TEMENT. 

The Construction and Care of Roads. 

In the pioneer stage of development a community is com­
pelled in its road making to use the material immediately at 
hand whether it be good or bad. For many years to come most 
of our country roads necessarily will have to be made of the ma­
terials over which they run, especially the cross roads which 
lead off from the main highways of traffic. In the case of the 
larger arteries of commerce, the leading roads which bind to­
gether our towns and cities, the time is now here when the 
question of proper construction and of proper materials for these 
highways should receive the greatest attention. Road making 
requires skill and training of a special kind, and should there­
fore be done under the direction of a competent engineer. One 
of the greatest mistakes which is made in the laying out of roads 
is to require that they follow without deviation the section lines. 
The community should be allowed to exercise the right of eminent 
domain in the location of roads. It is quite as important as in the 
case of railroads. It is a wasteful system to require that the roads 
zigzag around section lines, up bill and down hill, when a compar­
atively level grade may be easily obtained, usually on a more 
direct route. It is much cheaper for a community to buy up a 
desirable right-of-way than it is to have its traffic for an indefinite 
number of years compelled to make detours and climb steep 
hills simply for the purpose of keeping on section lines. When 
permanent improvements of a road are contemplated it is espe­
cially important that the best grades and the most direct route 
be found, otherwise the evil is practically placed beyond remedy 
for many years to come. 

The initial cost of good roads is usually high, and their con­
struction should not be undertaken in a haphazard manner. 
America is far behind Europe in the matter of highway construc­
tion, but this is a condition of affairs which it is earnestly hoped 
will speedily be changed. It is said that the roads in the moun­
tain republic of Switzerland have much more gentle grades than 
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those of the prairie states of our own country. The system·of 
building and maintaining roads which we use now is the same as 
that employed in Europe a century ago, when the roads came to 
be so bad that the various governments had to take the matter 
in band. In England the work of constructing highways was 
placed in the hands of engineers like Macadam and Telford, with 
the result that a system of highways was built which has remained 
in excellent condition down to the present day. Methods similar 
to those employed in Europe will have to be used in this country 
before we can bring our highways into the same degree of excel­
lence. 

One essential thing in road construction is to have the road 
in such shape that it can be kept dry. The surface should be 
able to shed water, and ditches and culverts should be so placed 
that no water will be allowed to accumulate. In country districts 
the road should not be too wide; eight feet is usually wide 
enough. In making a macadam road the mistake is usually made 
of getting them too wide. After a road is well built care should 
be taken to keep it in good repair. Narrow tires on vehicles are 
very effective agents in destroying a road. In order to encourage 
the use of wide tires a number of states have offered a rebate on 
road taxes to all who will use them. It has been proven by a 
series of experiments that except in deep mud wide-tired vehicles 
require less power to pull them than do those with narrow tires. 
On a smooth hard road the advantage is found to be in favor of 
the wide tires. Wide tires act as road makers and narrow tires 
as road destroyers. The wide tires roll the road out smoothly 
and do not cut it into ruts. 

Materials for Road Making. 

For some years to come many of our roads will doubtless be 
made of common dirt or loam. A dirt road, if properly made 
and kept in good repair, has some advantages over a hard stone 
road in dry weather. It is not so wearing on vehicles or on the 
hoofs of horses. In wet weather a dirt road is the worst of all, 
and should be macadamized as soon as circumstances will per­
mit. The best rock for this purpose is fine-grained volcanic 
rock, crushed into fragments not more than an inch and a half 
in diameter. This should be spread on the prepared roadbed in 
successive layers, each one rolled with a heavy steam roller 
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before the next layer is spread. The topmost layer should be 
made of the fine dust of the broken rock. It fills up all the in­
terstices in the layers below and cements the whole mass together. 

In order to make good road material, a rock should possess 
considerable hardness and toughness, combined with the power 
of cementing well when placed in a roadbed. Granite does not 
make a very good macadamizing material because the quartz 
contained in it crumbles under the impact of traffic and the 
other minerals scale off and weather quite rapidly. Limestone 
has great cementing power, but because of its softness it does 
not wear as well as some other rocks. Sandstone is quite use­
less for macadamizing purposes as it crumbles very easily and 
will not cement readily. Among volcanic rocks basalt is prob­
ably the best, as it is one of the very best rocks used in road 
construction. It is tough, durable, and cements well. 

Glacial till which has not been exposed at the surface· so as 
to become weathered makes very good road material. It is a 
mixture of clay, sand and gravel, and cements together readily. 
Sand, when used alone, is extremely poor material to use in the 
construction of a road, because it will not consolidate. Clean, 
rounded gravel is almost as bad. A gravel bank which looks 
brown or red should never be used on a road. Its color shows 
that it has been weathered and has lost the power of cementing 
together when put on a road. If coarse gravel is put through a 
crusher, it will often cement very well on account of the fresh, 
unweathered surfaces exposed. Pure clay is not a good road 
material, but when gravel, sand and clay are mixed together 
they make a firm, waterproof roadway that wears very well. 

ROAD-MAKING MATERIALS OF WASHINGTON. 

Washington possesses a large variety of the best materials 
used in building roads. Not only are these materials of a supe­
rior order, but they are widespread in occurrence and practi­
cally limitless in quantity. The lack of good materials for road 
construction can never be urged as an excuse for poor roads in 
Washington. In describing the road-making materials of the 
state it will be possible to mention only a few of the localities 
where these things occur. 

WESTERN WASHINGTON.-Within the glaciated area of west­
ern Washington, which comprises all except the southwest car-
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ner of the state, glacial till occurs everywhere. A great deal of 
the till is good road making material. Where there is the right 
proportions of clay, sand and gravel with some cementing in­
gredient present it becomes very compact. In choosing mate­
rial of this nature care should be taken to see that it is not too 
loose and incoherent and that it does not contain too large a 
proportion of clay. A bank which stands upright and when 
picked down falls in large masses without crumbling is the best. 
Withm the glacial area sand and gravel are very abundant every­
where. As pointed out before, these alone are not very good for 
making roads. However, both are extensively used in making 
a foundation for vitrified brick pavements in the cities. There 
is a large sand and gravel plant operating at the water's edge 
near Steilacoom. The materials are washed and then sorted by 
means of revolving sieves into various grades of fineness. 

w ·ithin the limits of the glacial region of western Washing­
ton, there are a number of localities where volcanic rocks suit­
able for macadamizing purposes crop out above the drift. Near 
the Port Orchard dry dock there is a quarry in basalt, near the 
water's edge, where rock for road building is taken out. It is 
crushed at the quarry and sent in scow loads to Seattle, Tacoma, 
and other cities about the Sound. Another quarry has been 
opened along the railroad track between South Seattle a.nd 
Black River Junction. The rock here is mottled volcanic rock, 
probably andesite, and is rather too soft to be of very good 

· quality for macadamizing. It is now being used in combination 
with other rocks for making concrete pavements in Seattle. 
Along the western side of Hoods Canal there are extensive out­
crops of volcanic rock suitable for macadamizing purposes. 
Along the Grays Harbor branch of the Northern Pacific Rail­
way a hard, compact, durable basalt outcrops at many places 
between Gate City and Aberdeen. It exists in large quantities, 
1s very accessible, and is a road-making material of the very 
best quality. 

At a number of places in western Washington limestone oc­
curs which may have a large use in the road construction of the 
future. It is for the most part quite accessible and exists in 
ample quantities. Granite from Index is used very largely for 
street curbmg in the cities about Puget Sound. 
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EASTERN WASHINGToN.-ln eastern Washington the basalt 
of the great lava plans makes a first class macadamizing mater­
ial. This is a part of the state which perhaps more than any 
c;>ther needs a system of good roads. The best farming sections 
of the state are located within the limits of the lava fields. In 
the Palouse country, about Walla Walla, and within the great 
bend of the Columbia, there is a large and increasing population 
depending upon agriculture. Wheat growing is the principal 
industry. During the summer months the roads are everywhere 
dry and in fairly good condition, but when the fall rains come 
and the farmer is ready to haul his grain to market the roads are 
usually all but impassible. When the lava finally weathers and 
decomposes it forms a finely powdered soil which accumulates to 
great depths in the valleys. When the soil becomes soaked with 
water there is apparently no bottom to the mud thus produced, 
and until it freezes or slowly dries up traffic throughout the rural 
districts is almost at a standstill. 

A large part of the area embraced within the limits of the 
Columbia lava plain in this state is now so thickly populated and 
so prosperous that an extensive system of highway improvement 
should be inaugurated without any further delay. The basalt 
which is to be obtained everywhere makes the very best material, 
so that the construction of good macadamized roads would not 
be expensive. The rock would have to be crushed, spread in 
layers on the prepared road bed and rolled with heavy rollers. 
In this way a system of roads would be built which would be in 
good condition every day in the year. The saving in the expense 
of hauling the produce to market would more than suffice to 
build the roads and keep them in good repair. 

North of the Columbia lava plain and east of the Cascades 
lies a region of ancient metamorphic rocks, granite, gneiss, schist, 
marble and slate with a ramifying system of trap dikes. It is a 
country of rolling hills given over chieBy to stock raising and 
mm1ng. The towns are small and far apart, and not much in 
the way of a systematic improvement of the higways can be ex­
pected for some time. The trap dikes are pretty well distributed 
through the country rock and will furnish the very best material 
when the time comes to macadamize the roads. The streams all 
have terraces at various elevations above their beds and a great 
many of the roads follow along the tops of the terraces. The 
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gravel affords a natural drainage, so that the roads are likely to 
be in a good condition throughout the year. In some of the more 
promising mining districts it is imperative that first class roads 
be built in order to haul the ore out and get the supplies in to 
the mines. Mining camps as a rule are from their nature not as 
permanent as agricultural communities, so that the roads do not 
need to be of so permanent a nature. 

In the vicmity of Spokane there are wide gravel plains where 
the roads possess a natural drainage so that no grading or side 
ditches are required. T.hese gravels are relics of the glacial 
period, when the Spokane river was given a bigger load than it 
could carry and dropped some of it by the wayside. The gravel 
makes an excellent foundation for the vitrified brick pavements 
used in the city. 

In the Yakima valley the underlying rock is sandstone, belong­
ing to the Ellensburg formation, but there is abundant basalt 
and other volcanic rocks near at hand for macadamizing pur­
poses. Some of the roads in the valley have been placed in very 
fair condition, and travel over them is not difficult even in bad 
weather. If the residents of this valley continue to pursue the 
same enlightened policy in a few years they will have a very 
good system of roads. 

In the Kittitas valley the geological conditions are much the 
same as in the Yakima valley. Ridges of basalt surround the 
valley on all sides, so that the rock can easily be quarried out in 
a hundred different places. The sandstones which occur in the 
vicinity of Ellensburg are not good for road-building purposes, 
and certainly should not be used when basalt may be had so 
readily. 
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PETROLEUM. 

GENERAL ST A TEMENT. 

Conditions of Ocasrralu. 

Petroleum in small quantities is very widely distributed 
throughout the sedimentary rocks all over the surface of the 
globe, but, like all other economic products of nature, it is valu­
able only when found in a sufficiently concentrated form. The 
finding of oil in small amounts on the surface or in the rocks of 
any locality is not usually of much importance as indicating the 
presence of commercial quantities. Until a well has been actually­
sunk and large quantities of oil found, there is always a consid­
erable element of risk no matter how favorable the surface indi­
cations may be. 

Before going to the expense of drilling it is well to know just 
how much importance can be attached to surface indications. 
The presence of oil as a film on the surface of water does not­
count for much unless it is in large quantities. Seepages may 
or may not be an indication. Professor Edward Orton* says: 
"Along the extensive northern and western outcrops of the 
great Ohio shale through western New York, Ohio, Kentucky 
and Tennessee, oil and gas springs are everywhere found, but the 
supplies are invariably small in quantity, and there are no indi­
cations of storage on the large scale such as would justify the­
application of the term 'reservoirs' to the formation." Very 
often the seepages merely show that the oil has found a means 
of escape to the surface and that none will be found under pres­
sure in the rocks. Besides, oil is not the only substance that 
forms an iridescent film on the surface of water; certain iron 
compounds and organic substances have the same effect. Even 
when the seepages of oil are unmistakable, it should be borne in 
mind that the presence of small quantities of petroleum in the 
stratified rocks is the normal condition in nature, and that it is 
only where the conditions are exceptionally favorable that the 
oil is concentrated. 

•Edward Ort.on : Petroleum and Natural Oas. Kentucky Geological Survey, 1891. 
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No importance whatever can be attached to the topography of 
the locality as an indication of oil except where the hills and the 
valleys conform to the folds of the rocks. It is not likely that 
in the supposed oil regions of the state there is a conspicuous 
connection between the rock structure and the land features, so 
that in the absence of surface indications oil is just as likely to 
be found by drilling on a hill top as in a valley. Wherever pos­
sible the folds of the rocks should be determined from the sur­
face outcroppings, and the well sunk on an anticline or arch. 
Since oil is lighter than water it rises to the highest part of the 
fold and gives place to water below. In the Pennsylvania oil 
fields all the successful wells are located on the arches of the 
folds.* 

Before petroleum can accumulate in large quantities in one 
place three conditions are usually considered necessary. rst. 
There must be a source of the petroleum; that is, there must be 
strata containing organic matter wherein the chemical processes 
may take place by which vegetal and animal tissue is changed 
into petroleum. 2d. There must be a reservoir of porous rock 
to contain the oil after it is formed. . This is usually sandstone 
or conglomerate. In the Ohio and Indiana oil regions the res­
ervoir is Trenton limestone. It is only when the limestone bas 
become changed into dolomite that it becomes porous enough to 
act as a reservoir. Owing to local conditions in this state sand­
stone is most likely to act as a reservoir. 3d. There must be 
impervious strata above the oil-bearing beds in order to prevent 
the oil from escaping to the surface. Shale or other close 
grained rock usually occupies this position in the oil regions. 
To these three conditions there is usually supplemented a fourth, 
namely, that the rocks must be thrown into folds so that the oil 
can collect in the arches of the folds. 

Origin of Petroleum. 

Petroleum is formed by the decomposition of vegetal and 
animal remains embedded in the sedimentary rocks. Such 
rocks are formed by the accumulation of sediments on the floors 
of seas and lakes. Along with the inorganic sediment carried 
down by the streams there is always a considerable amount of 
organic material carried also. This material, together with the 

•I. C. White: Geology or Natural Gas. Science, June 26, 1885. 
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remains of animals and plants which live and die in the sea, is 
gradually covered up by succeeding sediments. Any kind of 
organic matter when exposed to the air quickly decomposes, 
but when it is buried beneath water, and hence is very well pro­
tected from the air, decomposition goes on with extreme slow­
ness, so that the resulting chemical products are of a different 
nature from those formed in the air. It is not possible to re­
produce in the laboratory the conditions under which petroleum 
1s formed ; in this case we connot imitate the processes of na­
ture. It is believed, however, by all who are recognized author­
ities on the subject, that oil is formed by the decomposition of 
organic matter contained in the sediments which have been de­
posited on the sea floor. 

Oil has been found in nearly all the geological horizons from 
Silurian to late Tertiary. The Pennsylvania oil fields are in 
Devonian rocks, the Ohio and Indiana fields are in Silurian. 
The Russian oil fields, on the Caspian sea, are in Tertiary rocks. 
In California, where the conditions most nearly resemble those 
found in our own state, most of the oil is found in rocks of 
Miocene or middle Tertiary age.. Tertiary rocks containing pe­
troleum are known to exist all the way along the Pacific coast 
from South America to Alaska. In the California oil districts 
the rocks are sharply folded; in some of the wells the strata are 
almost vertical. The oil, too, is heavier than the eastern article 
and has an asphalt base. 

PETROLEUM IN WASHING TON. 

In considering the probability of obtaining oil in Washington, 
it is not possible to discuss the state as a whole. Its geology is 
so diversified that it will have to be treated in sections. By a 
process of elimination, those portions of the state where the con­
ditions do not admit of the formation and accumulation of oil 
will be first mentioned and set aside, until the field is narrowed 
to those areas where the conditions are such that oil may exist, 
and which may therefore afford proper prospecting ground. 

Beginning with eastern Washington, the area lying between 
the Cascade mountains on the west and the Idaho boundary on 
the east, and between the Spokane and Columbia rivers on the 
north and Oregon on the south, forms part of the great Columbia 
basalt lava field. In its larger features it is approximately a 
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level plain, but is worn locally into hills and deep canyons. In 
the southern part of the area the lava is several thousand feet 
in thickness but gradually thins out to the northward until it is 
not more than three or four hundred feet thick. In several 
places Snake .;vP.r has cut its canyon down through the lava 
and exposed t --.derlying rock, which is granite. Along the 
Washington-I· boundary the lava may•be seen lying directly 
upon old crysta,.,. ,e rocks. In several places in the lava field 
similar crystalline rocks may be seen rising above the lava in 
the form of hills or buttes. Steptoe butte in Whitman county 
is an example. On the northern and western side the lava there 
may also be seen overlying crystalline rocks of very ancient 
origin. 

If oil originates from the decomposition of organic remains 
embedded in sedimentary rocks, as is held by all whose author­
ity on the subject is recognized, it is clear that none need be 
looked for in the region just described. All the evidence goes 
to show that previous to the outflow of the lava the region con­
sisted of granite, gneiss, schist, and other rocks of similar na­
ture. Then the lava came in successive overflows and gradually 
submerged valleys and hills until finally the whole country was 
one vast level expanse of basalt. This part of the state may 
therefore be eliminated from the list of possible oil bearing re­
gions. 

North of the Columbia lava plain is the region known as the 
Okanogan highlands. It includes practically all of eastern 
Washington north of the Spokane and Columbia rivers. The 
rock is mainly of ancient crystalline type, mostly granite, gneiss, 
and schist, with occasional small areas of sedimentary rocks of 
later times. It is evident at once that it 1s not worth the while 
to look for oil in the rocks of the Okanogan highlands. 

In the Cascade mountains the rocks have been folded, crushed 
and broken so badly that any oil which they might have held at 
one time has long since escaped. In the oil fields of Pennsyl­
vania, Ohio and Indiana the evidence seems to show that a mod­
erate amount of folding in the rocks is necessary for the accumu­
lation of oil. When the folding and crushing have been carried 
to an extreme point, however, the consolidation or metamorphism 
of the oil bearing rock forces out the oil and it escapes through 
the fissures which are formed. For this reason we would also 
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exclude the Cascade mountains from the list of places where oil 
is at all likely to be found. 

The Olympic mountain region would be excluded for the same 
reason as in the case of the Cascades. This refers, of course, 
only to the higher parts of the mountains which are composed 
exclusively of igneous rocks. In the lower foothills, where sedi­
mentary strata occur, the conditions are often favorable for oil 
accumulation. 

This process of exclusion leaves as possible oil-bearing terri­
tory all of western Washington, with the exception of the higher 
parts of the Olympic mountains mentioned above. It will be 
seen by referring to the geological map which accompanies this 
report that with the exception of the San Juan islands, which 
are of Cretaceous age, all of the rocks embraced in the area 
under consideration belong to the Tertiary period. They are, 

"' therefore, of the same age as the rocks of the California oil 
fields. 

It is probable that during Tertiary times the region now 
forming western Washing ton was the bed of a shallow sea. The 
Olympic mountains doubtless formed an island in this sea. 
Sand and mud accumulated to great depths on the sea floor, and 
there was buried within these sediments the remains of sea ani­
imals and plants as well as the vegetal matter brought down to 
the sea by the rivers. By processes known only to nature this 
organic matter may have been turned into petroleum just as it 
has been known to do under similar conditions in the great oil 
regions. After the sediments had accumulated to a depth of 
many thousands of feet and bad been changed into solid rock, 
there came a gradual upheaval by which the sea floor was ele­
vated until it became a part of the land. This elevation was 
accompanied by great lateral pressure which folded the rocks 
and raised the mountains to their present height. Since that 
time the streams have eroded away a great part of these sedi­
mentary rocks and carried their constituents again into the sea. 

During the Glacial period all but the southwestern part of 
this region was covered with ice several thousand feet thick. 
Buried within the drift material left by the glaciers are beds 
of vegetal matter more or less decomposed. In some instances, 
perhaps from this vegetal matter, a little petroleum may have 
been formed. If such were the case it would account for ma ny 

14-G 
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of the so called surface indications of petroleum found in the 
glacial drift about Puget sound. Oil formed in glacial drift can 
never occur in large quantities; for this reason it is unwise to 
pay any attention to surface indications found in glacial mate­
rial. There is usually so much clay present in the drift as to 
preclude any possibility of the oil having seeped from the bed 
rocks lying below, especially when the drift has a thickness va­
rying from 500 to 1000 feet, as is the case in western Washing­
ton. 

The best indications of oil in the state have been found along 
the coast between Grays Harbor and Cape Flattery. As far as 
known, this part of the state has never been carefully studied by 
a geologist, and most of the information concerning it .consists 
of the reports brought out by prospectors and others, together 
with the samples of rock which they have brought along with 
them. Some of the specimens of rock are composed very 
largely of marine shells. These are of Tertiary age, probably 
Miocene. The rocks are mostly light colored sandstone and are 
considerably folded in places. They lie against the western flanks 
of the Olympic mountains which, from various reports, seem to 
be composed in large part of rocks of much more ancient origin. 
It is said that over wide areas the sandstone, when broken with 
a hammer, gives out a strong odor of oil. Clay beds strongly 
impregnated with petroleum are also to be found along the coast 
for many miles. 

At least three wells are now being drilled in this part of the 
state. [March, 1902]. A company known as the Olympic Oil 
Company is drilling a well near Copalis Point, Chehalis county. 
T hey are said to be down a distance of between eight and nine 
hundred feet and to have good indications of oil. ·Another com­
pany, the Eldorado, is also drilling on Copalis river about two 
miles from the Olympic company's well. On the authority of 
Mr. George Wilkening, the president of the company, they are 
now down a distance of one hundred feet and are sinking as 
rapidly as circumstances will permit. Farther north along the 
coast the Lapush Oil Company is drilling a well near the little 
Indian village of Lapush, at the mouth of the Solduck river, in 
Clallam county. The rock where they are drilling is a light 
colored sandstone lying upon conglomerate and dipping north-
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east at an angle of about . forty-five degrees. Good surface 
indications are said to be found in this neighborhood. 

The work of drilling along this part of the coast is a slow 
process on account of the difficulty and delay in obtaining suit­
able tools. All drilling tools have to be obtained from San 
Francisco, and vexatious delays have been the rule. 

Between T enino and Grand Mound, in Thurston county, the 
Puget Sound Petroleum Company have reached a depth of 
about a thousand feet, and are still continuing operations. The 
Pacific Oil Wells Company of Tacoma sunk a well at Tacoma 
and another at Des Moines, King county, but finally abandoned 
both. They are now drilling a third well at Happy Valley, near 
Fairhaven, Whatcom county. They are now down a distance 
of one thousand feet and still drilling. They claim to have 
passed through three layers of oil-bearing sand and at the depth 
of about nine· hundred feet to have pumped up a small quantity 
of oil. For the first one hundred feet the drill passed through 
glacial drift, but since that the formation bas been mostly sand­
stone and shale. A company known as the Seattle and King 
County Oil Company are drilling a well near South Park on the 
western side of the Duwamish valley. They have been hindered 
by a number of accidents and delays, but are still sinking and at 
last repbrts bad attained a depth of seven hundred feet without 
having found as yet any indications of oil. 

This completes the list of companies which are ca.rrying on 
active operations in the state, as far as known. A well was 
sunk near Stanwood station, Snohomish county, about ten years 
ago, by Mr. John E. McManus. A depth of about nine hun­
dred feet was attained, but owing to difficulties of drilling it was 
finally abandoned. Other wells have no doubt been sunk at 
different places, but the data regarding them is not at hand. 
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THE IRON ORES OF WASHINGTON. 

BYS. SHEDD. 

NOTE.-The work of preparing this report on the iron ores of Wa.sh· 
ington was begun in the summer of 1899, under the direction of the 
Board of Regents and the president of the Washington Agricultural 
College and School of Science, and the entire expense, for the work, has 
been defrayed by the College. The summer of 1899 and a part of the 
summer of 1900 was spent in the field visiting the different localities, 
collecting samples, and s~udying the different deposits. The analyses 
of the Washington ores given herein, with the exception of those taken 
from a manuscript report by R. H. Stretch, E. M .• and one from Willis 
and Smith's paper on the Cleal um district, were made by myself or by the 
chemists of the department of chemistry in the Washington Agricul· 
tural College and School of Science. 

While I take sincere pleasure in acknowledging the kind and ready 
assistance rendered me by those upon whom I had occasion to call for 
help or information of any kind, I am especially under obligations to 
Messrs. Thomas Cooper, .J. J. Conner, Chas. Denny, and H. L. Blan· 
chard for the interest shown and the help given, and I desire to express 
to them, especially, my most hearty thanks and appreciation of their 
kindness. 

DISTRIBUTION AND COMBINATIONS IN WHICH IRON OCCURS, 

GENERAL STATEMENT. 

Iron is one of the most widely distributed of all the different 
minerals. It seldom occurs in the native-state, but is combined 
with different elements, oxygen being the most common one, 
and in this form it is a very important factor in giving the color 
to the various rocks and soils. It combines with sulphur to 
form sulphides and is then known as iron pyrites and in this 
form it is very important, not for the manufacture of iron, but 
from the fact that it frequently carries more or less of the 
precious metals, such as gold and silver. Iron is also found in 
combination with other elements, such as phosphorus, silica, 
titanium, arsenic, etc. 

(217 
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THE ORES OF IRON. 

While iron occurs in combination with many different ele­
ments, there are only a few forms that are used in the manufac­
ture of iron. The valuable ores commercially are the magnetites, 
the hematites, the limonites, and the carbonates. 

Magnetite is an anhydrous oxide of iron and when perfectly 
pure has the following per cent. of iron and of oxygen: Magnet­
ite (Fe, 0 4 ) metallic iron, 72.4 per cent., oxygen, 27.6 per cent. 

While theoretically magnetite should contain 72.4 per cent. 
of iron, practically very little of it does contain so high a per 
cent. on account of the impurities that occur with it. The com­
mon impurities are such minerals as quartz, feldspar and horn­
blende. Magnetites always give a black streak and differ in this 
respect from the hematites which have a red or brown streak. 
The magnetites also have the property of magnetism; that is, 
they are attracted by a magnet. 

Of the different varieties of iron ores mined in 1899, only 
I, 727,430 long tons, or 7 per cent. was magnetite.* 

Hematite is an anhydrous oxide of iron having, when pure, 
the following composition: Hematite (Fe,Oa), oxygen 30 per 
cent., iron 70 per cent. 

This is the most important ore of iron and is the most widely 
distributed of any of them, being disseminated in greater or 
lesser amounts in the soils and nearly all rocks ; in fact most 
soils and rocks owe their color to iron. It is not confined to 
rocks of any particular geological age or to rocks of any partic­
ular kind. There are several different varieties of hematite, 
such as specular iron, red ochres and clay iron stone, but all of 
these varieties when pulverized give the characteristic red pow­
der which distinguishes them from the other oxides of iron. 

"Tbe specular variety is mostly confined to crystalline or metamor­
phic rocks, but is also a result of Igneous action about some volcanoes, 
as at Vesuvius. Many of the geological formations contain the argilla­
ceous variety of clay iron stone, which is mostly a marsh formation, or 
a deposit over the bottom of shallow, stagnant water; but this kind of 
clay iron stone, that giving a red powder, is less common than the cor­
responding variety of llmonite." (Dana, Edward S.: Text Book of Min­
eralogy, p. 385.) 

In 1899 there was mined in the United States 20,004,399 

• 21st A.nu. Rep. U. S. GeoL Survey, P art. VI, Miu. Res. , p. SS. 
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long tons of red hematite, which is 81 per cent. of all the iron 
ore mined in the United States that year.* 

Limonite, or brown hematite, is a hydrous oxide of iron hav­
ing the following composition: Limonite (2 Fe20s, 3 H20) oxy­
gen 25.7 per cent., iron 59.8 per cent., water 14.5 per cent. 

This ore is a secondary product, in all cases, and is derived 
from the alteration of other ores, minerals or rocks containing 
more or less iron. The variety known as bog ore is the most 
widely distributed, occurring in many places in the United 
States. It has been formed in marshy places and has been car­
ried in solution, by streams, into these places. 

This ore is very apt to contain more impurities, such as 
silica, clay, phosphates, oxides of magnesium and other sub­
stances of this nature than magnetite or hematite. Limonite is 
distinguished from the other oxides of iron by its brown color 
when finely powdered. 

The brown hematites, in 1899, amounted to 2,869,785 long 
tons, or u.6 per cent. of all the iron ores mined in the United 
States for that year. t 

Siderite, or spathic iron, is the protocarbonate of iron and has 
the following composition: Siderite (Fe COa) carbon dioxide 
37.9, iron protoxide 62.1, metallic iron 48.2 per cent. 

The spathic ores are the lowest in iron of all and are least 
important, as shown by statistics of production for 1899, there 
being only 81,559 long tons mined or .33 per cent. of the iron ore 
produced during that year.! 

The following table, taken from the Twenty-first Annual 
Report of the United States Geological Survey, Part VI, Mineral 
Resources, page 35, gives the amount of the different classes of 
iron ores mined in the United States for eleven years from 1889 
to 1899, inclusive, with the per cent. of each class for the eleven 
years and also for the last year 1899. This table is given here 
for comparison and shows that the most important iron ore has 
not been found in Washington in anything but small quantities 
up to the present time. 

• 21st Ann. Rep. U. S. Geol. Survey, Pa.rt Vl, Min. Res., p. 82. 
t 21st Ann. Rep. u. S. Geol. Survey, Part VI, Min. Res., p. 88. 
t 2Ist Ann. Rep. u. S. Geo!. Survey, Pa.rt Vl, Min. Res., p 83. 
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PRODUCTION Oli' IRON ORES IN THE UNITED STATES BY CLASSES. 

Redhema- Brown Mll(l1letite, <Jarbon· Total, YEAR .• tUe, long lwmatite, ate, long 
tom. longtc>m. long tc>m. «>n8. lc>ng tons. 

1889: .••..•...........•. . ..•..... 9,056,288 2,528.087 ~:~:m 482,261 14,518,041 
1890 ............ ..... . . ·••••••••• 10,627,650 2, 559,988 877,617 16,086,043 
1891 . .... ..... .. .. ···•· · ......... 9,827.898 2,757,664 2, 317,108 189, 108 14,591,178 
1892 ............................. 11,646,619 2, 485,101 1,971,965 192,981 16,295,666 
1893 ........ . ...... ... . . . ........ 8,272,637 1,849,272 1,330,886 134 834 11,587,629 
1894. •..•• 9,847, 484 1,472,748 972,219 s1:218 11,879,679 
1895 ...• . .. :::::::::::::::::::::: 12,613,996 2,102,358 1,268,222 78,039 16,957,614 
1896 . . .•....•............ . ...... • 12,676,288 2,126,212 1,211,526 91,423 16,006,449 
1897 ... . .... ······· •··· ... . ····· · 14,418,818 1,961,954 1,059,479 83,295 17,518,046 
1898 ...............•.. , ........•. 16,160,684 1,989,681 1,287,978 55,873 19,483,716 
1899 . . ........................ . .. 20,004,899 2,869, 785 1,727,480 81 ,559 24,683,173 

Totals .. .. ................ 183,836,710 24,697,700 18,174,066 1,798,758 178,607, 284 

Percentages o! totals for 
eleven years ............. ... 75.00 13.8 10.2 1.00 100.00 

Percentages or total for 1899. 81.04 11.68 7.0 0 .88 100.00 

THE RELATIVE VALUES OF IRON ORES. 

The value of an iron ore does not depend entirely upon the 
amount of iron it contains, but u_pon the other substances, and 
amounts of them, found with it. The most common injurious 
substances are phosphorus and sulphur. There are, however, a 
number of other substances that occur as impurities, such as 
titanium, silica, alumina, calcium, and magnesia. These latter, 
however, can hardly be considered as injurious substances in the 
sense of injuring the pig iron, but rather as lowering the per cent. 
of iron. They also determine the fluxes needed. Sulphur and 
phosphorus, however, act in an entirely different way, and even 
a small amount of either of these injures the ore for a Bessemer 
pig iron. 

Again its location is an important factor in determining the 
value of an iron ore, so that an ore may be quite high in the per 
cent. of iron it contains and still not be of any value, simply 
because it would cost too much to get it to market. Then again 
the nearness of fuels and fluxes come in to regulate its value. 
Take for instance Pennsylvania, which ranks first in the product 
of pig iron, producing in 1899, 6,558,878 long tons, or about one 
half of the entire product of the United States for that year, but 
which ranks fifth in the production of iron ore. This comes 
from the fact that, while Pennsylvania does not have as large 
deposits of iron ore as some of the other states, she does .have 
very extensive beds of good coal, and it has been found cheaper, 
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as a general thing to ship the ore to the fuel than to ship the 
fuel to the ore. 

THE HISTORY OF IRON MINING AND MANUFACTURE IN 
WASHING TON. 

The first furnace for the manufacture of pig iron in Wash­
ington began operation in the fall of 1880. This furnace was 
located at Irondale on Port Townsend bay about four miles 
south of the city of Port Townsend. The furnace had a daily 
capacity of ten tons and was a hot blast charcoal furnace. After 
being operated six months this furnace was found to be unsatis­
factory, abandonded, torn down and a furnace with a capacity of 
fifty tons daily was constructed in its stead. On account of the 
very refractory nature of the ore being used this new furnace did 
not meet expectations, and after being operated for several 
months was reconstructed and then operated very successfully, 
as far as the grade of pig iron produced was concerned, about 
six months each year until 1891, when the furnace was closed 
down permanently. 

The Irondale plant was first built for the purpose of using a 
deposit of limonite or bog ore which occurred south of there in 
the Chimacum valley, but the iron produced was found to be of 
a rather poor quality and the deposifproved to be very limited 
in quantity, so a magnetite found on Texada island, a British 
island situated in the Straits of Georgia, about one hundred and 
twenty-five miles northwest of Port Townsend, was mixed with 
the bog ore. It was found that a mixture of these two ores pro­
duced a very high grade of pig iron, but owing to the fact that 
there was an import duty of seventy-five cents a ton on the Tex­
ada ore, and charcoal being expensive, on account of having 
nothing but soft wood from which to make it, coke twelve dol­
lars a ton, labor high, and the price of iron low, it was found to 
be a losing proposition, and it is claimed that every day the 
furnace was operated it was at a loss, and hence in 1891 it was 
closed down and had been allowed to go to decay until March, 
1901, when Pennsylvania capital became interested in the mat­
ter and what is known as the Pacific Steel Company was formed 
and obtained control of the old Irondale plant for a considera­
tion of $45,000. This new company immediately began the 
work of putting the plant in first class condition again and have 
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expended about $100,000 on the property. December 15, 1901, 

the plant was again put in operation. 
The new plant has a stack 60 feet high, 12 feet in the bosh, 

6 feet on the crucible, and a capacity of about 50 tons a day. 
The power to drive the machinery for hoisting and crushing the 
ore will be furnished by a battery of four steam boilers, while 
large blowing engines will furnish the blast for the furnace. 

At the present time ores from Texada island and from Ham­
ilton, Skagit county, are being used. These two grades of ore 
are mixed in the proportion of 700 tons of Texada ore to 50 tons 
of Hamilton ore or about 93 per cent. Texada and 7 per cent. 
Hamilton. The principal flux used is limestone from the Roche 
Harbor lime works. The following analysis shows the compo­
sition of this limestone: Calcium carbonate, 98.32 per cent.; 
iron and alumina, 1. 13 per cent.; silica, . 44 per cent.; phosphor­
ous, . 11 per cent. In addition to the limestone a small amount 
of sand is used. 

A little coke from Cokedale has been used, but the principal 
fuel is charcoal, and this is produced by the company's own 
charcoal plant on the premises. There are, for the burning of 
this charcoal, twenty kilns each 30 feet high and 30 feet in diam­
eter at the base and holding 75 cords of wood each. 

These twenty kilns will burn 180 cords of wood a day and 
have a total capacity of 180,000 bushels of charcoal per month. 
A sawmill and splitting-machine have been installed, so that the 
company now buys the logs and makes its own cordwood at the 
works. Machinery is being installed also for conveying auto­
matically the wood to the kilns. 

The ores from Texada island and from Hamilton are loaded 
on scows, transported to the plant and dumped into the bunkers. 
From the bunkers the Texada ore is hauled in small cars into 
the yard, where it is arranged in large heaps and roasted to get 
rid of sulphur and also to make it more easy to reduce in the 
furnace. Castings are made three times a day; that is, every 
eight hours. The pig iron at present is sold to the various 
foundries around Puget sound, Oregon and British Columbia. 
The company, however, expects in the near future to ship to 
San Francisco. 

The old plant when in full operation employed altogether, in 
the mines, cutting wood and burning charcoal, and at the fur-
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nace, about 250 men. The new plant will employ directly and 
indirectly about 300 men. 

There are a number of places in the state where considerable 
development work has been done, but the bog ores at Irondale 
are the only ones from which iron has been produced. From 
1889 to 1892, inclusive, development work was quite vigorously 
pushed in the Clealum district in Kittitas county by a Scotch 
company who were contemplating the building of an extensive 
plant at Kirkland, on the shore of Lake Washington, but for 
some unknown reason work was stopped in 1892, and nothing 
has been done since. 

In 1881 Mr. F. M. Guye discovered and located iron mines 
in the Cascade mountains, one and one-half miles northwest of 
Snoqualmie pass on the south fork of the Snoqualmie river. 
Soon after this he also found another deposit about six miles 
northeast of North Bend, the present terminus of the Snoqual­
mie branch of the Seattle & International Railroad. 

