WASHINGTON GEOLOGICAL SURVEY

HENRY LANDES, State Geologist

BULLETIN No. 11

The Mineral Resources
of Washimgton

WITH STATISTICS FORX 1912

By HENRY LANDES

OLYMPIA, WASH.
FraNE M., LAMBORN «@§- PUBLIC PRINTER
1914



&3

o2f 27 4
22, //

e;3




BOARD OF GEOLOGICAL SURVEY.

Governor Erxest Lister, Chairman.
Lieutenant Governor Louis F. Harr.

State Treasurer Epwarp MeATH, Secretary.
President T'. F. Kang.

President E. A. Bryanx.

Hexry Laxpes, State Geologist.

SU9205



LETTER OF TRANSMITTAL.

Governor Ernest Lister, Chairman, and Members of the Board
of Geological Survey:

GeNTLEMEN: I have the honor to submit herewith a report
entitled “The Mineral Resources of Washington, with Statistics
for 1912,” with the recommendation that it be printed as Bul-
letin No. 11 of the Survey reports. It is planned that this
shall constitute the first of a series of annual reports dealing
with the output of minerals and rocks that are of economic im-
portance. In future bulletins it is expected that the various
materials in turn will be more fully described, especially as to
geological occurrence, methods of mining or of utilization, and
value.

In this report the statistics for the years 1911 and 1912
were obtained by the State Geological Survey in cooperation
with the United States Geological Survey, but for all years
previous to 1911 the statistics were secured by the latter organi-

zation alone.
Hexry LAxDES,
State Geologist.
University Station, Seattle, February 1, 1914.
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GRANITE QUARRIES.

GENERAL OCCURRENCES OF GRANITE.

Granite occurs very abundantly in Spokane, Pend Oreille,
Stevens, Ferry, Okanogan, Chelan, Whatcom, Skagit, Snoho-
mish and King counties. In these counties granite is usually
found in broad areas rather than in detached outcrops. Small
isolated occurrences of granite are noted in the basalt plateau
of southeastern Washington, where erosion has removed the
overlying rock. Instances of this are found along Snake River
at several points. In the Cascades, granite is a common rock
north of Snoqualmie Pass, but occurs very infrequently south
of that point. It does not occur at all, except as glacial bould-
ers, in the immediate vicinity of the Puget Sound basin, in the
Olympic Mountains, or in the southwestern part of the state.
Much of the stone is a true granite, but both granodiorite and
syenite are quarried and sold under the name of granite.

QUARRY LOCALITIES.

Granite quarries have been opened up at several localities
where a good quality of stone could be secured, on easy lines of
transportation, and convenient to markets. Three quarries are
in operation along the Great Northern Railway, in the vicinity
of Index, Halford, and Baring. The rock is a granodiorite in
which the feldspars have a pinkish tinge, giving a pleasing color
effect. The material from the Great Northern quarry at Hal-
ford has been used almost entirely in the construction of the
sea-wall from Everett to Seattle. The stone from the other
quarries at Index and Baring is sold in Seattle and other cities
on Puget Sound.

Spokane is another center of granite quarrying. Outcrops
of this rock occur at many places east, west and north of the
city. At the present time three quarries are in operation in the
vicinity of Medical Lake, about 16 miles southwest of Spokane.
Two quarries, located near together, are operated at a locality
12 miles north of Spokane and a third about six miles to the
southeast of the city.

For some years a quarry was operated at Wawawai, on the
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Snake River, in Whitman County, at a point about 14 miles
from Pullman. The granite outcrops along the stream bank,
convenient for transportation either by water or by rail. The
chief market for the stone was in Portland. In late years the
quarry has been inactive.

Near Electron, in Pierce County, the County Commission-
ers operated a quarry for some years, using the syenite therein
obtained as crushed rock for road building.

GRANITE* QUARRIES NOW OR RECENTLY IN OPERATION.

Baring Granite Works, Baring, King County.

Pierce County Quarry, Electron, Pierce County.

Great Northern Railway Co., Halford, Snohomish County.
Index Granite Works, Index, Snohomish County.

Giles Granite Quarry, Medical Lake, Spokane County.

Medical Lake Granite Quarry, Medical Lake, Spokane
County.

Washington Monumental & Cut Stone Co., Silver Lake,
Spokane County.

Culver and Merwin, 12 miles north of Spokane; Spokane
County.

East End Granite Quarry, 6 miles southeast of Spokane,
Spokane County.

Washington Monumental and Cut Stone Co., 12 miles north
of Spokane, Spokane County.
USES OF GRANITE.

The chief markets for Washington granite are in the grow-
ing cities, where the stone is used for street improvements and
for building purposes. Of the stone quarried at Baring in
1912, 44 per cent. by value was sold for curbing; 33 per cent.
was dressed for building purposes; 16 per cent. was made into
paving blocks; and 7 per cent. was sold for monumental work.
At the Index Granite Works over one-half the stone in value,
in 1912, was dressed and sold for building purposes; about
one-fourth was made into curbing, and the remainder was sold
for paving blocks, monumental work, flagging, building pur-

*Includes granodiorite and syenite, as well as true granite.
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poses, ete. The entire output for 1912 of the Great Northern
Railway quarry at Halford was rubble, which was used wholly
by the company.

The quarries near Spokane sell the larger part of their
granite for monumental purposes. A smaller portion is used in
buildings, as well as for paving blocks and curbing. Of the
rock quarried in 1912 at Electron, in Pierce County, substan-
tially all of it was used for macadamizing on the public roads,
although a very small amount was used as riprap.

VALUE OF GRANITE* QUARRIED FROM 1901 TO 1912.

K e e O $43,808 AOLai it $562,352
L e e 147,273 IUBS oo obetints 870,944
B e A R 209,095 1900555 sminvaiinn T42,878
1 A A 422,608 FAAD G wasiens 642,992
190600 e 0ensinin e 681,730 L O O 377,443
L S S e R s 459,975 A2 <ies sammvininas 119,745

FUTURE DEVELOPMENT OF INDUSTRY.

The granite industry of Washington will doubtless increase
in importance as the population multiplies, especially as the
cities grow in number and expand in size. There is no question
but what the increased use of cement has interfered somewhat
with the normal growing demand for granite, but the latter
stone has certain uses for which concrete is not accepted as a
substitute. The fact that the value of the granite quarried in
the state has increased four-fold in the last ten years is a rea-
sonably sure indication of the continued development of the
industry.