Other properties have been located in the Snoqualmie pass 
district and some development work done, but at the present 
time (1901) nothing is being done toward developing any of 
these properties. 

About 1881 iron ore was discovered by Mr. J. J. Conner, in 
Skagit county, near Hamilton on the Skagit river. Since that 
time these same deposits have been traced, and locations made, 
for several miles along the south bank of the Skagit river above 
Hamilton, and the ores occurring near Marble Mount are prob­
ably a continuation of these same Hamilton ores. Considerable 
development work has been done on some of the properties in 
this district, but no very great depth bas been rea.ched. 

In 1881 two tons of the iron ore from the Hamilton district 
were sent to Tacoma and tests were made at the smelter there, 
and a company formed to build a plant at that place. In 1887 
twenty tons were tested at Irondale. This ore was sent by J. J. 
Conner, of Hamilton. 

About eleven miles northwest of Hoodsport in Mason county, 
a number of iron mines have been located and some develop­
ment work done. 

In Stevens county iron ores occur near Colville and Valley, 
each of which is on the Spokane Falls & Northern Railroad. At 
one time the deposits near Valley were being worked and the ore 
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shipped to Tacoma to be used as a flux in the smelter located 
there. 

THE DISTRIBUTION OF IRON ORES IN WASHING TON. 

Iron ore occurs in many places in the state of Washington, 
but only in a few places is there any prospect of the known de­
posits .ever being utilized for the manufacture of iron. There 
may, however, be many mines located in the future that we 
know nothing about at present, as there is a large part of the 
state that has not been very thoroughly prospected as yet, and 
for that reason we do not know what we may have in the way of 
iron ore. 

The principal known deposits are in the following counties; 
Skagit, King, Kittitas, Stevens, and Mason. 

Bog ores are found in a number of places in the following 
counties; Whatcom, Clallam, Spokane, Whitman, Thurston, 
and Jefferson. 
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Clealum District, Kittitas county- ....... 

22.. Emerson mine................................. . ............ 47 .10 15.58 None . None . .. .. .. .. 1.92 Not dot... Not det.. . Shedd. ~ 
23.. Hard Scrabble mine .. .. . . .. .. .. . . .. . .. .. .. .. . . .. .. .. .. .. .. 47 $7 14.00 " .. .. .. . . .. .. .. . . 6.02 " " " ~ 
24.. Pebblyore . ................................................ 4£.24 7.50 Trace. 25.96 c 
25.. Laminated ore trom near Camp creek.................... 47.10 8.70 " .. .... .. 12.22 "'i 
26.. Lamlua.ted ore from near cabin . . .. .. . .. .. .. . . . .. .. .. .. . .. 51.68 7 .84 .. .. .. .. 5.67 """ 
27.. Massive ore from near cab!u................... . .... . ...... 54.40 6.54 .. .. .. .. 8 .29 :s:, 
28.. Massive ore from Uamp creek........... . ................. 51.13 6.94 . . .. .. . . 14.23 .:S 
29.. Best laminated ore from Camp creek............... .. . .. 57 .12 6.68 .. .. .. .. 4.80 ~ 

Colville and Valley Districts, Stevens county- ~ 
87.. Silver King mine .. .. .. .. . .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. . . 67 .56 1.66 .88 ........ None. ~ 
88.. Silver King mine .. .. . .. .. .. . . .. . .. . .. .. .. .. .. . . .. .. . .. . .. . 68.10 1.12 .25 .. .. .. .. " <Q 
39.. I. X. L. mine............ ................................ . .. 56.58 4.49 .81 .82 .. .. .. .. 2 .00 o 
40.. I. X. L. mine . . .. . . . .. .. .. .. .. .. .. .. .. • .. .. .. .. • .. • .. .. .. .. 50.48 14.90 .30 .32 . .. . .. .. 2.48 ~ 
41.. Capital mine .. .. .. .. .. . .. .. . .. . .. .. .. .. .. .. .. .. .. . .. .. . .. .. 59.19 5.80 .16 .83 .. .. .. . . 1.85 
42.. Vigilant mine............................ . ................. 58.83 8.54 .22 .21 .. .. .. .. 8.18 ~ 
44.. Mineral point . . .. .. .. . .. . .. .. .. . .. . .. . . .. .. . . .. . .. .. .. . .. .. 50.05 10.12 .20 .42 17 .23 ~ 

Irondale District, Jefferson county- o 
31 .. 1 Bogore ........................................ . ....... . .... 53.67 ._..... 1.09 { fit~ } 9.67 None. .20 .95 Fulmer. ~-
82.. Bog ore with gravel........................................ 28.48 . .. .. .. .17 " 40.35 .92 2.10 ~ 

Cheney District, Spokane county- ....... 
48 .. I Bog ore .... ..................... ............. .............. 85.12 16.80 .81 .19 ........ 10.91 Notdet ... Notdet ... Shedd. ~ 

ci 
~ 
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THE CHARACTER AND COMMERCIAL VALUE OF THE 
IRON ORES OP WASHINGTON. 

VARIETIES OF ORES. 

The iron ores of Washington are magnetites, hematites, 
limonites, or hydrous sesqu1oxide of iron, known commercially 
as · brown hematite, and mixtures of hematite and magnetite. 
The Snoqualmie pass ores are the only true magnetites while the 
Clealum, Hamilton and a part of the Stevens county ores are 
mixtures of magnetite and hematite. The Jefferson county ores, 
and part of the Stevens county ores, are limonites or bog ores. 
In several other places in the state the bog ores have been found 
in small quantities but they are of no commercial importance. 
The iron ore in Mason county is quite largely a hematite but 
most of it is of very little commercial value. In the Clealum 
district there is some quite strong lodestone ore. 

COMMERCIAL VALUES. 

One-of the most important questions in connection with the 
commercial value of an iron ore is whether or not it is suited for 
the manufacture of Bessemer steel. This point is determined 
quite largely by the amount of phosphorus the ore contains, and 
the extreme limit has be~n placed at .05 per cent. for an ore 
that contains 50 per cent. of iron. While it is true that perhaps 
the question of the amount of phosphorus is one of the most 
important ones, it is necessary, of course, that the ore should 
have iron enough to make it profitable to work it and that the 
amount of silica, sulphur, and other impurities must be small 
enough so as not to injure it. The amount, however, of sulphur 
or silica allowable in a Bessemer ore is considerable more than 
that of phosphorus. It will be found by examination of the 
table, given on a following page, of analyses ·of ares from some 
of the different mines in the United States and Cuba that most 
of the ores are non-Bessemer ores. These ores, however, are 
used for making the commoner grades of iron but would not 
bring so high a P.rice in the market as the Bessemer ores. 

The accompanying table of analyses of Washington iron ores 
shows that they range in phosphorus from nothing· to 1.09 per 
cent. As far as the per cent. of phosphorus is concerned a 
few of them, as far as other impurities also are concerned, would 

15-G 
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be classed as Bessemer ores, but the larger part would be non­
Bessemer. In some cases where the silica is withm the 
Bessemer limit there is quite a large amount of alumina and that 
_in connection with the silica would probably exclude those ores 
from the Bessemer class. Some of the ores contain a high per 
cent. of manganese and quite a number . of them have from 7 
per cent. to 14. 28 per cent., while in one instance as high as 42. 58 
per cent. was obtained so that some of these might be valuable 
for the manganese they contain, provided they occur in anything 
like large bodies. 

As regards their per cent. of iron the Washington ores range 
from 28.48 to 68.54 per cent. In taking the samples for anlyses 
the intention was to get average samples, but as on all the proper­
ties, with one or two exceptions, very little work has been done, it 
was a difficult matter to sample systematically and I presume 
the analyses show the per cent. of iron to be a little above _the 
average of the whole deposits. The analyses show that with 
the exception of a few samples from one particular locality, and 
which were known to be of no value as iron ores before the 
analyses were made, that very few of the ores have less than 35 
per cent. of iron and quite a good many of them have from 40 to 
60 per cent. 

In their contents of silica the Washington ores have as wide 
a range as they have in their contents of iron. The table of 
analyses shows the silica to range from a little less than 2 to a 
little less than 33 per cent. The amount of silica allowable in an 
iron ore is determined somewhat, of course, by the amount of iron 
the ore contains but in a general way 15 per cent. is given as 
about the limit. The analyses show that quite a good many of 
the Washington ores contain less than 15 per cent. of silica while 
there are a number of them that contain more than 15 per cent. 
of silica. A mixture of these two grades might be made in such 
proportions as to keep the silica below the limit and in this way 
considerable at least of the ore high in silica might be used. 

In their contents of sulphur the Washington ores range from 
nothing to .42 per cent., which is really quite low and in fact 
much lower than that of many other ores that find a ready market. 

As shown by the ai:ialyses a number of the Washington ores 
contain a large per cent. of alumina ranging from practically 
none to as high as 14. 23 per cent. This large amount of 
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alumina in an iron ore is very uncommon and so much of it would 
be injurious to the ore. 

SUMMARY. 

The above facts show the iron ores of Washington, as far as 
their commercial value is concerned, to be principally non­
Bessemer, but a few of them are Bessemer in qualitity. In iron 
they vary from 28.48 to 68.54 per cent.; in silica they vary from 
2 to 33 per cent.; in alumina some of them run as high as 14.23 
per cent.; in sulphur they are usually low; a few of them contain 
considerable mangan·ese. The alumina and silica would have 
about the same effect or require about the same treatment, and 
taking the two together in some of the ores the per cent. would 
be very high. 

The following table, taken from Vol. r of the Annual Report 
of the Arkansas Geological Survey for 1892, p. 15, comprising a 
number of analyses of iron ores from well know mines in the 
United States and Cuba, is given for comparison with the 
analyses of Washington ores: 
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ANAL YSF.S OF IRON OR.P'S OF VARIOUS MINES IN THE UNITED ST A TES AND CUBA. 

LOCALITY, Kind of ore. 

a p 

en 
E: 
~ 

1 
i 
~ 

en e. 

J Analyzed by-

-, I I . 1-· - 1-· - 1-· -1------
1 .. 
2 .. 
s .. 
4 .. 
6 .. 
6 .. 
7" 
8 .. 
9 .. 

10 .. 
ll .. 
12 .. 
18 .. 
14.. 
15 .. 
16 .. 
17 .. 
18 .. 
19 .. 
20 .. 
21 .. 
22 .. 
28 .. 
24 .. 
26 .. 
26 .. 
27 .. 
28 .. 
29 .. 
80 .. 
31 .. 
82 .. 
33 .. 
8-1.. 
35 .. 

Tilly Foat.er mine, Putnam county, N. Y ......... .. ...... . 
Crown Point, Essex county, N. Y ........................ .. 
Crown Point, Essex county, N. Y ......................... . 
Moriah (Post Henry) N. Y .............................. .. 
Chateaugay mine, Clfnton county, N. Y ..... .............. . 
Chateaugay mine, Clinton county, N. Y .. ... ..... , ........ . 
Andover mine, Sussex county, N. J ..... ............ ..... .. 
Andover mine, Sl18Sex county, N. J ... .................... . 
Hackelbarney mine, Morris county, N. J ................. . 
Cornwall mine, Lebanon county, Pa ..... . ................ . 
Cornwall mine, Lebanon county, Pa ....... ............... . 
Cornwall mine, Lebanon county, Pa ...................... . 
French creek, Chester county, Pa •. •....•...•.......••..•.• 
Hecla furnace, Lawrence county, Ohio .. ................. . 
Monroe furnace, Jaokaon county, Ohio ..•..••.•...........• 
Dover & Oo., Amhurst county, Va ........................ .. 
Panio turnace, Smyth county, Va ........................ .. 
Cranberry, Mitohell county, N. C ......................... . 
Ora.nberry, Mitchell county, N:c ......................... . 
Penn. furnace. Greenup county, Ky ....................... . 
Shepherd bank, Lawrence county, Ky ...... . ... . ......... . 
Taylor bank, Carter county, Tenn ..... .. ........... ....... . 
Eureka mine, Jetrerson county, Ala ....................... . 
Eureka mine, Tuscaloosa county, Ala .......••............ 
Shelby mine, Shelby county, Ala ......................... .. 
Pilot Knob, Iron county, Mo .............................. . 
Iron mountain, St. Francois county, Mo •.........••....... 
Iron mountain, St. Francois county, Mo ....... . ......... .. 
Republic mineL¥arquette county, Ml.ch .................. . 
Norway mine, m.enomlnee county, Ml.ch .......••. .. .....•. 
Commonwealth mine, Marinette county, Wis ......•..•••. 
Black River Falls, Jackson county, Wis .................. . 
Iron mountain, Dodge county, Wis. ..... ................ .. . 
Nlplgon, Minn ......................................... ... .. . 
Vermilion range, Minn.. . .... , ........................... .. 

Magnetite ............. ... .. 
Magnetite ................. . 
Magnetite ............•..... 
Magnetite ................ .. 
Magnetite ................ .. 
Magnetite ...............•.. 
Magnetite ................. . 
Magnetite ................. . 
Magnetite ................. . 
Magnetite ................. . 
Magnetite ..... ............ . 
Magnetite ................. . 
Magnetite ................. . 
Slderite ................... . 
Llmonlte.......... .. ..... . 

tf!~~ ~~~. ~~~~t'.~::: 
Magnetite ............... .. 
Magnetite....... .. ...... .. 
Llmonite .................. . 
Carbonate .............•... 
L jmonite ................ .. 
Fossil ore ................ .. 
Llmoni te ....... ... . ....... . 
Llmonite .................. . 
Specular ore ............ .. 
Specular ore ............. .. 
Specular ore ............. .. 
Specular ore... . ....... .. 
Specular ore .......•....•.. 
Specular ore .............. . 
Specular ore . ... . .. •....... 
Fossil ore ......... ... .... .. 
Red specular ore ........ .. 
Red specular ore ........ .. 

48.91 
63.80 
62.26 
62.64 
66.00 
52.47 
36.91 
62.Sl 
48.88 
64.90 
57.05 
51.46 
56.13 
S3.29 
49.82 
48.47 
46.61 
82.87 
44.08 
54 .39 
40 .61 
49.78 
51.26 
46.59 
52.82 
59.52 
64.67 
59.96 
67.02 
60.20 
59.S6 
S7.09 
56.52 
68.88 
67,17 

i.2.18 

"i.S:44' 
21.86 

"·s:gs· 
8 .65 

12.27 

"zi:ss' 
11.47 
29.99 

14.87 
13.68 
16.59 
15.07 
6 .62 

12.17 

.. ·s:sr 
12.43 
7.81 

12.97 
4.61 

0.015 
0.030 
0.107 
0.908 
o.oos 
0.029 
0.022 
0.001 
0.057 
0.014 
0.007 
0.010 
0.040 
0.144 
0.145 
0.103 
0.125 
0.010 
0.007 
0.167 
0.126 
0.056 
0.219 
0.179 
0.241 
0.005 
0.019 
0.898 
0.024 
0.047 
0.224 
0.047 
0.634 
0.051 
0.083 

0.548 

.. o:oo .. 
2.627 
0.059 
0.629 
0.071 
2.531 
2.459 

.. o:852· 
0.056 
0.)28 
0.128 

"o:w· 
0.066 
0.139 
0.818 
0.189 
0.020 

. ·0:037· 
0.048 

Trace. 
0.020 

Whitfield. 
Richmond. 
Richmond. 
Richmond. 
Richmond. 

Blair. 
Blair. 
Chauvenet. 
McCreath. 
McCrea th. 
McCreath. 
Whitfield. 
King. 
King, 
Gorch. 
Gorob. 
Pitman. 
Pitman. 
King. 
Kiog. 
King. 
White. 
White. 
Whit.a. 
White. 
King. 
King. 
Goooh. 
Pitman. 
Gooch. 
King. 
King. 

N) 
CQ 
0 

Ii,.. 

I .,..., 

l 
~ .... 
~ 
Co 
;;:.-; · 
~ 

i 
~ 
~ 
2· .,..., 
~ 

~ 
~ 
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86 .. 
87 .• 
88 •• 
39 .• 
40 .. 
41 •• 
42 •• 

ANALYSES OF IRON ORES OF VARIOUS MINES IN T.EIE UNITED STATES AND CUBA-OONOLUDBD. 

LOCALITY. I 

Marlon county, Texas ... ............................... ... . 
Cherokee county, Texas .......... ......................... . 
Llano county, Texas ............................... . ....... . 
Breece mine, Lake county, Col .....•.........•.....•..... 

ifS~8J:~;::::::::::::::::::::::::::::::::::::::::::: ::: 

Kind or ore. 

Llmonlte. ..•...............•. 
Llmonlte •......•....•••.... 
Magnetite ..•..•..• .•....• . 
Specular hematite ..•.••... 
Magnetite .. ... ............ . 
Magnetite ..........••..•... 
Magnetite ................. . 

I 
... 

I 
(JJ 

I 
"O a E P' 

IS 
~ 

0 .. 
"" i:r 
0 

ij 
-· - 1-· - 1-: -

47.65 
42.2.5 
63.74 
61.lil 
Gl.94 
62.M 
68.10 

8.92 
2.5.18 
10.08 

. ...... 
7.18 . ....... 

16.60 

O.lll9 
o.ua 
0.018 
0 .088 
0.027 
0.028 
0.034 

(I) 

e. 
"" P' 

~ I Analyzed by-

0.070 I Revendon. 
Magnene\. 

··o:ssfl fa~: Iron Oo. 
0.868 Booth, Garrott & Blair. 
0.046 Rattle & Nye. 

~ 
~ 
~ 

i 
~ 

~ .,.. ... 
~ 

1 

~ ·~ .... 
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THE IRON MINING POSSIBILITIES OF WASHING TON. 

Conditions Necessary for Profitable Iron Mining. 

As already stated, the value of an iron ore deposit depends 
not alone upon the quantity and quality of the ore, but also 
upon its position as regards fuel, fluxes, transportation and 
markets, as well as facilities for mining. 

Conditions in Skagit County. 

In Skagit county along the south bank of the Skagit river, 
from Hamilton to Marble Mount, occur deposits of iron ore 
which are very favorably situated as far as fuel, fluxes and trans­
portation are concerned. The Seattle & Northern Railroad is 
built as far as Hamilton and could easily be extended if it were 
necessary. 

There are five different veins or ore bodies in this district, 
ranging in thickness from 6 to 50 feet, and dipping to the south 
and a little to the west at an angle of 55 degrees. 

The conditions for mining in this district are very favorable, 
as a large body of the ore occurs high up the mountain some 
distance above the river, so that a tunnel could be put in from 
down near the river and a large body of the ore mined at a min­
imum expense. 

Just above the iron ore occurs coal which is said to be of 
coking quality and in large quantities, but at present (1901) 
nothing is being done to develop these deposits. About 12 
miles west of Hamilton, at Cokedale, deposits of good coking 
coal occur and the coke from here could be used in connection 
with the Hamilton ores should it be found on further investiga­
tion that the Hamilton coals are not coking coals. 

Limestone suitable for fluxes are found in close proximity to 
the iron ores of this locality, and a few miles east of Hamilton 
large quantities of limestone occur. 

Conditions in Kittitas County. 

The iron deposits of Kittitas county are situated about twenty 
miles north and a little west of Clealum on the Clealum river, a 
tributary of the Yakima river, in the eastern spurs of the Cas­
cade range. This district is reached by wagon road from 
Roslyn, the present terminus of a short branch of the Northern 
Pacific Railroad, up the valley and canyon of the Clealum river. 



The Iron Ores of Washington. 233 

As given by the U. S. Geological Survey, Roslyn has an eleva­
tion of 21 273 feet above sea level, and the Clealum valley, where 
the iron ores occur, has an elevation of 2,800 to 3,000 feet above 
sea level. For about 17 miles of this distance from Roslyn, or to 
the Salmon Lasac river, the valley has an average grade of about 
20 feet to the mile, but for the rest of the distance above there, 
to where the iron occurs, the grade is much steeper and the 
canyon narrower. On the west side of the valley, opposite the 
iron-ore deposits, the mountains rise very abruptly to an alti­
tude of about 61 670 feet above the sea, or 3,670 to 3,870 feet 
above the valley ; on the east the slope is much more gradual. 

· Conditions in King County. 

In King county magnetite occurs in the Cascade mountains 
at a distance of about two and one-half or three miles north and 
a little west of Snoqualmie pass. These ores are about twenty­
eight miles from North Bend, and about fourteen miles from 
Martin, a station on the main line of the Northern Pacific Rail­
road, on the east side of the summit of the Cascade mountains. 
The state wagon road from North Bend through Snoqualmie 
pass passes within about two and one-half miles of these de­
posits, and the Seattle & International Railroad has been located 
through this pass, but at present is built only as far as North 
Bend. 

The ore in this district is not difficult of access, but it would 
have to be shipped by rail to some point where fuel is conveni­
ent, as there is no coal in that locality. 

Conditions in Stevens County. 

In Stevens county iron-ore deposits occur in two or three 
localities, which have been worked and the ore shipped to the 
Tacoma smelter and used as a flux, but they have not been used 
for the production of iron. 

Twenty miles north and a little east of Colville, on the head 
waters of Clugston creek are a number of mines which have 
been located as iron properties, and considerable work has been 
done in developing one of these locations, and a wagon road has 
been built to the property. 

Eleven miles west and a little south of Valley, a station on 
the Spokane Falls & Northern Railway, is situated another body 
of iron ore and some mining has been done here. This district is 
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reached by a trail, which leaves the United States Marble Com­
pany's wagon road about two miles from their quarry. 

About two miles east of Valley are some more iron deposits, 
and these are very easy of access. These deposits were worked 
for several years on a small scale and the ore was brought by 
teams to Valley and shipped to Tacoma and used as a flux, but 
at present nothing is being done with these deposits. 

The iron ores of Stevens county are all easy of access and 
the localities in which the iron occurs are well supplied with 
material for fluxes but lack fuel, hence the ore would probably 
have to be transported to some other locality in order to utilize it. 

Conditions in Mason County. 

About eleven miles northwest of Hoodsport, in Mason county, 
are deposits on which a number of locations have been made for 
iron. Hoodsport is a small town situated near the southern end 
of Hood's canal, and from this point to the iron deposits there 
is a good wagon road and a railway could easily be built if there 
was a demand for it. These deposits are about four miles above 
the upper end of Lake Cushman, on Boulder creek, about two 
hundred yards above where it empties into the Skokomish river . 
The country around Lake Cushman is very rough and moun­
tainous. The mountain in which the iron ore occurs readies an 
altitude of about five thousand feet above sea level and is quite 
steep. The ore in this district, if ever used, would have to be 
shipped to some other locality, as there is neither fuel nor fluxes 
to be found in connection with these deposits. 

LAKE CUSHMAN DISTRICT. 
ANALYSES OF ffiON ORES FROM LAKE CUSHMAN, MASON COUNTY. 

... "ii ~ r;:: C ~ ::ig l?I:>' >E' "'"' "'"' ..,o ao 
t ~ 

Co "' s=" ~ -a "'- ~ No. Mlne. Iron. ,: O' ~g' Oii" lo" Be ., ... 
~ CD .. ::1 ~"' ... i: ~ 

• O<> ':"'a> 

~ : ------- - --- - -
1... ............................... 16.84 
2... ............................... 19.25 
8... ............ . .................. 4.18 
4. .. ............................... 10.66 
6... ............................... 10.20 
6... ................ ............... 18.76 

24.20 .18 8.00 27.14 11.28 Fu.J;mer. 
70.50 Trace .66 .32 1.18 
19.04 .21 6.91 42.68 6.00 
27.89 .16 2.88 6.18 49.16 
11.64 .16 1.24 1.68 70.84 
29.36 .20 4.18 86.91 

The above analyses were made from what are thought to be 
fair samples of the deposits being prospected in this locality for 



Tlte Iron Ores of Washington. 235 

iron. The analyses show that so far as iron is concerned the 
deposits have no value whatever. Number one and number 
three have considerable manganese and if they should be found 
in large quantities might be valuable on that account. 

No. 

BLACK HILLS. 
ANALYSES OF tRON ORES FROM THE BLACK BILLS, CHEHALIS 

COUNTY. 

=' 
"d '"'e IC 

0~ 
> 

~g' ~ " >"' .. 
~c ~ ;-!!, .,_ .:;; 

Mine. Iron. d O' ~[ or:i !' ~ as ' ~ .. .... .P~ - ~ 
Oe> ':"'<> 
;, 

- - --,---:.._ - - ,..:.._ -----
8. . Float. ... . .. . . .. . .. .. .. .. .. . . 152.81 18.04 Trace 1.06 .14 . .. .. .. . Fu.~mer. 
9.. " ...... ........ .......... "8.18 26 .02 ........ .02 .28 ...... .. 

10 .. Black sand................ . 48.72 24 .14 ........ 1L66 .18 ...... . 

The above analyses are from samples of float found in the 
Black hills and no ledges have been found as yet. Number 
eight has a fair per cent. of iron, but it also carries considerable 
titanium, and this would tend to injure it for the manufacture of 
iron. The samples were given me by parties in Olympia, and I 
know nothing about the conditions under which they were found. 
Numbers eight and nine looked as if they were nodules of con­
solidated black sand. 

HAMILTON DISTRICT. 
ANALYSES OF IRON ORES FROM THE HAMILTON DISTRICT, SKAGIT 

COUNTY. 

~ a '"'e "d CII .. ---~ a!: -:oc:r d a 
() " ed .. ! lg: " ~ .a .. 

~ ., It as No. Mine. @ oa o.,. E; .. d Analyst. (0 m;, t..~ ?! 0 .. - ~ 
0 C 

~ !. 
.. 

- --------- - - -
11 .. Ina~ ......... 1U8 62.70 8 .30 .25 .... :of 43.89 12.80 8 .98 Thatcher . 
12 .. Ha ton ......... 80.68 46.9'2 7.26 .72 32. l<l 11.74 5.82 .. 
18 .. Hamilton ......... 20.24 62.4.6 7.40 Trace 86.72 18.04 9 .77 .. 
14 .. Ina~ural .... . .... 81.82 44 .40 6.79 .41 Trace 31.08 14.28 6.88 .. 
115 .. Ha !ton ......... 32.94 48.40 2.67 2.48 .16 83.88 7.81 8.81 .. 
16 .. Ina::!ural ......... 18.36 62.78 8.09 1.68 ........ 43.91 12.00 8.92 .. 
17 .. Tre wen. ...... ... 22.86 62.46 8 .17 1.00 ........ 43.72 8.08 8.78 .. 
18 .• PiU.Sburg .......... 28.~ 47.08 8.'8 • 'IO ········ 32.9'2 8.11 8.06 .. 
19 .. Pittsburg •...•... .• 82.46 4169 8 .611 .46 ........ 29.ll 18 ll 6.n .. 

THE LOCATION AND MODE OF OCCURRENCE OF THE ORE. 

The iron ore deposits in the Hamilton district occur on the 
south side of the Skagit river at Hamilton, in the western spurs 
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of the Cascade range, about twenty-five miles above the mouth 
of the river. Deposits have been found as far up the river as 
Marble Mount, which is about twenty-jive miles above Hamilton. 
The Hamilton deposits may be reached by the Seattle & North­
ern Railroad and are about fifty miles, by rail, from the tide 
water at Anacortes, or about twenty-five by boat by the way of 
the Skagit river. At Hamilton, where the iron deposits occur, 
the valley has an altitude, as given by the U. S. Geological Sur­
vey, of 94. 56 feet above sea level, and at Marblemount, the 
point farthest up the river where the iron is known to occur, an 
elevation of 312.96 feet, making a grade for the valley from 
Hamilton to Marblemount of nine feet to the mile. 

At Hamilton, the mountains on the south side of the valley 
rise abruptly from the river to an altitude above sea level of 
about 3,000 feet, while on the north side of the valley the ascent 
is more gradual. The country rock through this locality is 
sandstone, limestone, shales and slates. The iron ore occurs in 
the slates and lies parallel with the bedding. 

Occurring in connection with the iron in this district, espe­
cially across the river from Hamilton, and lying above it are at 
least four seams of what is said to be a good grade of coal. 
Some ~ork bas been done on this coal, but for some reason it 
has been stopped and at present nothing is being done. The 
first vein is from 1,000 to 1,200 feet above the iron ore, and has a 
thickness of from 8 to 10 feet of coal with three streaks of honey 
matter from I~ to 4 inches in thickness. Just below the coal is 
about 300 feet of sandstone, and then comes the slates in which 
the iron occurs. The second vein occurs about 100 feet above 
the first and has 6 feet of coal comparatively free from dirt. 
The formation between the two seams of coal is a gray sand­
stone with 4 feet of fire clay just below the upper vein of coal. 
From the second vein of coal to the third is 1,100 feet of gray 
sandstone. Number 3 is 3 feet thick and contains no dirt. 
Vein number 4 is 1,200 feet above 3, and the formation between 
the two 1s sandstone. 

EXTENT OF IRON DEPOSITS. 

Outcrops of iron-ore appear at intervals along the valley from 
Hamilton to Marblemount, a distance of about twenty-five miles. 
While the deposits have been found in a number or places along 
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the trend there has not been work enough done to tell definitely 
just what the relations of the different outcrops are to each other, 
but I am inclined to think they are lenses rather than veins and 
probably not continuous between the outcrops. The ore bodies 
vary in thickness from a few feet to 30 feet. From Hamilton to 
Birdsview, a distance of six miles, the iron ores appear at inter­
vals on the south side of the Skagit river in five lines, one above 
the other, while at Marblemount only two lines of outcrops have 
been found so far. These outcrops trend approximately east and 
west and have a dip to the southwest of about 55 degrees. 

CHARACTER AND COMPOSITION OF THE HAMILTON ORES. 

The Hamilton ores are dark colored, massive appearing ores, 
having a medium specific gravity, for an iron ore, and when 
powdered some of them have somewhat of a reddish appearance, 
while others have a very dark, almost black appearance. The 
ores are all more or less magnetic. The reddish cast to the 
powder, however, shows that they contain some hematite. In 
places, as for instance in the tunnel on the Inaugural claim, the 
iron is found to be intimately mixed with a very white granular 
quartz, but most of the ore in the district seems to be free from 
this. 

The following analysis, by R. W. Thatcher, shows the com­
position of the iron ore from the tunnel on the Inaugural mine, 
Hamilton district, Skagit county : 

Ptr cent. 
Iron ..................................................................................... 43.89 
Silica... .. .. .. . . . . . . . . . .. .. .. . .. .. . .. .. .. . .. . . . . . .. . .. .. .. . .. . . .. . . .. . . .. . .. .. .. .. . .. . . . 19. 98 
Phosphorus.. . . .. . .. . . .. . .. . . . . .. . . .. .. • .. . . .. . .. .. • .. . .. .. . . .. .. . .. . . .. . . .. . .. . . .. . . .. . .11 
Sulphur ................................................................................. _ .... .. 
Alumlna (Al:Oa) ........................................... ........................... 3.30 
Manganese (MnaO• ) ................................................................... 12.30 
Oalolum ( OaOOa)............. .... . .. . .. .. .. .. . .. .. . .. .. .. . .. .. . .. .. .. .. .. .. .. .. . .. .. .. S.98 

A tunnel has been driven into the side of the mountain a dis­
tance of approximately 50 feet, to tap the iron ore on the Inaug­
ural mine, and the sample from which the above analysis was 
made was taken from the face of that tunnel. In this tunnel, in 
places, the iron is intimately mixed with a very fine, white, 
granular quartz, such as was not found in any other place. The 
analysis shows the ore to be a little low in iron, somewhat high 
in silica, and quite a good per cent. of manganese, in fact 
enough to make a fair grade of spiegele1sen. 
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The following analysis, by R. W. Thatcher, shows the com­
position of the ore from the Hamilton mine: 

Per cent. 
Iron ................. . ..................... .. ........ ...... ...... ..................... ... 82.14 
SUI ca.... .. . . ................................................. : ......................... SO .58 
Pbosphorus.............. .. . .. . .. .. . . . .. . . . .. .. .. . . .. .. . . .. . . . . . . . . . . . . .. . . . . . .. .. .. . . . . 72 
Sulphur................................................................................. .06 
Alumina (Al20s)...................................................................... 7.25 
Manganese (M.naO,) .................................................................. ll.74 
Oalclum (CaCOa ) ...................................................................... 5.82 

This is an average sample from this mine and is thought to 
show fairly well the character of the ore taken as a whole. The 
analysis shows the ore to be low in iron, very high in silica and 
phosphorus, with some alumina and quite a high per cent. of 
manganese. The ore, however, taken by itself, would not be a 
very valuable one from which to manufacture iron. 

The following analysis, by R. W. Thatcher, shows the com-· 
position of the ore from the Hamilton mine, near the middle of 
the vein: 

Per cent. 
Iron .................................................................................... 86.72 
S1lloa ................................................................. , .................. 20.24 · 
Pbosphorus .................................... .. ....................................... Trace 
Sulphur ................................................................................. -······ 
Alumina (Al2 0 8 ).... ... • ....... ...... ..... • ... •••••• ••• .... ... • •• • .. .... .. . ... ... .. ••• 7 .40 
Manganese (Mn 80, ) ............................................ . ...................... 18.04 
Calcium (CaCOs) ...................................................................... 9.77 

The ore in the Hamilton mine is of two grades, that in the 
central part of the ore body being a little better ore than that 
near the outer part. In the particular places where the open­
ings have been made, there is about 18 inches of this better 
grade of ore. The above analysis shows the ore to be low in 
iron, high in silica and manganese, with considerable alumina 
and calcium. The amount of manganese in this ore would, per­
haps, make it of value for producing spiegeleisen. 

The following analysis, by R. W. Thatcher, shows the com­
position of the ore from the surface of the Inaugural mine. : 

Per cent. 
Iron ..................................................................................... 81.08 
Silica .. . . .. . . . . .. .. .. . . . . . . . .. . .. .. .. . . . . . . . . .. . . . ..................................... 81.82 
Phosphorus ........ ...... ............. .... ,.. ........................................... .18 
Sulphur .................. ...................................................... , .......... .. 
Alumina (Al20a)....................................................................... 6. 79 
Manganese (Mn 80,) .................................................. .. ............... 1'.28 
Oalcium (CaCOs) ............. ... ............. .. ............... .... ..................... 5.82 

The ore from which the above analysis was made came from 
the surface and shows the fact that the ore, in this particular de­
posit at least, has increased in iron with depth while it has de-
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creased in silica, alumina, manganese, calcium and phosphorus. 
This sample is low in iron, high in silica, manganese and phos­
phorus. The per cent. of manganese is high enough to make a 
fair grade of spiegeleisen. 

The following analysis by R. W. Thatcher shows the compo­
sition of the ore from near the wall of the Hamilton mine: 

P~cent. 
Iron ............................. . ..................................................... 88.88 
Silica ..................................... .......... ............................. . ...... 82.9' 
Phosphorus............................................................................. 1.06 
Sulphur.................................. .... ........ .................................. . .16 
Alumina (AI20a).......................... .............. ............... ................ 2.67 
Manganese (MnaO,) • . . . . .. • • • .. • .. • • • • • . .. . • . . . . .. . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . • . . . . • 7 .Sl 
Calolum (CaC01 ) • • • . • • • • • • • . • • • • • . . . • • • • • • • . . . • • . . . • • • • • • • • • .. . • • . . • • • • • . . . . . • • . . .. . 8.81 

The sample from which the above analysis was made is the 
poorer grade of ore from the Hamilton mine and, as the analysis 
shows, it contains less iron, manganese, alumina and calcium 
and more silica, phosphorus and sulphur. The per cents. of 
phosphorus, sulphur and silica are so high that they preclude its 
being classed as a Bessemer ore. It might, however, be used in 
connection with a better grade of iron ore, such as the Snoqual­
mie pass ore, and make a good pig iron. 

The following analysis by R. W. Thatcher shows the compo­
sition of the ore from the shaft of the Inaugural mine: 

Par ~nt. 
Iron . .................................................................................... 48.91 
SUloa ...•....•......•.••..... •.. ... .... .. .. ........•.......•.•.. •.....•.•....•••.. , .••.•. 18.86 
Phosphorus.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .69 
Sulphur .................................. ........ ... ................................... . ···· 
Alumina (A120a) .. . . .. . . .. . . .. .. . . . . .. . . .. .. .. . . . . . . .. .. . . .. . . . .. .......... .. . .. .. .. . . . 8.09 
Manganese (MnsO,) ................................................................... 1.2.00 
Calcium (cacOa) . . . • . . . . . • . . • • .. . . . . • • • . • . . • .. . . . • . . . . • . . • • . • • • • . .. •• . • .. • .. . • . . . . . • . . 8.92 

The sample from which the above analysis was made was 
taken from a shaft that has been sunk to the depth of 85 feet 
on this property,and shows the charact~r of the ore at that depth. 
The ore is not very high in iron but contains a high per cent. of 
silica, phosphorus, and manganese. In some cases, however, 
ores having a lower per ce.nt., even, of iron than this one has 
are used. 

The following analysis by R. W. Thatcher shows the com­
position of the ore from the Treadwell mine. 

Per cent. 
Iron ................. ... ................. .. . ......... ..... .. ................ .. ........... 48.72 
sntoa .............................................. .................. .................... 22.86 
Phosphorus.... . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . .. . . . . . . . . .. . . . . . . .44 
Sulphur ........................... .. ................................... ... ............. . 
Alumina (Al2 0 8 ) • .. .. .. .. • •• • .. • • • • • • • • .. • • • .... .. •• .. .. ••• • .. .. • • • •• .. • • • • ... .. •• .. • • S.17 
Manganese CMnsO,) .. . .. . • . • • • • • ... .. ••• .. • .. • .. • .. .. . • ••• • •• •• .. • • .. • .. •• .. . .. .. • . . • . 8.08 
Calolum (CaCOa) ......................... ... ... . ...................................... S.78 
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The Treadwell mine is located near Marblemount, which is 
twenty-five miles above Hamilton on the Skagit river, and the 
ore is about the same grade as that at Hamilton. This particu­
lar sample shows the per cent. of iron to be a little low, with a 
high per cent of silica, phosphorus and manganese. 

The following analysis by R. W. Thatcher shows the com­
position of the ore from the Pittsburg mine. 

Per cent. 
Iron ..... .... ............... . ......... ....... ........................... . ...... . ......... 82.92 
Silica ............. .. ................................................. . ................... 28.0ii 

' Phosphorus............................................................................. . 31 
Sulphur .......................... . ........... . ..... . ......................... . ......... . 
Alumina (Al20 3) .... . . .. ... .. . .. .. .. . .. . . . .. . . .. . . . . . .. . .. . . .. . . .. . . . .. .. . . .. ... .. . . . . . 8.48 
Mi.nganese (Mn80 4) .... .. • .. • .. • .. • .. .. • • .. • .. • .. • • . • .. • • .. .. .. • • .. .. • • .. . .. .. .. • • .. • 8.ll 
Calcium (CaC03 ) .. • • • • .. • • • .. • • • .. .. • .. .. • • • .. .. • .. • .. • • .. • • .. • .. .. .. • .. • • .. • • .. • • .. • • 8.06 

The sample from which the above analysis was made came 
from the ore body which is situated lowest down on the hill and 
shows the ore to be of a very poor quality, being low in iron, 
high in silica and phosphorus. 

The following analysis by R. W. Thatcher shows the com­
position of the ore from the Pittsburg mine. 

Per cent. 
Iron ................ ... ......................................................... ........ 29.ll 
Silica ................................................. . .. ........ ........................ 82.46 
Phosphorus... .. .. .. . .. .. . . .. .. .. .. .. .. . .. .. .. .. • . .. . .. . . . . .. .. .. .. . . .. .. . . . .. . . . . .. . • . . 20 
Sulphur ................... . ............................................................... .. 
Alumina (Al20s) .. .. .. ... .. .. .. .. • .. .. .. .. . .. . .. .. .. .. .. .. .. .. .. . . .. .. . .. . .. .. . . . .. .. . 8.56 
Manganese (Mn304) ..................... " ............................................ 13.ll 
Calcium (CaCOs) ..................................................................... 6.71 

There are two ledges or ore bodies on the Pittsburg mine and 
the sample from which the above analysis was made came from 
the upper one of the two. The analysis shows the ore to be low 
in iron and high in silica, phosphorus, alumina, and manganese. 
The only redeeming feature this ore has is its high per cent. of 
manganese and with the.very high per cent. of silica it has, it is 
very doubtful if it will prove of very much value to use by itself, 
but might be used in connection with some good high g~ade ore, 
like the Snoqualmie pass ore. 

The following analysis by E. Fulmer shows the composition 
of the ore from a new location by J. J. Conner. 

Per cent. 
Iron ... ....................................... ... .......... . ............................. 46.60 
Insolubteresidue .................. . ..................... . .................. ........... . 27.04 
PhoSphorus.. . .. . . .. .. . .. • .. . . .. .. .. . .. .. .. .. . .. . .. . . .. . . .. . . . . . . . .. .. . . . . . . .. . .. . • .. .. . .59 
Sulphur ............................................ .... .............................. Not Det 
Alumina (Al20s) ...................................................................... None 
Manganese (MnsO,) . .. .. . .. .. .. . . .. .. .. .. .. .. .. .. .. .. . .. .. . .. .. .. .. . .. .. . .. . .. .. .. .. . .19 
Calcium (CaCOa) ........................... . ........................... ...... ...... . ... 3.95 
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The above analysis shows the sample to have been above the 
average in iron and to be very similar to the ores of this distriet 
in other respects. 

The following anlysis by S. Shedd shows the composition of 
the ore from the upper deposits or the one just below the coal: 

Per cent. 
Iron .............................................. ...... .................................. 42.48 
S!Uca ........................ . .......................................................... 24.18 
Phosphorus................. .. ................... .. ................ ..................... .64 
Sulphur............................................ .... .. ............................... .25 
Alumina. (AJ,Os)........................... .. . . .. . . . . . . .. . . . .. . .. . .. . . . .. . .. . . .. . . . . . . . 9.M 
Manganese (Mns 04) ......................................... . .................... Not det. 
Calcium (Ca. 0 Os)........................... ....... ................................ " " 

The sample from which the above analysis was made was 
taken from the vein highest up above the river, and while no 
work has been done here the analysis shows the ore to be a little 
above the average in the amount of iron it contains, of the ores 
in the Hamilton district, and in other respects to be about the 
same as the average ore of this locality. 

SNOQUALMIE PASS DISTRICT. 
ANALYSES OF ffiON ORES FROM SNOQUALMIE PASS, KING COUNTY. 
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!:: Ii~/:::::::::::::::: ti 
86.. Denny .. . .. .. .. .. .. .. .. 1.89 

95.4li .. . .. . Trace ..... .. 
95.4li .......... ... .. .... . 
89.22 5.84 .. . .. . .21 
97.9'2 .28 ... .... . .25 

a 'd g 
" "' 'Cl Analyst. g 

;;! 
!" -------

66.81 Tra.ce. Fulmer. 
66.82 . .. .. .. . Fulmer. 
62.45 .. .. • • .. Shedd. 
68.54 . . .. • .. . Shedd. 

THE MODE OF OCCURRENCE OF THE SNOQUALMIE PASS ORES. 

The iron ores of the Snoqualmie Pass district occur on the 
south fork of the Snoqualmie river near the summit of the Cas­
cade mountains. 

The pass, as determined by the United States Geological Sur­
vey, has an altitude above sea level of 3,r31 feet, and Guye's 
peak 6,980 feet and Denny mountain 5,766 feet. The ores occur 
in Guye's peak and Denny mountain at an altitude of from 1,500 
to 2,000 feet above the Snoqualmie river. The ore appears to 
occur in beds or isolated masses and not in veins. The country 
rock in this locality is marble, limestone, granite, and conglom­
erate and the iron ore occurs in connection with the limestone and 
marble more frequently than with the other kinds of rock. In 
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the tunnel on the Denny mine is found a coarse-grained white 
marble in which the particles are very loosely cemented together. 

CHARACTER AND COMPOSITION OF THE SNOQUALMIE PASS ORES. 
The iron ores of the Snoqualmie pass district are dark-colored 

heavy ores and vary from quite porous to very fine-grained masses. 
They have somewhat of a metallic luster, are strongly magnetic 
and when powdered give a black streak. 

Below are given descriptions of the individual properties in 
Snoqualmie pass district. 

THE F. M. GuvE PROPERTIEs.-These properties are located 
on what is known as Guye's peak, about four miles northwest 
from Snoqualmie pass. Considerable development work has been 
done on these properties and some fine magnetic iron has been 
found here, but the question that has not been definitely settled 
as yet is the question of quantity. The ore here occurs in con­
nection with marble and limestone principally. 

The following analyses by Professor Elton Fulmer shows the 
composition of the ore from these properties: 

No.1. No.2. 
Iron ............................................................................ 66.81 66.82 
Sllica .................................. : ................. ....................... 8.60 4.20 
Phosphorus. .. . .. . . . .. . .. . . . .. .. . . . .. . . . • .. . .. . • . .. .. . • . • • .. • . • . . . . . . . . . . .. . . . . Trace. 
Sulphur....................................... ..... ............................ ···· 

The analyses are of samples collected from two different lo­
calities and show the ore to be a very high grade ore almost free 
from phosphorus and sulphur, and as already stated, the only 
question that remains in connection with these deposits is the 
one of quantity. 

THE DENNY PROPERTIES.-The Denny properties are located 
on what is known as Denny mountain, a high prominent peak 
about three and one-half miles south of Guye's peak, and about 
four miles southwest of Snoqualmie pass. A tunnel has been 
driven into the mountain for some considerable distance on 
these properties but nothing very encouraging has been devel­
oped. In the tunnel are exposed some very coarse-grained and 
poorly cemented limestones and white marbles. 

The following analyses by S. Shedd show the composition of 
the ore from these properties : 

No.1. 
Iron .................................................................... . ..... .. 62 45 
Silica .................................................................... """ 5.78 
Phosphorus ............. ......••• .. ....•..•.•..•............................... 
Sulphur........................................................................ .21 

No. 2. 
68.M 
1.89 

.26 
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The analyses show the ore to be excellent in quality. It is 
uncommonly high in iron, low in silica and sulphur, with prac­
tically no phosphorus. Number one is from the surface about 
fifty yards from the tunnel. The question here again is quan­
tity, and the indications are not very favorable for any very large 
body of ore. 

CLEALUM DISTRICT. 
ANALYSES OF IRON ORES FROM 'rRE CLE.ALUM DISTRICT, KITTITAS 

COUNTY. 

re a OC>t!:; '1' rJl t;' i of = u e. 0 
() " ~[" 'ti " ~ !J> [ ~B~ "" g No. Mine. . "" f; (P cs Analyst . 
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: Cl, 
: 

- ----- - --- - ---------
22 . . Emerson ..... . 16.68 67 .28 1.92 ........ ........ 47 10 .. .. .... . Trace . s~~dd. 
23 •. BardSorabble 14.00 68.88 6.0'l ·Trace· ·Trace· 47.,rf . ....... 
24 •. Iron Monarob . 7.60 66.06 25.96 ~.24 Trace .. 
25 .. Roslyn. .... .. .. 8.70 67.28 12.22 ........ ........ 4.7.10 ........ " ":25· .. 
26 .. Yankee .. .. .. .. 7.84. 78.83 6.67 ........ 61.68 . ....... .19 .. 
Z1 .. Yankee . •..• .. . 6.M 77.71 8.29 ·Trace· . ....... M.40 Traoe Trace " 
28 .. Iron Monarob . 6.94 78.0'l 14.28 .... .... ........ 61.lS . ....... Little .. 
29 .. Roslyn .. . .. .. .. 6.68 86.40 4.80 .. ...... ..... ... 67.12 ........ ..... ... .. 

THE MODE OF OCCURRE NCE OF THE CLEALUM ORE. 

The ore in this district occurs in the contact between a sand­
stone and serpentine as shown by Smith and Willis, in their 
paper read before the Washington meeting, February, 1900, of 
the American Institute of Mining Engineers. The ore outcrops 
along the valley at intervals, from about one-fourth of a mile 
south of Boulder creek to Camp creek, a distance of one mile 
and a half. 

To the east of these outcrops along the river, and from 700 

to 1,600 feet above them, is another line of outcrops, known as 
the Emerson group of mines. These have been traced for 
about a mile. The ore bodies are lenticular and vary in thick­
ness from a few feet to thirty feet. 

The following as regards their geological position is taken 
from the paper by Smith and Willis, already referred to: 

"They have a definite geologic position in the rook series of the dis­
trict, and their distribution is determined by the geologic structure. 
They lie on the surface of an extensive formation of serpentine at and in 
the base of a tiandstone ca.lied the Swauk sandstone. The serpentine is 
older than the sandstone. It had been much eroded when the sandstone 
was deposited, and the sandstone, alt.hough comJ)OBed chielly of granite 
sand, contains in its lower beds, near the serpentine, bite of decomposed 
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serpentine and heavy minerals derived from it. Limited lenses of shale 
composed of serpentine wash and also conglomerates of serpentine 
boulders occur at the base of the sandstone. Thus the surface on which 
the iron ores occur was an eroded surface, which, with the soil and 
other residual accumulations, was buried beneath granite sands. The 
relations and character of the ore indicate that it was a sed1mentary de­
posit on the serpentine, was covered by the sands, and later metamor­
phosed to its present condition.'' 

The nearest place to these iron deposits where coal has been 
found, in any quantity at least, is Roslyn, and these coals are 
not coking coals, so that it would seem that in order to smelt 
these ores it would be necessary to ship them some place to fuel 
or ship the coke to them, either of which would be expensive. 

CHARACTER AND COMPOSITION OF THE CLEALUM ORES. 

The ores of this district vary considerably in appearance and 
general characteristics and range from a high grade iron ore car­
rying 57 per cent. of metallic iron on the one hand to a serpen­
tine on the other carrying less than 10 per cent. of iron. These 
ores may be separated into three classes, as follows: Massive, 
laminated and oolitic. The massive ore has a dull, g·reenish 
black color and when powdered gives a brownish black streak. 
The laminated ore varies in appearance, in some cases being 
dark red and in others having considerable of a metallic appear­
ance, but in each case giving a deep red powder or streak when 
pulverized. The oolitic ore has a greenish black color and con­
tains numerous oolites in an am.orphous ground mass and when 
powdered gives a brownish black streak or powder. All of these 
ores are quite strongly magnetic and are apparently mixtures of 
hematite and magnetite. In some of the ore bodies all three 
classes of ore are found and in others only one class. The 
oolitic ore, so far as I could determine, is not found in the ore 
bodies farthest up on the hill, high above the river, but is quite 
common in those down near the river and especially those near 
Camp creek. 

The samples from which the analyses given here were made 
are thought to be average samples of the ores in this district, 
having been selected with a great deal of care by the writer him­
self, and while samples could probably have been found that 
would have shown a higher per cent. of iron, it is thought that 
these samples show the average of the larger part of the ore in 
the district. 
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The analyses show the ore to be excellent in quality. It -is 
uncommonly high in iron, low in silica and sulphur, with prac­
tically no phosphorus. Number one is from the surface about 
fifty yards from the tunnei. The question here again is quan­
tity, and the indications are not very favorable for any very large 
body of ore. 

CLEALUM DISTRICT. 
ANALYSES OF IRON ORES FROM 'l'HE CLEALUM DISTRICT, KITTITAS 

COUNTY. 
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No. Mine. t1 ?[~ Cl' " Cl' ?Cl Analyst. 
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: "" : : -------------------
22 .. Emerson ...... 16.68 67.28 1 .92 .... .... ........ 47 10 . ....... ·Trace· s~~dd. 
28 •. Hard Scrabble 14.00 68.38 6.0'2 47.87 ........ 
24 .. Iron Monaroh . 7.60 66.06 26.95 ·-rrace· Trace 46.24 Trace .. 
26 .. Roslyn ......... 8.70 67.28 12.22 ........ ........ 47.10 ........ "":is· .. 
26 .. Yankee ........ 7.84 78.88 5.67 ........ 61.68 ........ .19 .. 
?:1 .. Yankee ........ 6.M 77.71 8.29 ·¥race· . ....... M.40 Traoe Trace " 28 .. Iron Monarch . 6.94 78,0'2 14.28 ........ ........ 51.18 . ....... Little .. 
29 •• Roslyn ......... 6.68 86.40 4.80 ········ ·· ······ 67.1!! . ....... ........ .. 

THE MODE OF OCCURRENCE OF THE CLEALUM ORE. 

The ore in this district occurs in the contact between a sand­
stone and serpentine as shown by Smith and Willis, in their 
paper read before the Washington meeting, February, 1900, of 
the American Institute of Mining Engineers. The ore outcrops 
along the valley at intervals, from about one-fourth of a mile 
south of Boulder creek to Camp creek, a distance of one mile 
and a half. 

To the east of these outcrops along the river, and from 700 

to 1,600 feet above them, is another line of outcrops, known as 
the Emerson group of mines. These have been traced for 
about a mile. The ore bodies are lenticular and vary in thick­
ness from a few feet to thirty feet. 

The following as regards their geological position is taken 
from the paper by Smith and Willis, already referred to; 

"They have a definite geologic position in the rook series of the dis­
trict, and their distribution is determined by the geologic structure. 
They lie on the surface of an extensive formation of serpentine at and in 
the base of a. !landstone called 'the Swauk sandstone. The serpentine is 
older than the sandstone. It had been much eroded when the sandstone 
was deposited, and the sandstone, although composed chiefly of granite 
sand, contains in its lower beds, near the serpentine, bits of decomposed 

16-G 
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serpentine and heavy minerals derived from it. Limited lenses of shale 
composed of serpentine wash and also conglomerates of serpentine 
boulders occur at the base of the sandstone. Thus the surface on which 
the iron ores occur was an eroded surface, which, with the soil and 
other residual accumulations, was buried beneath granite sands. The 
relations and character of the ore indicate that it was a sedimentary de­
posit on the serpentine, was covered by the sands, and later metamor­
phosed to its present condition.'' 

The nearest place to these iron deposits where coal has been 
found, in any quantity at least, is Roslyn, and these coals are 
not coking coals, so that it would seem that in order to smelt 
these ores it would be necessary to ship them some place to fuel 
or ship the coke to them, either of which would be expensive. 

CHARACTER AND COMPOSITION OF THE CLEALUM ORES. 

The ores of this district vary considerably in appearance and 
general characteristics and range from a high grade iron ore car~ 
rying 57 per cent. of metallic iron on the one hand to a serpen­
tine on the other carrying less than 10 per cent. of iron. These 
ores may be separated into three classes, as follows: Massive, 
laminated and oolitic. The massive ore has a dull, greenish 
black color and when powdered gives a brownish black streak. 
The laminated ore varies in appearance, in some cases being 
dark red and in others having considerable of a metallic appear­
ance, but in each case giving a deep red powder or streak when 
pulverized. The oolitic ore has a greenish black color and con­
tains numerous oolites in an amorphous ground mass and when 
powdered gives a brownish black streak or powder. All of these 
ores are quite strongly magnetic and are apparently mixtures of 
hematite and magnetite. In some of the ore bodies all three 
classes of ore are found and in others only one class. The 
oolitic ore, so far as I could determine, is not found in the ore 
bodies farthest up on the hill, high above the river, but is quite 
common in those down near the river and especially those near 
·camp creek. 

The samples from which the analyses given here were made 
are thought to be average samples of the ores in this district, 
having been selected with a great deal of care by the writer him­
.self, and while samples could probably have been found that 
would have shown a higher per cent. of iron, it is thought that 
these samples show the average of the larger part of the ore in 
the district. 
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GEOLOGY OF THE CLEALUM IRON DISTRICT. 

The geology of this district has been very carefully worked 
out by George Otis Sntith and Bailey Willis of the U. S. 
Geological Survey, and a summary of their results has been given 
in a paper read at the Washington meeting, February, 1900, of 
the American Institute of Mining Engineers, and published in 
Volume 30 of their Transactions, and from that paper is taken 
the most of what is given here as regards the geology of the 
district. 

Smith and Willis divide the rocks of this district into two 
groups and designate them as those which are older, or pre­
Eocene, and post-Eocene. These two groups are unconformable, 
and the iron ore occurs in the contact between the two forma­
tions. 

"PRE-EOCENE RooKs.-The oldest rocks of the area are slates, 
chert, limestone, quartz schist, and volcanic breccias and tuffs, const,i­
tuting a pre-Eocene complex. All these rocks have been somewhat 
metamorphosed, yet rarely too such an extent as tq prevent the determ­
ination of their origin. They were folded, sheared, and intruded by 
igneous rocks early in the history of the region, and have been more or 
less mineralized with cupriferous, and argentiferous deposits. 

"One of the most voluminous of the intrusives in the pre-Eocene 
complex consisted of large masses of peridotite, now more or less altered 
to serpentine. These intrusive masses are scores of miles in length and 
several miles in width. They have in great part the form and relation 
of large dikes. 

"The youngest of the pre-Eocene rocks is a granodiorite closely 
resembling that of the Sierra Nevada. The rock looks like an ordinary 
medium-grained granite, except that it is poorer in quartz and slightly 
darker in color. It constitutes the Mt. Stuart batholith, and that mass 
with others in the Cascades furnished the sands of the Swauk sandstone. 

"EoCENE AND POST-EOCENE RooKS.-Arkose sandstone constitutes 
the great mass of Eocene strata in the Ca.sea.de range. They are of 
wide.spread occurrence on the west as on the east of the range. In the 
Mount Stuart district, the Eocene sandstones are divided by an extensive 
fl.ow of basalt, and occordingly the Eocene formations are: first, the 
lower sandstone, which is called the Swauk; second, the Teanaway basalt; 
and, third, the upper sandstone, which is called R-0slyn. 

"The two sandstones are very similar in general character, and the 
eruption of basalt which _fl.owed from conduits now represented by in­
numerable dikes in the Swauk sandstone, appears to have occupied a 
brief interval, after which the conditions of erosion and deposition 
were essentially the same as before it. 

"The econom.ically important facts of these Eocene rocks are the 
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occurrence of a. good grade of steam coal mined at Roslyn, and the pos­
sibly valuable iron ores at the base of the Swa.uk. 

"The post-Eocene formations are of both sedimentary and volcanic 
origin. Basalt flows, younger than the Teana.way basalt, connect with 
basalts which form the great expanse of the Columbia. plain far to the 
east. A complex mass of more acid volcanic rocks, chiefly a.ndesite, 
occurs in intricate relations with other formations a.bout the head 
waters of the Yakima river, and overlying the Swauk sandstone west of 
the head waters of the Clea.lum river, forms the summit of Goat 
mountain." 

The following analysis by S. Shedd shows the composition 
of the ore from the Emerson mine. 

Pt1· cent. 
Iron ..................................................................................... 47.10 
SU1oe. .................................................................................... 15.58 
Phosphorus ....•.••.••••.••.•••...•..•••...•.•.....................•..•..•...........•.. 
Sulphur .............................................. : .................................... .. 
Alumina. aodchromlum (Al203 andOr20s) ......................... : ................ 1.9'2 

The analysis shows the ore from this mine to carry a fair 
per cent. of iron, a rather high per cent. of silica, a imall 
amount of alumina and chromium, and no phosphorus or sul­
phur, and is a fairly good iron ore. 

The ore body ia this mine is about 30 feet wide and the walls 
are serpentine. The ore is of a laminated character, and differ­
ent parts of the ore body would vary considerably in the amount 
of iron contained, but it is believed the sample analyzed would 
represent fairly well the average of the whole body of ore in this 
mine so far as the present exposures are concerned. 

The following analysis by S. Shedd shows the composition 
of the ore from the Hard Scrabble mine. 

P~r ant. 
Iron........ .......................................................................... 47.87 
SU1ce. ................................................................................ 14.00 
Phosphorus ..••.••....•.••.•••...• •..••.••••.•.•..•••••.••.•••••••.••.•.••••••.•••.•• 
Sulphur ............................................................................. . 
Alumina e.nd chromium (A1 20s and Or20 3)........................................ 6:02 
Mange.nese ........................................................................... A little 

The analysis shows the ore from this property to be very simi­
lar to the Emerson, which it joins. 

These properties are situated on Magnetic point at an altitude 
of about 1,500 to 2,000 feet above the Clealum river at Camp 
creek. Some work has been done on these properties and the 
ore bodies uncovered for some distance. The occurrence of the 
ore in this property is also similar to the occurrence of the ore in 
the Emerson. 
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The following analysis by S. Shedd shows the composition 
of the ore from the Roslyn mine: 

Per cent. 
Iron ...................................................................................... 47.10 
SU!ca ................................................................................... 8.70 
Phospborus...................................... . ...................................... . .. . 
Sulphur ................................................................................. . 
Alumina and Chromium (Al20 8 and Or20a) ......................................... 12.22 
Manganese............................................. . ................................ .25 

The analysis shows the ore to be a little low in iron, free 
from phosphorus and sulphur and quite high in aluminum, but at 
the same time it is a fair grade of ore. The ore in this mine 
occurs under conditions similar to those under which the ore in 
the Iron Monarch, which it joins, occurs. The ore body is about 
ten feet wide and is about half of it oolitic ore and the other half 
laminated ore. The sample analyzed was an average of the 
laminated ore, and is seen to be very similar to the oolitic ore, 
with the exception that it does not contain more than half as 
much aluminum. 

The following analysis by S. Shedd shows the composi­
tion of the laminated ore from the Yankee mine. 

Per cent. 
Iron ..................................................................................... til.68 
Silica .................................................................................... 7.84 
Phosphorus ...................................................... . .................... .. 
Sulphur .................................................................................... . 
Alumina and chromium (Al20 8 and Or,108 ) • • • • • . . • • • • .. • • • • • • • • • • • • • • • • . • • • • • .. .. .. • 6.67 
Manganese... . . . . . . .. .. . . .. . . .. . . .. . .. .. .. .. . .. . .. . .. . .. .. . . .. . . .. . .. .. . .. .. . .. . .. . . .. . . .19 

The analysis shows this to be a good iron ore. While it is 
true the per cent. of iron is not as high as it is in'some iron ores, 
still it is above the average and then it is free from phosphorus 
and sulphur and does not contain a high per cent. of silica or 
aluminum. In this mine the oolitic ore does not occur but the 
laminated and massive ores do occur, 'and the sample was an 
average sample of the laminated ore. Some work has been done 
on this property and the samples taken were from the breast in 
the tunnel. The ore body in this mine is about fifteen feet 
wide and the laminated and massive ores are about equally 
divided. 

The following analysis by S. Shedd shows the composition 
of the ore from the Iron Monarch mine. 

Per cent . 
Iron................................................................................... 46.U 
Sillca , . . .. . .. . .. .. .. . . . .. .. . .. . .. . . .. .. . .. . . .. . . . .. . .. .. .. . .. . .. . . .. .. . .. . .. . .. .. . . . .. 7 .50 
Phosphorus ........................................................................... Trace 
Sulphur . .. . .. .. .. . . .. .. .. . . . .. .. . . . .. . .. . . . .. .. .. .. .. . .. • . . • .. .. .. . .. . . .. . .. .. .. . . . .. . Trace 
Alumina and chromium (Al2 0 8 and Or20a) ......... . ................... : . . .. . .. . . . 25.95 
Manganese ........................................................................... . 
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The 11,nalysis shows this sample to be a little low in iron and 
to contain a very high per cent. of aluminum. While the alumi­
num and chr.omium were not separated, and the per cent. of each 
determined, the amount of chromium is not large and will proba­
bly not exceed 5 per cent. at the outside, so that there is probably 
21 per cent. at least of alumina. The sample from which the 
above analysis was made is what has been described elsewhere 
as oolitic ore of a greenish black color and made up of round 
grains the size of mustard seed up to as large as a pea. These 
grains are embedded in an amorphous or finely-crystalline ground 
mass. The ore body in this mine is about ten feet wide and is 
about half of it this oolitic ore. 

The following analysis, by S. Shedd, shows the composi­
tion of the massive ore from the Yankee mine: 

Per cent. 
Iron ........................ .. ......................... ... ................................ 54.40 
Sllioa.................................................................................... 5.54 
Phosphorus .................... .. ......................................... . ............. Trace 
Sulphur ................................................ . ........... .... ..................... . 
Aluml.na and chromium ( Al20s and Cr20a) . . . . . . . . . . . . . . . . . . . . . . .. .. .. .. . . .. .. . . . . 8.29 
:Manganese ............ . .................... ... ...... , ................................... Trace 

The analysis shows the massive ore from this mine to carry a 
higher per cent. of iron than the laminated ore; it also has a 
higher per cent. of aluminum than the other, but not enough to 
interfere seriously with its smelting qualities. 

The following analysis, by S. Shedd, shows the composi­
tion of the massive ore from the Iron Monarch mine : 

Per cent. 
Iron ...................................... .. .................... : . . • . . . . . . . . . . . . . . . . . . . . .. 51.18 
Sill ca......... . .......................................................................... 6.94 
Phosphorus. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . .. . . . .. . . . . . . . . . . . . . . ... . 
Sulphur ...... , ................. ............... ............. .. ....................... ... . . .. .. 
Alumina and chromium (Al 20s and Cr20 8 ) . ........................................ 14.23 
Manganese................................................................... . .......... .87 

The above analysis shows the massive ore from this mine to 
be higher in iron and lower in alumina than the oolitic ore from 
the same mine. 

The following analysis, by S. Shedd, shows the composi­
tion of the highest grade massive ore found in the Clealum dis­
trict : Per cent. 
Iron. .................. . .............................................. .... .......... ...... 5 7.1.2 
SU!ca-..................................................................... . .............. S.68 
Phosphorus .............................. .. ............................................. . . : . . 
Sulphur ..................................................... ............ .................... . 
Alumina and chromium (Al20a and Cr20 3 ) . .................................. . ..... 4.80 

The above analysis shows this to be a good grade of iron ore. 
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The following notes and analyses are from a manuscript report 
on the Clealum iron ores by R. H . Stretch, E. M.: 

"The following is a. report on eighteen sacks of ore taken e.t regular 
distances across the body with a. view to get a fair sample of the quality 
at that point. The analyses were made by Professor Chae. F. Chandler 
and C. E . Pellew of Columbia college, New York. 
Silica. . . .... . ........ . ............. 10 .28 
Iron ................... . ......... .. 65.08 
Alnmina. ............ .. ............ .60 
Lime..................... . ........ .53 
Magnesia. . . . . . . . . . . . . . . . . . . . . . . . . 1.48 
Ma.nga.nese . . . . . . . . . . . . . . . . . . . . . . . .ll 
Phosphorus................. . ..... .0189 

T!ta.nlc e.ctd........ . ....... . ...... None 
Sulphur ........................... . None 
Oa.rbonio acid. . . . . . . . .. . . . . . . . . . . . None 
Loss on Ignition.................. 5.30 
Oxygen, a.1.kalles, etc ...... . ...... 26.6061 

100.0000 

"Another analysis of the ore tested at the Lanarkshire Steel Works, 
Motherwell, England, gave as follows: 
Silica. ... . ........................ . 
Ferric oxide .......... •........... 
Ferrous oxide ................... . 
Aluminum oxide .............. .. . 
Mangano us oxide. , ...... .. .. . .. . . 
Oxide of nickel .................. . 
Oxide of cobalt .................. . 
Chromium sesquioxide ........ . . . 
Lime .. . ..........................• 
Magnesia ........................ . 

5.41 
67.44 
16.68 
5.Sl 
l 65 
2.98 

Trace 
2.12 

Trace 
.80 

Alke.U . .... . .................... .. . 
Oa.rbontc acid .................... . 
Phosphoric a.old . . . . . . ........... . 
Sulphuric a.old ......... . ......... . 
Combined wa\er ................. . 

2.49 
1.90 

.161 
Trace 

8.18 

98.87 
Iron .............................. . 68.82 
Phosphorus. . . . . . . . . . . . . . . . . . . . . . . .025 

"The table following elves the results obtained by Dr. Edward 
Riley, of London, England, whose standing as a consulting metallurgist 
and analyst can scarcely be said to be second to that of any expert in 
Europe, and who is almost as well known in the Ultlted States as in hie 
own country: 
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1. •. 49.55 Trace Trace 2.04 1.20 7.65 9.16 8.87 Trace 1.00 
2 ... 55.86 0.07 0.08 1.99 0.92 7.66 8.66 2.16 1.17 2.20 
3 ••• 61.66 0,05 0.02 2.06 0.90 5.85 8.80 8.26 None 0.65 
4 . •• 50.76 0.04 0.018 2.66 0.70 5.90 11.90 1.00 1.15 0.69 
5 ••. 62.26 0.04 0.016 S.18 1.10 6.10 5.40 2.76 1.25 1.16 
- --- --- ---- -------------- --- ---
Av. 51.916 0.04 0.0268 2.881 0.9d4 6.61 7.684 2.608 0.714 1.138 

GENESIS OF THE ORES. 

Willis and Smith, in their paper already referred to, give the 
following hypothesis as regards the Clealum ores : 
· - "SOURCE OF THE lRON.-The iron concentrated in the hematite 

and magnetite of the ore may be of extraneous origin or derived from 
an adjacent rock. In the facts of its position and association, there is 
no evidence to show that it is a deposit brougbt in from any more or 
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less remote extraneous source. There is much, on the contrary, to con­
nect it with the serpentine. In its field relations, the ore lies on the 
serpentine, contains serpentine waste, and grades into shale derived 
from serpentine. The analysis of the ore and serpentine show that they 
both contain, in addition to the usual rock constituents, such occasional 
ones as chromium and nickel. Magnesia, an important constituent of 
serpentine, is also found in the ore. It is, therefore, reasonable to sup­
pose that the iron ore is a result of concentration from the serpentine. 

"CONDITIONS OF DEPOSITION.- The iron ore occurs on a surface 
of unconformity, the surface of the serpentine formerly exposed to the 
weather, and later buried under sands of the Swa.uk formation. In order 
to form a hypothesis of the conditions of concentration, iJ:, is necessary 
to interpret tbe facts of the unconformity. 

"The basal-beds of the Swauk formation, other than the relatively 
limited occurrence of iron ore, are generally coarse arkose and more 
locally conglomerates, which consists of granite, greenstone and slate 
pebbles mixed, or of serpentine boulders alone, or rarely of granite 
boulders a.lone. The conglomates are exceedingly local in ex.tent, and 
when composed almost wholly of surpentine or granite are restricted to 
areas of those rocks underlying. The serpentine conglomerates contain 
only occasionally a granite pebble or one of anv other rock than ser pen­
tine. The granite conglomerates contain a larger, but yet surprisingly 
small proportion of slate or quartz pebbles. 

"These facts, taken in connection with the enormous volume of 
arkose which constitutes the Swauk and Roslyn formations,indicate that 
the conditions limited the transportation of boulders and shingle. but 
favored t he accumulation of granite sands, and, furthermore that the 
localities where serpentine was weathering were for a time protected 
from the widespreading deposits of arkose. 

"The basal contact of the Swauk with the older formations is ex­
ceedingly uneven, and when traced out reveals the bold relief of the 
Eocene topographic surface, in which the soft shattered serpentine cor­
responded with lowlands. These depressions, which received little or 
no wash of other rocks than serpentine, may have been watersheds 
limited to areas of that rock. Here meteoric waters leached out the 
soluble parts of the disinteg1•ated rook, and the mantle of residual ma­
terial was deep. The climate was sub-tropic and vegetation abundant. 

" As the coast of the rising water-body of the early Eocene time was 
established it assumed a very irregular outline, with numerous bays and 
promontories. The climate became favorable to very rapid disintegra­
tion of the granite, probably through slight hydration of the feldspar, 
without marked chemical change. At certain points along the coast, 
streams delivered the granite waste, which was bullt into beaches, spits 
and bare by shore currents. Behind the beaches and spits, la.goons were 
enclosed and, in some instances, such lagoons corresponded to shallow 
bays which 1·ecelved the drainage from areas of serpentine. Tha.t drainage 
was charged with iron and with decaying plants. The condltlons were 
thus favorable for precipitation of iron either as ferrous carbonate or as 
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a. hydrate of the sesqui-oxide in the shallow water of the la.goon. As the 
shore line of the slowly rising water-body advanced upon the land, the 
several conditions advanced with it, and in favorable localities a deposit 
of iron was a. characteristic, and more or less extensive, basal deposit of 
the sediments. The conditions are believed to have been closely a.nalo· 
gous to those which accompanied the deposition of the carbonate ores 
that have been .dug in the Cretaceous formations about Baltimore, Md. 

"CHEMICAL RELATIONs.-In connection with the hypothesis that 
the ore is the product of decay of the serpentine, a comparison of the 
analyses of the two is essential. The serpentine, of which the follow­
ing is an analysis, was collected at some distance from the Clealum 
river locality, but fairly represents the rock at that point. It is here 
compared with the average sample of ore taken by Mr. Willis. 

&rpentine, 
Per cent. 

SiOz ....... . ........................................... . ................... 89. 
Ti02 .. ........................... . . ... ........................ ..... .. ...... Trace. 
Al203 ....................................... . . ···· • · .. ............. . ·· ···· 1.76 
Cr20a .... .. . ... ... . ... .. . .. . ........ ... . ... . . .. •.... ... .. . .. .. . .. •..... . . .47 
Fe20a .................. .'............. .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 6.16 
FeO ....... . ................................... . ... . ....... ... . ......... .. .. 1.71 
MnO ....................................................................... 15 
MgO . ... •• ................ . .. ••......•.... . •. . •.......•. ......... .. ........ 38. 
H10 .................................. . ................................... 13.74 
K20-No20... ...... .... ... .. . .. . .. . ... .... ......... .. . .. . . . . ...... ...... .10 
P20a .................................... . . . .......... ........... ....... . Trace. 
NiO........................................................................ .10 
S ··················· · ······• ••·········· .................................. .03 
COz ............. ... . . ........................ .. ...... ........... . ... . .. .... None. 

100.21 

Ore, 
Per ce11t . 

7.6 
.7 

21.9 
2.2 

87.l 
21..3 

Trace. 
2.8 
6.8 

Undet. 
.09 
.2 
.OS 
.15 

100.27 

•! In comparing these two analyses we may consider the lean ore as 
a rearranged, but chemically little modified, residual product of the . 
serpentine. In such comparisons most students of the subject. of wea.th· 
ering have regarded alumina as the constituent least liable to remov~I, 
and therefore best adapted to serve as a basis of calculation. 

"Supposing none of the alumina. to have been lost in the course of 
the weathering of the serpentine, the alumina present in the .residual 
product furnishes a measure of the a.mount of concentration involved in 
the process, and also of the a.mount of the material removed. In the 
present case, the alumina percentage having increased from less than 
two to nearly twenty-two, it would follow that twelve and one-half units 
by weight of the serpentine wet·e required to furnish one unit of the re­
sidual deposit. Calculating the losses for the principal constituents it 
is found that tbe material removed has been in the main silica, mag· 
nesia and water. The approximate losses suffered by these constitu· 
ents expressed in percentages a.re 96, 99 and 97 per cent., respectively. 
There is no apparent loss of fenous iron, but in view of the probable 
interchanges of the two oxides of iron, the result may, perhaps, be ex­
pressed in terms of the iron itself, which shows a loss of 31 per cent. in 
the course of the decomposition of the serpentine into the residual 
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product. There were also small losses of manganese, cbromlum, phos­
phorus, nickel and the alkalies, many of these losses being large if ex­
pressed in terms of the amount present in the serpentine." 