There is an abundance of granite of good quality easily ac-
cessible so far as transportation is concerned. At many places
quarries may be developed convenient to markets and readily
supplied with shipping facilities. This is particularly true
along both the Great Northern and Chicago, Milwaukee and
St. Paul railways within the Cascade Mountains, and at several
localities about Spokane.

*From 1901 to 1910, inclusive, under granite is included, not only
true granite, but basalt, andesite, diabase, syenite, granodiorite, and
quartzite. For the years 1911 and 1912, the basalt production is not
included under granite.
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SANDSTONE QUARRIES.

GENERAL OCCURRENCES OF SANDSTONE.

The larger areas of sandstone are found between the west-
ern foothills of the Cascade Mountains and the Pacific Ocean.
This rock also occurs within and to the eastward of the Cas-
cades in more or less isolated localities. In the broad areas of
southwestern Washington the sandstones are usually associated
with shales, but sometimes with igneous rocks, mainly basalt.
The bed-rock formations of this part of the state belong to the
Tertiary age and represent both marine and brackish water
sediments. )

The sandstones of the northwestern part of Washington,
to the eastward of the Puget Sound depression, as about Bel-
lingham, belong to the Eocene time and represent sediments
laid down in an ancient lake. The same thing is true of the
extensive sandstone formations about Roslyn and Clealum in
Kittitas County, and between Leavenworth and Wenatchee in
Chelan County. In the lower Yakima valley the sandstones that
outerop on the flanks of many of the ridges belong to middle
Tertiary time and also represent beds of sediments laid down
in large fresh water bodies. At several places in Stevens,
Ferry and Okanogan counties, small areas of sandstones have
been found and in some instances the rock is being utilized.
Not infrequently in the more mountainous parts of the state
the sandstones have been so thoroughly indurated or hardened
that they are now in the condition of quartzite.

QUARRY LOCALITIES.

Sandstone quarries have been operated in Washington for
many years. The quarries have been located as near as possible
to the markets and where the cheapest transportation was avail-
able. The principal localities in production have been the
quarries on Chuckanut Bay, near Bellingham, and those at
Tenino. The Chuckanut quarry was not in operation in 1912,
but two of the Tenino quarries were producers throughout that
year.
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Several quarries have been opened in the sandstone beds
of the coal measures, in the vicinity of Wilkeson and Spiketon
(formerly Pittsburg), in Pierce County. The stone here is
very conveniently situated for transportation and this locality
has been a steady producer. In 1912 the only quarry operated
was the one near Wilkeson, owned by the Bell-Scott Company.

A number of sandstone quarries have been opened on tide-
water, about Puget Sound, where the stone could be easily trans-
ferred from the quarry floor to a scow moored alongside. This
has been true at several localities among the San Juan islands,
where cliffs of sandstone form the shores. The principal quar-
ries operated in recent years have been on Waldron and Sucia
islands. Similarly on the inlets about Bremerton, in Kitsap
County, sandstone has been quarried at several places where
loading on scows was easily accomplished. In 1912 the Inter-
national Contract Company ope-ated such a quarry st Water-
man. Mention should be made here of the Fidalgh quarry, lo-
cated on Fidalgo Island, at Deception Pass, and owned by the
state, where a crushing plant has been ipstelled and all the rock
quarried is prepared for road use. The crashec rock is con-
veyed by scows to various points on Puget Sound where it is
used in macadam construction. The rock is really a quartzite
and not a sandstone, but it may be included here.

In eastern Washington small sandstone quarries have been
opened at a number of places where there was a local use for
the stone. This has been true at Republic, where two quarries
have been worked intermittently and at several localities in the
Yakima valley, as near North Yakima, Selah, and Prosser, where
sandstone has also been quarried at various times.

QUARRIES NOW OR RECENTLY IN OPERATION.

Operator. Locality. County.
D. A. MceGHls QUATTY .v.citvaeisssonsnns REDUDUC, o iae oabinsimoions Ferry
International Contract Co............... Waterman ............ Kitsap
Bell-Scott COMPANY ' .:.asranssineavasssse WHIRKGEON Saainisiisaiosans Pierce
Alaska Barge COmpany........ceeeusvss Waldron Island..... San Juan
Sucia Island Quarry Co.....covevsnennncss Sucia Island ....... San Juan
Hercules Sandstone Co.......covvvvvennss Pening' Vi vaseess Thurston
O S O O T, T e e o) s daewhe s TEOnING. . o5 s asrias Thurston
Chuckanut Stone Co......covevrinnsness Bellingham ........ Whatcom

Howard Stone QUAITY....ccoeveinnscnss =1 R Yakima
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USES OF SANDSTONE.

For many years sandstone was commonly used in the con-
struction of buildings in Seattle, Tacoma, Olympia, Belling-
ham, Everett and other cities of western Washington. In later
years this material for structural purposes has been partially
replaced by concrete, brick and terra cotta. With the decline
of sandstone for building uses there has come an increased use
of the stone for paving blocks, due to the rapid growth of the
cities. It is also in much demand for rubble, mainly for riprap,
because of the usual low expense of quarrying this rock. Of the
sandstone quarried in the state during 1912, about 70 per cent.
by value was used as riprap, 19 per cent. was sold as dressed
stone for building purposes, and the remainder, or 11 per cent.,
wes used for paving '_Blo-cks.

VALUE OF SANDSTONE QUARRIED FROM 1901 TO 1912,

901, .25 .5 e ves e $99,174 T A s $295,585
ARGz SRS ot s 1908 v e s sa 464,587
L b e A 47,430 19000 s 335,470
19082 52 % - % s 28,185 FOFaT N ik 438,581
B st ;124,910 TR o A 301,843
908 . 169,500 {018 344,476

FUTURE DEVELOPMENT OF INDUSTRY.

Because of the many localities in the state where sandstone
of good quality occurs it is probable that new quarries will be
opened from time to time as demands for the stone arise in new
districts or additional uses are found for it. It is unlikely that
sandstone for structural purposes will achieve the relative im-
portance it once had, because of the growing use of less ex-
pensive material. As the cities grow rapidly in number and
size it is reasonable to suppose that paving blocks will be used
in increasing quantities and other quarries will be opened where
sandstone of sufficient hardness may be found. The use of
sandstone for riprap along railway embankments, in jetties at
the entrances of harbors, and in other lines of engineering, will
induce an increasing, but more or less variable, demand.
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LIME KILNS.

GENERAL STATEMENT

The chief uses of limestone in Washington are in the manu-
facture of lime and cement. In a minor way limestone is used
as a flux in smelters, as a fertilizer, and as crushed rock for
macadam construction. In 1912 eleven plants were in opera-
tion where ordinary lime was manufactured and one plant where
hydrated lime was the chief output. The use of limestone in
cement making is considered in another part of this bulletin.