The amount of concentration as here shown by Willis and 
Smith may seem very large and almost unreasonable but there 
are cases on record* where serpentine weathered into a residual 
soil and, based on the amount of alumina, showed a concentra­
tion of nearly thirty to one. The two cases are quite similar but 
differ in the fact that in the soil the amount of silica is sufficient 
to combine with the alumina while in the iron ore there is more 
than enough alumina to combine with the silica and the alumina 
must therefore be present in the free or uncombined condition. 

From the foregoing it is plain to see that Willis and Smith 
attribute the Clealum iron ores to the weathering and concentra­
tion of the serpentine in which they are found at present and 
that they are not contemporaneous with them. 

COL VILLE AND VALLEY DISTRICT. 

ANALYSES OF moN ORES FROM STEVENS COUNTY. 

!!.? !:;' 

~t I >a rn .... 'ti ... 
~ 

0 tr " 0 tr 
=s 0" ;,.g .'ii =s 0 

? 1m. 1:1' "' 0 O'O 'tS 

ts. 
..... .,. El 1:1' 

No. Mine. Sg I fl'~ 0 Ane.lyst. 
C. : ... 
~ oB : " " CD !" 

~~ 
: 

g,c. 
- --_ .. _ ------
37 •• Sliver King, Valley .......... 1.66 96.51 .... .... .88 67.66 . ... Sb~~d. 
88 .. Silver King, Valley .......... 1.12 97.28 .26 68.10 
39: l. X. L .• Colville .......•..... 4.49 80.08 2:00 ·:n .82 56 .58 ·:si .. 
40 .• L X. L., Colville ........... . . 14.90 72.12 2.48 .68 .82 50.48 .80 .. 
41 •• Capital, Ve.lley . . ............. 5.80 84.65 1 .85 . 86 .33 59.19 .16 .. 
42 .. Vigilant, Valley .............. 3 54 88.62 8.18 .51 .21 58.liS .22 " 

THE MODE OF OCCURRENCE OF THE ORES. 

The general character of the region in which the iron ores 
of Stevens county occur, is that of a mountainous country with 
comparatively level valleys of considerable extent along the 
larger streams and the mountains rising gradually until an alti­
tude of from 2,000 to 3,000 feet above the valleys is reached. 
The rocks of this region are limestones, shales, slates, serpen­
tines, porphyries and marbles. The ores occur both in veins 
and in bedded deposits principally in the limestone and por­
phyry. 

•Merrill: Rock, Rock-Weathering and Soll, p. 226. 
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CHARACTER AND CQMPOSITION OF THE STEVENS COUNTY ORES, 

The ores of Stevens county are principally hematites and 
limonites, and vary in appearance and texture from a very com­
pact metallic-appearing mass to a finely divided loose red pow­
der which has been used very successfully as a paint. Some of 
these ores again have small octahedral crystals of magnetite 
scattered profusely throughout the mass. 

The ore from the Clugston creek district is a limonite or bog 
ore of a porous nature and ranges in hardness from a soft de­
composed ore to a· hard flinty ore. When pulverized it gives a 
brown streak and powder. The ores east of Valley are limo­
nites having a deep red to almost black color, and when pulver­
ized vary in color from a brown to dark red, indicating that in 
some cases at least there is some hematite present. The ores 
from west of Valley are hematites wlth some magnetite and vary 
in appearance from deep red to metallic. These ores when pul­
verized give a deep red streak and powder. The ores of Stev­
ens county carry a high per cent. of iron, running from 50 per 
cent. to as high as 68 per cent. metallic iron. 

THE CLUGSTON CREEK DISTRICT. - This district is about 
twenty miles north and a little west of Colville, T. 39 N., R. 37 
E., section u. The country rock in this district is a limestone 
and the iron ore seems to occur in masses, and not in a continu­
ous vein, in the limestone and varies from well concentrated iron 
ore to limestone with very little iron ore in it. Two tunnels have 
been run on one of these properties, and at the end of the lower 
tunnel a shaft sixty feet deep has been sunk, so that a depth of 
100 to 120 feet has been reached on this property. In the upper 
tunnel considerable ore was found, but in the lower one and in 
the shaft no ore was found. The ore in this district from present 
indications, so far as I was able to judge, is of very limited extent. 

The following analyses by S. Shedd show the composition of 
the ore from the I. X. L. mine : 

P~r csnt. PM" Cfflt. 
Iron ...................................... . ...... . ....................... . ... 56.58 50.48 
Silica . .. . . . . . . . . . . . • .. . . . . . . .. . .. . . . . . . . . .. . . . . . . . . .. . . . . . .. . . . . . . . . . . . ... . .. 4.49 14.90 
Alumina . . . . . . . . . • . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 2.00 2.48 
Sulphur................ ... ............................ ... ............ ....... . .82 .32 
Phpsphorus. .... .. .... .. . ... .. .. . .......... ..... ....... .......... .... .. .. . .. . .81 .30 

The analyses show the ore to carry a good per cent. of iron 
and not an unusually high amount of sulphur or phosphorus and 
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to vary considerably in the amount of silica. The amount of 
phosphorus is too high for a Bessemer ore. 

The following analyses by S. Shedd show the composition of 
the iron ore from the Silver King mine: 

Per cent. 
Iron ...................................................................... . .. 67.00 
Slllca. ....... .. .. . .. .... ... .. . . ... .. . .. . . .. . . . .. . .. . . .. . ... . .. ... . .. ... . .. . . 1.66 
Alumina.······················································ ·· ············ 
Sulphur............. . ........ . .............................................. .38 
Phosphorus ....... . .. .... ..... .... . ......................... .... . .......... . 

Percent. 
68.10 
1.12 

.2.'> 

The analyses show this ore to be a very fine high grade iron ore .. 
The samples analyzed were both from the same property. Some 
development work has been done on this property, a tunnel hav­
ing been run in on the ledge for about forty feet, but as the hill 
has a comparatively gentle slope no very great depth bas been 
reached. The country rock is shale, slate, limestone, and ser­
pentine. The question of quantity is one that remains to be de­
termined, as with the amount of work done it is not possible to 
tell very much as to the extent of the ore body. 

The following analysis, by S. Shedd, shows the composi­
tion of the iron ore from the Capital mine : 

Per cent. 
Iron ..... .................. ..... ...... .... .................... .. .. .... .................... 69.19 
SU!ca. ...... .................... ................................... .. ... . ......... ........ 5.80 
Alumina........ ..... .... ... ......... ...... ....................... ...... ...... ... ....... 1.85 
Sulphur............................................ . . . .. . . . . ..... .. .. . .. ... . . . . ... ..... .33 
Phosphorus....................... . .................... ................................. .36 

The above analysis shows the ore to be a good grade iron 
ore, a little high in sulphur and phosphorus for a Bessemer ore, 
however. This property is situated about two miles east of 
Valley, a small town on the Spokane Falls & Northern Railroad. 
The ore appears to occur in a bedded deposit and varies from a 
soft, loose, reddish mass to a hard compact ore, occurring in 
more or less concretionary or nodular masses. Considerable ore 
has been shipped from here to the Tacoma smelter and used as 
a flux in the smelting of other ores. 

The following analysis, by S. Shedd, shows the composi­
tion of the iron ore from the Vigilant mine : 

Per cent. 
Iron ..................................... .. .............. ......................... ...... .. 68.63 
Silica. ............................................... . .................. . .... ....... ...... S.M 
Alumina................................... . ..... . ............... ... ........ .......... .. .. S.18 
Sulphur................................... . ............. . ............................... .21 
Phosphorus.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .51 

The analysis shows this sample to be a good ore as far as the 
per cent. of iron it contains is concerned, but, like the preced-
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ing one, to be too high in sulphur and phosphorus for a Bes­
semer ore. The occurrence of the ore in this mine is similar to 
that in the Capital. The sample analyzed was a finely divided, 
loose, uncompacted mass, and similar to the ores from this local­
ity that have been used to a limited extent as a roof paint. 

CONCLUSIONS. 

Several things must be taken into consideration in determin­
ing the location of iron and steel industries or plants, the most 
important of which are the following: iron ore, fuel, fluxes, price 
of labor, and nearness to markets. 

The preceding analyses show that Washington has some very 
high grade iron ores, but the question that has not been settled as 
yet is tbeoneof quantity. In most of the districts of the state where 
iron is found so little work has been done· that it is not possible 
to say positively whether the ore occurs m large quantities or not, 
and since the quality of the ore is good it would seem to be worth 
while to spend money eno~gh in prospecting thoroughly some of 
the best districts to determine the extent of the deposits. 

The Snoqualmie pass, the Clealum, and the Stevens county 
deposits are all situated long distances inland, and in most cases 
some distance from railroads. The Snoqualmie pass district, which 
contains the highest grade of iron ore, is about fifty miles from 
tide water and the Clealum district is about eighty miles, and no 
fuels near them except wood for charcoal. This would probably 
mean the paying of freight on them to tide water some place on 
the Sound, and unless the freight rate could be lowered very 
materially from what it is at the present time it would tend to 
prevent the using of these ores. 

The question of good fuel is a very important one in the 
manufacture of iron and one that, so far as I can learn, has not 
been fully solved as yet in Washington. Charcoal makes a very 
high grade pig iron, but it is expensive and especially so where 
it has to be made from soft wood as it does here. Washington 
has large deposits of coal, some of which are coking coals, but 
the coke is not of the best quality, however, for the manufacture 
of 'iron. A good coke for iron furnaces should be low in ash, 
free from phosphorus and sulphur, and hard enough so as not to 
crush when charged into the furnaces. If it is high in ash it takes 
just that much more flux, as it has to be gotten rid of by this 
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means. . As already stated, a very small per cent. of phosphdrus 
or sulphur in a pig iron injures it for many purposes. If the fuel 
contains these substances they show in the pig iron the same as 
tb,ough tliey had been in the ore. 

While analyses of the Washington cokes have not been made 
in connection with this report, the best data obtainable seems to 
indicate that they are high in ash and contain some phosphorus 
and sulphur. They ate also soft cokes as compared with the 
best grades of coke for iron furnace work. 

Wasaington has plenty of material suitable for fluxes and no 
fear need be felt in this particular. Labor is perhaps a little 
higher in. Wa:,hington than it is in the East, but the difference 
would .have·very little effect on the price of iron. The whole 
Pacific Coast would furnish the market, as very little pig iron, if 
any, is being produced in any of the states west of the Rockies, 
except Washington, at the present time ( March, 1902 ), and the 
steel and iron being used on the Coast is shipped from the East. 

The results shown here are rather against the probability of 
Washington ever becoming a very large producer of pig iron 
from ores occurring within her own borders, at least, unless 
other deposits than those known at present are found. There 
is, however, one factor that has not been taken into considera­
tion as yet, and that is the British ore occurring on Texada 
island and perhaps some of the other islands in the Straits of 
Georgia. 

Number 7, in the table of analyses of Washington iron ores, 
shows the ore to be of very high grade, carrying 67.91 per cent. 
of iron, 2.96 per cent. of silica, 1.05 per cent. of calcium carbon­
ate, and practically free from phosphorus and sulphur. This 
Texada ore is a heavy, black magnetite, and is said to occur in 
large quantities and is easy of access. The ore could be mined 
and loaded on boats or scows and transported to any place on 
the Sound at very small cost per ton. 

If, on further investigation, it should be found that the 
Washington coke is suitable for use in the manufacture of iron, 
it is possible, perhaps, that by using the Texada ore alone, or 
by mixing it with the ores found in this state, that a considera­
ble iron industry might be built up at some place on the Sound. 
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THE COAL DEPOSITS OF WASHINGTON. 

BY HENRY LANDES. 

INTRODUCTION. 

The first authent ic record we have of coal being found in 
Washington was in 1851, when some pieces of coal we.re picked 
up on the Stilaguamish river. Samples were sent to Washing­
ton, D . C., to be analyzed, and were found to be of good quality. 
L ater investigations made by Rev. G. F. Whitworth showed 
however that the seams were too thin to be profitably worked.* 

On Bellingham bay the first discovery of coal was made in 
the fall of 1852. Some work was done on the outcrop and 
about 150 tons were shipped, but by that time it was discovered 
that the coal was of poor quality and not in sufficient quantity 
to be of value, and it was therefore abandoned. 

The next year, that is, in the fall of 1853, two men, Brown 
and Hewitt, discovered coal at Sehome. They were logging for 
the mill on Whatcom creek and found the coal where it had 
been uncovered by the uprooting of a large fir tree. They sent 
some of the coal to San Francisco for trial and a short time af­
terward received an offer of twenty thousand dollars for their 
claim, which they promptly accepted. For a number of years 
this was the only mine in the territory that was operated to any 
extent. It was finally abandoned a number of years ago. 

In 1853 Dr. M. Bigelow found coal on Black river near 
Seattle. The vein was opened up and operated until the time of 
the Indian outbreak in 1855. Two of Bigelow's partners, Fan­
joy and Eaton, were killed by the Indians and the mine was 
abandoned. Several attempts have since been made to re-open 
the mine but the coal contains too much dirt to make it profitable. 

Early in the fifties coal was discovered on the Skookumchuck 
in the vicinity of the present town of Bucoda. The territorial 

•Coe.l Mines or Western Washington, Rev. G. F. Whitworth. Resources or Ore­
gon and Washington, Portland, Oregon, December, 1881. 
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penitentiary was located at this place and the convicts were 
employed for a number of years in the coal mine. When the 
penitentiary was removed to Walla Walla the mine was closed 
down. 

Coal was also found on Clallam bay and was opened up in 
1864 or 1865. The coal was of good quality but the vein was 
too thin to be profitably mined and so nothing has been done 
with it for many years. 

In 1863 two very important discoveries of coal were made. 
The first was at Issaquah or Gilman, and the other a month or 
two later on Coal creek near Lake Washington, about where the 
town of Newcastle now stands. A number of Seattle men, 
including Daniel Bagley, G. F . Whitworth, John Ross and 
other well known pioneers acquired an interest in the property 
and began active development. The coal was first carried to 
Lake Washington in wagons, transported across the lake by 
barges, and then · carried to Seattle in wagons. In 1867 the 
Lake Washington Coal Company, consisting of the above named 
gentlemen and others, was incorporated for the purpose of 
carrying on more extensive developments. A new opening was 
made and the transportation facilities improved. The coal 
was carried down Black river to the Duwamish, thence down the 
Duwamisb to Elliott bay. Barges were first emplQyed and after­
wards steamers. 

In 1870 the property was sold to the Seattle Coal Company. 
The new company immediat~ly began to construct a tramway 
to Lake Washington from the mine and another from Lake Wash­
ington to Lake Union over the portage. A little locomotive and 
train of cars brought the coal from the mine at Newcastle down 
to Lake Washington, where the whole train was loaded on a 
barge and carried over to Union bay were it disembarked onto 
the portage tramway. After passing over the portage the train 
was loaded on another barge on Lake Union and taken to the 
point where the Western mill now stands. From there the 
train proceeded up town to the coal bunkers, which were situated 
somewhere on Pike street. 

Early in the seventies Seattle was making determined efforts 
to secure railroad communication with the outside world. The 
Northern Pacific Railroad Company decided on Tacoma as its 
western terminus and showed a disposition to leave out Seattle 
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penitentiary was located at this place and the convicts were 
employed for a number of years in the coal mine. When the 
penitentiary was removed to Walla Walla the mine was closed 
down. 

Coal was also found on Clallam bay and was opened up in 
1864 or 1865. The coal was of good quality but the vein was 
too thin to be profitably mined and so nothing has been done 
with it for many years. 

In 1863 two very important discoveries of coal were tnade. 
The first was at Issaquah or Gilman, and the other a month or 
two later on Coal creek near Lake Washington, about where the 
town of Newcastle now stands. A number of Seattle men, 
including Daniel Bagley, G. F . Whitworth, John Ross and 
other well known pioneers acquired an interest in the property 
and began active development. The coal was first carried to 
Lake Washington in wagons, transported across the lake by 
barges, and then carried to Seattle in wagons. In 1867 the 
Lake Washington Coal Company, consisting of the above named 
gentlemen and others, was incorporated for the purpose of 
carrying on more extensive developments. A new opening was 
made and the transportation facilities improved. The coal 
was carried down Black river to the Duwamish, thence down the 
Duwamish to Elliott bay. Barges were first employed and after­
wards steamers. 

In 1870 the property was sold to the Seattle Coal Company. 
The new company immediat;!ly began to construct a tramway 
to Lake Washington from the mine and another from Lake Wash­
ing ton to Lake Union over the portage. A little locomotive and 
train of cars brought the coal from the mine at Newcastle down 
to Lake Washington, where the whole train was loaded on a 
barge and carried over to Union bay were it disembarked onto 
the portage tramway. After passing over the portage the t.rain 
was loaded on another barge on Lake Union and taken to the 
point where the Western mill now stands. From there the 
train proceeded up town to the coal bunkers, which were situated 
somewhere on Pike street. 

Early in the seventies Seattle was making determined efforts 
to secure railroad communication with the outside world. The 
Northern Pacific Railroad Company decided on Tacoma as its 
western terminus and showed a disposition to leave out Seattle 
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altogether. The citizens of Seattle therefore organized the 
Seattle & Walla Walla Railroad and Transportation Company 
and began a line of their own. They constructed the road to 
Renton and Newcastle and from that time forward the old port­
age route was abandoned. 

Coal was discovered near Renton in 1873 by Mr. E. M. 
Smithers. Together with T. B. Morris, C. B. Shattuck and 
others he organized the Renton Coal Company for the purpose 
of developing the property. The coal was run down on tram 
cars from the mine opening to the Duwamish river where it was 
loaded on barges and towed into Seattle. 

The Talbot mine was opened near the Renton Coal Com­
pany's property in 1874. John Leary, John Collins and J. F. 
McNaught, who had control of the property, organized the 
Talbot Coal Company. After a few years of operation they 
found their vein badly faulted and finally abandoned it. 

Somewhere about 1862 or 1863 a gentleman named Mr. Van 
Ogle discovered coal in the canyon of Carbon river. He found 
it in such large quantities and over such a wide extent of terri­
tory that he concluded that a single claim would be of no par­
ticular value to him, so be did not interest himself any further 
in the matter. During 1874 and 1875 a large number of coal 
claims were taken and considerable prospecting done. In 1876 
the Northern Pacific Railway built a line to Wilkeson and after­
ward to Carbon Hill. The original Wilkeson mine was aban­
doned after about three years operation. 

The Green river coal field was discovered at a later date. 
Since that time new discoveries have been made in a great many 
different places, so that the limits of the known coal bearing 
rocks are being gradually extended. 

GEOLOGY OF THE COAL MEASURES. 

For the most part the coal seams of Washington occur inter­
bedded in a series of light-colored sandstones and shales, with 
sandstones as the predominating rocks. The latter are usually 
bluish or grayish in color, but often weather into light buH owing 
to the oxidation of the iron carbonate which they contain. These 
rocks are not confined to the districts where workable coal seams 
are known to occur, but outcrop at intervals over the principal 
part of western Washington. In some places the strata are found 

17-G 
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a.lmost horizontal, but usually they are considerably folded and 
faulted and the upturned edges deeply eroded. Careful meas­
urements of the series in the neighborhood of Puget sound, made 
by Mr. Bailey Willis, has shown a thickness of about ten thou­
sand feet. 

Carbonaceous matter is distributed in greater or less quantity 
throughout the rocks of the whole series. Small streaks of coal 
are found iri most of the sandstones. The shales vary in color 
from light gray to black, according to the amount of carbonace­
ous matter present. All gradations are found between carbon­
aceous shale and pure coal. While the number of workable coal 
veins is small, being perhaps not more than ten or fifteen in any 
one district, the number of seams of more or less impure coal is 
very large, considerably over a hundred being known. All the 
veins thus far discovered which are clean enough and with the 
coal in sufficient quantity to be of commercial value are contained 
in the lower-most three thousand feet of the series. The upper 
two-thirds have thus far proven barren of workable seams, 
although rich in disseminated carbon. From the evidence of 
fossil leaves collected from various localities Professor F. H. 
Knowlton has determined these rocks to be of the Eocene age. 

At the time these sediments were laid down the region be­
tween the present Cascade and Olympic mountains was a shallow 
sea or wide lagoon, more or less completely cut off from the ocean. 
That it was fresh or brackish water is shown by the character of 
the animal remains embedded in the sediments.* These are 
mostly unios or other fresh water forms. 

During the whole of the long period in which these sediments 
were being deposited the region was undergoing a gradual but 
persistent sinking. The evidence of the coal seams in the lowest 
~trata clearly shows that at that period the water at intervals was 
very shallow, and at the end of the period after sediments nearly 
two miles deep had been deposited the water still remained at 
about the same depth, showing that in the meantime the bottom 
of the sea had sunk two miles. These nicely adjusted forces of 
nature permitted the accumulation of a practically unbroken 
series of sediments throughout the whole period. 

Subsidence did not take place at a uniform rate. There 

•Invertebrate Fossils from PacIBc Coast, C.'A. White, Bulletin 51, United States 
Ueologloa.l Survey, p. 66. 
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were periods during which the process of sedimentation shoaled 
the waters faster than the sea floor sank, and this continued 
until the water was shallow enough to support a swamp vege­
tation, which thereupon spread over the broad lagoons and flour­

. ished with great luxuriance. In regard to the climate, Professor 
F. H. Knowlton* says : "The lower beds, on a<-count of the 
abundance of ferns, gigantic palms, figs, and a number of genera 
now found in the West Indies and tropical South America, may 
be supposed to have enjoyed a much warmer, possibly a sub­
tropical temperature, while the presence of sumacs, chestnuts, 
birches and sycamores in the upper beds, would seem to indi­
cate an approach to the conditions prevailing at the present 
day." 

Alternating with the periods of coal formation, there were 
long lapses of time during which the water was too deep to ad­
mit of swamp growth. These were the times when subsidence 
proceeded at a more rapid rate than sedimentation, or at least 
kept pace with it. Sand and clay were then deposited. The 
final results of this intermittant, long continued subsidence was 
that we now have a large number of coal seams a'nd layers of 
more or less carbonaceous matter interstratified with beds of 
sandstone and shale. 

In order to maintain the water in a fresh or brackish condi­
tion either the outlet to the sea was very narrow or the climate 
must have been even more humid than it is at present. When 
we consider that notwithstanding the great volumes of fresh 
water being continually poured into Puget sound the water is not 
appreciably freshened it is difficult to account for the prevalence 
of fresh water forms -in the Eocene sea except on the hypothesis 
that it was almost entirely cut off from communication with the 
open sea. The Olympic and Cascade mountains had not then 
risen to their present height but were probably rather in the form 
of low hills. The rocks of which they were formed were mostly of 
granitic type, as shown by the character of the sediments derived 
from them. The coal bearing rocks are known to occur along 
the western slope of the Cascade mountains from the northern 
border of the state southward to the Columbia river. It is prob­
able that rocks of the same age form a rim around the foothills 
of the Olympics. Coal has been found in a number of places in 

• Geological Atlas o! the U. S .• Tacoma Follo, U. S. Geo!. Survey. 
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that part of the state, but owing to the very heavy forests and 
almost entire absence of roads very little is known about the 
region. Intermediate between the eastern and western parts of 
the field there was probably a nearer approach to marine condi­
tions. Marine fossils found in Duwamish valley indicate that 
the border of estuarine conditions was somewhere between that 
locality and the coalfields to the eastward. The greater part of 
these fossils are identical with species found in the Tejon group 
of California, which is of Eocene age.* 

V ARIETIF.S AND USF.S OF THE COAL. 

The coal is essentially a lignite in character. In certain lim­
ited localities, however, where great internal disturbance has 
taken place so that the coal has been crushed and rolled it has 
lost much of its volatile constituents and has become bituminous. 
The lignite is usually quite hard and breaks into more or less 
cubical forms. The bituminous coals are rather soft. They have 
been rolled out between their walls and thoroughly crushed, so 
that a considerable percentage of the volatile constituents have 
escaped and the coal is consequently richer in fixed carbon. The 
semi-bituminous or steaming coal lies midway between these two. 
Frequently the change from lignite to bituminous and back again 
occurs within the same vein. 

The value of the coal depends upon the varying percentages 
of moisture, ash, sulphur, volatile hydro-carbons, and fixed car­
bon. In regard to the first three of these the smaller the per­
centage the greater will be the value of the coal. The ash is 
derived from two sources: rst, the natural ash present in the 
plant from which the coal is derived; 2d, the dirt carried into 
the original coal swamp by streams and deposited with the coal. 
This latter source is usually by far the most important one. In 
a large number of coal seams it is the high percentage of ash 
rather than any other drawback which prevents the coal from 
being placed on the market. A number of representative analyses 
of coal from the principal mines show a range in the percentage 
of ash from 5.76 to 12.55. The samples from which these 
analyses were made were presumably taken so as to represent a 
fair average of the commercial article as it was placed on the 
market. 

• Correlation Papers, Eocene, W. B. Clark, Bulletin 88, U.S. Geol. Survey, p. 108. 
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A high percentage of moisture detracts from the heating 
qualities of the coal because all the moisture has to be volatilized 
before any of the heat energy is available for any other pur­
pose. The lignites of course contain more moisture than the 
bituminous coal and consequently have not such high heating 
qualities. 

A certain percentage of volatile hydro-carbons is essential to 
coal. For steam generating purposes the semi-bituminous has 
been found to be the best. It has a representative analysis as 
follows: moisture, less than 5 per cent.; ash, 5 to 10 per cent.; 
volatile hydro-carbons, 30 to 40 per cent.; fixed carbon 40 to 
50 per cent. 

The Puget sound coals are suited to a variety of purposes. 
The output of some of the mines is used almost exclusively for 
steam generating purposes, as those of Franklin. Probably 
more coal is used for this purpose than for any other. A 
large quantity is used for domestic purposes. Coke making 
is becoming quite a large industry and several of the mines use 
a large part of their output in their coke ovens. The coke 
finds a ready sale, being more suitable for certain purposes. 
The only coal now used for gas making purposes is that found 
at Burnett. ,It is used exclusively in the Sound cities and 
in Oregon and California. It gives off a high percentage 
of illuminating gas and the residue cokes readily. A small 
vein of coal has been found at Fairfax suitable for blacksmithing 
and this finds a market at a high price. 

Eastern Washington is largely supplied by the Roslyn mines 
which are the largest in the state. A considerable quantity of 
this coal finds its way to Seattle, where the company has recently 
erected large coal bunkers to take care of their export trade. A 
large part of the coal of western Washington is shipped to San 
Francisco and other coast ports. A considerable quantity is 
shipped to Alaska. The rise of the petroleum industry in Cali­
fornia has caused a considerable falling off of the coal trade with 
the latter section. In the coastwise trade the coal of Washington 
competes with that of British Columbia and Oregon. 

WHATCOM COUNTY. 

In the western part of Whatcom county, extending from the 
foot of Mt. Baker to the coast, there is an area of Eocene coal 
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measures embracing over 250 square miles. These coal measures 
are composed mainly of massive sandstones and congiomerates, 
and shales, and an'! exclusively of lake origin. They have a total 
thickness of many thousands of feet. Within them very much 
vegetal matter in the form of lignite or coal is to be found, often 
in irregular masses or pockets, but now and then in a well-defined 
seam. Occasionally these seams assume dimensions sufficiently 
large to afford workable coal, and they are then of economic im­
portance. In all cases, as far as known, the beds of coal are not 
immediately underlaid by clay, but by conglomerate or sandstone, 
showing that the coal was not formed by the plants which grew 
upon that particular spot, but rather that it was formed from 
drift wood. As a result no individual seam of coal can be ex­
pected to extend throughout the coal basin, or even over a large 
part of it, but is more local in its extent. It is also true that a 
coal seam will show considerable variability in thickness when 
followed in different directions. 

Since their deposition the coal measures have been greatly 
folded and the strata are now inclined at high angles. Erosion 
has removed large portions of them, as may be seen in the wide 
valleys of the Nooksack and its tributaries, in the basin of Lake 
Whatcom, and elsewhere. In the eastern and central parts of 
the Whatcom coal field the strata outcrop everywhere and the 
coal beds may be easily found, but in the western part of the coal 
field the rocks pass under a heavy·mantle of glacial drift and may 
only be studied or prospected by diamond drilling. 

In the Whatcom coal field veins of workable coal have been 
found at a number of places. In some instances exten~ive mines 
have been opened and large quantities of coal produced. In a 
general way the coal may be said to improve in quality from west 
to east, as one passes from the region of least folded rocks to 
those that have suffered the greatest deformation. The coal vein 
now being developed on Cornell creek, within six miles of Mt. 
Baker, is said to be of a 'better quality than any other so far found 
in this field. 

The Bellingham bay coal vein is the uppermost one in the 
Whatcom coal field. It is 14 feet thick, a lignite in quality, and 
was extensively worked 20 years ago. Its outcrop is north 
through the middle of the city of Whatcom and thence north­
westerly, dipping west and southwest from 8 to IO degrees. 
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Blue Canyon District. 

The Blue Canyon mine is located on the. southeastern shore 
of Lake Whatcom, on the railway of the Bellingham Bay Im­
provement Company. The vein of coal that is being worked 
varies much in thickness, but averages about 7 feet. It lies at 
the very base of the coal measures, being separated from the 
mica schist lying below by a layer of conglomerate which varies 
from six inches to three feet in thickness. Where the conglom­
erate is thinnest the coal vein is greatly broken and shattered, 
and is occasionally faulted. Lying as it does between the mas­
sive sandstones above and the metamorphic rocks below the vein 
has suffered greatly in the deformation of the coal measures. 
The vein pitches to the northwestward at an angle of 50 or 60 
degrees. 

The Blue Canyon mine has been in operation for a number of 
years, but has .done little more than supply t~e demand of the 
cities and towns of Bellingham bay and thereabouts. The coal 
is very desirable for steaming and for domu tic purposes. In 
1901 the output of the mine was 48,200 tom,. 

SKAGIT COUNTY. 

In the western half of Skagit county coal measures of Eocene 
age outcrop at a number of places. Surrounding these out­
crops, as a rule, there are small coal basins, which seemingly 
have never been connected but have always been separated one 

' from another. In the northwestern -part of the county the large 
coal field of Whatcom county extends into Skagit for a little 
way. A mile west of Thornwood, on Samish river, there is an 
outcrop of coal where a little development work has been done. 
Immediately east of Montborne there is a small area of coal 
measures with a few coal outcrops. Near Cokedale and Hamil­
ton there is in each case a coal measure area in which well 
known veins of coal occur. 

The coal-bearing rocks above mentioned are composed es­
sentially of shale, sandstone and conglomerate, with very much 
irregularly embedded vegetal matter in the form of lignite or 
coal. These deposits have been made in lakes which were en­
closed in basins of metamorphic rocks, mainly schists and slates. 
After the.lake sediments accumulated to a great thickness they 
were folded to such an extent that the strata are now often in­
clined at high angles. Since the disappearance of the lakes the 
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lacustrine sediments have been largely removed by erosion, and 
it is possible that the removal has been so great in the cases of 
the smaller lake deposits that some of these have not yet been 
discovered. 

Cokedale District. 

At the town of Cokedale a coal mine has been in operation 
for a number of years. The mine is located at the extreme 
northern limit of the coal basin, the lowest vein of coal being but 
a few feet from the schist which lies below. The coal measures 
of Cokedale outcrop along the northern boundaries of the district, 
but for the most part they are covered by the alluvial deposits of 
the Skagit river. The district is not believed to be a large one, 
extending from Cokedale southward to the Skagit, and in an east 
and west direction from near Lyman to a point a little way be­
yond Sedro-Woolley. 

At the Cokedale mine three veins of coal are found, viz. : the 
north or Klondike vein, the middle vein, and the south vein. 
The north vein is the lowest one in the series and has a thickness 
varying from 10 to 25 feet; the middle vein lies 140 feet above 
the north vein, stratigraphically, and has a thickness of from 4 
to 8 feet, with an average of 6 feet; the south vein, lying 40 feet 
above the middle vein, has a thickness varying from 6 inches to 
2 ~ feet. The north and middle veins only are worked at the 
present time. 

The Cokedale coal veins at their outcrops stand about vertical, 
but in the lower mine workings they dip slightly to the south­
ward. In the deformation of the coal measures the coal was so 
greatly broken that in mining it it is obtained only in small 
pieces, and never in large lumps. It is a good coking coal, and a 
large part of it is made into coke. The coal is all passed through 
washers after leaving the mine; the coarser part is then used for 
steaming and domestic purposes, while the finer part is taken 
directly to the coke ovens near by. The ovens are of the bee 
hive pattern, each having a capacity of five tons. Forty ovens 
a.re in place, ten of which were operated continuously during 1901. 

In 1901 the output of the Cokedale mine consisted of 121 643 tons 
of coal and 5,806 tons of coke. 

Hamilton District. 

A few miles east of the Cokedale district, and near the town 
of Hamilton, is a region of coal-bearing rocks known as the 
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Hamilton district. This district lies chiefiy between Cumberland 
and Day creeks, and extends from the Skagit river to the neigh­
borhood of Deer creek. The rock outcrops of the Cokedale and 
Hamilton districts, are separated by the broad alluvial plain of 
the Skagit, and it is not known at the present time whether the 
coal-bearing rocks extend from one district to the other. 

At several places m the Hamilton district coal veins of com­
mercial importance are known to outcrop. Upon some of these 
veins considerable development work has been done, and in 
times past some coal has been mined and sold. The coal is of 
good q_uality, and of a variety that may be made into coke. As 
a rule the coal veins lie in such a position that they may be 
worked very readily. 

On the property of the Skagit Cumberland Coal Company 
and on the lands of Mr. J. J. Conner, near the mouth of Cum­
berland creek, there are a number of outcropping coal veins. 
The first of these is located on the bank of Cumberland creek, 
not far from the contact of the coal measures with the underly­
ing mica schist. This vein of coal has a strike of south 43 de· 
grees east, and a southwest pitch of 55 degrees. It lies between 
sandstone walls, and bas a thickness of about seven feet of clean 
coal. About a hundred feet stratigraphically above the vem 
just mentioned, is a second coal seam having approximately the 
same dip and strike, with a thickness of over five feet. Above 
the outcrop of the number two vein, at varying heights on the 
mountain side, there are outcrops of several other veins of coal 
with thicknesses ranging from a few inches to four feet. 

Toward the southern part of the Hamilton district, in the re­
gion about Day lake, coal outcrops at a number of places. lo a 
few instances some development work has been done. In sec­
tions 13 and 24 T. 34 N., R. 6 E., the coal veins have a thick­
ness varying from 8 to 12 feet. 

KING COUNTY. 

Newcastlt-laaquah District. 

The Newcastle-Issaquah district probably constitutes one 
continuous coal field. The Issaquah mine, formerly known as 
the Gilman mine, is located at the northern base of Squak moun­
tain, two or three miles from the southern end of Lake Sam­
mamish, and about fifteen miles east of the city of Seattle. 
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Squak mountain is a mass of volcanic rock of the variety known 
technically as pyroxene andesite. The coal measures overlie the 
lava and dip to the northward at an angle of from ·.twenty to 
forty degrees. The strike of the strata is nearly due eas.t ai;id 
west. Only one fault of any consequence has been encountered 
in the. Issaquah mine, and that has not seriously interfered with 
the process of mining. In this mine the workings havJ been 
pushed westward through Squak mountain, under the valley of 
Tibbetts creek and into the Newcastle hills. I 

A branch line of the Northern Pacific Railway .reaches Issa­
quah by way of the northern end of Lake Washington, and the 
coal is shipped by that route. The mine was opened by the Is­
saquah Coal and I ron Company in 1887. Their holdings embrace 
a tract of land five miles long by one and a quarter miles wide. 
Up to the present time they have worked out about three hun­
dred and twenty acres of coal, and have produced al~ogether 
about 1,500,000 tons of coal. The output for 1901 was 121,829 
tons. It is expected that the output for 1902 will be considera­
bly larger. There are seven known veins of coal · on the prop­
erty having a thickness respectively of four, five, six, eight, 
nine, twelve, and fourteen feet. 

According to the statement of C. F. Owen, State Inspector 
of Coal Mines, the coal generates very little gas and can be 
worked in safety with open lights. It is used very largely for 
steaming and domestic purposes. 

On the Newcastle side of the mountain the principal open­
ings have been made along Coal creek, a small stream flowing 
northwestward into Lake Washington. Most of the coal has 
come from the vicinity of the town of Newcastle, where it has 
been mined extensively for the last forty years. These mines 
are among the oldest in the Puget sound region and have up to 
the present time produced about five millions of tons. The coal 
is taken out by way of the Columbia & Puget Sound Railway, 
which reaches Seattle by way of Renton and the Duwamish val­
ley. Both mines and railroad belong to the Pacific Coast Com­
pany, formerly the Oregon Improvement Company. The present 
Ne'Ycastle mine was opened in 1895, and is· now practically 
worked out. It has produced altogether nearly 600,000 tons of 
coal. There are five veins, having a width of three feet four 
inches, four feet, four feet six inches, six feet and eight feet, re-
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spectively, and there are about ten miles of gangways and slopes. 
The breast and pillar system has been employed in the mine. 
Most of the coal is used for domestic purposes and for ,genera­
ting steam. 

Since the Newcastle mine has been virtually abandoned 
active operations have been transferred to the new Coal Creek 
mine about a mile and a half farther up the stream. This mine 
was opened in x898 and up to January 1, 1902 had produced 
about 3001000 tons. The daily output is now on an average 750 
tons. For the year 1901 the total output was 130,957 tons. Four 
veins are being worked, two of them three feet eight inches in 
width, one four feet two inches, and one five feet. In the pres­
ent workings the veins strike approximately east and west and 
dip north thirty-eight degrees. A double track working tunnel, 
seven by fourteen feet in diameter, has been driven a distance of 
5,400 feet. There are altogether about three miles of gangways. 
In the main tunnel electric motors are employed for hauling, 
and electric lights are used. The breast and pillar system is 
the one adopted. A 375 h. p. plant generates electricity for 
hauling, lighting, ventilating, running the air compressor, run­
ning the washing machines, etc. The company uses a rotary 
washer of their own manufacture. 

Renton-Cedar River District. 

The depression occupied by Lake Washington is continued 
southward first as Black river valley, and then as White river 
valley. Less than a mile from where Black river leaves Lake 
Washington Cedar river enters the former from the eastward, 
flowing through a narrow, steep-sided valley for a number of 
miles and entering the broader valley at the town of Renton. 
Between the valleys of Cedar river and White river there is a 
plateau which from the surface indications seems to be com­
posed entirely of glacial drift. It has an average elevation of 
about four hundred feet above the level of the bordering valleys. 
Along the steep sided northern and western edges of this 
plateau, especially near the town of Renton, the coal measures 
outcrop from beneath the covering of glacial drift. Seven or 
eight miles farther up the valley of Cedar river the coal-bearing 
rocks are again exposed where the Cedar mountain mine has 
been opened. On the northern side of Black river between 
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Renton and the Duwamish river the coal measures appear in a 
nearly horizontal position. 

The first mine to be operated on an extensive scale in the 
vicinity of Renton was the old Renton mine, which was opened 
by a number of Seattle pioneers early in the seventies. This 
mine has long since been worked out, as has also the Talbot 
mine, opened a year or two later. In 1895 the Renton Co-oper­
ative Coal Company began operations on a tract of unoccupied 
ground between the two old mines. They afterwards sold out 
their property to the Seattle Electric Company. The new own­
ers are now working on two veins, No. 2 and No. 3, each of 
which is about six feet thick, and they are driving a tunnel to 
open a third vein. There are about 9,000 feet of underground 
main tracks. The pillar and stall method of mining is employed. 
At present the daily output averages about 400 tons, and the total 
output for 1901 was 72,865 tons. The coal is used mostly for 
steaming and domestic purposes. It is washed by means of 
Howe washers. All the hoisting, pumping and lighting is done 
by means of a 150 h. p. electric plant. 

Eight or nine miles up Cedar river from Renton is the Cedar 
mountain mine. The first openings in this vicinity were made 
about twenty years ago and for a long time the mine was a great 
producer, but the principal vein was lost and has only recently 
been rediscovered. The Cedar Mountain Coal Company ob­
tained control of the property in 1898 and since that time has 
been working on an eight-foot vein. The total output for 1901 
was 13,500 tons. 

Green River District. 

A thick section of the coal measures is exposed in the can­
yon of Green river, T. 21 N., R. 6 and 7 E. There are alto­
gether forty beds of carbonaceous matter included in this section, 
but only four of them are productive coal beds. These out­
crops were discovered about 1880, and two or three years later 
the Franklin and Black Diamond collieries were opened. The 
only vein that is now worked very extensively is the McKay 
vein, othf'rwise known as the Light Ash or White Ash vein. 
The strata in this district are thrown into long open folds, and 
the whole series inclines to:the southwest. Several faults have ... 
been encountered in the course of mining and in each case the 
hanging wall has slid downwards. Three of these normal faults 
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occur in the Black Diamond mine. In the Franklin mine there 
are a number of small faults. In the eastern part of the field 
where the greatest disturbance has taken place in the rocks the 
coal has become highly bituminous, while in the northwestern 
section where the rocks remain more nearly in their original po­
sition, the coal remains a lignite. 

The Gem mine at Franklin, belonging to the Pacific Coast 
Company, was opened in 1899 and bas, up to date, produced 
75,000 tons of coal. The total output for the year 1901 was 
36,460 tons. It bas now a daily output of 180 tons. The vein 
which the company is now working has a thickness of two feet 
seven inches of good, clean coal. In the present workings the 
vein strikes nearly due north and south and dips thirty-five de­
grees to the west. It is said that the vein can be traced for 
three miles on the surface of the ground. An estimate of the 
coal still to be mined places the amount at about 2,500,000 tons. 
The total length of underground workings is not far from 3,000 
feet. A 75 h. p. steam engine is used for hoisting and ventilating. 
The chute and pillar system of mining is employed altogether. 

The Franklin No. 1 and No. 2 was operated for a number of 
years, but was flooded and abandoned some time ago. It is 
now being reopened and will be operated again on an extensive 
scale in the near future. Since starting again it shipped, prior 
to January 1, 1902, 41494 tons, and bas now a daily output of 50 
tons. Two veins are being worked, one four feet and the other 
nine feet in thickness. They are worked on the chute and pil­
lar system. A 500 h. p. steam plant is employed for hoisting, 
ventilating, pumping, and operating the coal washing machinery. 
It also runs the air compressor, which is used for running the 
drills and other mining machines. The coal washers are of the 
rotary pattern and are the company's own manufacture. The 
coal is nearly all used on locomotives and steamers. The mine 
is the property of the Pacific Coast Company. 

Franklin No. 7, opened in 1895, has produced about 7001 000 
tons of coal up to the present time and has now a daily output 
of 300 tons. The the total output for the year 1901 was 88,217 
tons. One vein is being worked which bas a thickness of four 
feet six inches. There is a 500 h. p. plant for hoisting, pump­
ing, ventilating and lighting. The slope bas now been driven 
in a distance of 3000 feet and there are altogether about five 
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miles of gangway. Electricity is used for lighting wherever 
possible. The breast and pillar system of mining is employed. 
The coal is used largely for steam generating purposes in steam­
ers and manufacturing plants. 

The Lawson mine near Black Diamond, which is also the 
property of the Pacific Coast Company, was opened in 1895 and 
has had a total output up to the present time of 260,000 tons. 
The company is working on vein No. 1, better known as the 
McKay vein, which is four feet and four inches in thickness, all of 
clean coal. There is now being mined on an average 400 tons per 
day. The coal is used very largely on steamers and in factories; 
also for domestic purposes. There are now three miles ~f under­
ground gangways, and a slope fourteen hundred feet long. 
All the mining is done on the chute and pillar system. Steam 
power of 375 h. p. is used for operating the hoisting, ventilating, 
pumping and other mine machinery. Electricity is used for 
lighting wherever possible. It is estimated that the mine still 
contains about 5,000,000 tons of coal. For the year 1901 the 
output was 97,329 tons. 

The Black Diamond mine was first opened about nineteen 
years ago. The property is now being operated from two open­
ings on the McKay vein, known as Mine 14 and Morgan's Slope. 
The coal is good, clean steaming coal and requires very little 
picking or washing. It produced in 1901, 227,000 tons. 

The Seattle & San Francisco Railway Company's mine at 
Ravensdale, formerly known as Leary, was opened two or three 
years ago when the district was given transportation facilities by 
the construction of the Palmer cut-off of the Northern Pacific 
railway. It is situated seven or eight miles west of Palmer. 
Four veins are now being worked. Prior to 1901 the mine 
shipped 48,000 tons and for 1901 the total output was 63,578 
tons. The company has lately constructed large coal bunkers 
at West Seattle. 

PIERCE COUNTY. 

Wilkeson-Carbonado District. 

This field lies about midway between the city of Tacoma and 
Mount Rainier. All of the producing mines are in the extreme 
northern part of the field and not far from the main line of the 
Northern Pacific Railway. Carbon river, which derives its name 
from the numerous outcroppings of coal along its course, flows 
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for about eight miles through the district. Just above the town 
of Carbonado the river flows through a steep sided canyon in 
volcanic rock, but at the town and for a mile or two down the 
river the coal series is exposed. Other sections occur along 
Gale creek and South Prairie creeks, tributaries of Carbon river. 
The hills are covered with glacial drift to a depth of from fifty 
to three hundred feet. In addition to this the whole region is 
very heavily timbered, so that surface prospecting can be car­
ried on only along the stream channels. Measurements made 
by Mr. Bailey Willis,* of the sections exposed along the streams 
and in the mine workings showed a thickness of 8,000 feet of 
barren measures lying ~bove the productive coal beds. 

Coal was first discovered on Carbon river forty years ago, 
and the first location was- made by Flett Brothers and their 
brother-in-Jaw Gale, about ten or twelve years later, that is, in 
1874. They made the first opening on Gale creek about half a 
mile above the present town of Wilkeson. A wagon road was 
constructed from South Prairie to the mine and a number of 
tons of coal hauled to Tacoma. 

The Burnett mine is the most northerly one now operated in 
this field. It was opened by Mr. C. H. Burnett in December, 
1881, and has now passed into the hands of the South Prairie 
Coal Company. A short branch line connects the mine with the 
Northern Pacific Railway at Cascade Junction. Four veins have 
been worked to a greater or less extent, but there are only two 
at present from which coal is being taken. They are both about 
three feet in thickness. The total output since the mine was 
first opened is estimated at 930,000 tons. At the present time 
about 300 tons per day are being shipped. The total lengt,h of 
underground workings is at least two miles. The coal is used 
for domestic purposes, for steaming, and for the manufacture of 
gas. The coal is washed by mean~ of Howe washers. A 300 

h. p. steam power plant is employed for hoisting, pumping, etc. 
Seventy-seven thousand two hundred and fifty-five tons were 
produced in 1901. 

The Wilkson mine, operated by the Wilkeson Coal and Coke 
Company, is on a branch line of the Northern Pacific railway 
about thirty-one miles from Tacoma and two miles south of Bur­
nett. It was opened in 1879 and at the present time there are 

•Willis: Coal Fields of Puget Sound, 18th A.nil. Rep. O. S. Geol. Survey. 
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about six miles of water level gangways. The estimated total 
output since the mine was started is 1,000,000 tons. The daily 
output now is 500 tons. Six veins are being worked, having an 
average thickness of six feet each. The chute and pillar system 
of mining is employed. Forrester patent washers are used. The 
power consists of two steam stationary engines of 130 h. p. and 
two locomotives. Mules are employed underground. The com­
pany has a large coking plant in operation and most of the out­
put of the mine is converted into coke. There are fifty ovens 
built on the bee hive pattern, twelve feet in diameter, which turn 
out about seventy tons of coke per day. Fifty more ovens are 
being erected which will give a total daily output of xoo tons. In 
the year 1900, 47,615 tons of coal were converted into 29,309 tons 
of coke. For the year 1901 the total output was 125,028 tons of 
coal. The veins which are now being worked outcrop on the 
surface along Gale creek in the western part of section 27. The 
strata here are bent into a broad, low arch with a number of 
smaller folds. Operations have been conducted on each side of 
the main arch and a number of faults have been encountered. 
The present company operating the mine owns the land on the 
western side of the arch. On the eastern side where the veins 
dip to the eastward the land belongs to the Northern Pacific 
Railway Company, but is worked by the Wilkeson Coal and Coke 
Company on a royalty in connection with their own property. 
Only one quarter of the available coal above water-level has been 
worked out and there are several millions of tons below water­
level that can be mined at a profit. 

The Carbonado mines are opened about two miles south of 
Wilkeson on Carbon river, which here flows through a canyon 
about three hundred and fifty feet deep. The railroad was ex­
tended from Wilkeson to Carbonado about the year 1880 and 
shipments of coal at once began. Four veins are now being 
worked which have a thickness of four feet six inches, five to six 
feet six inches, five feet, and seven feet four inches respectively. 
The total output has been over four millions of tons. The out­
put for 1901 was 323,395 tons. A battery of 75 coke ovens is 
being installed. 

The Gale Creek Company and the Willis Coal Company are 
opening up new mines in the district. The Gale Creek Com­
pany is working five veins from three to seven feet thick, and 
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has taken out about one hundred thousand tons of first-class 
steaming and gas coal. Their output for 1901 was 18,900 tons. 
The Willis company has six veins, from three to six feet thick, 
and has taken out several thousand tons. 

The Western America Company, operating the Fairfax coal 
mine, has built a railroad seven and a half miles long to connect 
with the Northern Pacific at Carbonado. They began operations 
in January, 1900, and are now producing about two hundred 

l 

tons per day. For the year 1901 their output was 30,513 tons. 
Three veins are being worked : No. 2, six feet thick, No. 3, six 
feet eight inches thick, and Blacksmith vein, two feet six inches 
thick. A water-power plant of 125 h. p. is used to generate 
electricity for "lighting, hauling, etc. There are now about 
3,000 feet of gangways with smaller workings to ma~ch. The 
diamond system of mining is principally employed. The com­
pany has gone into the coking industry on an extensive scale. 
They have now in operation sixty bee-hive ovens thirteen feet in 
diameter and seven feet in height. Besides being made into 
coke, the coal is very largely used for blacksmithing and for 
steam making. 

The Montezuma mine has been opened in section 2, T. 17 
N ., R. 6 E. Work was begun in February, 1901, and up to the 
present time about 800 feet of entries and airways have been 
driven. No attempt has yet been made to stope out the coal 
and no shipments have been made, but in the course of driving 
the entries from twenty-five to thirty tons of coal per day are 
taken out. The long wall system of mining will be employed. 
The company has ordered one hundred bee-hive coke ovens and 
as soon as these arrive most of the output of the mine will be 
converted into coke. A 400 h. p. turbine wheel has been in­
stalled, and all the hoisting, hauling, etc., will be done by water 
power. Three veins are being worked, having a thickness of 
three feet six inches, seven feet and nine feet, respectively. 
Two rock tunnels are being driven which will crosscut two or 
three more veins, one five feet, one nine feet and another of un­
known thickness. 

KITTITAS COUNTY. 
Roslyn-Clealum District. 

The Roslyn and Clealum coal field, situated in the north­
western portion of Kittitas county, on the line of the Northern 

18-G 
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Pacific Railway, is separated from the coal fields of western 
Washington by the main range of the Cascade mountains. 

The coal occurs in a series of light colored sandstones to 
which the name "Roslyn sandstone" has been given. This 
formation is underlaid by a series of sheets of basaltic lava, 
which in turn are underlaid by other sandstones. The thick­
ness of the Roslyn sandstone has been estimated as at least 
3,500 feet.* Fossil plants from the Roslyn coal mine and from 
other coal seams about Clealum have been identified by Pro­
fessor F. H. Knowlton as being of Eocene age. This makes 
the Roslyn coal roughly contemporaneous in origin with the 
coals of western Washington. 

The Roslyn coal mine, owned and operated by the North­
western Improvement Company, is the largest in the state. 
A branch road three or four miles long runs from the main line 
of the Northern Pacific Railway at Clealum to this mine. The 
mine was first opened in 1885 by the Northern Pacific Coal Com­
pany, which was afterwards reorganized as the Northwestern 
Improvement Company. The coal vein is four feet eight inches 
in thickness and dips at Roslyn from thirteen to twenty-six de­
grees to the southwest. It is bituminous and an excellent 
steaming coal. The output for xgox w.as 1,005,027 tons, having 
a value at the mine of over $1,500,000. Up to November 1, 
1901, the total output since the opening of the mine was 5,826,-
727 tons, taken from an area of about one thousand acres. A 
conservative estimate of the Northwestern Improvement Com­
pany's holding of ten thousand acres places the total amount of 
coal still remaining at forty-seven millions of tons. t The Ros­
lyn vein is supposed to extend under the entire Clealum valley 
at a depth of eleven hundred to fifteen hundred feet. It occu­
pies a shallow syncline with an east and west axis. 

The Clealum mine, operated by the same company as the 
Roslyn mine, was opened in 1894. The vein upon which they 
are now working occurs higher in the series than the Roslyn 
vem. It is from four and one half feet to five and one half feet 
thick and dips southward at an angle of about fourteen degrees. 

The Ellensburg Coal Mining Company has operated a mine 

• Geology of the Ca,scade Mountios Ln Northern Wa,shlngton, I. o. Russell, 20th Ano. 
Rep. U. s. Geol. Survey. 

t9t.h Blel111ial Report, State Inspeotor of Coal Mines, C. F. Owen, 1901. 
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in a small way situated two miles north of Clealum. The vein 
is four feet thick. 

Other coal outcrops occur on the Teanaway river north of 
Cleal um, on Frost creek, on First creek, N aneum creek and on 
Willi~ms creek.* Not much development work has been done 
on any of these properties, so it is not known at present whether 
or not the coal occurs in commercial quantities. 

THURSTON COUNTY. 

Buc.oda.-T enino District. 

The Bucoda-Tenino district lies in the southern portion of 
Thurston county. Its boundaries are not definitely fixed in any 
direction. A large part of its surface area is composed of flat 
river bottom and barren gravel plains, and it is only where the 
coal:bearing formation appears at the surface along the hillsides 
and on higher ground that it is possible to discover any outcrop­
pings of coal. 

Coal was first discovered in the valley of the Skookumchuck 
in 1855. It was mined in the vicinity of Bucoda in early terri­
torial days, the convicts of the penitentiary being employed for 
that purpose. The early mines are now closed down and 1t is 
difficult to get definite information regarding them. 

The Chehalis and Skookumchuck· rivers flow through wide, 
level valleys. Hills of sedimentary rocks belonging to the coal­
bearing series border the valleys and rise to heights of several 
hundred feet. During late glacial time the melting of the great 
ice mass which occupied the basin of Puget sound caused a tre­
mendous flood of water to sweep southward over this region. 
This great river was heavily loaded with sediments of all degrees 
of coarseness, which it dropped by the wayside as it passed 
along. In the northern part of the field in the vicinity of Tenino 
the gravel is quite coarse, and water-worn boulders are scattered 
everywhere. Traveling southward into Lewis county the ma­
terial gets finer and finer until in the vicinity of Chehalis it is a 
fine sandy loam with no gravel. South of Chehalis there are no 
signs of glacial action whatever. 

The Great Western Coal Company, of Spokane, have a mine 
about four miles southwest of Tenino in section 35, T. 16 N., R. 

• Geology or the Cascade Mounta.1Ds in Northern Washington, I. C. Russell, 20th Ann. 
Rep. U.S. Geo!. Survey, 



278 Annual Report Washi-,igton Geological Survey. 

2 W. Considerable prospecting work has been done with a dia­
mond drill. A tunnel three hundred feet long has been driven 
and crosscuts made. The vein upon which they are working is 
about three feet six inches in thickness. At the present time the 
coal is hauled to the railroad in wagons, and about two car loads 
a week are shipped. The coal is said to be of good quality. It 
is a lignite like all the rest of the coal in this field. 

The Seatco coal mine was opened in 1880 near the town of 
Seatco, the name of which was afterwards changed to Bucoda. 
It was operated with convict labor taken from the territorial 
penitentiary, which was at that time located at Seatco. Public 
sentiment was hostile to the enterprise, however, so that the 
convict system was soon discontinued and the mine closed down. 
Of the original penitentiary company, composed of Messrs. 
Billings, Smith and Shead, Mr. Billings is the only surviving 
member. They operated on an eight foot vein of coal and took 
out altogether about ten thousand tons. 

LEWIS COUNTY. 

Chehalis-Centralia District. 

The two towns of Chehalis and Centralia lie about four miles 
apart, on a wide river plain. Along the sides of the valley coal 
outcroppings have been found and a number of openings have 
been made, but none of them have developed into extensive 
mines. A little coal is being taken out to supply the local de­
mand. Nearly all of it is used for domestic purposes. The 
electric power plant of Chehalis uses it for making steam. 

In the bill back of the town of Chehalis a number of prospects 
have been opened up in the past. Several years ago prospects 
were opened up on the Rosenthal property, but they have since 
been closed. At the present time there is one small mine work­
ing about a mile from town in Sec. 29, T. 14 N., R. 2 W. It is 
operated by Miller Brothers. They have driven a tunnel about 
one hundred and twen ty feet on a vein which measures four feet 
three inches in thickness and dips about forty-five degrees. They 
began work in October, 1901, and at the end of the year had 
taken out about four hundred and thirty tons. The coal is all 
sold in the town of Chehalis. It is a lignite of fair quality, but 
leaves a large amount of ash. 

T here is only one coal mine operating at present in the vicinity 
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of Centralia. It is the Salzer Valley Coal Mine, situated in Sec. 
22, T. 14 N., R. 2 W., about four miles east of Centralia. This 
mine has been operated in a small way by Mr. Marion Howell for 
the last four years. For the last three months of the year 1901 

the output was 267 tons. The vein is five feet six inches in width 
and lies nearly horizontal. A tunnel one hundred and fifty feet 
long has been driven. The coal is hauled in wagons to Centralia 
and Chehalis and sold for domestic purposes. 

A new mine is being opened up by the Sterling Company in 
the Hanaford valley in T. 14 N., R. 1 W ., about eight miles east 
of Centralia. A railroad will be built from the mine to the 
Northern Pacific Railway, a distance of a little more than nine 
miles. The junction will be about a mile and a half north of 
Centralia. The company owns nine hundred acres of coal lands. 
Three veins will be worked, the first seven feet four inches thick, 
the second fourteen feet thick, and the third five feet eight inches 
thick. The coal is a lignite and is said to have a low percent!lge 
of ash. At the point where the veins are being opened up they 
dip about eleven degrees from the horizontal. 

The old Florence or Ellsbury mine is now closed down. It 
was worked for a number of years and had a total output of about 
ten or fifteen thousand tons. It was finally abandoned seven or 
eight years ago. 

Some coal was taken out of another mine on Sec. 3, T. 14 N., 
R. 2 W., but it was also abandoned about four years ago. 

To the eastward coal outcrops have been found at intervals 
nearly all the way to the summit of the Cascades. At several 
different places extensive development work bas been done. In 
the western part of the field the coal is lignite, but as it ap­
proaches the Cascades it is said to develop into bituminous coal 
and finally into anthracite. 

COWLITZ COUNTY. 

Kelso-Castle Rock District. 

The Kelso-Castle Rock coal field embraces nearly all of the 
northwestern part of Cowlitz county. The Cowlitz river runs 
north and south through the center of it. The country is, for the 
most part, very heavily timbered and the bills are worn into low, 
rounded forms so that the solid rock does not show in many 
places. The soft coal bearing rocks have been decomposed to 
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considerable depths and a residual soil many feet in thickness 
has been formed. For this reason the boundaries of these rocks 
are not definitely known. It is probable that as the district be­
comes better known the boundaries of the area of productive 
coal measures will be greatly extended. 

Throughout this part of its course the Cowlitz river flows 
through a flat alluvial valley a mile or two in width, bordered by 
low hills which gradually increase in height as they recede from 
the river. The tide. flows up the river.;.severaf miles above Kelso. 
At Rocky Point ~nd at Castle Rockj>old bluffs· of 'hard basaltic 
lava extend out into the valley. In the vicinity of Kelso and 
higher up the river there are the remants of a rocky bench or 
terrace about fifty feet in height above the level floor of the valley. 

The coal bearing rocks are sandstones and shales probably 
of Eocene age. They have been upturned from their original 
horizontal position only to a slight degree. Along the Cowlitz 
river the rocks are thrown into gentle folds. A large number of 
coal seams have been found at different places varying from a 
few inches to six or eight feet in thickness. 

The Anchor mine was opened in 1890 by the Anchor Coal 
and Development Company, of San Francisco. It is located in 
Sec. 13, T. 8 N., R. 2 W., about three miles northeast of Kelso. 
Two veins were worked, one about tour feet and the other five feet 
in thickness. A narrow gauge railroad three-quarters of a mile 
long ran from the mine to the Cowlitz river where the coal was 
loaded on barges and shipped to Portland and other places. 
Although a large amount of money was spent, the mine did not 
turn out to be a success. It was finally abandoned about 1898. 

The Coal Creek Development Company, of The Dalles, 
Oregon, is opening up a coal prospect on Coal creek, about eight 
Iniles west of Kelso. A standard gauge railroad is being built 
from the mine to tide water, a distance of four miles, where the 
coal will be loaded on barges and shipped to Portland. 

The Oregon Coal and Timber Company, Joseph Gaston, 
president, W. T. Webber, superintendent, has obtained posses­
sion of the old ldleman mine, situated in Secs. 12 and 13, T . 9 
N., R. 2 W., about a mile and a half east of Castle Rock. The 
mine was first opened up by Mr. C. M. Idleman, a number of 
years ago. It was worked in a small way until 1893, when it 
closed down on account of litigation. T~e new company began 
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operations late in the autumn of 1901. The old workings have 
been pumped out .and preparations are now being made to de­
velop the mines on an extensive scale. Several veins are being 
opened up, one four feet six inches, another four feet one inch, 
and a third six feet in thickness, respectively. Still other veins 
of unknown thickness outcrop at points below. A standard 
gauge railroad from the mine to the Cowlitz river is partly com­
pleted. An incline seven hundred feet in length ,has been driven 
and a number of crosscuts made. The coal is a brown lignite 
with very little sulphur and a smal~ percentage of ash. It will 
be shipped in barges to Portland. 

Another mine known as the Red Ash mine was opened up 
several years ago on Arkansas creek, about two or three miles 
west of Castle Rock. A considerable amount of coal was 
shipped to Portland and other places, where it is said to have 
given good satisfaction. It was closed down about two years 
ago, but negotiations are now pending whereby it will be opened 
again. The vein that was worked is said to be seven feet in 
thickness. A shaft has been sunk and an incline one hundred 
and fifty feet in length driven on the vein. 

The Carbondale mine, three miles southeast of Castle Rock, 
in Sec. 24, T. g N., R. I W., has been .developed to some ex­
tent. It belongs to Portland parties. No coal has yet been 
shipped from this prospect. 

Another prospect upon which work has been done lies in the 
NW. }( Sec. 24, T. 10 N., R. I W., on Toutle river, three or 
four miles from the Cowlitz. Other prospect holes have been 
sunk on Sec. 24, T. g N., R. 1 W ., and in Secs. 8 and 18, T. IO 

N., R. IE. 
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THE WATER RESOURCES OF WASHINGTON. 

POT ABLE AND MINERAL WATER. 

BY H. G. BYERS. 

CIT Y WATER SUPPLIES. 

Water surveys have been or are being made in many of the 
states. These surveys are for the purpose of determining the 
sanitary condition of present supplies, of the formulation of 
standards of purity of unpolluted waters, and of enabling citizens 
to gain immediate and authoritative information in regard to the 
potability of any source of supply. These surveys are made at 
the expense of the state and are in . some cases of great extent 
and corresponding value. 

That an abundant supply of pure drinking water is very im­
portant for the preservation of health, and that impure water is a 
most potent factor in the development and spread of disease, are 
propositions the truth of which is unquestioned by physicians, 
scientists or the general public. It is not a matter of general in­
formation, however, that local conditions greatly modify the 
deductions to be made from a, given analysis, and that such 
results as would in certain circumstances indicate unsanitary 
water would in other cases indicate no such condition. For 
example results which if obtained from the water of deep wells 
would indicate certainty of contamination would carry no such 
significance if the water were from surface drainage. 

The water supplies of the state are from three sources-rain, 
deep wells, and surface drainage; this last includes shallow wells 
and springs. Of these surface drainage waters are by far the 
most important since but few people use rain water directly and 
but few deep wells have been sunk. The report in this case 
therefore deals only with surface waters. 

( 285) 
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We were led into this investigation by the fact that, when 
recently arrived in the state, we were called upon to pronounce 
upoa the purity of the water of the city of Chehalis. It was 
then learned that there were no records of analyses upon which 
to rest a comparison, and therefore no local data upon which to 
base a decision. No funds were at our disposal yet we neverthe­
less started to accumulate such data and deeming that the most 
valuable imformation was to be gleaned from the investigation 
of the city supplies, our work was almost exclusively upon them. 

In making these analyses we omitted no reasonable precau­
tion to secure results which are accurate and conclusive. The 
waters, where possible, were collected by ourselves, and in all 
other cases careful instructions were given to persons who col­
lected the samples for us. As soon as possible after the receipt 
of a sample the analysis was begun and was usually completed 
upon the same day. The methods of analysis were those employed 
by the Massachusetts Board of Health or by the Illinois State 
Survey. Nearly all the samples were collected between Novem­
ber 15, 1900 and May 1, 1901, and so represent winter conditions. 
The results of similar analyses of summer waters would add 
greatly to the value of the report. 

The results were surprising in many cases because of the great 
purity of the waters, and hence it seemed interesting to compare 
our results with similar analyses of the water supplies of eastern 
cities. These were obtained from New York, Chicago, St. Paul, 
Minneapolis, New Orleans, Boston and other places. No results 
could be obtained from San Francisco and Portland because no 
analyses have been made. St. Louis failed to send any results. 
The value of such work is shown by the fact that the city of Che­
halis now secures its supply from a purer source and the city of 
Ballard will probably secure an extension of the Cedar river sys­
tem which furnishes the supply of Seattle. It is clear also from 
our analyses that the limits of potability as laid down by the 
Illinois survey for the waters of that state do n.ot hold here. The 
results of our analyses are given in the accompanying table. 

The results which are given in parts per million are in terms 
which, for the most part, are unintelligible to the general public, 
therefore a discussion of them is necessary. 

It is well known that water in nature is never pure, but con­
tains in solution various substa.nces upon the character and quan-



TABLE OF SANITARY ANALYSIS OF POTABLE WATERS, IN PARTS PER MILLION. 

SOLIDS ON BVAPORATION. NITROGY.N AS- NlTROGEN AS .. ~ ~ llABDNESS. AldMONU. "' ... () 

Date. Sedimt11t. Color. Taite. ~ ~ <> e: h J ~i 'II Rmiarkl. LOCALITY. 
iVon- H,i ~8 fl Volatile. volatile. Total. 

~ i Free. ~;l :f ~l ~, Total. 

:? : ------ ------ --- ------,......:.....- ---
Unlvel'81ty of Washington . . . . . . .• . . . . •. . Feb. 18. 1901 None. . . . . . . . . . . . . Very clear ....... None ......•.. ~ ~ ~ None .... ~ ~ ~ 4.40 2.60 2.35 49.82 62.17 Supply Crom surtace sprlngs. 
University of Washington............... Mar. 15, 1901 No11e. . . .. .. .. . • .. Sllgbtly brown .. None......... 80.84 70.28 100.62 None... .384 .012 .036 4. 74 6.40 ~.40 42.24 46,64 Residue blackened upon heating. 
Seaitle, cl1,y........... ....... .......... .. Feb. I!, 1901 None.......... ... Very olear .. . • .. . None.... .. . . 23.00 110.00 183.00 None .... None. .070 .023 1.40 4.40 5.00 66.00 70.00 Cedar river water. Had not washed out pipes. System In short time. 
Seattle, city ............................ . . !rfor. 18, 1901 None............. Very clear....... None......... 12.60 28.60 86.10 Nooe... .032 .0411 .OU 1.31 2.50 1.22 lli.90 17.12 Cedar river water. 
Seatt.le, oity . .... . . ...................... April 27, 1901 None............. Very clear ....... None.... . .... 10.60 25.99 86.49 None... 0.000 .008 Trace. 1.26 1.00 1,49 12.82 U.81 Cedar river water. ---------------1------1-------1·-------1------1--------- --- - -- --------- ------------

None ..... ,....... Slightly brown . . Little Hat.... 22.00 25.20 47 .20 None... 0.000 .O.'l6 .080 6.84 4.40 0.00 60.00 60.00 Clove.r creek and springs. Tacoma, city...... . • . . . . .. . . . • • . . • . • .. . . .. Feb. 28, 1901 
Tacoma, city. .. ... . ....................... April 4, 1901 
Mineral Sprlng (Ravena Park) . . • . . . . . . Feb. 28, 1901 
Lake Washington........................ Mar. 9, 1901 
Chehalis, olt,y............................. Nov. 15, 1900 

None .....•...... . Sllgbtly brown . None.. . ...... 80.78 Sl.89 62.17 None... .080 .026 .0827 7.68 S.26 8.44 9.77 18.21 Residue blackened upon heating. 
None............. Very clear....... Not pleasant. 88.66 105.83 189.88 None... .880 .400 I .045 2. 71 4.40 0.00 80.07 80.07 Smells of hydrogen sulphide. Contains trace of sulphur. 
Some ... .. ...... . . Brown ........... None......... 24.8/l 82.70 57.65 None.. . .180 .010 .095 7.26 4.00 1.18 84.64 35.82 Brown from suspended matter. Residue blackened oo beating. 
.. . . . .. .... .. . ...... .. ... .. .. . . ... . . .... ...... ... ...... . 109.00 180.90 240.40 .008 7.190 .090 ,088 2.88 24.80 20.00 75.00 95.00 Residue blackened on heating. Supply condemned. 

Newaukum river . ...................... .. 
Everett Water company .... . ..... .. .... . 

Nov. 2.5, 1900 
Jan. 10, 1901 

Considerable . .. . Clear............. None ..... .. . li0.00 33.00 88.00 None... 0.000 .030 .055 8.67 4.80 1.00 2.50 S.00 
Some .. .. .. .. . .. . Tu.rbld.... .. .. .. None......... 48.00 2.52.80 800.80 ~ 0.000 .O'.!O .050 7 .27 4.80 5.00 160.00 165.00 

Snohomish, city ............. ... ... . .. ... . Feb. 28, 1901 None .. ...... ..... Clear ............. None......... 18.28 23.22 41.liO Nooe... .400 .010 ,093 8.76 4.00 0.00 40.00 ""1o:oo -----
Whatcom. city ............ .. ............. . Mar. 16, 1901 None ............. Very olear ....... None... . ... .. 42.34 116.62 168.86 None... 0.000 .004 '~ 2.08 3.80 0.00 68.78 68.78 
Eider's well, Fremont . .. .. ........ . .... . Mar. 22, 1901 Considerable .... Cloudy ........... None .•..•.•.. ~ 160.0'l 191.22 None ... ~ ---:oolr--:oii2" 1.35 --:r.1io"--:Qlo 68.61 18.41 Deep artesian well. 

Ballard, city .............................. Mar. 2.5, 1901 Considerable . .. Very clear ....... None.. . ...... 48. 75 121.91 165.66 Noue ... .S20 .874 .100 2.89 6 60 44.68 26.10 70.78 
University Hetght11, Seattle .. . .. .. . . . .. . .Mar. 10, 1901 Considerable .... Cloudy........... None...... . . . 26. 75 75.00 101.75 None... .840 .018 .0068 .659 5.26 18.77 40.71 84.48 

'Mineral Spring (Bremerton) ............ April S, 1901 Considerable .... Clear............. ...... .... ...... 45.87 311.79 267.16 None... .290 .066 .H07 G.28 31.00 1.72 1.18 2.90 

North YaJdmo, city······ ..... .. ... ...... April 8, 1901 Slight ............ Slightly roUy .... None......... 64.68 U4.85 169.68 Nono ... 0.000 .008 .0177 1.79 2.76 11.19 80.23 97.42 
Walla Walla, city .......... .. .......... .. April 12, 1901 None .. . .......... Olear ............. Nooe........ . 1!1.81 62.86 ~ None ... ~ ---:OOS- .0267 2.89'--i]i)'O:OO 22.68 22.68 

------ ------ ------------- ------
Abe.rdeen, city ............................ April 14, 1901 None ............. Clear ............. None......... 12.60 63.19 75.69 None. .. .090 0.000 .021 .966 6.60 0.00 1S.81 18.81 
Olympia, city· .. ··· · · .. ·,· · · .. , ... , · ... 1-aA-":pccril;;-r,20:.''-;_1;;;90,..1,..1_""N,.::o.::n.::.e.:..:. ·..:.·.:..:· ·..:.·.:..:· ._ . ...; .. _· _.1. ,c;-;1 .. ear=.;::-.:"::;"::-.'-:c.";;:';:-' ·-· r..,.,N.'-o_ne.,-.. _· _ .. _ .. _._. 11_ -;;26, ·.,64.- 80,86 107 .liO None.. . .050 'l'race. .08'.!8 3 .811 4.20 U.83 28.59 40.42 

Residue blackened upon beating. 
From a deep nrteslon well. 
J Residue blackened on heating. 
1 bably due to sulphur. 

Residue blackened on beating. 

Gave an odor of burning garbage, pro-

;i;S;::p::ok;'-a;;;n;;:e::, :::c:::lt;:::y:,. ·;0-· ':::' ·r:· ::"-'-' ;..;" _. _. ·.:..· ·c...·.:..· ·c...:·.c..· •c_•.c...· ._ • ...c· ·...c· ,_A~ p;:;rU::...;28~, ... 1:;:;90a,l~l..;N~on::;e~.;.;·.:.,":,:·.:.;· ·:.:.·.:.;":.:.· .:.;· . $Ugh tty wbltlsh.. None . . . . .. .. . 15.81 34. 43 6U. 24 None . .. . 018 . 004 . 0868 2. 13 l. liO O. 00 12. SS 12 88 Residue bl 11okened upon beating. 
Port Townsend, city .......... . .......... Feb. 16, 1901 Very Uttle .... .. . Very clear ....... Brackish..... 848.00 880.10 1,173.10 None... 2,54.4 .010 .063 1.62 462.40 67.57 101.92 169.49 Residue blaclcened upon heating. Soll(l,j-sea salt. 
Bl'ooklyn ( Mlss Hansee•s wen).......... Jan. 10, 1901 "'Ni-:o"'n"'e-'."". ;.;. .. ;.;: . ...; .. -. -.. -.. -. 1"C"'le::a:::r:--.. -.-.. -.-.. -. -.. -. •. 1 "'N"o=-=n=-=e:-.-. -.. -.. -.-•. · i-,82,.;-;.50,;;-- -m'.oo" 192 ./JO None . . . 6.80 ---:OSO-~ -i::oo-~ 85. 00 25 .00 110 .00 Residue blackened upoo beu.tlng. 
---------------1------11-------1·-------1------1----1-------- ------- ------,- ------------
Brooklyn ( Meredith's well) .... ·.,., . .. · ,-.,M.:a:::r,... .• 1 .. 6,'-;1;;;90,..lrl·"'So.;.;m= ec.c" .;.' ;..;" .;;.' ;..;· ._. _ .. _ .. _

1
_,o.,1

7
ou:-d::"y'-._._ .• _._ .. _._ .. _.

1
_Ji'!o----'t_. _ .. _. _ .. _._._.