DISTRIBUTION OF LIMESTONE.

The limestones of Washington are peculiar in that they do
not ordinarily occur in broad areas of thick beds, but rather in
isolated lens-like deposits of variable size. The lenses as orig-
mally made on the sea-floor were roughly circular in outline,
but the accumulation of organic matter was far greater at the
center than elsewhere. The resultant lens-like bodies had lateral
diameters which exceeded from 8 to 10 times the vertical thick-
ness at its maximum point. In practically every instance the
rocks containing the limestone deposits have been tilted and
partially eroded, with the result that the lenses now outcrop in
variable positions and sizes. Usually the limestone mass is com-
paratively thick at the center and tapers to nothing when fol-
lowed along the strike in either direction. Similarly the lime-
stone thins out with depth and this lack of continuance has
made the tonnage of rock which could be secured somewhat
uncertain. As a rule the lenses outcrop in considerable number
in any general locality where limestone occurs at all, so that
for the same manufacturing plant the stone from several de-
posits may be used.

Another peculiarity about Washington limestones is the fact
that they are limited to the northern counties of the state.
From east to west the counties containing limestone bodies of
workable size are Pend Oreille, Stevens, Ferry, Okanogan, Che-
lan, Whatcom, Skagit, Snohomish, King, and San Juan. The
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above counties contain all the economic deposits so far dis-
covered, except the limestone at one locality near Anatone,
Asotin County. Over a very large portion of the state lime-
stones are either unknown or of rare occurrence. Over the
great lava areas of southern and southeastern Washington a
veneer of limestone occasionally covers the basalt, where ther-
mal waters have brought the calcium carbonate from below and
deposits have been made on the surface. Sometimes these spring
deposits are buried under a mantle of soil and at other times
are exposed along stream banks or are found in well sections.
At a few places, as in Klickitat County, the quantity of lime-
stone of spring origin has warranted the erection of kilns where
small amounts of lime have been burned.

A third peculiarity about the limestones of the state is the
fact that in western Washington they are all very high in
caleium carbonate, while east of the Cascades the lime is fre-
quently largely replaced by magnesia, forming a dolomite
rather than a pure limestone. The western deposits are all
suitable for lime burning, as far as quality is concerned, but
they are often small in size; while the deposits of the eastern
part of the state are generally large and quantitatively are of
economic value, except they are frequently unsuited for quick
lime because of their magnesia content.

LOCATION OF KILNS.

San Juan has always been the principal lime producing
county of the state. This is due to the fact that several large
bodies of excellent limestone are located on the shore-line, near
good harbors, very convenient for cheap transportation to
neighboring markets. Recently a large plant has been placed
in operation in Whatcom County, a few miles east of Sumas,
where the lime is prepared and sold in the hydrated condition.

In eastern Washington, Stevens has been the largest pro-
ducer of lime of any county. Formerly other kilns were operat-
ing besides those now in use at Evans, but because of the high
percentage of magnesia in the limestone, and for other reasons,
they are now out of commission.
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At several localities the kilns are not operated all the time,
but with a large amount of irregularity—no more lime being
burned than that necessary to supply a small local demand.
It sometimes happens that a kiln may lie idle for a good many
months so that the list of producers varies somewhat from year
to year. The list below includes not only those kilns that were
producing in 1912, but those that had been in operation within
the two or three previous years.

LIST OF LIME KILNS.

Operator, Locality. County.
. B, WUeHINEeT. .o .o cs s aonisaniomicenasrs Lake Chelan.......... Chelan
James PERUEDHN v. oo cans s s e Lake Chelan...... ....Chelan
Wenatchee Lime Co...o.vvvvvvvnnnenes..Wenatchee ........... Chelan
Republic Lime Co........... b e Republic .......... ....Ferry
O ODD G ot o ey i A e R A s ChoBRW '« i viciunmnas Okanogan
Okanogan Lime Co......c0o0vvsnnesesss..0OkaNOgAD ...0nann. Okanogan
Oroville Lime QUATTY......cvvveueuannan Qtoville ... . 2i0an Okanogan
Preston HUBIeY oo carivas it en e s e WIBD o is s o o Okanogan
B A MBTEIN L0t e e as ++...Metaline Falls...Pend Oreille
Henry Cowell Lime and Cement Co...... Deer Harbor.......San Juan
Oreas BIMe Qo oo viinins e Deer Harbor.......San Juan
Langdon Lime Co......... T sosssdiast Bound ..o San Juan
Henry Cowell Lime and Cement Co...... Friday Harbor.....San Juan
3. A OAOT DT St e v araie vivis ol wie sinsinyieatals West Sound ....... San Juan
Tacoma & Roche Harbor Lime Co....... Roche Harbor ..... San Juan
T8RO TAME (0. . oo iuesisieieisianemien seasnes IVREEE \n.xlee sisinessmans Stevens
International Lime Co......cocvveuunsns WS HNAR i ni e e e Whateom

QUANTITY AND VALUE OF LIME (EXCLUSIVE OF HYDRATED)
FROM 1904 TO 1912, INCLUSIVE.

Amount in

Year Short tons Value
B0 o o irwia s cavesravareiatns saava 41,626 $216,454
rd LT e e I e 27,935 160,985
1 e R A A T I Gl 59,094 347,924
B aiera Weate s oA e 35,913 238,668
THOS. s e 10 L 32,343 228,353
r L e A e e 39,270 282,628
Tt aetalahe (e htern iatar el 35,640 267,735
LOLLG ook Snliim e i SR 35,094* 228,933*
0L R e e b e 32,372* 234,832%

*Includes hydrated lime.
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BASALT QUARRIES.

GENERAL OCCURRENCES OF BASALT.

It is safe to say that there is more basalt in Washington
than any other single variety of rock. More than one-quarter
of the state is embraced in the Columbia lava plains of south-
eastern Washington, where the bed-rock is almost exclusively
basalt. Along the Snake River the basalt cliffs frequently rise
above the water’s edge to heights of 2,500 feet or more. The
same statement holds for several localities along the Colum-
bia between its mouth and the junction with Spokane River.

Beyond the borders of the lava plain above mentioned, in
the northern and western parts of the state, basalt is of fre-
quent occurrence. Sometimes it is found in irregular areas
where it has outflowed as molten lava, but oftener where it has
been forced into the neighboring rocks as dikes or sills. Usu-
ally the basalt is harder than the associated rocks, so that in
the process of weathering and erosion it is more resistant and
hence today stands somewhat higher above the general level of
the country than is true of other formations. In some parts of
the state, as in southwestern Washington, it is frequently true
that the higher hills and ridges are made up wholly or largely
of basalt, and a study of the topography of the country is there-
fore helpful in locating this rock.