11
,,.•7, .:;;;07,- 128.17 170. 24 None . . . None. .S71 . 095 2.80 14 .00 7 .02 85 .15 92 .17 Water smells rouJ. Residue blackens upon heating. 

Fremont< S. A. Graham's well) ..... .... Mar. 22, 190i ........... .. . . . . ... Clear....... ... ... ...... .. . . ... ... 119.06 149.91 ~ .. .. ...... 8.51 .005 .047 0.27 48.00 None. 93.67 93.67 Well under house. Suspicious. 
Ballard ( Paul Bop kins' well) , . . . .. .. . . 1-;A-::p-::rU..-"°8,'1""90"'1c-1-.-.. -.-.. -. -.. -. -.. -. -.. -.. -.-.. -1""C~l-eo-r-.-.. -.-.. -.-.. -.-.. -.1·.-.. -. -.. -. -.. -.. -.-.. -.-.11 -.::so""'."'95,- ?i:95" 102.90 None . . . 4 . 90 -:ooa;- --:ii6s' 2.03" ~ l:'72'""2i'.so 28 .62 -----
Seattle ( Denny-Fuhrman sohool) ....... ,"s7epcct:-.• 26 .. '" ,c-,1;;;90,..l,..10."', .,.:.·,;.;· ·..:.·.:..:".c.' ,;,,;".;.' ,;,,;'·-·-"-"I Clear........................... . . 61.00 132.60 193.60 None .•. o.oo ""'"']ii()~l.5ir-s.oo ====== -----
Port Townsend (Gle.ndale dairy) ·, ·,,·,,, ·Sep~. 28, 1901 None .. .. .. .. ..... "'C"'lc:::e-=-ar- .-. -•. -. -.. -.-.. -. -.. '1°"'N'"o-o.,..e-.. -.-.. -.-.. -.1-"85'.-;;86.-- 168.64 239.00 None... 6.94 '---:m- .187 22.12 46.76 9l!.06 ~ 146.37 Residue blllOkened upon heating. 
------------1-----l·-----·l------1-----I·--------- ----- ------------------
Brooklyn (Mr. Oudworth's well) .. . ..... May ll, 1901 .................... Clear .. ........ . . Nooe ........ . 
Everett (private well) . .................. Jan. 22.1901 None ............. Clear ............. None ........ . 

86.68 102.04 185.72 .......... ........ .1728 .0266 1.40 7.75 4.43 64.08 68.51 
50.00 42.60 92.50 None... None. .070 .<i56 4.50 lB.6 0.00 40.00 40.00 ------ ------1-------------------........................................... .. ················ ........................... ............. ················ .................... .. .................. ········ ................ ........ ... ............... ········ . ..:..:..:.:..:. --- --. . . . . .. . . . . .. . . . . . . . . . . . . . . . .. . .. .. .. . . . . . . . . . .. . . . . . .. . .. . . .. . . . . . . . . . . . . . .. . . . . . .. . . . . . . . .. . . . . . . .. .. .. .. .. .. . . . . . ......... .:..:..:..:..:. .:..:..:..:..:. .:..:..:..:..:. = .:.:..:..:..:.. .:.:..:..:..:.. .:.:..:..:..:.. .:..:..:..:..:. .:.:..:..:..:.. .:..:..:..:..:. = -----

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .......... ........................................................................ ·········· ·········· ...... .. ..... ..... ....... ........ .......................... ········ ....... . 
New York, olty (Croton R.) .. ... . ....... . April ll, 1901 .. . .......... .. ... . . Slightly t urbid.. ................ 21.00 48.00 64.00 None.. . .424 ,()Sp .160 ........ 2.35 0.00 27.40 27.40 
New York (Rl<1gewoo<1 water) ....... .. . April 10.1901 .................... Slightly turbid.. ...... .......... 85.00 64.00 99.00 Nooe .. 2.014 '-:oils" .057 ~ 22.00 0,00 87.80 Si.SO 
Chicago ( Lake Mlohlgon) . .. . . .. .. . . .. .. Feb.8·11, 1901 ........................ , . . . . .. .. .. .. . . . ... .. • . .. . . . . . . . . . ........ , ..... . , . , . , . . .. , . .......... ... .... ·~ .020 l.62 3.3t ... . ... .'~ . . . . .. .. Dally analysis of Chicago water. 
Chicago·,··· .... ,· . ......... ,.,........... Deo. 26, 1896 Very Jlttle.. . .... .. . • • .. . .. .. .. .. . . .. .. . .. .. • . . . . . . . . 6.00 184.40 140.40 ---:-oor- .150 .oos .080 2.60 ~ ==·== == -----
Boston ........... . ................. .. ..... April 4, 1898 Slight ... . . . ..... . Slightly turbid.. ................ 17.60 15.50 ss.oo None ... .070 ~ .178 6.70 8.00 .... ...... . ... .... ... .. . 

-------1------1~------ ------ ---------~---------

1------1------------ ------- ------ ---------------
Minneapolis .. • · • · •· · · · • • · .. ·· ... ·.... . . . Dec. 26, 1900 Moderate .......... , . •• .. • .. . . . .. . . . . .... .. . .. ... .. .. 68.00 186.00 239.00 None... Trace. .100 .22.5 8.45 2.10 ...... ... .............. . 
St. Paul (Lake Vadnais) ................ Sept. 21 1899 ...... .. .... . ....... ... ................. ................ 71.00 """"io2.iili"" 173.00 None... .080 .064 .176 6.00 .oo ........................ -----
St. Paul (Artesl.an wells) ............... Sept. 2, 1899 ......... , .. . .... . .. ... .. . ...... .. .. .. .• .. ... . •• .. ... ... 68.00 214.00 272.00 None ... Trace. ~ ~ 1.00 l.25 ..... . .. ~ == 
St. Paul (Lake Peltier ) ................. Sept. 5, 1899 .................... . ................ .. ................. 120.00 ~~ Nooe ... ~ --:OOZ .695 16.20 1.425 ........ . ....... == 
New Orleans . ... ...................... . ... April 2, 1901 Considerable .... Turbid.... .. . .. .. ....... ....... .. .. .. .. .... . . ... .. ... 966.00 .ooa .180 .001 .347 12.10 7.70 ............. .......... . 
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tity of which depends the potability of water. Rain water as it 
falls from the clouds is probably the purest obtainable without 
distillation, but even this contains dust particles and gases washed 
out of the air. As soon as water reaches the earth it begins to 
dissolve more or less of all the substances with which it comes in 
contact, becoming impure with harmless, harmful or beneficial 
ingredients. In well peopled regions the water courses are often 
simply sewers which convey away or assist in the destruction of 
the refuse organic matter of the surface. Springs many times con­
tain besides the mineral matters over which they pass, some of 
the vegetable or mineral matters through which the water has 
percolated in reaching their source~. In the case of wells con­
tamination is usually due to the nature of the soil in which they 
are sunk, but may be added to by the infiltration of sewage from 
cesspools or privy vaults which not infrequently are situated in 
close proximity to the wells. In such cases the purifying influ­
ence of the earth is relied upon,. but which, while undoubtedly 
great, is very frequently over estimated. 

The fact that. the water of a given source of supply is clear, is 
as is well known, no certificate of its purity; though lack of 
clearness, while not a certain indication of dangerous contamina­
tion, is certainly not a desirable condition. It is true also that 
clear sparkling water contaminated by sewage may sometimes be 
used for a long time without harm to the users. No one, how­
ever, would knowingly use such water simply as a matter of taste, 
yet there is the additional fact of the constant danger of the in­
troduction of germs of contagious diseases where the contamina­
tion is of animal nature. Such being the case water which is 
impure with, or subject to contamination from, matter of animal 
origin is more dangerous than water rendered foul with decay­
ing vegetable matter. In the latter case, however, an excessive 
amount of impurities is not considered healthful and is to be con­
sidered as rendering a water unfit for use. From all these facts 
it is clear that it is necessary for an analyst, in order to form the 
most useful conclusion from the result of his analysis to know as 
much as possible about the history of the water involved, the 
nature of the soil through which it passes, and the location of 
surrounding sources of infection. 

All waters, except in special cases, contain the same sub­
stances and it is upon the varying quantities of these that a 
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judgment is based. The substances usually sought in a chemi­
cal analysis, i. e., those which bear relation to sanitary condi.­
tions and the amount which it is possible for a water to contain 
and remain fit for drinking purposes are given in the subjoined 
table, which is taken from the report of the Illinois Survey: 

Parui per mllli<>n. 
Total solids ........................................................................... 500. 
Loss on ignition (no blacking should occur and no oft'enaive odor develop) ............ . . . 
-Oxygen con.sumed... ...... . .... ...... .... ... ....... .. ........ .... ............ .... ... . 2. 
Chlorine . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 15. 
Nitrogen as tree or saline ammonia............................. . .. . . . . . . . . . . . . . . . . . 0.02 

:Nitrogen as albumenold ammonia..... . ....................................... . ..... 0.05 
Nitrogen as nitrites............................................................ . . . .. . 0.001 

'Nitrogen as nitrates.............................................. . . . . . . . . . . . . . . . . . . . . 15. 

These figures are of course only approximate, even for Illinois, 
and are but a good general guide. It is to be noted that judg­
fog by our analyses the limit for chlorine and nitrates is several 
points too high, while the limit for ammonia content is too low. 

The total solids of a water are not of very great importance 
,unless they are in such quantity as to be detrimental because of 
that fact or because of their nature as determined by subsequent 

.analysis. The loss on ignition is of water, which may have been 
chemically combined with the salts present, of carbon dioxide 
from the carbonates or ammonia salts, or of animal or vegetable 
matter. The last item is the one of prime importance, and 
blackening of what is otherwise a white residue is indicative of 
-Organic matter, which if of animal origin is likely to develop an 
-offensive odor and give the analyst a clue to the nature of the 
contamination. The fixed residue consists of harmless or bene­
ficial salts. A sample analysis is given below. The nature and 
,quantity of the organic content of a water is of much greater 
,importance. This consists of living or dead organisms of ani­
mal or vegetable nature, of frecal matter and the products of 

,decomposition of animal matter. There is no direct means of 
determining their nature and amount because in the process of 

·determination they undergo change. But all organic matter 
may be burned; that is, made to unite with oxygen, and conse­

,quently the amount of oxygen consumed when water is treated 
with oxidizing agents is, if always determined in the same way, 
.a guide to the relative amount of organic matter present. 

More important is the fact that nitrogen is a constituent of all 
.,living matter, and 'its determination in the four forms in which 
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it may exist in water offers the best and most accurate means 
of study of those substances which render water unsanitary. 

Nitrogen a.s albumenoid ammonia represents the amount of 
nitrogen present in the form of undecomposed organic matter. 
This may consist of animal tissues, urea, £cecal matter, etc., 
substances which serve as food for micro-organisms of vegetable 
or animal nature and which includes the disease bacteria. The 
presence of much nitrogen in this form in usually· indicative of 
sewage pollution or drainage from refuse animal matters. The 
quantity is likely to be normally larger than the limits given in the 
preceding table where the water passes over such quantites of 
nitrogen bearing vegetable matter as in this region. 

Nitrogen as free ammonia represents the nitrogen either as 
free ammonia or in combination with acid residues and which 
usually proceeds from nitrogenous organic matter which has 
decayed without the presence of considerable quantities of inor­
ganic substances. It may be looked upon as proof of the exist­
ence of organic matter in the first stages of decay. 

Nitrogen as nitrites represents the decomposition products 
of organic matter under the influence of living organisms, so 
that its presence is evidence not only of organic matter but of 
living germs as well. 

Nitrogen as nitrates represents the complete oxidation of the 
nitrogenous materials, and its presence in large amount signifies 
that the water if not now dangerous has been so and is still open 
to suspicion. Indeed our work seems to show that a much 
smaller amount than fifteen parts per million would in this region 
indicate contamination. , 

The chlorides present in water serve for determining the 
purity of the water only if the location of the supply is known. 

Water may contain large quantities of salt and still be free 
from organic contamination, though whether still good for con­
stant consumption is a doubtful question. This is the case with 
water of Port Townsend. The source of the chlorine there, as 
is evident from the location of the pumping station, is seepage 
from Puget sound which of course contains large quanties of 
chlorides. Chlorine is however a constant constituent of urine 
and excrement and, other things being equal, the presence of an 
unusual amount of it in water is proof positive of sewage con­
tamination. 
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The hardness of water is of no special sanitary importance; 
but since, generally speaking, the harder a water the less fit it is 
for domestic purposes, the relative hardness, expressed as if it 
were all due to calcium carbonate is a guide to the culinary and 
cleansing qualities of water. 

The inorganic or fixed residue is never analyzed for sanitary 
purpose, unless the presence of some poisonous substance, as 
lead, is suspected. Its analysis is a guide to the usefulness of 
water for boiler purposes. For practical purposes the scale 
forming portions may be considered as made up of items 4, 5, 6, 
and 7 of residue analysis given below. Sometimes quantities 
more or less considerable of magnesium and other chlorides are 
present, and these are undesirable because of their corrosive 
action on boilers. Occasionally residue analyses will reveal the 
presence of ingredients of medicinal value. These will be 
referred to under the head of mineral springs . 

.RESI'OUE ANALYSIS OF CEDAR RIVER WATER. 
Gram8 pdr llldr ( parts per thouaand) 

Total solids . ......... ....... . ... . .. .............. ........... ......... ... .............. .0Sll7 
Volatile solids ..... .... ........ ,....................... .. .. . . .. . . . .. . . .. .. .. . . . . . .. . . .00786 
Non-volatile solids..................................... ... .................. ..... .... .02881 
Silica.................................................................................. .00178 
Alumina and oxide or iron ............ . .......... .'........ . .................... ....... .0049'2 
Calcium sulphate......... .. ........................ ...... ................... ..... .... .005li 
Calcium carbonate.................. . ....... .......... .............. .... ........... .. .01666 
Magnesium chloride.............. ... .............. ..... ........................ ... .. . .00149 
Sodium chloride. . . .. . . . .. . . . . . .. .. . . . . . . .. .. .. .. .. . .. .. .. . . .. .. . .. . .. . . . .. .. .. .. .. .. .00068 

A comparison of the analyses given above reveals the fact 
that our cities have exceptionally pure water supplies. This is 
particularly true of Seattle, Tacoma, Everett, Spokane; our 
largest towns. They have their supplies from mountain streams 
and lakes which drain water sheds free from injurious contami­
nation and to this they owe their purity. 

In a country of such rank vegetable growth and heavy rainfall 
we would naturally expect the water to be somewhat impure. 
Indeed, the few analyses of surface waters made by us accord 
with that expection. See the analyses of wells and springs given 
in foregoing table. 

The character of our city supplies will be sufficiently outlined 
by a brief description of those of Seattle, Tacoma and Spokane. 
Seattle obtains its supply from Cedar river at a point twenty­
eight miles from the city. The river which flows into Black 
river is the outlet of Cedar lake, which drains an area of two 
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hundred square miles, all of which is under the control of the 
city, so that its purity is assured. The water is conveyed to the 
city from the intake, by gravity alone, to the high service reser­
voir, whence a portion is pumped by means of the surplus water 
to the stand pipe on Queen Anne hill, which supplies the highest 
parts of the city. The amount of water now conveyed to the 
city is about twenty-five million gallons per day, while the maxi­
mum available supply is approximately three hundred millions, 
a quantity sufficient to supply a population of one and a half 
million on the basis of one hundred and fifty gallons per capita. 
The reservoirs at present in use in the city have a capacity of 
approximately fifty million gallons. 

The city of Tacoma obtains its supply from Clover creek, a 
small mountain stream, and from springs. These are gravel bed 
springs and, as is true also of Clover creek, are not affected by 
local rainfall. They together can furnish a maximum daily 
supply of twelve million gallons per day of exceptionally pure 
water. 

Spok.ane obtains its supply from the Spokane river, which 
drains all the north and west slope of the Coeur d'Alene moun­
tains. The supply is pumped to the city from a point about five 
miles above the city, and now supplies to the city about eight 
million gallons per day. 

These supplies, because of their purity and the ease with 
which they are conveyed to the users, compare very favorably with 
that of even Chicago, which pumps its enormous supply of 160 

gallons per capita per day from Lake Michigan, the purity of 
which in the neighborhood of the intake is improved by the 
sewage canal connecting the lake with the Illinois river. The 
local supplies are very much of an improvement over those of 
St. Paul, Minneapolis, New Orleans and other cities. 

MINERAL SPRINGS. 

The mineral springs of the state are numerous but have not 
been developed to any very great extent. There are hot springs 
at Madison on the Great Northern Railway, and at Green River 
Hot Springs on the line of the Northern Pacific. At both of 
these places sanitariums have been built and have become con­
siderably frequented by seekers after health and pleasure. The 

19-G 

• 
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Madison hot springs were visited by Mr. H . G. Knight, in con­
cection with this work, and some data in regard to them were 
obtained. Similar data in regard to the Green River springs 
were requested, but were not furnished by the owners. The 
Madison springs are on the mountain side just west of the tun­
nel on the Great Northern. The water comes out of fissures in 
the mountain side some six hundred feet above and a mile and a 
half back of the location of the sanitarium. The supply is suffi­
cient to fill a two-inch pipe, and is at the spring at a tempera­
ture of about u2° F. The following analysis was made by Mr. 
C. Osseward, chemist for Stewart & Holmes Drug Company, 
Seattle: 

RESULTS EXPRESSED IN GRAINS PER GALLON. 
Total solidJ! . ........ ... ...... . .......... 9.9 Sillca .................... .. ..... . ..... 1.84 
Chlorine ......... •....................... 0.87 Sodium ............................... 1.63 
Iron ..................................... 0. 76 Potassium ........................... 0.34 
Lime . . .......................... . ....... 2.8S Sulphuric anhydride ................ 0.52 
Magnesia ................................ 1.1 · Ammonia ............................ 0.00058 

There are also mineral springs at Cascades in Skamania 
county, which have a daily flow of thirty thousand gallons. 
During 1901 7,000 gallons were sold for medicinal use, and 
about 120,000 gallons were used for bathing purposes. A sam­
ple of the water could not be ~btained for analysis in time for 
this report. ' 

The waters of Medical lake in Spokane county are acquiring 
a reputation for curative properties, and an analysis of the water 
made by G. A. Mariner, of Ghicago, is appended. 

Parta per thotttaml. 
Sllica .................................................................................. 0.1825 
Alumina and iron oxide................ . ............... . ............................. 0.0120 
Calcium carbonate...... .. ............. ...... ..................... . ................... 0.0081 
Magnesium carbonate................................................................ 0.0040 
Sodium chloride.............. . ..... . ................................................. 0.2869 
Potassium chloride .. ................................................................. 0.1616 
Sodium carbonate...... ... . .. ..................... ............. ....... ......... ...... 0.1089 
Potassium carbonate ......... ........................................................ Trace. 
Lithium carbonate .................... .... ....... ................ .. .. ....... .. ... .... Trace. 
Bora11: .. ., .. ... .............. ..... ............................ .... .............. ..... ... Trace: 

Near Skykomish · on the bank of the river about a half mile 
from the little town of Berlin, are some very interesting springs. 
They are saturated with carbon dioxide, and when the nearly 
ice-cold water is allowed to stand in vessels it effervesces vigor­
ously. The flow from the larger of the two springs is estimated 
at from two to three gallons per minute. Both are chalybeate 
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springs and have made considerable deposits of iron around 
their mouths. The analysis of the water is given. 

Pares per tlwmand. 
Solids, non-volatile........................ . .......................................... 0.5478 
Sllioa............................................................................ ...... O.OQ78 
Alumina and iron oxide....................... .. ............ . ........................ 0.0160 
Calcium sulphate ...................................... :.............................. O.o.529 
Calcium carbonate... . .. . . . . .. . .. . . .. .. . . .. . .. .. . .. .. . .. . . . . . .. . . . .. .. .. . .. . . . . . .. . . . . 0 .56:,!7 
Magnesium ·chloride.................................................................. 0.1698 
Magnesium sulphate.................................................................. 0.0935 
Sodium sulphate ..................... ................ . ...... ........................ 0.9381 
Potassium chloride................................................................... 0.0267 
Carbon dioxide........................................................................ 1.4720 

There are also mineral springs, warm and cold, in the Yakima 
Indian Reservation on Simcoe creek about fifteen miles from 
Fort Simcoe, but at the season of the year when this report was 
compiled it was impossible to get full information in regard to 
them. · 

By the kindness of Mr. Joseph Parrott, of Glenwood, we 
have considerable information regarding a rather large number 
of hot springs at}d cold mineral springs along th~ Klickitat river, 
south of Mount Adams. These seem of such mterest that an 
effort will be made to carefully investigate them and include the 
report upon them in a future report of the survey. 

Near Bremerton there is a mineral spring which was formerly 
a favorite resort of the Indians who not infrequently camped 
near it to obtain renewE:d health and vigor. Its analysis shows 
ingredients which render probable its medicinal value. Analysis 
by H. G. Knight : 

Parts per thousand. 
Non-volatlle solids .................................................................. 0.45194 
Silica. ................. . ........................ ....................................... 0.01834 
Alumina andiron oxides ........................................................... 0.04764 
Calcium sulphate .................................................................... 0.046885 
Ma.gnesium chloride .................... ............ ................................. 0.04008 
Magnesium salphate ...................... .- ........................................ 0.07790 
Sodium sulphate .................................................................... O .23686 
Lithium sulphate ............................... ... .................................. 0.02128 

ALKALI LAKES. 

The alkali lakes of the state are neither numerous nor large. 
Among the largest are Moses lake, Blue lake and Sanitarium or 
Soap lake. These together with numerous temporary ponds and 
a chain of fresh water lakes occupy the former bed of the Colum­
bia-the Grand Coulee. 

Moses lake, which lies about twelve miles southeast of 
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Ephrata on the Great Northern Railway, is about eighteen miles 
long and a mile wide, and is very shallow. The average depth 
is approximately twenty feet. It lies in a shallow basin with 
low banks, so that a rise of but a few feet would inundate a large 
section of country. The water is unfit for drinking purposes, 
but is not strongly alkaline and could probably be used in irri­
gation. The section of country in which these lakes are located 
is, of course, very dry and supports only a scanty vegetation. 
Where there is water, however, the soil is very fertile. The 
lake drains a large area through upper Crab creek. It has no 
outlet but across its foot lies a low range of sand hills through 
which the water seeps into the sources of lower Crab creek, 
which occupies the bed of the canyon below. Along this can­
yon lie numerous shallow ponds which dry up in summer. The 
deposits left by these are not of any considerable value, though 
they contain an appreciable quantity of borax. 

An interesting feature of Moses lake is the fact that it is 
gradually rising, having risen about ten feet in the last seven 
years. If it continues to rise through a few more feet it will 
break through a clear course into lower Crab creek and empty 
into the Columbia. 

The analysis of the water df Moses lake is as follows. The 
analysis is by H. G. Knight: 

PartB pBr thou B(l>ul. 
Total solids .... ... . .......... .......................... ....... . ....... ......... ...... . 0.32357 
Volatile solids ........... .. ..................... : ..................................... 0.10096 
Non-volatile solids ................................................................... 0.22262 
SU1oa ......................... . ..... ....... . ..... .. . ........... ................. ... . .. 0.01502 
Alumina and iron oxide .............................................................. 0.00881 
Calcium carbonate ................................................... ........ .... .... o.06235 
Magnesium carbonate ................................................... . ............ 0.07525 
Sodium sulphate ...................................................................... 0.01258 
Sodium chloride ...................................................................... 0.01895 
Sodium carbonate .................................................................... 0.10914 

More interesting is the so-called Soap lake, or Sanitarium 
lake, situated about six miles north of Ephrata. This lake is 
so-called because it is so strongly alkaline as to be soapy to the 
touch, and when a strong wind blows across it the water along 
the shore is beaten into great rolls of foam. Fish can not live 
in the water, nor is there any vegetat~on in this as in Moses lake. 
The water is used for bathing, but to those unaccustomed to its 
use the water has a slightly caustic or irritating effect. It is also 
claimed that it is useful medicinally. There is much of peculiar 
interest about the lake. It is about two and a quarter by three-
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quarters miles in extent and is very deep in places and probably 
averages about forty feet. It drains only a very small area of 
country and has neither inlet nor outlet in the form of streams. 
It is located in a deep basin walled to the height of one hundred 
feet or more on the east and west by cliffs of black basalt. The 
land to the north and south rises slowly; on the south to nearly 
the height of the cliffs, but on the north the rise is so slight that 
should the lake rise fifteen feet it would empty in the next of 
the chain of lakes to the north. The source of the water of the 
lake is said to be a spring in the center. The Indians of the 
neighborhood assert that only a few years since the lake was 
very small and was fed by this strongly alkaline spring. Fresh 
water is however continually seeping in from the shores, as is 
shown by the fact that fresh water wells may be sunk even but a 
few feet from the shore, and that the cattle disliking the strongly 
alkaline water face the shore to obtain the sweeter seepage. 
The water of the lake contains calcareous matter to such an 
extent that the stones and debris at the bottom are incrusted 
with a frost-like coating of calcium carbonate. 

The analysis of the wate.r is as follows : 
Parts pM- thousand. 

Total solids .................................... .. ................................... 28.2669 
Volatile solids....................................................................... 0.6250S 
Non-volatile solids .................................................................. 27 .64186 
Stllca . .. .... .. ... . .. ... .. . .. . . .. . .. .. . • .. .. . .. . ... .. . .. .. .. .. . .. .. .. . . .. .... .. . .. . .. . 0.12816 
Alumina and iron oxide .. .. .. .. . .. .. .. .. .. .. .. . .. .. .. . . .. . .. .. .. .. . .. . .. .. .. .. .. .. . . Trace 
Cslclum sulphate........................... ...... ............... .. .. .. .. .. . .. . .. . .. . Trace 
Calcium carbonate .. .. .. . . .. .. .. . .. .. .. .. . .. . .. .. . .. .. . .. .. . .. .. .. .. .. . .. . .. .. .. .. .. TTace 
Magnesium sulphate ............... ................................. ......... ·- . .. .. o. 39099 
Sodium sulphate .. . . .. . . . . . . . .. . .. . .. . .. .. .. .. .. .. . .. .. . . .. . .. .. .. . .. . .. . .. .. . .. .. .. 6.84872 
Sodium chloride........................... . ......................................... 5.81884 
Sodium carbonate ................... ......................... .. . ................... , 14.06901 
Potassium carbonate .. .. . .. . .. .. . .. .. . .. . . . .. . .. . .. . .. .. . . . . . .. .. .. .. .. .. .. .. .. . . .. 0.51177 
Lithium sulphate .. .. . .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. . .. .. .. .. .. .. . .. .. . .. .. Trace 
Plloshorus pentoxide . . ............... ....................... ........................ 0.12018 
Carbon dioxide (semicomblned)..................................... .. ............. 1.37034 
Borax................................................................................ None 
Iodine........................................ ..... ................................... None 
Free ammonia...................... ................................................. .03400 
Albumeno1d ammonia...................... ... ........ .............................. 1.1060 
The specltlc gravtiy..................... .......... .................................. 1.0260 

A more extended investigation of the waters of the state would 
be of value. This is especially true of the mineral waters, which 
have indeed received but scant attention. 

The greater part of the work and most of the analyses repre­
sented in this report are due to Mr. H. G. Knight. 
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ARTF.SIAN WATER. 

BY C. A. RUDDY. 

INTRODUCTION. 

The fundamental principles governing the How of artesian 
water are simple and readily grasped by anyone. It is only an 
illustration of the well known fact that "water seeks its own 
level." The prime requisite is to have a water-bearing stratum 
overlaid and underlaid by impervious strata, and to have its sur­
face outcropping at a higher elevation than the surface of the 
ground where the proposed well is to be sunk. Although so 
simple theoretically, yet practically the problem has many 
factors by no means easy of solution. 

Our knowledge of the conditions underlying the surface of 
the earth is very imperfect at best. Usually the surface out­
cropping of the strata are more or less obscured by a mantle of 
soil, so that it is often difficult to determine accurately the dip of the 
rocks or their exact physical structure. The ideal conditions of 
a synclinal valley with clearly defined strata outcropping on its 
elevated edges as usually figured in the text-books seldom occurs 
in nature; the actual conditions are not necessarily more complex, 
but they are more obscure. 

In studying the formation of the rocks in any locality with a 
view to the possiblity of obtaining artesian water it is well to know 
just how much dependence can be placed on surface indications. 
Strata which at their outcrop may have all the appearances of 
being good water-bearers may at a short distance below the 
surface of the ground change into perfectly impervious strata, 
without in any way breaking the continuity of the beds. This 
change in structure may be either favorable or unfavorable, 
according to the other conditions of the basin. Likewise the 
strata above or below the water-bearer may at their outcrop be 
perfectly impervious and yet change in their nature so much 
that at the locality where the well is to be sunk they will not 
hold water at all. 

Strata are not usually continuous over wide areas. They 
are more or less lenticular in shape, being usually thickest 
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towards the center and gradually thinning out as the edges are 
approached. The same bed may change (rom coarse to fine, 
from conglomerate to sandstone, and even to shale. 

When the rocks of a region have been greatly folded and 
faulted there is not much use. trying to find artesian water in 
them. This does not apply to long, open folds unaccompanied 
by fracturing, but to close folding and crushing, caused by great 
lateral pressure. The fact that the rocks are in such a distorted 
condition shows that they have been subjected to enormous 
pressure, which would have the tendency to compress them so 
much that they would lose most of their water-carrying proper­
ties. Their position, too, would usually preclude the possibility 
of water being carried any distance under ground. Where rocks 
in tlus condition occur it is impossible from surface indications 
to determine where water would likely be found. 

It is useless to look ~or water in the older crystalline rocks, 
such as granite, gneiss or schist, so that when in drilling a well 
rocks of this nature are encountered, there is no use going any 
deeper. 

When the drilling of a well for artesian water is contemplated, 
the geological structure should of course be carefully worked out 
as far as surface indications will permit. Very often the per­
vious stratum, on account of its unconsolidated or friable condi­
tion, is more easily eroded than the enclosing beds, so that it is 
more likely to be found in the bottom of a valley than forming 
the hill tops. When such a vall.ey floor is at a greater elevation 
than the surface of the ground where the proposed well is to be 
sunk, this position of the outcrop is _more favorable than other­
wise, because it permits of the water being held over the surface 
of the outcrop for a greater length of time, and thus gives more 
of it a chance to soak into the rocks. The area of surface ex­
posed of the water-bearing bed should also be taken into consid­
ration when estimating the probable quantity of water taken 
into the rock. The area multiplied by the annual rainfall will 
give the total amount of water which falls on the outcrop, but it 
must be borne in mind that not all the water which falls as rain 
soaks into the rock. A p.art of it runs off in the streams or is 
taken into the air again by evaporation. The drier the region the 
less the amount carried off by streams and the greater the 
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amount lost by evaporation. Sometimes the outcrop, as in the 
case of the valley mentioned above, receives the drainage of 
surrounding areas, and thus its available supply is augmented. 
The porosity of the rock at its surface will of course 
also have its share in determining what proportion of the 
rainfall is absorbed by the rocks and what escapes by other 
means. These considerations are of most importance in arid re­
gions where the wells, even if succcessful, are liable to fail in 
time, owing to the inadequate supply. 

An ordinary red brick will absorb its own weight of water. 
Coarse grained sandstones absorb water very readily, except 
where the spaces between the grains have been filled in by ma­
terial carried there in solution. The finer the grains the less 
readily will water pass through. Fine shales and clays are al­
most entirely impervious, so that in an artesian basin they make 
a good upper and lower layer to keep the water from escaping. 

The water may escape either upward or downward by 
means of fissures in the enclosing beds. Surface outcroppings 
give little indications of the existence of such defects, but in a 
general way it may be said that the less the beds are consoli­
dated and the less they have been upturned from their original 
horizontal position, the less likely they are to be fissured. Lime­
stones, when not fissured, are usually quite impervious, but they 
are more likely than any other rocks to contain underground 
channels, so if they form either of the enclosing beds of the sup­
posed water-bearing stratum, they should be viewed with con­
siderable suspicion. 

Theoretically, the water should rise in the wells as high as 
its own head, but as a matter of fact it never does. The fric­
tional resistance offered by the rock through which the water 
passes, and to a lesser extent, that offered by the walls of the 
well itself, has the effect of reducing the height of the column 
of water. The difference in height between the water in the 
well and at its source in the rock is greater or less depending 
upon the texture of the rocks, the amount of leakage, the dis­
tance the water has to come, and to a much lesser extent, the 
diameter of the well. Rocks of fine texture offer a very much 
greater resistance to the passage of water than those of coarse 
texture. The larger the diameter of the well the less the resist-
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ance offered to the ascending column of water. The discrep­
ancy between the theoretical height of the water and its actual 
height can not be accurately determined beforehand, but allow­
ance should always be made for it. This is particularly neces­
sary where the head is not very great. 

In some of the older geological formations of the eastern 
states the strata are often continuous over thousands of square 
miles, but in this state none of the geological formations have 
strata continuous over wide areas. The sedimentary beds 
change from coarse to fine and thin out rapidly. This goes to 
show that it is hazardous to assume what the conditions are 
below the surface from the appearance of the outcrops, even a 
few miles away. To the practical man looking for artesian 
water in this state we would say, pay less attention to the char­
acter of the rock at its outcrop than to its dip. By a careful 
study of the dips and elevations good artesian conditions can 
often be discovered. Whether the rocks are pervious or imper­
vious is largely a matter of guess work until a well has been 
actually sunk and the facts ascertained. 

In a large number of places in the arid regions of central 
Washington it is not possible to obtain water for irrigation pur­
poses by means of canals, owing to insufficient water in the 
streams. In these localities the only salvation lies in finding 
artesian water. It is perhaps too much to hope that it will be 
found over very wide areas, but by careful investigation new 
localities may be found where the position of the rocks would 
justify the attempt. 

By referring to the chart issued annually by the United States 
Weather Bureau, showing the annual precipitation in different 
parts of the state, it will be seen that there is a large area in 
central Washington between the Cascade mountains and the 
Columbia river, and for some distance east of that stream, where 
the annual rainfall is less than eighteen inches. While eighteen 
inches per annum is usually considered the minimum amount 
with which agriculture can profitably be carried on, yet there 
are a number of conditions of soil and climate which vary this 
amount for different regions. Soil which is made up largely of 
sand or gravel or has either of them for a subsoil quickly loses 
its moisture and dries up. In certain parts of western Wash-
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ington south of Puget sound where the annual precipitation is 
very heavy, there are soils of this nature on which the scanty 
vegetation withers up during the first few hot days of summer. 

On the contrary, within the big bend of the Columbia, known 
as the "Big Bend Country," the soil is a deep, rich loam formed 
by the decomposition of the underlying basalt. The rain and 
snow of winter and early spring soak through the soil and fill 
up all the crevices of the rocks. Then when the dry weather 
comes these act as reservoirs and the water is gradually brought 
to the surface by capillary attraction and made available for the 
crops. In the country about Waterville, where these conditions 
occur, good crops are produced with an annual rainfall of about 
thirteen inches. 

Where the rainfall is scanty it makes considerable difference 
how it is distributed throughout the year. To be of most use for 
crops the rain should come during the growing season. Where 
this is the case comparatively little rain will suffice. 

Artesian water is of course of most value in arid regions, 
especially if the quantity is sufficient for irrigation. For this 
reason more attention ought to be paid to its exploitation in 
regions where the rainfall is light than where it is sufficient for 
agriculture. Nevertheless a good flowing well is of value almost 
anywhere. 

YAKIMA VALLEY. 

In this state the greatest progress in developing the artesian 
water supply has been made in the Yakima valley. 

The oldest rock which outcrops in this valley is the Columbia 
lava, of Miocene age. It forms part of the great lava field which 
covers southeastern Washington and Oregon and extends south­
ward and eastward into Idaho, Nevada and California. In 
Yakima county it is made up of a succession of :flows varying in 
thickness from a few feet to a hundred or more, the line of con­
tact between the layers being usually very well marked. Some 
layers show a marked difference in jointing from those above and 
below. The rock is a very dark basalt, usually quite compact, 
but often more or less vesicular. In many places beds of vol­
canic tuff are found between the basalt flows. Basalt, in its 
molten state, is one of the least viscous of lavas. When in its 
liquid state it is poured forth from a vent, instead of building up 
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a cone it spreads far out as a nearly horizontal sheet. For this 
reason we find no volcanic cones in the Columbia lava field. 
Each fl.ow found its way to the surface through a fissure which 
was afterwards covered up by succeeding flows. The interval of 
time between successive flows in this region must have been in 
some cases many years, and even centuries. Sufficient time 
elapsed for soil to form and forests to grow thereon before being 
overwhelmed by the next overflow. This is shown by the 
presence of charred wood between the flows of lava. 

During the long ages in which the older rocks were becoming 
more and more deeply submerged by the molten flood, there was 
little folding or tilting of the rocks in this region. The Cascade 
mountains were very much lower than at present, especially in 
the southern part of the state. When the outflows of basaltic 
lava had almost ceased, there came a change, so that the region 
now forming the valley of the Yakima formed part of the bed of 
a great fresh-water lake. This lake existed so long that sedi­
ments more than a thousand feet in thickness were deposited on 
its bed. It was a time of great volcanic activity, as shown by 
the character of the sediments. These are largely volcanic ash 
and broken fragments of pumice. The eruptions which furnished 
this material were largely of the explosive type, rather than the 
quiet outflows which characterized the formation of the Columbia 
lava plain. Along the ancient shore line conglomerate beds occur, 
made up of boulders of light-colored andesite and other volcanic 
rocks. The great variations of the beds show that the oscilla­
tions of the land were comparatively rapid and irregular. Some­
times the water of the lake would recede and the streams would 
cut ra.pidly into their soft sediments; then the waters would 
encroach again and new sediments would be spread out, leveling · 
off the old irregularities. 