In Bulletin No. 2, entitled “The Road Materials of Wash-
ington,” basalt is described from 35 counties of the state. Of
the 171 tests made on samples of rock believed to be suitable for
use in road building, 81 of these were from outcrops of basalt.
In some counties basalt is virtually the only rock which may be
found; and it is a safe assumption that in all the remaining
counties of the state it occurs in quantity and quality desirable
for macadam construction or for concrete.

LOCALITIES OF QUARRIES.

Since basalt is so widely distributed about the state, it is
natural that many quarries should be opened up to secure this
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rock for various uses. The majority of the quarries are small
and are worked intermittently ; only a few of the larger ones are
regular producers and are never closed down.

The quality of the rock has always been an important factor
in selecting a site for a quarry. Much of the basalt of the state
is porous and in this respect every condition may be found be-
tween pumice and an extremely compact rock. As a rule, there
is an abundance of good rock with a minimum of porosity, so
that it is not necessary to seek very far for material of sufficient
quality. Another factor in selecting a quarry has been the de-
sirability of obtaining the rock as convenient as possible to the
place where it is to be used. This has led to the frequent de-
velopment of small quarries where enough stone was taken out
for a particular utility and then the quarries abandoned. In
opening a quarry for road purposes the topography has often
been taken into account, whereby a cliff of sufficient height has
been selected so that the rock could be handled by gravity from
the quarry floor through the crusher and screens to the bunkers
below.

Since basalt is so much used in road and street work it has
followed that quarries and crushing plants have been put in
operation by the state as well as by many counties and munici-
palities. The state is preparing basalt for macadam uses at its
quarries at Meskill, Selah, Dixie, and Marshall. Several quar-
ries, some publicly and others privately owned, have been oper-
ated in late years within and about Spokane. Basalt quarries
are of common occurrence in the immediate neighborhood of
many of the towns and cities of eastern Washington ; there are
several of them along the lower Columbia River; and at many
convenient points for shipping in western Washington similar
quarries are in operation.

QUARRIES NOW OR RECENTLY IN OPERATION.

Operator. Locality. County.
Blitkels, QUBTTY: hiis i hivnsaspeeanen ASOUIN: aTs s Asotin
Benton County Quarry........seeeeuanes PTOHBEY. voiisneiciesans s Benton
Oy OF B ORI s v o n i sen o foin wliausts inbalers Hoquiam ........... Chehalis
Northern Pacific Ry. Co......covvenunnn. Qakville ........ ....Chehalis

-
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QUARRIES NOW OR RECENTLY IN OPERATION—Continued.

Operator. Locality. County.
Columbia Contract Co......covvevvvnnvens UBIORR" oS as s omive Clarke
Sepor’ BRothers. . ..:i.niaaaasis A L7 11 s S e p i Cowlitz
Star Sand COMPANY. ... ccvescasssonnns 2 5770 41 U e e e R Cowlitz
Northern Pacific Ry. €0.......covneicens OIOGUR o caiseisasaiais Cowlitz
City of Seattle (Park Dept.)............ HPANKHA oo tat i King
12 b0l 3511111 e R S S e North-Bend ......c.uueis King
Riverside Stone Company............... RIVETLON, s salis buws aie King
Northern Pacific Ry. Co...ovuvevvavsiens NOREe s wirees vovas ias King
Independent Asphalt Paving Co.......... Charleston ........... Kitsap
ST BT ey U R ) SR Goldendale ........ Klickitat
Washington State Quarry....... e ik N Meskill. i iveriaiswss Lewis
Pacific County Quarry.........osesve...South Bend ........... Pacific
Washington State Quarry............... TARIgEI IS el Skagit
Washington State Quarry............... Marshall .......... . .Spokane
Empire Stone QUAIrY.....cccevevnvnveass BPOKANIE o s e Spokane
Northern Pacific Ry. CO...cvvvenenns SRR L I o P Thurston
Wahkiakum County Quarry............. Cathlamet ...... Wahkiakum
Wahkiakum County Quarry............. Skamokawa ..... Wahkiakum
Washington State Quarry..... e SAnE 235 [ ) e Walla Walla
LR IS S (R R S e S S e Coliax  Soii e Whitman
Wilson & Balley Constr. Co.........0....Colfax ....oviuines Whitman
Frank Hanlan ...... e Sl alya o Garfields BCT L A Whitman
Whitman County QUarry........eeeeuees Qakesdale ......... Whitman
QR D A 210 1 B A e S R B Pullmen . ...:oaeaamws ‘Whitman
Spokane Asphalt & Paving Co.........0.. PULImBI . oo Lo, e Whitman
W. J. Donahue......ccc00eus Serh e e (e e s RNOBBLIIL imels o ajds sreea Whitman
o 0 T ATRahY o s e et e e Rogalia.. o ngn Whitman
Yakima County Quarry..... s tncae .....Cowiche Canyon ..... Yakima
02 Bk L e e s St Temaenorih Yakimer s oo v Yakima
Washington State Quarry........... SRR - [ D Sl e RN Yakima
Yakima County QUATTY...coeasovesaoscd3Ol8N . v0ans G ] Yakima

USES OF BASALT.

Since basalt is generally regarded as about the best rock to
be had for macadam construction, it is natural that most of the
quarries have been opened up to furnish material for road use.
Crushed basalt is generally used for surfacing the permanent
highways. In some portions of the state gravel for road build-
ing may be had so cheaply that this material is generally used
as a substitute for basalt.

While by far the larger number of basalt quarries have been
developed to supply road material, yet this rock is used in large
amounts in other lines, as in jetty work at the mouth of the
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Columbia, entrance to Grays Harbor, and elsewhere. Basalt is
also used as riprap along railway and highway embankments, in
concrete, as railroad ballast, and to a limited degree as a foun-
dation stone in buildings.

VALUE OF OUTPUT.

In the statistics heretofore collected the value of the basalt
output has been included with that of certain other rocks under
the general head of granite. In examining the returns sub-
mitted by producers for 1912 we know definitely that the basalt
production amounted to $689,456. Similarly it has been de-
termined that the output for 1911 was $968,108.

REFERENCES ON STONE.

General properties of building stones: Merrill; Third edition,
Wiley and Sons, New York, 1904,

General discussion of building stones: Buckley; Wis. Geol. & Nat,
History Survey., Bull. IV., 1898.