At intervals throughout the period in which the lake sedi­
ments were accumulating, there came belated outbreaks of ba­
saltic lava which spread out over the soft sediments. These 
were the last convulsive signs of life of those great volcanic 
forces which were active throughout a great part of the Miocene 
period and which caused the formation of the Columbia lava 
fields, the greatest body of lava in the known world. , 

After the lake was finally drained the greater part of the sedi-
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ments were carried away by erosion, but remnants still remain. 
They form the light-colored sedimentary beds outcropping in 
places in the Yakima valley and about its borders. These are 
the rocks in which artesian water has been found. They form 
what is known as the Ellensburg formation, and are of Miocene 
age, as shown by the fossil leaves preserved in them. The most 
extensive outcrops are seen alone; the Natches river and at White 
Bluffs, on the Columbia. 

At the close of the period just described, the region to the 
westward was gradually uplifted so as to form the Cascade 
mountains. At the same time or later, a series of low east and 
west folds were formed between the Columbia river and the Cas­
cades, nearly at right angles to the axis of the mountain range. 
The ridges are not due to faults, as formerly supposed; they are 
all anticlines, while the valleys between them are synclines. 
Atanum creek occupies one of these synclines, and the Natches 
river another. The crests of the ridges have been almost en­
tirely denuded of the Ellensburg beds, so that only the basalt is 
left. One of these, known as the' Selah ridge, borders the 
Yakima valley on the north, and another, the Yakima ridge, 
borders it on the south. The Yakima river has cut gaps through 
the ridges and crosses them at right angles. It evidently had 
its course established before the folding began ; then as the 
folds arose slowly the river kept pace with them, cutting d9wn 
its channel. 

At some period later than the Miocene, a great stream of 
lava came flowing down from somewhere between the head­
waters of the Nachez and Tieton rivers, covering the hills and 
obliterating the valleys. It reached as far east as the mouth of 
the Cowiche creek and then stopped. The rock is a very dark 
andesite. It forms a conspicuous landmark, standing as bold 
cliffs on the lower Tieton and at the junction of Cowiche creek 
with the Naches river. It is safe to say that nowhere on the 
surface of this lava can artesian water be found. It stands at 
too high an elevation, and any water contained in the beds be­
low would find a readier outlet by means of springs along the 
base of the cliffs where the andesite meets the underlying rocks. 

As shown by the geological map, the Ellensburg beds extend 
westward a mile or two beyond Tampico postoffice and occupy 
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practically all of the valley below that point. The city of North 
Yakima stands at an elevation of about 1,067 feet above sea level. 
Ellensburg beds have been traced twenty miles west of that 
point to an elevation of 2,350 feet. On the hills north of Tam­
pico postoffice they outcrop as beds of conglomerate, sandstone 
and volcanic ash, dipping slightly to the eastward. 

North Yakima had a total precipitation in 1900 of 7. 22 inches. 
To the westward as the mountains are approached the precipita­
tion 10creases. It seems probable that most of the water which 
finds its way into the strata falls upon the western border of the 
Ellensburg, and gradually finds its way ·down into the the lower 
part of the valley. 

The two synclines occupied respectively by the Naches river 
and Atanum creek in their upper valleys gradually merge into 
one as they approach the Yakima river. Where the Yakima bas 
cut its way across the valley there is only one syncline. On both 
the north and south sides, parallel to the longer sides of the 
valley, the beds dip towards the valley at a steep angle. On the 
eastern and western sides they dip more gradually. The valley 
is underlaid by Ellensburg beds to a depth of over a thousand 
feet, while along the elevated edges it has all been eroded away, 
leaving the bare basalt ridges. 

A large part of the rain which falls on the ridges is absorbed 
by the rocks as soon as it reaches the porous beds at the base of 
the hills. Along the western border of the basin the tops of the 
hills are at such an elevation as materially to increase the rainfall. 
Atanum creek flows over the Ellensburg beds for a number of 
miles, and from measurements made of its volume at different 
places along its course, it is evident that a considerable part of 
it is absorbed by the rocks. 

The part of the valley east of the Yakima river is known as 
the Moxee valley. It is here that nearly all of the artesian wells 
are located. There are now more than thirty wells within an 
area of six square miles. The following table, taken from the 
report of Mr. George Otis Smith on the Geology and Water Re­
sources of a Portion of Yakima County, Water Supply and Irriga­
tion Papers of the United States Geological Survey, No. 55, gives 
most of the important information concerning these wells: 
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LIST OF WELLS IN ATANUM-MOXEE BASIN. 

z Location. l> ti !:l ... 
d ""' (l) o<> 
B ....., .., 0 ... 9 (/) ... :d .. ~ 
o" NAME OF WELL. 

(!I 0 "' .. a I'!' Depth to principal :i!'C 
" 0 :ii cs "'" flows. "''" :< :! cs oq fa go! 

0 "' ? ..... p e: CS;, : I:; .. 
....'.!:!.... ... : .. 

~ - - --
Fest. Fest. Sec.ft. Feet. .Feet. Feet . Feet. Deg . .F. 

1 Clark No. 1. ..... . 6 12 20 1,110 940 1.34 700 rn m (~ 73.2 
2 Clark No. 2 ....... 81 18 20 1,130 1,0'26 .15 800 1, 76.2 
3 Clark No. 3 ...... . 31 13 20 1,120 1,000 . 52 •• 63-i° .. ..... .. .... ······ 75.6 
4 Longevln No. 1. .. 8 12 20 1,070 687 .40 . ·100· .. ,;oo· .. ooi . 72. 2 
.6 Halnes ............ 8 12 20 1,145 902 .984 702 72.2 
ii Bradford .......•. 9 12 20 1,155 628 .90t 886 ...... 628 . ..... 78.2 
'] Dickson .......... 8 12 20 1,095 525 • ....... 515 ...... ··ssi· . .... . 70.7 
8 Gano .............. 8 12 20 1.076 851 • ....... 649 . .(?) .. ·i,020· 76.0 
9 Sauve ............. 8 12 20 1,155 l,= .475 832 (?) 75.2 

10 Ellens. No. 1 ..... . 7 12 20 1,066 .18 83o . . 688. ··.,sr ..... . 78.2 
11 Holland No. 1 ..•. 6 12 20 1,100 736 t2.00 588 ... ... 76.0 
12 Regimbal ........ . 6 12 20 1,106 689 1.09 525 640 686 ··ooo· 73.2 
18 Buwalda .......... 32 18 20 1,150 653 .06 424 508 650 67.2 
14 Ellens. No. 2 ....•. 8 12 20 1,100 676 • ....... 424 504 657 . ..... ........ 
15 lluwalda and 

Haines .......... 5 12 20 1,140 636 t.566 475 575 636 .. .... 69.2 
16 Holland No. 2 .... . 5 12 20 1,115 686 .85 520 620 686 ....... 74.7 
17 Clark No. 4 •...... 81 13 20 1,140 960 .197 660 770 820 ...... . 78.2 

{ 616 
}752 18 Allwardt .......... 9 12 20 1,185 809 .64 ...... :tto ...... 72.2 

718 
19 Deerlnghotr ....... 4 12 20 1,165 625 ···:485· 890 ...... 625 ...... 73.2 
20 Rein .............. 10 12 20 1,195 631 +680 ...... .. .... ······ 66.8 
21 Hill . ............ .. 4 12 20 1,170 225 ... :so1· 206 }1£ . .. s20· ...... 22 Longevln No. 2 •.. 8 12 20 1,080 886 530 ...... 72.7 
-28 Peox ....... . ...... 6 12 20 1,106 818 tl.10 620 818 ...... ····so:o 24 Wilson ........... 29 18 18 1,165 1,267 §.75 800 1,050 ...... 

• Well closed April, 1901. tSl.x flows. 
t Approximate measurement with current meter. § Estimated. 

It is estimated that the total area irrigated by these wells 
amounts to about 1,650 acres. Some of them are said to be de­
creasing in volume, and in some instances even to have ceased 
.flowing altogether. This may be due to caving of the wells due 
to improper construction. It is quite possible, of course, that 
the basin may now be developed to its full capacity, so that the 
-drilling of more wells would not increase the total flow. If such 
were the case, the water which would flow from new wells would 
simply decrease by that much the amount which flowed from 
the other wells. Heretofore the wells have been allowed to flow 
freely throughout the year, but at the last session of the State 
Legislature a law was passed compelling owners of wells to keep 
them closed from the 1st day of October in any year until the xst 
-day of the following April. This does not prevent the use of 
water for stock or for domestic purposes. The effect of this law 
will be salutary in preventing the waste of water during the season 
when it is not necessary for irrigation, and will greatly increase 
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the capacity of the basin. The amount of land in this part of 
valley which can be brought under cultivation is limited only by 
the supply of water. 

On the western side of the Yakima river the demand for ar­
tesian water is not so urgent. A number of canals bring water 
from the Naches river, and supply all the lower part of the val­
ley. Other canals utilize the waters of Atanum creek. Up to 
the present time only one artesian well has been drilled west of 
the Yakima. This is on the farm of Mr. George Wilson, in 
Wide Hollow, and irrigates about fifty acres. It is important 
as showing the presence of artesian water in this part of the 
valley, so that the problem is simplified for any one who in the 
future wishes to sink a well in the same locality. 

KITTITAS VALLEY. 

I9.. the Kittitas valley, in which the city of Ellensburg is sit­
uated, the same geological formations occur as in the Yakima 
valley farther south. Its basin-like structure, however, is not 
so clearly marked. The valley is underlaid by the Ellensburg 
formation to an unknown depth. On every side of the valley 
the enclosing hills are of basalt. The Yakima river flows 
through the valley from northwest to southeast and escapes 
through a deep notch cut in the enclosing ridge. A well was 
sunk in the valley a number of years ago and is said to have 
,reached basalt at 700 feet. Water came up within 40 feet of 
the surface. Mr. Smith, in the report previously referred to, is 
of the opinion that the chances of obtaining artesian water are 
sufficiently favorable to justify the drilling of another well. 

WHITMAN COUNTY. 

About the only other locality in the state where an artesian 
basin . has been developed is in Whitman county. Flowing water 
has been struck at a number of places in the county, but the 
most important basin lies within the town of Pullman. This 
locality is within the limits of the Columbia lava field, but is 
not more than a dozen miles from its eastern border, where the 
lava lies against the flanks of the mountains of western Idaho, 
which are composed of ancient crystalline rocks. At several 
places north and south of Pullman there are isolated buttes of 
crystalline rock. entirely surrounded by the lava, which repre-
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sent the highest peaks of the ancient land surface which was 
submerged by the lava. Steptoe and Kamiack buttes are the 
most conspicuous. In Snake river canyon, a few miles to the 
southward, sections of the lava are exposed, which Russell* has 
estimated to be as much as 5,000 feet in thickness. This goes 
to show the extreme ruggedness of the old topography. The 
lava sheets have been upturned only in a very slight degree from 
their original horizontal position. Between some of the layers 
of basalt there can be seen the evidence of forest growth, show­
ing that a considerable interval of time must have elapsed, in 
some cases at least, between the successive flows. In some 
places beds of sand occur between the sheets. These probably 
indicate the courses of streams which flowed over the lava dur­
ing the interval between flows. The sand beds act as reservoirs 
for the storage of artesian water. 

At Pullman there are about a dozen flowing wells in the 
lower part of town. In putting down these wells the drillers 
first penetrated a layer of basalt and finally reached sand at a 
depth of seventy or eighty feet. Flowing water was found in 
the sand. These wells have now been flowing for a number of 
years and do not show any diminution in volume. Besides a 
number of private wells, the city has one from which the whole 
town is supplied. 

At the town of Palouse, Whitman county, there are four 
flowing wells. The geological conditions are the same as at 
Pullman. Black basalt was first penetrated and water found in 
the underlying sand. 

It is evident that little can be foretold as to where water is 
likely to be found in the Palouse country. The rocks are so 
nearly horizontal that it is difficult to identify a basin. The 
beds of sand are of limited extent and usually do not outcrop on 
the surface. The most favorable positions for sinking wells, of 
course, are the lowest parts of the valleys. There is a wide ex­
tent of country where flowing waters are liable to be found. 
The rainfall in this part of the state is sufficient for agriculture 
and good non-flowing wells for domestic purposes can be found 
almost anywhere, so that the finding of artesian water is not of 
such vital importance to the welfare of the community as it is 
in the arid region to the westward. 

• Russell : Water Supply and Irrigation Papers, No. 4, U. S. Geo!. Survey. 
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The arid and semi-arid region of the state includes all of 
Douglas, Franklin and Adams counties, the eastern parts of 
Kittitas, Yakima and Klickitat, the western halves of Lincoln 
and Walla Walla, and parts of Okanogan and Chelan counties. 
In certain parts of this region, as in the vicinity of Waterville, 
farming is carried on with more or less success, but water is used 
for irrigation wherever it is possible to get it. By far the 
greater part of this arid region is very sparsely inhabited, and is 
so dry that it is not fit for grazing purposes, except during a few 
short weeks in spring. The average annual rainfall for the last 
ten years varies in different parts of the region from six and a 
half to sixteen inches. The available water in the streams is 
sufficient to irrigate only a small proportion of the total area, 
even when utilized to its fullest possible extent. 

In the region west of the Columbia river, it is not unreason­
able to expect that the artesian conditions which exist in the 
Moxee-Atanum valley may be duplicated in other places where 
the geology is somewhat similar. South of the Moxee-Atanum 
valley the country between the Cascade mountains and the Col­
umbia is traversed by several east and west ridges similar in ap­
pearance to those to the northward whose structure has been 
shown to be anticlinal. If these southern ridges are also anti­
clines, which seems probable, the troughs between them ought 
to form artesian basins. Priest rapids, on the Columbia, marks 
the point where one of the east and west ridges has been up­
raised across the course of the Columbia. A careful study of 
the structure of these southern valleys would be necessary in 
order to determine whether or not it was worth the while to 
drill in them for water. East of the Columbia the conditions 
will probably be found to be somewhat different. The streams 
are nearly all small and have cut deep trenches in the basalt 
plateau. They can irrigate only small patches at best, and they 
usually run dry at the season when they are the· most sorely 
needed. Where not too deeply dissected, artesian water may be 
found in isolated areas throughout this region in basins similar 
to those discovered in Whitman county. 

20-G 
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WATER POWER. 

By R. E. HEINE. 

INTRODUCTION. 

Washington contains the greatest amount of water power of 
any state west of the Mississippi. The extremely heavy rainfall 
of the Cascade and Olympic mountains supplies the water for a 
large number of short, swift rivers which come tumbling down 
out of the mountains with a fall, in many instances, of several 
thousand feet in a very few miles. The Cascade mountains have 
been very appropriately named; everywhere along the upper 
reaches of the streams which head in these mountains one can 
see foaming cataracts and cascades alternating with stretches of 
more quiet water. The aggregate potential power contained in 
these streams is inconceivably great. The snow accumulates in 
the mountains to great depths in winter and melts off gradu­
ally during the summer, thus insuring a fairly uniform volume 
of water throughout the year. 

In western Washington the greatest floods usually occur in 
December or the latter part of November. These are due to the 
heavy autumn rains which come at a season when the temperature 
in the mountains is not low enough to convert the moisture into 
snow. Again in the latter part of May, or early part of June, 
there are floods in all the rivers flowing down from the moun­
tains. The floods are brought about at this time by the rapid 
melting of the snow during the first few hot days of summer. 
These floods are especially high in the tributaries of the Colum­
bia and in that river itself. Cloudy weather during April and 
May, followed by a very dry, hot spell, will send all the rivers 
booming, and the floods are frequently very destructive. In west­
ern Washington the spring floods are not so high as they are along 
the eastern slope of the Cascades and in the Okanogan high­
lands. The climate of western Washington is more equable; 
there are no rapid changes from one extreme to the other, such 
as we find east of the Cascades, and therefore the snow melts at 
a more uniform rate. The streams gradually decrease in vol­
ume as summer advances until the fall rains come again. In 
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August and September they are at their lowest. All of the 
larger streams· which head in the Cascade and Olympic ranges 
have at least some of their tributaries fed by glaciers. In the 
late summer after all the snow has disappeared from the exposed 
mountain sides and even the sheltered ravines, the glaciers on 
the highest peaks still continue to feed the streams which issue 
from them. 

In estimating the available water power of a stream the cal­
culations are of course based on the volume of water which the 
stream carries when it is at its lowest. In many cases where the 
stream gets too low, storage reservoirs could be built. 

The Columbia river is the master stream of all eastern Wash­
ington. It has a minimum volume of about sixty thousand 
cubic feet per second, and in its course through the state has a 
total fall of about thirteen hundred feet. In a number of 
places along its upper course power could no doubt be taken 
from it. Many of its larger tributaries are rapid streams with 
immense undeveloped water power. In some places, as at Spo­
kane falls on the Spokane river, and at Prosser falls on the 
Yakima, the power is already being utilized. 

The western slope of the Cascade mountatns is approximately 
parallel to the axis of the valley of Puget sound and its southern 
extension to the Columbia. This valley region is the most 
populous part of the state and is rapidly taking rank as a manu­
facturing center. Power for street railways, for electric lighting, 
and for all kinds of manufacturing purposes is necessary, and 
the problem of the cheapest way of obtaining it is one whose 
solution has great practical bearing upon the future welfare of 
the community. The great plant installed by the Snoqualmie 
Power Company at Snoqualmie falls will serve as an object les­
son and an example of what can be done along this line. The 
number of places in western Washington where plants similar in 
kmd but smaller in size could be installed is very large. 

The Blue mountains lie ·in the extreme southeastern corner 
of the state. The annual rainfall on these mountains is. from 
twenty-two to twenty-four inches. After the last of the snow 
melts upon their summits in the spring there is a long dry sea­
son, during which the streams get very low. For the greater 
part of the year, however, they possess an abundant water power 
which could be utilized for many purposes. Some of the streams 
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have already been harnessed, as in the case of Mill creek from 
which the city of Walla Walla derives power. 

SNOQUALMIE FALLS. 

The great falls of the Snoqualmie river are situated in the 
western foot~lls of the Cascade mountains, about 25 miles east 
of Seattle, add 34~ miles northeast of Tacoma. The river 
proper commences about three miles above the falls, at the 
junction of three tributaries whose origin is in the snow fields 
of the Cascades. The flow of the river is about 1,000 cubic 
feet per second during the driest season, and about ten times 
as much during the periods of high water. The river has a ver­
tical drop of 270 feet at the falls, giving a minimum available 
energy of 30,000 horse-power. 

The present plant is somewhat unique in its construction, 
inasmuch as the water wheels and electrical machinery are in­
stalled together in a large underground chamber, whose floor is 
directly above the tail-race tunnel which extends to the river 
below the falls. 

A sha.ft 10 x 27 feet has been sunk into the rock about 300 

feet above the falls, and at the bottom of this is excavated out 
of the solid rock a cavity 200 feet long by 50 feet wide and 30 

feet high, and from this cavity a tunnel . serving as tail-race 
extends to the foot of the falls. 

The water is received from the river through a masonry intake 
and conducted down the shaft to the water wheels through a steel 
pipe seven and one-half feet in diameter. 

The generating plant consists of four electric generators, each 
driven by a Doble water motor of 2,500 horse-power coupled 
directly to it. Two exciters of 75 kilo-watt each and one ele­
vator operated by a water wheel complete the power equipment. 
The generators deliver current at 1,000 volts, which is raised to 
30,000 at the transformer station above the power house. 

The Snoqualmie Falls Power Company furnishes power for 
both lighting, railway and general power purposes, and it is ex­
pected that many of the manufacturing plants of Seattle and 
Tacoma will soon be operated by Snoqualmie power. At Issa­
quah, Renton and Auburn, power is used for lighting. In Seat­
tle all the stationary motors, the entire municipal street-l ighting 
system, several large mills and half of the street railways are 
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operated by Snoqualmie power, while at Tacoma all the lighting 
circuits, street railways and many motors are run from the same 
sohrce. 

The plant now installed develops a total of 10,000 horse­
power. A transmission line to Everett, 35 miles distant, is 
proposed, where a smelter, paper mill and other factories are 
expected to be operated by electricity. By the erection of a 50-
foot dam above the head works, a reservoir having an area of 15 
square miles and average depth of 25 feet could be formed. 
This would almost double the power, should the demand call 
for it. The shaft will accommodate another penstock of the 
same capacity as the present one, and both intake and tail-race 
have been built for double the capacity. Another chamber and 
additional machinery are the only extensions necessary to double 
the capacity of the plant, and these have been under considera­
tion by the company. 

The Snoqualmie Falls Power Company does not engage in 
the distribution of power to small customers, but sells power in 
large quantities to customers at m~derate prices. The Seattle 
Electric Company and Seattle Cataract Company are among the 
largest consumers, using nearly two-thirds of the total power 
generated. 

SPOKANE FALLS. 

Within the city limits of Spokane, and in close proximity to 
the manufacturing center, a series of falls are encountered by 
the Spokane river, aggregating a total of about 130 feet. The 
Washington Water Power Company owns and coo._trols practi­
cally all of the available water power at that place, and furnishes 
power, either in the form of electric energy, or by leasing a part 
of the water supply to parties wishing to use the same. 

A por~ion of what is called the •'lower falls'' is at present 
used for the development of power, and a number of flumes have 
been built from a dam 200 feet wide, situated at the head of 
these falls, to a power house located about 600 feet below this 
dam. The available head of water is 70 feet, which after reduc­
tion for height of water in the tailrace, is reduced to an effective 
bead of 68 feet. The flumes are built of steel, of circular cross­
section; two of them are each seven feet and one ten feet in 
diameter. The velocity of the water in the flumes is approxi­
mately six and one-half feet per second, and wit~ the present 
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electrical equipment about 5,300 horse-power are carried on the 
switchboard. 

The power generated is used for the operation of the street 
cars, the lighting of the street lamps, stores and private. resi­
dences, and furnishing power to the various manufacturers in 
the city. 

During the past year the Washington Water Power Company 
has installed two 1000-horse-power generators, one for operating 
the street railway system and the other for lighting and power 
purposes. 

The conditions for development of additional water-power at 
Spokane are decidedly favorable. The capacity of the falls ex­
ceeds the demand. During the driest months of the year the 
quantity of water discharged at the falls is never less than 2,000 
cubic feet per second. The present equipment of the plant 
utilizes scarcely 1,000 cubic feet per second, or scant fifty per 
cent. of the available water, which goes to show that the output 
of the plant can be doubled by additional flumes without in­
creasing the head. 

The Washington Water Power Company has already com­
pleted plans for the addition of two flumes, each ten feet in 
diameter, for the operation of a long-distance power-tansmission 
line to the Coeur d'Alene mining district, about ninety miles 

·. ,f Spokane. 
· Coeur d'Alene region is one of the great mining centers 

u , and the operation of the various types of mining ma-
cl f calls for a large amount of power, which lias been found 
most suitable and flexible in the form of electricity. 

The proposed transmission system is to be three-phase with 
a step-up transformer station at the power house, the line pres­
sure to be 45,000 volts. Two pole lines are planned for one cir­
cuit each, copper conductors, although until the demand for 
power requires it, but one circuit will be put up. 

P v the addition of this machinery the total output of the 
pl· ·ill be increased to very nearly 13,000 horse-power, and 
wi. .:.\able the company to supply light and power to parties in 
the vicinity of the transmission line. 

In spite of the fact that Spokane is subject to considerable 
extremes of temperature, the Spokane river never freezes up 
and anchor ice is unknown, nor is the variation of head between 
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the tail-race and head falls very large. These two facts permit 
a closer regulation of the water-wheels than is the case in many 
water-power plants. 

Should conditions demand it, the great natural reservoir, 
Coeur d'Alene lake, could be used as a storage reservoir, 
whereby the output of the plant would be increasecl by about 
25 per cent. The Washington Water Power Company has not 
found it necessary to develop the power of the upper falls, which 
would yield an additional head of 60 feet of water. The com­
pany, however, will lease portions of these falls to parties de­
siring to develop their own power, or will furnish them with 
electric power directly, which might be a more simple proposi­
tion for an intending customer. 

It is only a question of time when the manufacturing indus­
tries of Spokane will have reached a stage when nearly 20,000 

horse-power will be required. The total available horse-power 
has been variously estimated, but in all probabilities does not 
fall below 30, ooo. 

MILL CREEK, NEAR WALLA WALLA. 

In the spring of xgox the Walla Walla Gas and Electric 
Company completed a water-power plant for the supply of elec­
tric current to Walla Walla. The plant is situated five miles 
east of the city on Mill Creek, and is operated on the. mono­
cyclic system supplemented by a rotary steam engine. 

Mill creek has its origin in the Blue mountains and is subject 
to rapid fluctations. The minimum flow is 2,800 cubic feet per 
minute during extreme dry weather, but the average is consider­
able higher. 

The water is taken from the creek at a point 5,600 feet above 
the plant, where a concrete dam is built. The water is conveyed 
to the plant through a four-foot stave pipe built of redwood, the 
actual head at the power house being 85 feet. The pipe is bur­
ied in the ground for the entire length and has shown but little 
depreciation during a period of seven years. 

A 27-inch Morgan-Smith turbine of 450 horse-power is di­
rectly connected at a 300 kilo-watt G. E. generator. A 400 

horse-power rotary steam engine, of the Thomas and Brumagin 
type, is belted to generator shaft, provided with a Hill clutch, 
so that the generator can be operated either by water, steam or 
both. 
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The plant has been run on a 24-hour per day service since 
May I, Igor, and has been in continuous operation without a 
single shut-down or accident. 

PROSSER FALLS, YAKIMA RIVER. 

The town of Prosser, in the eastern part of Yakima county, 
is favorably located for the development of water-power for irri­
gational and manufacturing purposes. Both of these have been 
attempted, but have not been carried out to the full capacity of 
the available water-power in the Yakima river. The river has a 
fall of about twenty feet at Prosser, and during the dry season 
the discharge is about 2,000 cubic feet per second, from which 
nearly 5,000 horse-power could be obtained. 

At present the Yakima Falls Roller Mills and the Prosser Ir­
rigation Company are the only users of water-power at that 
place. The former operate a small mill, using about 50 horse­
power, while the latter company have already taken steps for 
the utilization of most of the water. A small electric light plant 
of 30 horse-power is also in operation, but this will be sup­
planted by the contemplated improvements of the Prosser Falls 
Irrigation Company. 

This company has now in operation two pumps, each of 4,000 
gallons pee minute, used for irrigational purposes. Each pump 
is driven by a Victor turbine, forty-eight inches in diameter, ca­
pable of developing 135 horse-power, and the two combined de­
liver water through a 28-inch steel pipe, 2,900 feet in length, to 
the canal, II2 feet above the surface of the river. The irriga­
tion canal has two branches, one three miles and the other seven 
miles long and is capable of irrigating nearly 2,000 acres. 

The company is contemplating the addition of another pump 
for the purpose of supplying the city with an adequate water­
works system, and an electric generator to supply the town with 
light and power. There is also a scheme on foot for the con­
struction of an electric railway from Prosser on toward Yakima, 
the power to be generated at Prosser falls. In that event 1t will 
be necessary to either build a dam to increase the fall, or to go 
some distance below the falls in order to obtain sufficient head 
of water, as the present pumping station is worked at a head of 
only twelve feet. 

The prospects for an increased demand of power and water 
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at Prosser and vicinity are very favorable, a larger electric light- • 
ing plant being now almost a necessity. The Prosser Falls Ir­
rigation Company controls the entire south side of the river, on 
which the town is situated, and is prepared to install machinery 
for parties contemplating the use of power. 

CHELAN FALLS. 

One of the large and still undeveloped sources of water­
power of the state can be found in the Chelan river, which is 
the outlet of Lake Chelan, and flows into the Columbia river. 
The river is about three and a half miles long from Lake Chelan 
to the Columbia river, the total fall being 375 feet, distributed 
through the whole distance in a series of rapids and low falls. 
About one-third of the total fall occurs within a distance of half 
a mile, where the river flows through a box canyon. It is only 
thirty or forty feet wide in places, rushing down between rocky 
walls 300 feet high. 

The cliff recedes at one point, leaving ample room for a large 
power station. In ·the two and a half miles from the lake to the 
canyon, the fall is quite regular, and power plants could be lo­
cated at many places. The only existing plant at present is a 
40-barrel Bour mill at Chelan falls n.:!ar the mouth of the river. 

No accurate measurements of the water supply have been 
made, except those of some local parties, which show that the 
minimum flow is from r,200 to r,500 cubic feet per second. 

The Chelan Transportation and Smelting Company expect 
to erect an electric plant very soon, the capacity of the plant to 
be about 500 horse-power. This plant will be used for the op­
eration of their smelter and an electric railroad from the smelter, 
situ~ted on the Columbia river, to the lake. The company 
expects to have the cars in operation during the latter part of 
1902. The chief use of the railroad will be the transportation 
of ores from the numerous mines in the vicinity to the smelter, 
the capacity of which will be about 500 tons per day. 

There is a good opportunity for flouring mills to be operated 
by water-power, the wheat crop of the entire "Big Bend coun­
try " being at their very doors. 

Irrigation can also be developed to a considerable extent, 
there being over 3,000 acres of land waiting for water. All that 
is required is the necessary capital for the operating plant. 
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• As mentioned before, no thorough investigcl,tion of the re-
sources of water-power have been made at this place, and one 
can safely predict an industrial center at Chelan should the same 
ever be developed to the full capacity. 

PURITAN MINF.S, NEAR LOOMIS. 

The Puritan mines are situated on a stream known as Toats 
coulee, a rushing mountain torrent, which encounters a fall of 
about 300 feet within the located water right of the mining com­
pany. At the lowest stage of water the supply is sufficient to 
develop fµlly 1,000 horse power, which would be ample for all 
necessary mining and milling operations on their property. 

At present two Pelton water wheels are installed, one driv­
ing a 50-horse-power Ingersoll compressor, and the other oper­
ating a saw-mill utilizing about 60 horse-power. 

Future developments in the mining and milling industries at 
this locality might make the development of additional water 
power necessary, for which, however, there is an abundant sup­
ply in the stream mentioned above, the total head of water 
which might be utilized being nearly 11000 feet. 

WHATCOM FALLS. 

Lake Whatcom, having an area of about eight square miles, is 
situated nearly three miles from Bellingham bay, and its mean 
elevation is about 3r8 feet above tidewater. Whatcom creek, 
the outlet of the lake, empties into the bay in the city of What­
com. The water-power of this creek consists of three main 
falls, the first occurring about half a mile fr6m the lake, the next 
half a mile below this one, and the last just before the stream 
enters Bellingham bay. This last fall is now developed and is 
used for the operation of a large lumber mill. 

For the first two miles the stream is very rapid, the banks 
steep and the average width of the stream not over forty feet. 
The river bed shows in many places to be of solid rock, and 
ought not to add any difficulties for the foundations of any power 
plants. The total head of water from the lake to bay is about 
315 feet, of which 150 feet occurs in the upper two falls. 

No accurate measurements of the amount of water discharged 
have ever been taken, but rough measurements by various par­
ties show that the minimum flow is about 140 cubic feet per 
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second. The watershed which drains this lake contains no less 
than sixty square miles. By building a dam at the outlet of the 
lake, which can be done without great difficulties, the level of 
the lake might be increased four or five feet, affording an excel­
lent means of storing water during the wet months, to be avail­
able during the dry seasons, and amply sufficient to sustain a 
minimum flow of x50 cubic feet per second. 

With an effective fall of 200 feet a total of 21400 net horse­
power can be relied upon at all times, this being more than will 
be required to meet the demands for a number of years. 

At the present time the creek supplies the city of Whatcom 
with water, and is capable of furnishing a total of 25,000,000 
gallons per day. 

Various propositions for the development of this power have 
been made from time to time. Perhaps the simplest scheme 
would be to develop the power nearest the city first, which would 
furnish about x,200 horse-power, and later, whea a greater de­
mand for power will exist, develop the rest of the falls. 

NOOKSACK FALLS. 

The Bellingham Bay & Eastern Railway, operating a steam 
railroad in the northwestern part of the state, has undertaken to 
develop the water-power of the falls of the Nooksack river. The 
falls are situated fifty-two miles, by rail, from the city of What­
com, and fifteen miles beyond the present terminus of the road. 
Active work on the construction of a large power station has al­
ready begun. The power-house is to be located r,500 feet be­
low the falls, whose vertical height is xo3 feet. The intake will 
be about 250 feet above the falls, and a large tunnel is being ex­
cavated. By so locating the power station an effective head of 
water of 179 feet is obtained; this with the amount of water be­
ing capable of developing a minimum of xo,ooo horse-power. 
On account of the difficulty of handling material, three steel 
pipes, each thirty inches in diameter, will be run to the power­
house instead of one large one ; this will also permit the opera­
tion of a part of the plant as soon as the machinery is installed. 
All the power will be converted into electric energy. The trans­
mission line is planned along the right-of-way of the railroad. 
The company expects to supply the Great Excelsoir Mining 
Company, located close by, as well as the rest of the mining 
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properties in the vicinity, with power. An electric railway into 
the mining districts is also to be operated from the falls, and ul­
timately a line supplying the Bellingham bay cities with light 
and power, is to be constructed. 

TUMWATER FALLS, NEAR OLYMPIA. 

About two miles south of Olympia, at what is known as 
Tumwater, are a series of three falls in the Deschutes river, ag­
gregating a total fall of about 78 feet. The flow of water is 
somewhat variable, being about eight times greater during Feb­
ruary and March than in July and August. There is at present 
a power station built at that place, utilizing the water of the 
upper falls, or an effective height of 46 feet . The construction 
of the plant is in brief as follows : From a retaining wall a flume, 
10 feet square on the inside, has been built toward the lower 
fall. A tap, eight feet square, is taken from this to the power 
house and operates two pair of 25-inch and one pair of 17-inch 
turbine wheels, capable of developing about 1,200 horse power. 
During the dry months, however, the supply of water is not 
sufficient to operate all of these at full load. The present out­
put of the plant averages about 800 horse power, which is used 
for lighting, power and street railway purposes. 

In order to obtain the most out of the available water power 
it should be developed all at one , fall and in one power house. 
By building a storage pond at the upper fall, and with proper 
allowance for low tide, an effective fall of 48 feet could be ob­
tained. This will require a good deal of blasting of rock, es­
pecially at the lower falls, inasmuch as the river bed is composed 
entirely of solid rock. The table below shows the discharge of 
the falls and horse power obtained at 84 feet fall. 

Cu. ft. H. P. 
MONTH. per sec. at 84 j't. 

January. ............ ........ .. . .. . .. . . . . . .. . .. . . . . .. . . . . . .. .. . . . . . . .. . . . . . .. 781 6,580 
February . .. .................................................................. 1,060 7,550 
March ........... . ........ .. . ... .................... . ......................... 1,040 7,400 
April... . .. .. . .. .. .. . • . . .. . . .. • . . .. . .• . . . .. . . . • . . .. . . . .. . .. . .. . . . .. . .. . . .. . . .. . 692 4, 900 
May............................................ ........... ......... .......... 416 3,000 
June.. .. .. . . . . .. . . . . .. .. .. . . . . . . .. . . . . .. . . .. .. . . .. . .. .. . . . . . . . . .. . . . . . . . . . . . . . 251 1,800 
July.. .. .. .. .. . . . .. . .. . . . . . . .. . . .. .. .. . . . . . . . .. . . . .. . .. .. . . . . . .. . .. . . . . . . .. .. . 120 860 
August.. . . .. • .. .. • .. . . .. .. .. . . .. .. .. .. . . .. . . .. .. .. .. . .. .. . .. .. .. .. . .. . . .. • 104 740 
September. . .. .. . . . .. .. .. . .. .. . . .. . .. . .. . . . . . . . . . . . . . .. . . . . .. . . . . . .. . .. .. .. . . 142 l, 010 
October.... . . . . .. . . . .. .. .. .. . .. .. . .. . . .. . . . . . . . . .. .. .. . .. . .. .. . . . .. . . .. . . .. . . . 357 2, 640 
November....... .. ........................................................... 684 4,600 
December...... ..... ............................................. ......... . .. 9'15 6,600 

During the three driest months the available power would be 



The Water Resources of Washington. 319 

somewhat below 1,000 horse power, but for the rest of the year 
it is safe to assume it at 3,000. Inasmuch as the lightest load 
would fall upon the plant during the summer months, the ca­
pacity of the plant might be-rated at 3, ooo for the entire year by 
the addition of a small supplementary steam plant. 

The present plant is the only one operated in that vicinity, 
and has, up to this time, been able to meet all demands for 
electrical power. 

CARBON RIVER AND EVANS CREEK, FAIRFAX. 

In the vicinity of Fairfax, Pierce county, are situated several 
mines utilizing water power to a great extent, and in a way 
which might serve as a model to many mines in similar 
positions. 

The Montezuma Mining Company operates several mines and 
a lumber mill abput two miles from Fairfax and utilizes the 
water power of Evans creek, a small mountain stream, to its 
full capacity. The water is brought to the entrance of the 
mines in a wooden flume 3 x 4 feet, where it has a vertical effec­
tive fall of 89 feet through a penstock, operating a 350 horse­
power turbine. A two-horse-power blower is also operated 
from this fall. The power developed is used for the operation of 
the saw-mill, a small machine-shop and the machinery in the coal­
bunkers. A 15-horse-power dynamo furnishes electric light for 
the mine and shops. An air compressor, used to furnish power 
for the mine drills, is driven by the same turbine. The water, 
after it has left the turbine, is diverted into two shallow flumes, 
used for coal and lumber respectively. The latter are flumed 
from the bunkers and mill for a distance of three-fourths of a 
mile, where they can be loaded on railroad cars. The plant has 
been in operation for some time and been running very satisfac­
torily; it being unique in the way that the full amount of power 
being utilized for the operation of the most varied kinds of ma­
chinery, electric lighting, saw-mill and coal handling and com­
pressed air machinery, all being run: from one small creek. 