Building stones and clays: Eckel; Wiley and Sons, New York, 1912.

Building stones and clay products: Ries; Wiley and Sons, New
York, 1912.

Fire tests: Humphreys; U. 8. Geol. Surv., Bull. 370, 1909.

Building stones of Washington: Shedd; Wash. Geol. Surv. Vol. 2,
1902.

Non-metalliferous resources of Washington: Landes; Wash. Geol.
Surv., Vol. 1, 1902.

Road materials of Washington: Landes; Wash. Geol. Surv., Bull.
2, 1911.

Limestone—See references under cements.
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SAND AND GRAVEL PITS.

GENERAL OCCURRENCE OF SAND AND GRAVEL.

Sand and gravel in quantity and quality for ordinary uses
may be found almost everywhere throughout the state. There
are very few localities where it is necessary to transport these
materials any considerable distance. It so happens that in the
more thickly populated districts both sand and gravel may be
had easily and cheaply and this is a prominent factor in con-
struction work.

In the northern counties of the state and about Puget Sound,
both sand and gravel occur in unlimited quantities. This holds
true throughout the glaciated areas. Beyond the limits of the
former ice invasion gravels and sands are found in broad plains
which represent an outwash from the ice front. In the southern
parts of Washington, beyond the reach or influence of glacia-
tion, sand and gravel may be had in the terraces and bars along
the larger streams. The Columbia, Snake, and Yakima, in
eastern Washington, and the Cowlitz, Chehalis and other streams
in western Washington, are usually bordered with workable de-
posits of sand and gravel which may be readily obtained for
various utilities. » Practically the only localities in the state
where any difficulty is ever encountered in securing the necessary
sand and gravel for usual purposes are on the higher plateaus of
southeastern Washington, or on the hills and ridges of the
southwestern part of the state.

LOCALITIES OF PITS.

The factors which usually prevail in opening sand and
gravel pits are the quality of the material, nearness to market,
and low cost of transportation. These conditions are all ful-
filled immediately about Puget Sound and it is in that part of
the state, therefore, that the largest number of productive pits
is found. The sands and gravels are glacial in origin, and are
almost always composed of unweathered material which is not
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only hard and resistant but very clean as well. They are usually
stratified, often alternating in position, and frequently make
up the cliffs which rise from 100 to 800 feet above the shores of
the sound. The usual method is to remove the sand and gravel
from the pit by hydraulicking, the water for that purpose being
either secured from a stream on the upland above, or is pumped
and direct pressure used. Through troughs or chutes the sand
and gravel is carried to the screens where it is sized before
dropping into the bunkers. The scows, which are loaded directly
from the bunkers, are then towed to the neighboring cities where
the materials are to be used. Where gravity cannot be employed
the sands and gravels are elevated from the pit to an ample
height and then sereened and stored in bunkers preparatory to
loading on scows, cars, wagons or other methods of haulage to
the place of use.

In both Seattle and Tacoma sands and gravels occur abund-
antly and are often well exposed in street grading. This has
led to the development of many small pits where the materials
are taken out and used locally. Similarly the Spokane Valley,
within and about that city, contains many terraces and other
deposits of sand and gravel which have been freely drawn upon
at many points for various uses.

In the glaciated parts of the state, where banks of gravel
are usually of very frequent occurrence, this material is very
commonly employed in surfacing the roads. The pits are
opened up at frequent intervals so that the length of haul will
not be great. The era of road building on a large scale now
beginning will see the use of gravel for this purpose increased
many fold.

The fact that both sand and gravel are widespread in oc-
currence has led to the opening of a very large number of local
pits of which we do not have any record. The statisties so far
compiled for Washington show a production much below what
would be true if all the producers were included. For 1912 the
production from six counties only is given. In the future a
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strong effort will be made to secure the returns from all the pro-
ductive pits of the state.

NAMES OF PITS AND OWNERS.

Operator. Locality. County.
Angnst Rut® .. .. covevovepinsses ONNC WD 0 51 LoD R el e A Adams
John Knappland ..... B T A e P TORBBE) A e v G Benton
Independent Sand & Gravel Co........... Aberdeen ....... ....Chehalis
Grays Harbor Construction Co...........Melbourne ..........Chehalis
Hagle Tranafer Coli.siiicoresnissvanass Wenatchee ........... Chelan
SAMBOL LONBY oS i vy semris it s hse PRECD oioadwiiels eyt Franklin
Whidbey Island Sand & Gravel Co........Whidbey Island ......Island
Michaels & Blackwell.........cccc00venn BOThEll v ia i fon o daies King
Cedar Mountain Coal Co.........c00uen Cedar Mountain ........ King
Lake Gravel Co....... e e e O e B s i wmeb King
EaRe GraYel B0 v s vt rrve s svsnnsnsed Fedmond i eih e iuiseises King
Lake Gravel Co........... PP S RS - L1 = 07 1 S U e S King
Elliott Cedar River Gravel Co............ (Y 5 2, o SR SR AL King
Richmond Beach Sand & Gravel Co...... Richmond Beach ...... King
Edgewater Sand & Gravel Co............ BEALLIe) s e King
Green Lake Gravel CO.....cvvvvvvinnnanns SEATLIEN on 5V se e e King
SprnEsIGraYel Coi s i s v v s e ek Seattle .......... Saetelars King
Vashon Sand & Gravel Co...........cuu.n Vashon Island.......... King
Parker Asphalt Paving Sand Co.......... Creosote .......... ... Kitsap
R A RO . o TR a e e e Tt Ellensburg .........-. Kittitas
Pioneer Sand & Gravel Co...............Steilacoom ........... Pierce
Tacoma Sand & Gravel Co.....cvvvvnnens Steilacoom ......... .. Plerce
Atlas Sand & Gravel Co....ovvevvvvnnnnes TaoomMa L ivisaveissnres Pierce
Harrison Brothers Co...........cciuiuun TREOWMIB Vinnresloriev aisinyeiare Pierce
& CUNNIRTNAIN s cisie s onsisionisinismssiss vooSpokane .......v0a. Spokane
Spokane Sand & Gravel Co........ ot R Spokane .......c..0. Spokane
Lind Gravel Company......cccevunennnes Bellingham ........ Whatcom
Whidbey Island Sand & Gravel Co....... Lummi Island ..... Whatcom
W L ANIIer o s s e s e e s North Yakima ...... Yakima
XYakima County . .i o iic.iuicane s aaon Sunnyside ........... Yakima

USES OF SAND AND GRAVEL.

In a study of the data submitted by producers we find that
in 1912 substantially all of the gravel was used in making con-
crete. Of the sand produced in that year, 62 per cent. was used
for building purposes, 33 per cent. in paving, and the remainder
for molding, for engine use, and otherwise. Of the sand and
gravel used in road surfacing we do not have any record, but we
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know that much is used in those sections of the state where
such materials are of common occurrence. The increasing use
of concrete in general, the erection of more permanent build-
ings, the street paving and other engineering work in our rapid-
ly growing cities, and the highway improvements now getting
under way will all conspire to greatly accelerate the production
of sand and gravel.

QUANTITY AND VALUE OF OUTPUT FROM 1906 TO 1912, INCLUSIVE.
Quantity of

sand and
gravel Value Value
together, in of of Total
short tons. gravel. sand. value.
HAO8R T 293,671 $92,052 $52,673 $144,725
23 [ O P 403,960 108,625 71,175 179,800
dB0RE L v 654,995 159,643 101,988 261,531
b e e 1,253,632 252,786 170,639 423,425
s | T 1,675,289 186,242 295,327 481,569
s £ L i, 1,121,832 202,326 117,434 319,760

2 S 1,020,841 226,180 119,109 345,289
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COAL MINING.

GENERAL STATEMENT,

The coals of Washington are limited to four rather scat-
tered areas in the western half of the state. The coal-bearing
areas have been named as follows: the North Puget Sound
field, including the mines of Whatcom and Skagit counties; the
South Puget Sound field, comprising the counties of King and
Pierce:; the Roslyn field, in Kittitas County; and the South-
western field, including the counties of Thurston, Lewis and
Cowlitz.

Although thus limited in distribution, the coals vary greatly
in composition. Anthracite has been reported from Whatcom
County and semi-bituminous, bituminous and sub-bituminous
coals are mined in King, Pierce, and Kittitas counties. In the
Southwestern field there is noted a complete gradation in com-
position, lignites occurring in the western part of the area,
with sub-bituminous, bituminous and anthracite as the moun-
tainous region is approached. Coking coals of good grade, the
only coals of this character mined on the Pacific coast in the
United States, are taken from the Wilkeson-Carbonado field in
Pierce County and from the North Puget Sound field. At pres-
ent coke is made only in the former district, where, on account
of the high content of ash, the coal is usually washed before
coking. The smelter at Tacoma takes most of the coke from
this field. The sub-bituminous coals of the Renton and New-
castle districts are of quite uniformly high grade and well
suited to domestic use.

In King County the coal mines are located in the vicinity of
the following places: Bayne, Black Diamond, Cumberland,
Franklin, Grand Ridge, Issaquah, Kummer, Newcastle, Ravens-
dale, Renton, Snoqualmie and Taylor. In Kittitas County the
operations are conducted near the towns of Clealum, Roslyn,
and Taneum. Coal mining in Lewis County is carried on near
Centralia, Chehalis, Divide, East Creek, Kopiah, and Mendota.
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Burnett, Carbonado, Melmont, Spiketon, and Wilkeson, in
Pierce County, are centers for coal mining operations, while in
Thurston County the towns of Bucoda, Rainier, Tenino and
Tono are to be mentioned.

COAL MINES,

Operator. Loceality. County.
Carbon Coal & Clay Co.....o00000 Siefaretty BANIION niie'svruicTetaartoialits via .King
Occidental Coking Coal Co......ovvvnnnnn BANIE e .King
Pacific Coast Coal Co.,, No. 11............ Black Diamond .........King
Pacific Coast Coal Co., No. 14........ ....Black Diamond .........King
Pacific Coast Coal Co. “B”.....ccivnuinsn Black Diamond .........King
Deep Lake Coal 00..:.sv0us s vssasnssis Cumberland .......... ..King
Independent Coal & Coke Co........,....Cumberland ............ King
LS O 0 0 1 AR TR PR AT S e i S L) A oo on JKINE
B0 EHRE: 05 e sy hararatsasa agetemiaa Cumberland ............ King
Pacific Coast Coal Co., G€M...ceurrerrans Frantni e f s e King
Central CoRl Ut s s e s smmaninieanas Grand Ridge .. ik King
Issaquah & Superior Coal Mines Co..... Hiesaquahl ....eeadieelJKIDE
Denny-Renton Clay & Coal Co........ 2 e BIITOETY 4 s ars siswsin e mies King
Paciflc Cogat Coal Co....eveciecviiviains Neweastle .o s King
Northwestern Improvement Co........... Ravensdale ............ King
Denny-Renton Clay & Coal Co........... Reagtoh® a0, I8, ot King
May Creek Coal €0 . vosavivevssnionins Renton i varsiane King
Puget Sound Trac., Light & Power Co....Taylor ........c.cvveuns King
United Collieries Co.......... S A Snoqualmie ............ King
Denny-Renton Clay & Coal Co............ Renton: s s King
American Canadian Fuel Co............. Clealum .......cc.ouus Kittitas
Inland Improvement Co.......0vvvnuens CIeRIIM - 30w s sieseisien Kittitas
Northwestern Improvement Co.......... Qlealum ... vy =iunees Kittitas
Northwest Coal Company........ccccuus. ROBIYIL e ivieis « oo s o Kittitas
Busy Bee MININE OO ..o vainrnammsoinmieioss 15457 b B P Kittitas
Northwestern Improvement Co., No. 3....Roslyn ............ .. Kittitas
Northwestern Improvement Co., No. 5....Roslyn .............. Kittitas
Northwestern Improvement Co., No. 6....Roslyn ......... .....Kittitas
Northwestern Improvement Co., No. 7....Roslyn .............. Kittitas
Roslyn-Cascade Coal Co........ SR ol @ el e RDE VL i1 O o #swa o avar 0% Kittitas
Roslyn Fuel Co., Beekman Slope No. 1...Roslyn .............. Kittitas
Roslyn Fuel Co., Beekman Slope No. 2...Roslyn .............. Kittitas
Yakima-Roslyn Coal Co......cocuvivunaas ROBLYI 0 ia s saareas Kittitas
Carothers Brothers ............. AR OREEAS DY R o ol Kittitas
Centralia Coal Co....cocsssssssss ven UODETAMA i e e e Lewis
Fords Prairie Coal Co..cvvevvarscnsnnsns Centralia ........ v .. Lewis
Gibson Coal C0...vcvenvnrsnsans A B e E T L R Lewis

Sunehine CosllE0. s ses v ssiansesssesee OONPAHA uiiuds s oiien dHOWIR
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COAL MINES—Continued.