The Western American Mining Company, very near Fairfax, 
has partially utilized the water-power of the Carbon river. 
Owing to the absence of any appreciable fall in this river a 
flume 8 x 4 feet has been built, extending up along the river for 
about one mile. A penstock, giving a vertical fall of 47 feet, is 
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built above a 300-horse-power turbine, operating a 200 kilo-watt 
generator. This generator furnishes power for ventilating the 
mine, operating the electric locomotives, the coal bunkers, coal­
handling machinery and machine-shop, and also lights the town 
of Fairfax and the mines proper. 

An additional installation of a 250-horse-power turbine will 
be made shortly, although at present the water supply at its 
lowest stage is not quite sufficient to operate both turbines at 
one time. 
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BIBLIOGRAPHY OF THE LITERATURE REFERRING 
TO THE GEOLOGY OF WASHINGTON. 

BY RALPH ARNOLD. 

[NOTB.-In addition to the following articles, references to the geology of Wash­
ington may be found in the reports of the United States Geological Survey relating to 
mineral resources and economic geology, and also in the reports of the Canadian Geo­
logical Survey.] 

AGASSIZ, A. 

1859.-Review of Geology of North America, by Jules Marcou. 
Am. Jour. Sci. (2d series), Vol. XXVII, 1859, pp. 184-187. New 

Haven. 
ARMSTRONG, ~. K. 

1901.-Mining, a journal of the Northwest Mining Association, pub­
lished monthly. Vol. I, Jan., 1896, to Vol. VII, Dec., 1901. Spokane. 

ASHBURNER, CHAS. A. 
1888.-Coal. 
U.S. Geol. Survey, Mine.ral Resources, 1887, pp. 168-882. Washing­

ton, D. C., 1888. 
BAKER, MARCUS. 

1900.-Survey of the Northwestern Boundary of the United States, 
1857-1861. 

Bull. 174, U. S. Geo!. Survey, 78 pp., 1 pl. Washington, 1900. 
For copies of this bulletin, apply to the Director, U. S. Geological Survey, Wash. 

ington, D. c. Price, 10 cents. 

BALDWIN, L. IRWIN. 

1897 .-The auriferous copper ores of northern Okanogan county, 
Washington. 

Mining, Vol. III, April, 1897, pp. 112-ll6. Spokane. 

BAUERMAN, H. 

1884.- Report on the geology of the country near the 49th parallel 
of north latitude west of the Rocky mountains, from observations ma.de 
1859-1861. 

Report Geological Survey, Canada, 1882-1884, pp. BI-B~. Mon· 
treal, 1884. 
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BECKER, GEO. F. 

1885.-Geological sketch of the Pacific division. 
Tenth census U.S., Vol. XIII, pp. 5--69. Washington, D. 0., 1885. 
1885.- Relation of the Cascades to the Sierra a.nd the coast ranges of 

Ca.lilornia. 
Bull. 19, U.S. Geol. Survey, p. 20. Washington, 1885. 

BETHUNE, GEO. A. 

1891.-Mlnee and Minerals of Washington. 
First Annual Report of State Geologist. Olympia., 1891. 
1892.-Minee and Minerals of Washington. 
Second Annual Report of State Geologist. Olympie., 1892. 

BLAKE, WILLIAM P. 

1856.-Review of a portion of the geological map of the United 
States and British provinces, by Jules Marcou. 

Am. Jour. Sci. (2d series), Vol. XXII, 1856, pp. 383-888. New Haven. 
1867.- Notes on the brown coal formations of Washington Territory 

and Oregon. 
California Academy of Science Proceedings, Vol. III, p. 847. San 

Francisco, 1867. 
1867.-Coal of Washington Territory. 
Pacific R.R. Reporte,Vol.V, Part II, pp. 285--287. Washington, D. 0., 

1867. 
BONNEY, T. G. 

1899.-Volcanoes, their Structure and Significance. Illustrated. 
New York, G. P. Putnam's Sons. London, John Murray, 1899. 

BRITTON, ELIZABETH G. 

1899.-A New Tertiary Fossil Moss. 
Torrey Botanical Club, Bulleti.n, Vol. XXVI, No. 2, pp. 79-81, 1 fig. 

The Plant World, Vol. II, pp. 108-109, 1899. 

BROSS, WILLIAM. 

1881.-Canyons, their Character and Origin. 
Science (edited by John Michels), Vol. II, pp. 468-470. New York, 

1881. 
BROWN, DR. ROBERT. 

1870.- Glacial scratches near Bellingham bay, Washington. 
Am. Jour. Sci., Vol. L, 1870, p. 323. New Haven. 
1870.-0n the geographical distribution and physical character­

istics of the coal fields of the North Pacific coast. 
Trans. Edinburgh Geological Society, Vol. I, Part Ill, pp. 806-325. 

Edinburgh, 1870. 
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BRYsoN, JOHN. 

1898.-~e drift mounds of Olympia and Long Island. 
Am. Geol., "'Zol. XII, 1898, pp. 127-129. Minneapolis. 

CASEY, GEN. T. L. 

1892.-In relation to shill. oa.na.1 between Lakes Washington and 
Union and Puget Sound. 

Rep. of Bd. of Engineers, Ex. D°'-No. 40, 52d Congress, let Session. 
Wa.sbingtc,n, D. C., 1892. 

CHATARD1 T. M., AND WJllTE~, CABELL. 

1000.-An examination of the ores of the Repub~ gold mine, Wash­
ington. 

Trans. Am. Inst. Min. Eng., Feb., 1000. New York. 

CLARK, WM. B. 

1891.- Correlation Papers. Eocene. 
Bull. 83, U.S. Geol. Survey, pp. 100-llO. Washington, D. C., 1891. 

CLARKE, F. W. 

1900.-Ana.lyses of rooks, laboratory of the United States Geologioa.l 
Survey, 1880--1899. 

Bull. 168, U. S. Geol. Survey, pp. 224-225. Washington, D. C., 1900. 

CoLEMAN, E.T. 

1869.- Glaciers on Mount Baker. 
Harper's Magazine, Vol. XXXIX, 1869, p. 793. New York. 
1877.- Gla.oiers in Oregon and Waehington. 
Alpine Jour., p. 288, 1877. 

CoNDON, THOMAS. 

1879.- Geological formations of Washington Territory and Oregon. 
Maofarlane's Am. Geol. R.R. Guide, pp. 172-178. New York, 1879. 
1879.- 0n some points connected with the igneous eruptions a.long 

the Cases.de mountains of Oregon. 
Am. Jour. Sol., Vol. CXVIII, pp. 406--408, 1879. 

CoPE, EDWARD D. 

1884.-{I'he Vertebra.ta. of the Tertiary formations of the West, 
book 1. 

Report United States Geological Survey of the Territories, Vol. 
III, XXXV, 1009 pages, 76 plates. Washington, D. C., 1884. 

1888.- Sketches of the Cascade mountains of Oregon. 
American Naturalist, Nov., 1888, Vol. XXII, No. 263, pp. 996-1008, 

1 plate. 
1889.-The vertebrate fauna of the Equue beds. 
Am. Nat., Vol. XXIII, Feb., 1889, pp. 161- 165. Philadelphia.. 
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CoREY, T. B. 

1896.-The coal resources of Washington. 
Mining, Vol. I, May, 1896, pp. 231-289. Spokane. 

DALL, WM. EL, AND HARRIS, G. D. 

1892.-Correlation Papers. Neocene. 
Bull. 84, U. S. Geol. Survey, pp. 227-230. Washington, D. C., 1892. 

DANA, J . D. 

1849.-Notes on the geology of Washington Tel'ritory. 
Wllke's Expl. Exped., Vol. X, pp. 616--621, 626, 628, 668. Philadel· 

phia., 1849. 
1858.-Review of Geology of North America., by Jules Marcou. 
Am. Jour. Sci. {2d selies), Vol. XXVI, 1858, p;,. 823-334; Vol. 

XXVII, 1859, pp. 137-140. New Haven. 

DARTON, H. R. 

1896.·- Catalogue and index of contributions to North American 
geology, 1732-1891. 

Bull. 127, U. S. Geol. Survey. Washington, D. C., 1896. 

DAWSON, G. M. 

1878.-Tra.veling notes on the surface geology of the Pacific slope. 
Ce.na.dia.n Nat., Vol. VIII, 1878 {new series), pp. S89-811J. Montreal. 
1887.-Geologica.1 examination of Vancouver island and adjacent 

coasts. 
Geol. Survey Canada., Vol. II, 1886, B. p. 16, B. p. 99. Montreal. 

1887. 
1888.-Recent observations on the glaciation of British Columbi& 

and adjacent regions. 
Geological Magazine, Vol V, 1888, pp. 347-350. London. 
1889.- Glaciation of high points in the southern interior of British 

Columbia. 
Geological Magazine, Vol. VI, 1889, pp. 850-352. London. 
1890.-Notes on the Cretaceous of the British Columbia region. 
Am. Jour. Sci., Vol. XXXIX, 1890, pp. 180-188. New Haven. 
1890.-0n the glaciation of the northern part of the Cordillera. 
Am. Geologist, Vol. VI, 1890, pp. 153-162. Minneapolis. 
In this paper, theories are deduced as to the general glaciation of the west coast, 

and its relo.tlon to the great Ice fields ill eastern North America. 

DAWSON, WM. L. 

1898.-Gla.oial phenomena in Okanogan county, Wa.shlngton. 
Am. Geologist, Vol. 22, October, 1898, pp. 203-217. Minneapolis . 
This article contalDs descriptions and \lltplanatlons of the glao:lal phenomena and 

general topography of Okanogan county, Washington. Explaills several important. 
phyelographlc types. Useful to teachers. 
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DEWSNAP, S. G. 

1891.-The coal measures of Washington. 
Eng. and Min. Jour., Vol. LII, 1891, pp. 246-246. New York. 

DILLER, J. S. 

1893.-Notes on palreontology referring to Washington. 
Bull. Geol. Soc. Am., Vol. IV, 1893, p. 217. Rochester. 
1894.-Tertiary revolution in the topography of the Pacific coast. 
8th Ann. Report U. S. Geol. Survey (Powell), 8 pl., 4 fig., Part II, 

pp. 401--484. Washington, 1894. 
1899.-Latest Volcanic Eruption on the Pacific coast. 
Science ( new series), Vol. IX, pp. 639-640, 1899. 

DODGE, T. W. 

1891.-Annual Report of the Seattle Chamber of Commerce. Seattle, 
1891. 

DONALD, J. T. 

1879.- Elephant remains of southwestern part o! Washington Ter­
ritory. 

'Am. Jour. Sci., Vol. CXVIII, 1879, p. 79. New Haven. 

DUTTON, C. E. 

1887.-The submerged trees of the Columbia river. 
Science (old series), Vol. IX, pp. 82.84, 1887. 

EDWARDS, A. M. 

1891 ,· · Report of the examination, by means of the microscope, of 
specimens of infusorial earths of the Pacific coast o! the United States. 

Am. Jour. Sci. (3d series), Vol. XLil, 1891, pp. 369-385. New Haven. 

EMMONS, S. F. 

1871.-Gle.ciers of Mount Rainier. 
Am. Jour. Sci. (3d series), Vol. I, 1871, pp. 161-165. New Haven. 
1876.-Ascent of Mt. Ra.infer, with sketch of summit. 
The Nation, Nov. 28, 1876, p. 313. 
1877.-The volcanoes of the Pacific coast of the United States. 
Jour. Am. Geog. Soc., Vol. IX, 1877, p. 45. New York. 
1887.-The sµbp:ierged trees of the Columbia. river. 
Science (old series), Vol. IX, Feb. 18, 1887, pp. 156-157. 

GABB, W. M. 

1864.-Palreontology of California., Vol. I, 1864; Vol. Il, 1869. 
1869.-Sherman & Co., Philadelphia. 
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GANNETT, HENRY. 
1898.- Lake Chelan. 
Nat. Geog. Mag., Vol. IX, 1898, pp. 419-441. Washington, D. C. 
This art!ole desorlbes Lake Chelan and its looation with reference to the former 

and present drainage systems of the Cascade range. Lake Chelan occupies the bed of a 
glacier which has withdrawn so recently that very little erosion by water has since 
taken effect on the glaciated rook surfaces, while the only remains of the glacier itself 
are snow ftelds and miniature glaciers still existing among the high peaks above the 
head of the lake. The article oontains full description of typioal glacier action, and is 
therefore espeoially useful to teachers and students. 

1900.-Boundaries of the United States and of the several states and 
territories, with an outline of the history of all important changes of 
territory. 

Bull. 171, U.S. Geol. Survey. Washington, D. C., 1900. 
Apply to the Direotor, U.S. Geol. Survey, Washington, D. C. Price, SO cents. 

GIBBS, GEORGE. 

1855.-A reconnoissance of the country lying upon Shoa.lwater bay 
and Puget sound, pp. 465-478; upon the geology of the central portion 
of Washington Territory, pp. 478-486. 

Pacific R.R. Reports, Vol. I, pp. 465-486. Washington, D. C. 1855. 
1872.-Physical geography of the north western boundary of the 

United States. 
Jour. Am. Geog. Soc., 1870-71, pp. 134-157. Albany, N. Y., 1872. 

GOOCH, F. A. 

1885.-Analysis of coal and lignites of the Northwest. 
Tenth Census Report, Vol. XV, pp. 775-781. Washington, D. C. 

GOODYEAR, W. A. 

1877.- The coal mines of the western coast of the United States. 
154 pages. Sao Francisco, 1877. 

GRAD, CH. 

1871.-Notes sur lea glaciers de l 'ouest des Etats-Uois. 
Soc. Geol. France, Bull. (2d series), Vol. XXVIII, pp.121-130. Paris, 

1871. 
HAGUE, ARNOLD, AND IDDINGS, J, P. 

1883. - Notes on the volcanoes of northern California, Oregon and 
Washington Territory. 

Am. Jour. Sci., Vol. CXXVI, 1883, pp. 222-235. New Haven. 

HECTOR, JAMES. 

1861.- On the geology of the country between Lake Superior and 
the Pacific ocean. Canadian-Government Exploring Expedition. 

Qua.rt. Jour. Geol. Soc., Vol. XVII, 1861, pp. 388445. London. 
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HEER, OSWALD. 

1869.-Fossil plants of Vancouver and Bellingham bay. 
Am. Jour. Soi. (2d series), Vol. XXVIII, 1869, pp. 85-89. New 

Haven. 
HlTCHOOCK, C. H., AND BLAKE, W. P. 

1873.-Geologioa.l map of tbe United States. 
Statistics of mines and mining in the states and territories west of 

tbe Rocky mountains, 5th report, by R. W. Raymond. Washington, 
1878. 

1881.- Geological map of the United States and territories. New 
York, 1881. 

1887.-Geologioal map of the United States and a part of Canada. 
Trans. Am. Inst. Min. Eng., map 17 by Z7 inches, explanations, 

Vol. XV, 1887, pp. 466-488. New York. 

ROLLICK, ARTHUR. 

1894.-Fossil salvinias, including description of a new species. 
Torrey Bot. Club, Bull., Vol. XX!, pp. 258-257, pl. 205. 

IDDINGS, J. P. 

1891.-Note on a rook from Mount Rainier. 
Twelfth Annual Rep., U. S. Geo!. Survey, 1890-91, Part I, p. 612. 

Washington, D. C., 1891. 

lltVING, WASHINGTON. 

1836.-Astoria; or, Anecdotes of an Enterprise Beyond the Hooky 
Mountalne; 2 vole. Philadelphia, 1836. 

ISBISTER, A. K. 

1865.- On the geology of the Hudson's bay territories, and of por· 
tione of the Arctic and northwestern region of America, with a colored 
geological map. 

Quart. Jour. Geol. Soc. London, Vol. XI, pp. 497-620. London, 1865. 

JOSEPH, M. H. 

1898.-The Republic mine (Washington). 
Eng. and Min. J ournal, Vol. LXVI, pp. 645--546, 2 figs. 

KIMBALL, JAMES P. 

• 1897 .-Pbysiograpbic geology of the Puget Sound basin. 
Am. Geol., Vol XIX, April and May, 1897, pp. 225--287; pp. 804-821. 

Minneapolis. 
been ~gu~~ etratigrapby of tbe Puget Sound region, giving looa.Uties where fossils ba.ve 

1898.-Residual concentration by weathering as a mode of genesis 
of iron ores. 

Am. Geol., Vol. XXI, pp. 156-168, 1898. Minneapolis. 
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etc. 

KING, CLARENOE. 

1871.-Glaoiere on mountains of the Paoiflo elope. 
Am. Jour. Sol. (3d series), Vol. I, 1871, pp. 157-167. New Haven. 

1878.-Age, structure, etc., of Cascade Mountains, Ancient Lakes, 

U. S : Geol. Exploration of 40th Parallel, Vol. I. Systematic Geol­
ogy, pp. 461-458. Washington, D. C., 1878. 

KNOWLTON, F. H. 

1893.- Report on fossil plants from near Ellensburg, Washington, 
in a geological reconnaissance in central.Washington by I. 0 . Russell. 

Bull. 108, U.S. Geol. Sur;vey, Washington, D. C., 1893. 
' 1900.-Note on correlation of Roslyn sandstone, in Director's Report. 

Twentieth Ann. Rep. U.S. Geol. Survey, 1898-1899, Part I, pp. 66-67. 
Washington, D. C., 1900. 

1900.-Preliminary report on fossil plants from Winthrop, Wash­
ington, in a preliminary paper on the ll80logy of the Cascade Mountains 
in northern Washington by I. C. Russell. 

Twentieth Annual Rep. U.S. Geol. Survey, 1898-1899, Part II, pp. 
117-118. Washington, D. C., 1900. 

KUNZ, G. F. 

189L- Fire opal in a basalt in Washington. 
Bull. Geol. Soc. Am., Vol. II, 1891, p. 639. Rochester, N. Y. 

LA-NDES, HENRY, 

1898.- The Deu Pree Lode, Washington. 
Eng. Min. Jour., Vol. LXY, pp. 89-40, 3 fig., 1898. 

1900.- Mineral resources of Washington. 
Mining, Vol. V, Feb., 1900, pp. 56-61. Spokane, 1900. 

190L-Phyeical geography and geology of Washington. 
Resources and Capabilities of Washington. Pubiished by the State 

Bureau of Statistioe, Agriculture and Immigration. Olympia, 1901. 
Coples ot thls publloa.tion may be had tree by applying to the Secretary ot State, 

Olympia, Washington. 

LANG, HERBERT. 

1888. -Transcon tin en tal railroads. 
Science, Vol. Xl, 1888, pp. 73·74. New York. 

LAWSON, ANDREW C. 

1894.-Note on the Chehalis sandstone. 
Am. Geol., Vol. Xlll, pp. 436-487. Minneapolis. 
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LECONTE, JOSEPH. 

1872.-A theory of the formation of the great features of the earth's 
surface. 

Am. Jour. Sci. (3rd series), Vol. IV, 1872, pp. 460-472. New Haven. 
1874.-Great lava. flood of the West and age of the Cascade moun­

tains. 
Am. Jour. Sci. (3rd series), Vol. VII, 1874, pp. 168-180, 259-267. New 

Haven. 
1875.-0n the great lava flood of the West; and on the structure 

and age of the Cascade mountains. 
Proc. Cal. Acad. Sci., Vol. v, 1875, pp. 214-220, plate. San Francisco. 
1891.-Subma.rine channels of Washington. 
Bull. Geol. Soc. Am., Vol. II, 1891, p. 324. Rochester, N. Y. 

LEsQUEREUX, LEO. 

1859.-Species of fossil plants from Bellingham bay, etc. 
Am. Jour. Sci. (2nd series), Vol. XXVII, 1859, pp. 860-363. New 

Haven. 
1874.-The lignitic formation and its fossil flora. 
Seventh Annual Report, U. S. Geological and Geographical Survey 

of the Territories, embracing Colorado, pp. 866-425. Washington, D. C., 
1874. 

LEWIS, WM., AND CLARKE, M . 

1814.-History of the expedition under the command of Lewis and 
Clarke to the sources of the Missouri, thence across the Rocky moun­
tains and down the Columbia, -performed during the years 1804-1806, by 
order of the Government of the United States. Vol. I, XXVIII, 470 
pages, maps; Vol. II, IX, 522 pages, map. Paul Allen, Philadelphia, 
1814. 

MACFARLANE, JAMES. 

1877.- Coal regions of America, their topography, geology and de­
velopment, XVI, 676 pages, 25 maps, New York, 1878; 2nd edition, New 
York; 3rd edition, XVI, 700 pages, maps, plates. New York, 1877. 

MARCOU, JULES. 

1853.- Geological map of the United States and British Provinces 
ot North America (with explanatory text and geological sections, 92 
pa.gee, 8 plates). Boston, 1853. 

1855.-Ueber die Geologie der Vereinigten Staa.ten und der english­
chen Provinzen von Nord Amerika. 

Petermann's Mitt., Vol. I, pp. 149-159, 1855. 
1858.-Geology of North America, with t\vo reports on the prairies 

of Arkansas and Texas, the Rocky mountains of New Mexico, and the 
Sierra Nevada of California, originally made by the United States Gov­
ernment, 144 pages, 7 plates, 8 maps. Zurich, 1858. 
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1854.-Reeume explicatU d'une carte geologique des Etats-Unis et 
dee provinces anglaiees de l' Ameriq ue du Nord, eto. Societe Geologiq ue 
France, Bull. (2na aeries.), Vol. 12, pp. 813-936, map and plates. Paris, 
1S.S4. 

MAROOU, JULES, AND MAROOU, JOHN B. 

1885.-Mapoteca Geologica Americana, a catalogue of geological 
maps of America (North and South), 1752-1881, in geographic and 
ohronologic order. 

Bulletin 1, U. S. Geol. Survey, Vol. II, pp. 1-184.. Washington, 1886, 

MARSH, 0. C. 

1875.-Lake basins of the Rocky Mountain Region, eto. 
Am. Jour. Sci. (3rd series), Vol. IX, 1875, pp. 49-.52. New Haven. 

MATZGER, WM. 0. 

1877.-Fossil elephant in Washington Territory. 
Am. Jour. Sci., Vol. CXIII, 1877, p. 167. New Haven. 

MCGEE, W. J. 

1885.-Ma.-p of the United States exhibiting the present status of 
knowledge relating to the areal distribution of geologic groups (prelim· 
inary compilation), 171 x 28 inches. 

Fifth Annual Report U. S. Geol. Survey, 1888-1884; in pocket, and 
explanation on pp. 34-88. Washington, D. C., 1886. 

MEEK, F. B. 

1857.-0n cretaceous fossils from Vancouver and Sucia islands. 
Trans. Albany Inst., Vol. IV, 1857, pp. 87-39. Albany. 
1861.-Desoriptions of new cretaceous fossils from Vancouver and 

Sucia islands. 
Proc. Acad. Nat. Sci. Phila., Vol. XIII, 1861, pp. 314-818. Phila­

delphia. 
1876.- Desoriptions and illustrations of fossils from Vancouver and 

Sucia islands, and other northwestern localities. 
Bull. U. S. Geol. Survey Territories, Vol. II, 1876, pp. 351--374. 

Washington, D. C., 1876. 
MERRILL, G. P. 

1891.- Stones for building and decoration, 463 pages. New York, 
1891. 

NEWBERRY, J, S. 

1857.-Coal of Be111ngham bay. 
Pacific R. R . Reports, Vol. VI, 1867, Part II, pp. 53-68. Washing· 

ton, D. C., 1857. 
1863.- Description of fossil plants from Orcas island, Bellingham 

bay, etc. 
Bost. Jour. Nat. Hist., Vol. VII, 1863, pp. 506-524. Boston. 
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1886.-Notes on the surfa.oo geology of the country bordering the 
Northern Pacific Railroad. 

Am. Jour. Sci. (8d series), Vol. XXX, 1886, pp. 387-346. New Haven. 
1886.-The eroding power or ice. 
Proc. Am. Aseo. Adv. Sci., Vol. XXXII, pp. 200-201. Salem, Mass., 

1885. 
1886.-Notes on the geology and botany of the country bordering 

the Northern Pacific Railroad. 
Annals N. Y. Aca.d. Sci., Vol. Ill, 1884, pp. 242-270. New York, 

1886. 
0EBBEKE, K. 

1885.-Ueber da.s Gestein vom Ta.coma-Berg, Washington Territory. 
Neues Jabrbucb, 1885, Vol. I. pp. 222-226. Stuttgart. 

PACKARD, A. S., JR. 

1877 .-Glacial marks OD the Pa.ciftc and Atlantic coa.ets compared. 
Am. Nat., Vol XI, 1877, pp. 674-680. Philadelphia.. 

PEALE, A. C. 

1886.-Mineral springs ot the United Sta.tea. 
Bull. 82, U. S. Geol. Survey. Washington, D. C., 1886. 

PLUMMER, FRED G. 

1898.-A diagonal moraine (on Mt. St. Helens). 
Am. Geol., Vol. XII, 1893, pp. 281-232. Minneapolis. 

RICHARDSON, JAMES. 

1878.-Report OD coal fields of Vancouver and e.dja.oont islands of 
British Columbia, with geological map. 

Report, Geological Survey Canada, 1876-1877, pp. 160-192. Mon­
treal, 1878. 

RICKSECKEB, EUGENE. 

1892.-First Annual Report of the Mining Bureau of the State of 
Wa.ehington, 46 pages, 6 maps ( in pocket), Olympia, 1892. 

RICRTBOFEN, F. BARON. 

1868.-The natural system or volcanic rocks. 
Memoirs Cal. Ace.d. Sci., Vol. I. Part ll, 1868. San Francisco. 

RoGERS, G. 0. 

1893.-Drift Mounds near Olympia, Washington. 
Am. Geol., Vol. XI, 1898, No. 6, pp. 898-899. Minneapolis. 

RUFFNER, W. H. 

1889.-A report on Washina-ton Territory. 
Geology, pp. 90-170. New York, 1889. 
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RUSSELL, I. C. 

1885.-Existing glaciers of the United States. 
Firth Ann. Report U. S. Geol. Survey, 1883-1884, pp. 308-356. 

Washington, 1885. 
This paper describes all the glaolers discovered In the United States to date, in-

oludtng many in Washtngt.on (Pp. SM-m). 

1893.-A geological reoonnoissa.nce in central Washington. 
Bull. 108, U.S. Geol. Survey. Washington, D. C., 1898. 
Tb.ts reoonnotssance was made in order to learn the probablllt1es of obtaining ar­

tesian water in the region or the Great Plain of the Columbia, Kittitas, Yakima and 
Douglas counties. Special chapters are devoted to the geology, geography and topog­
raphy of the region, " General principles pertaining to artesian water," and analyses or 
waters found there. For copies apply to the Director, U.S. Geo!. Survey, Washington, 
D. O. Price, 16 cents. 

1895.-Lakes of North America.. 
Pp. 66-69, Ginn & Co. Boston, 1895. 

1897.-Principa.l features of the geology of southeastern Washington. 
Mining, Vol. III, June, 1897, pp. 163-166. Spokane. 

1897.-A reconnoissance in southeastern Washington. 
Water Supply a.nd Irrigation Pa.per, No. 4, U. S. Geol. Survey, 1897. 

Washington, D. C. 
A conttnuaUon of the pa.per by the same author published in 1893, in Bulletin 108, 

U.S. Geo!. Survey. The region under discussion includes Walla Walla, Columbia, Gar­
field and Asotin counties. For copies apply to the Director, U. S. Geol. Survey, Wash­
ington, D. c. Price, 16 cents. 

1897.-Volcanoes of North America.. 
The Macmlllan Co. New York, 1897. 
Descriptions are given of Mts. Baker, Adams, St. Helens and Rainier, and or the 

great lava flow of the Oolumbla and Snake River Basins. (Pp. 288-257). 

1897.-Glaciers in North America. 
Boston, 1897. 
The gtaoiers of Mts. Rainier, St. Helens and Baker are brtofty described and ftg· 

ured. (Pp. 62-70). 

1898.-Glaciers of Mount Rainier. 
Eighteenth Ann. Rep. U. S. Geol. Survey, 1896-1897, Part II, pp. 

356-416. Washington, D. C., 1898. 
A very full description or the glaciers or Mt. Rainier. along with accounts of all 

exploranons made on the mountain to date, reports on the geology, pbyslography, etc., 
handsomely illustrated. 

1898.-Topographic features due to landslides. 
Pop. Sci. Mo., Vol. LIII, pp. 480-489, 8 figs. 

1898.-Rivers of North America. 
Putnam's Sons. New York, 1898. 

1898.-Tbe great terrace of the Columbia and other topographic 
features in the neighborhood of Lake Chelan, Washington. 

Am. Geol., VoL XXII. Dec. 1898, pp. 862-369. Minneapolis. 
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1900.-A preliminary paper on the geology of the Cascade moun­
tains in Northern Washington. 

Twentieth Ann. Rep. U. S. Geol. Survey, 1898-1899, part 2, pp. 83-
210, plates VIII-XX. Washington, D. C., 1900. 

1901.-Geology and water resources of Nez Perce county, Idaho. 
Water Supply and Irrigation Papers of the U. S. Geol. Survey. 
No. 68. Part I, 86 pp., 10 pl., 4 fig. 
No. 54. Part II, 141 pp., 9 fig. 
Slngle copies may be h&d on &ppllcat1on to congressmen or to the Director, u. S. 

Geo!. Survey, Washington. D. o. 

SCHNEIDER, EDWARD A. 

1888.-A~ analysis of a soil from Washington Territory and some 
remarks on the utility of soil analysis. 

Am. Jour. Sci. (3rd aeries), Vol. XXXVI, 1888, pp. 286-247. New 
Haven. 

SHALER, N. S. 

1893.-The geological history of harbors. 
Thir enth Ann. Rep. U. S. Geol. Survey, 1891-1892, Part II, pp. 

99-2()6._ YV'ashlngton, D. C., 1898. 

SHUMARD, B. F. 

1858.-Deaoriptions of new toesile from the Tertiary formations of 
Oregon and Washington Territories and the Cretaceous of Vancouver's 
Island. 

Trane. St. Louie Acad. Sci., Vol. I, 1868, pp. 1~125. St. Louis. 

SMITH, GEO. OTIS. 

1898.-Rocke of Mount Rainier. 
Eighteenth Ann. Rep. U. S. Geol. Survey, 1896-1897, Part II, pp. 

416-423. Washington, D. C., 1898. 

1901.-Geology and water resources of a portion of Yakima county, 
Washington. Wi.ter Supply and Irrigation Papers of the U.S. Geol. 
Survey, No. 65. Washington, 1901. 

SMITH, W. HAMP'l'oN. 

1893.-Anoient glacial moraine and drift at the mouth of the Col­
umbia River. 

Sci. Amer. Supplement,. Vol. XXXVI, p. 14658. 

SPURR. J.E. 

1900.-0re deposits at Monte Cristo, Washington. 
( Abetraot ). Soienoe (new series), Vol. XII, Dec., 1900, pp . 884-885. 

New York. 
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STANTON, T. W. 

1896.-Contrlbutlons to tbe Cretaceous palreontology of the Pacific 
Coast: the fauna of tbe Knoxville beds. Bull. 183, U. S. Geol. Survey. 
pp. 182, 20 pl., 1896. 

1896.-The fauna! relations of the Eocene and Upper Cretaceous on 
the PacUio Coast. 

Seventeenth Ann. Rep. U. S. Geol. Survey, Part I, pp. 1011-1048, 
pl. LXVII, 1896. 

STERNBERG,CHAS.H. 

1881.-The Quarternary of Washington Territory. 
Kansas City Review, Vol. IV, 1881, pp. 601-602. Kansas City. 

STEVENS, GEN. HAZARD. 

1876.-Ascent of Mount Tacoma. 
Atlantic Monthly, Vol. XXXVIII, 1876, p. 518. 

STEVENSON, JOHN J. 

1876.- On the geological relations of the Lignltlc groups f the far 
west. 

Proc. Am. Phil. Soc., Vol. XIV, 1876, pp. 447-475. Philadelphia. 

STRETCH, R.H. 

1898.-The Monte Cristo Minini" district, Washington. 
Eng. and Min. Jour., Vol. LV, p. 843. New York, 1893. 

SYMONS, T . W. 

1882.-Report of an examination of the upper Columbia river. 
Senate Ex. Doc., No. 186, 47th Congrese, 1st Seseion, 1882. Wash­

ington, D. C. 
UPHAM, WARREN. 

1891.-Glacial lakes in Washington. 
Bull. Geol. Soc. Am., Vol. II, 1891, p. 266. Rochester. 

V ANOOUVER, CAPT. GEO. 

1801.-A voyage of discovery to the North Pacific Ocean and round 
the world. 

Vol. II, pp. 78-79. London, 1801. 

WALCOTT, C. D. (Director U. S. Geol. Survey). 

Topographic map of Washington, the following que.dra.11gles being 
completed: 

1897. - Portland, Seattle. 
1898.-Mount Stuart. 
1900.-Tacoma. 
1901.-Chelan, Ellensburg, Glacier Peak, Methow, Spokane, Stila­

guamish. 
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WRITE, C. A. 

1885.-0n marine Eocene, freshwater Miocene and other fossil 
mollueca. of western North America.. 

Bull. 18, U. S. Geol. Survey. Waahington, D. C., 1885. 
1888.-0n the Puget group of Wa.shington Territory. 
Am. Jour. Sci. (Srd series), Vol. XXXVI, 1888, pp. 443-460. New 

Haven. 
1889.-On invertebrate fossils from the Pacific Coast. 
Bull. 61, U. S. Geol. Survey. Washington, D. 0., 1889. 
1891.-0orrelation papers. The Cretaceous. 
Bull. 82, U. S. Geol. Survey. Washington, D. 0., 1891. 

WHITNEY, J. D. 

1869.-0n divisions of the Cretaceous. 
Geological Survey California, palreontology, Vol. II, pp. 7-14. 
Philadelphia, 1869. Abstracts, Am. Jour. Soi. (2nd series); Vol. 

XLVID, pp. 188-135; Science, Vol. III, pp. 611-612. 

WHITWORTH, G. F. 

1881.- 0oal mines of western Washington. 
Resources of Oregon and Washington. Port,la.nd, Ore., Dec. 1881. 

WILLIS, BAILEY, 

1883.-0anyons and Glaciers-A journey to the ice fields of Mount 
Ta.coma.. 

The Northwest, Vol. I, p . 2. April, 1888. 
1886. - Report on the coal fields of Washington Territory. 
Tenth Census of the United Sta.tee, Vol. XV, 1884-1885, pp. 759-771. 

Washington, D. 0., 1886. 
1887 .- Cha.nges in river courses in Washington Territory due to 

~la.cia.tion. 
Bull. 40, U.S. Geol. Survey. Washington, D. C., 1887. 
1887.-Absence of sierra structure in northern Washington Terri­

tory. 
Bull. Washington Phil. Soc., Vol. IX, p. 8. Washington, D. 0., 

1887. 
1888.-Mount Rainier and its glaciers. 
Bull. Washington Phil. Soc., Vol. X, 1888, p. 10. Washington, D. O. , 

1888. 
1890.- Washington. 
Ma.cfa.rla.ne'e Geol. R. R. Guide (2nd edition), pp. 264- 266. New 

York, 1890. 
1891.- Grapbic field notes for areal geolOfrY· 
Bull. Geol. Soc. Am., Vol. II, 1891, pp. 177-188, plate VI. Rochester. 
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1896.-Notes on geology of Washington in Director's Report. 
Seventeenth Ann. Rep. U. S. Geol. Survey, 1895-1896, Part I, pp. 

58-65. Washington, D. C., 1896. 
1897.-Prelimioary note ·on the Pleist-0cene hi.story of Puget Sound. 
J'our. Geol., Vol. V, 1897, pp. 99-100. Chlcago. 
1898.-Some coal fieids of Puget Sound. 
Eighteenth Ann. Rep. U. S. Geol Survey, 1896-1897, Part III, pp. 

893-437, plates LII to LXVIII. Washlngton, D. C., 1898. 
The latest report and fullest discussion yet written of discoveries relatlng to the 

stratigraphy, pe.lreontology, and economic geology of the coal fields of Puget. Sound. 

1898.-Drift phenomena of Puget Sound. 
Bull. Geol. Soc. Am., Vol. IX, 1898, pp. 112-162, plates VI-X. 

Rochester. 
1898.- Stratigraphy and construction of the Puget Sound group, 

Washington. 
Bull. Geol. Soc. Am., Vol. IX, 1898, pp.~- Rochester. 
1900.-Notes on Lake Chelan and vicinity. 
(Abstract). Science ( new series), Vol. XII, Dec. 17, 1900, p. 884. 
New York. 

Wn,LIS, BAILEY, AND SMITH, GEO. OTIS. 

1899.-Tacoma Folio, No. 54, Geologic Atlas of the· United States. 
Washington, D. C., 1899. 

Contains a Written description of the geology and topography of 812 square miles 
in the neighborhood of Tacoma. Separate maps show the topography (contour interval 
60 feet) , historical geology, coal districts and columnar seotions o! the region, the whole 
forming an excellent educational study. Apply to the Director, U. S. Geo!. Survey, 
Washington, D. O. Price 26 cents. 

1900.-The Clealum iron ores, Washington. 
Trane. Am. Inst. Min. Eng., Vol. XXXI, Feb., 1900. 

WOODHOUSE, C. C., JR. 

1896.-Coal fields of Washington. 
Mining, Vol. I, Feb. 1896, pp. 67-71. Spokane. 

WRIGHT, G. FREDERICK. 

1887.-Notes on the glaciation of the Pacific Coast. 
Am. Nat., Vol. XXI, 1887, pp. 260-256. Philadelphia. 
1889.-The ice age in North America. 
Appleton & Co., New York, 1889. 
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