Operator. Locality. County.
WAIRON: CORLL G0 s s v i T o e Centralia. .......... ...Lewis
Chelialis ORI Gl L s ey s & frsaraa seeloRenaHE L S e et Lewis
Conl Creek CoRE €O o n e ivr s tinsbr v Chehallsi e oaioe Lewis
Sheldon Coal 00.. 5. iesshsvainnsnseons Chehalla ... .nanoei: Lewis
Superior Coal Co...c.cvvveicnnrraiacans Chehalis .......ccuvue. Lewis
Pennsylvania Coal COi..vvvvvenrrrvanann Divide ..... o) Sty SR Lewis
Hast Crasie CoRl Cor . v casvsrsssciassiass East Creek ........... Lewis
Kopiah (Wilson Coal Co., Operator)..... ROPIAR: iaaais viaviiaritasatets Lewis
Mendota Coal & Coke CO.....covvvvnvnnnnn MENAOIR o sl evie vy Lewis
Pacific Coast Coal CO....covvvisnrssasssns BUEnetl s i Pierce
Carbon Hill Coal Co......ccvvuues AR Carbonado ............ Pierce
Northwestern Improvement Co........... Melmont « . «.ouuvsesss Pierce
Ameriean Coal €0....ccovmverasas e Spiketon ... cuviceesvss Pierce
Gale Creek Coal Mines Co......covvvnuens Wilkeson .......cocan Pierce
Sonth WIS CoBL G0« smsvonssss ey WHESBON, & e sl s Pierce
Wilkeson Coal & Coke CO.....covvvevnnes WilkeBon .ieeiiviseis Pierce
Graham Bros o e vasaaanaiaa vieies s DHCOAR - irets A S Thurston
MaJeEtie (CoRI GO0 i v esix i als s wm s o s etans Near Rainier ...... Thurston
Black Bear Mine. ... ccocvsiiiniosas inis TeRING ioh vy Thurston
Washington Union Coal Co.......00nvee TEOTIO ke s ayavaia azav Thurston
Whatcom County Coal CO...ovvennvrnsaes Lake Whatcom ....Whatcom

PRODUCTION.

The highwater mark in the production of coal in Washing-
ton was reached in 1910, with a total of 8,911,899 short tons.
A total of 8,572,815 short tons was mined in 1911, as com-
pared with 8,360,932 in 1912. The decrease in amount from
1911 to 1912 was about 6 per cent., while the decrease in
value was not so great, being only 1.6 per cent. But two coun-
ties, Pierce and Thurston, did not show a decreased production,
the increase in the former being due to the greater production
of coke, and in the latter to an increased domestic consump-
tion, for which use that coal is mainly mined.

While other counties have augmented the production in cer-
tain years, the bulk of the tonnage has come from the counties
of King, Kittitas, Lewis, and Pierce. The table for the pro-
duction of the various counties for the decade ending with 1912
is here appended.
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PRODUCTION OF COAL IN WASHINGTON, 1860 TO 1911.
Given in short toms (2,000 pounds).

1860 or s e 5,374 BB o e s dies 772,601
IRA e e e 6,000 LT S B 1,215,750
e e W sy SR 7,000 11 T L R 8 1,030,578
TRG e AT 8,000 18005 el e s ve...1,263,689
TR s e 10,000 e e e 1,056,249
S ET RG] YR 12,000 T80Tt s s .... 1,140,575
k(S IR P D 13,000 Tt CeNI 1,208,850
AR e . 14,500 SRR A et 1,131,660
T e T L 15,000 TROEE A e R 1,163,737
(e e ) 16,200 1890 MLl L .. 1,202,534
W e p s e 17,844 fE0TI et e 1,330,192
TN e an o s e 20,000 TRG RS ST 1,775,257
Xy o e U e 4 23,000 DT e L URY 1,917,607
AN e 26,000 00 T e 2,418,034
A A N 30,352 Tl e A 2,464,190
Fi T e 99,568 TGO AT I 2,690,789
| s R S S 110,342 08 vt vadaer 3,190,477
il s A ) ) 120,896 10088 v s 2,905,689
oLt N [ A . 131,660 BYOE I o adiNe 2,846,901
FR I T 142,666 1008”2, S0 anaded 3,290,523
TRGU) e 145,015 PO b et 3,722,433
TRRT e LS (e ) 296,000 1908 ...... LA 2,977,490
T L Bl a P s 177,340 59001 il 3,590,639
TRRNR - e e 244,990 TOT0 ool e 3,979,569
477 Rl 1 W del 166,936 TOLTLIN. Be Lonie = 3,546,322
b A 380,250 U LA e 3,360,932
1REE b s 423,525

REFERENCES ON COAL.

Coal areas of United States (Maps): Parker; U. S. Geol. Surv.,
Mineral Resources, Part II, 1910.

Origin and classification: Clarke; U. 8. Geol. Surv., Bull. 491, 1911.

Coals of Washington, analyses: Smith; U. 8. Geol. Surv., Bull.
474, 1911,

Coal areas of Washington: Landes; Wash. Geol. Surv., Vol. II,
1902,

Coals of King county: Evans; Wash. Geol. Surv., Bull 3, 1912.
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CLAY PLANTS.

GENERAL STATEMENT.

The clay industry in the State of Washington is not con-
fined to any one locality, but is widespread. A study of the map
published with this bulletin shows that clay plants are in opera-
tion in all sections of the state. Few counties, if any, but are
supplied with clay of suitable grade and in sufficient quantity
to warrant the establishment of clay plants as the growth of the
state provides new and larger markets.

Most of the clay products are made from sedimentary clays
of Tertiary age. To what extent this situation obtains is not
entirely known, but certainly nearly all the refractory and vitri-
fying clays are of this origin. Many plants, especially those
confining their activity to the production of common brick,
utilize other clays, especially alluvial or glacial deposits of
Quaternary age.

As is to be expected, the wide range of origin and location
of the clays leads to an even wider range in composition and
character, While analyses vary greatly even for the same bed of
clay, the following will give an idea of the approximate com-
position of clays that are used commercially in Washington :
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LIST OF CLAY PLANTS IN THE BTATE.

County Locality Company Products In 1912
.| Hanford.....| B. Gar8Y ....iccnmsminsransnsnssansansn Idle.
..| Kennewick...| Twin City B. & T. Co .| Common brick.
++| Chelan.. H. B. DUDDBIN. ;i visasnssinsansosas Common brick.
..| Leavenworth| Leavenworth Brick Co. .| Common brick.
. Wenatchea.. Hobson Brothers .......c.ccueeseenes Common brick.
Image........| Columbia Clay C0..........c..000....| Drain tile, sewer pipe
and fireproofing.
Vancouver...| Carson Brothers .....................| Common brick.
.| Vancouver...| Hidden Brothers ..... .| Common brick.

.| Taylor... ...

King. .| Van Asselt...
- ‘ﬁi’oodinvﬂ]n..
.| Harper.......
..| Goldendale...
.| Centralia....
Chehalis. ....
Little Falls..
Pierce.. .| Clay Oity....
Pierce
Skng!t
Skagit.......| Tioh.........
Snohomish...| Everett......
Spokane..... Cheney
Spokane..... Chester......
Spokane..... Freeman
Spokane..... Mead
Spokane..... Miea
Spokane.....| Spear........
Spokane Spokane, ...
Spokane. Spokane.....
Stevens. Bossburg
Btevens......| Chewelah....
Btevens......| Clayton......

SBtevens......

Colville......

.| Northern Clay
.| Standard Clay

Frank Malfa

Co..

Co..
Denny-Renton O. & O.
Pontiae Brick & Tile
Denny-Renton C. & O. Co.

(st
0o,

Denny-Renton C. & O. Co.

Denny-Renton C. & O. C0.cvvvrennen

Supetior B., T. & P. Q0ucsrerssvens
Harper-Hill Brick Oo....
0. K. Brick & Tila Co.
N. B. Brooks...........
Centralia B, & T. . i
Chehalls B. & T. C0uuvvvvnnnennnnins

Btandard Olay C0....cvvvvevvsnserns

Far West Ola¥ 00.....ccocrveerassnss

JOVIES BrioR: O0.s:vssisiirsisorsinie
F. H. Goss Brick Co...

.| Farmers B. & T. Couevrirnrrevnnnns
Enapp Brick & T. Couvvvvvvvvannnas
Everett Brick 00...iccviiiiiiisnases

.| Cheney Brick Co o

Bergman Clay Co

.| Wash. Brick, Lime & Sewer Pipe Co.

.| 4. T. Davie Brick Co..
.| American Fire Brick Oo..

Wash. Brick, Lime & Sewer Pipe Co.

.».| Common brick,

Terra cotta.
Vitrified brick.

Common briek.

.| Common, vitrifled

...| Abrahamson Brick CO......cccvvuenns
.| Builders Briek 00........ccco0niinunn

vor+| Harper-Hill Brick Q0. .ovecvevsvsnns
...| Lake Union Brick Co...
..| Lohse Brick Co.
..| Seattle Brick & Tile Co......
.| Washington Brick & Tile 00

and front brick.
Common brick.
Common brick and

fireproofing.
Common brick.
Common brick.

++.| Common brick.
...| Common brick.
++| Common brick.

. Pavinf_i front and

firebrick; drain tile,
gewer pipe, con
duits, tile, terra
cotta,

Drain tile, sewer pipe,
terra cotta, fire

brick.
Common brick.

++.| Common brick.
.++| Common brick.
.+.| Common brick.

.| Common brick.

Common brick and
drain tile.

Drain tile, sewer pipe,
building tile, stove
lining, ete.

Common brick, drain
tile, ﬁreprooﬁng
and fire elay.

Commeon brick

.| Common brick.

Common brieck and

tile.
Common brick and
drain tile.
Common brick.

.| Common brick.

Fire brick.
Drain tile, sewer pipe,
ecommon brick.

...| Common brick.
.| Commaon, front, fire

brick; fireproofing,
drain tile, sewer

pipe.

Drain tile and sewer
pipe.

Common brick.

.| Common brick.

...| Common brick,

‘Wash. Brick, Lime & Sewer Pipe 00
Roman Stone & Mfg. Co....ocvuinen

Common brick.

Front and fire brick,
terra cotta.

Common brick,
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LIST OF CLAY PLANTS IN THE STATE—Concluded.

County Locality Company Products in 1012
Btevens. . Kettle Falls..| Kettle Falls Brick Co................| Oommon brick.
Thurston. . Oly'mpia ..... Burtchett & Baker........... +++| Commeon brick.

Walla Walla.| Walla Walla.| Walla Walla Constr. Co.....
‘Whateom,...| Bellingham..| J. R. Headrick & Co......
Whateom....| Bellingham..| J. F. Miller & Bros

+».| Common brick.
.| Common brick.
Oommon brick.

‘Whatcom....| 8.Bellingham| Coast Olay CO.....cucevennns Frgntbrlck and fire
ay.

Whitman....| Colfax.......| Easum Brothers Idle.

Whitman....| Garfield......| Garfield Brick Co.. y .| Idle.

Whitman....| Unfontown...| Georga Herboth Common brick.

Yakima......| Granger...... Granger Brick & T. C0.......000000 C%mrinogﬂt;ﬂck and
rain tile.

Yakima......' Toppenish...' Toppenish Brick & T. 00u...cuuuiuas Common briek.

PRODUCTION.

A wide variety of clay products is manufactured at the
many clay plants within the state. Besides common brick and
vitrified brick and block, the list includes front brick, drain tile,
sewer pipe, conduits, architectural terra cotta, fire proofing,
fire brick, pottery and miscellancous clay products.

The apportionment of these totals among the various clay
products has been carried out as far as possible and the table
below shows the value of each product for each year, since 1905.
The table shows plainly that common brick, vitrified brick and
sewer pipe make up a large percentage of the total. While
common brick has decreased since 1909, vitrified brick and block
seem to have gained. It is to be noted, however, that the total
value has declined since 1909. The number of operating firms
shows similar variation, although the rank of the state in the
nation was maintained quite uniformly until 1912, when it fell
from eleventh to fifteenth.

The decreased value is not to be regarded as indicating a
proportionate decrease in production since a general lowering
of prices has accompanied, if not caused, the lessened manu-
facture of clay products. Thus the average price of common
brick in 1912 was less than 85% of the price in 1907 and was
$.55 lower than in 1909.

It should be noted that although one of the principal clay
products of the state is vitrified brick, the lack of more than
two producers makes it impossible to include these figures for
some years in the statistical tables.
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REFERENCES ON CLAYS.

Occurrence, properties, and uses: Ries; Wiley and Sons, 1908.

Clay deposits of Washington: Landes; U. S. Geol. Surv., Bull 260,
pp. 550-558, 1905.

Clays of Washington: Shedd; Wash. State College, Pullman, 1910.

Short papers—Transactions American Ceramic Society, Vols. 1-12.

See references on Cement.
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THE CEMENT INDUSTRY.
GENERAL STATEMENT.

The cement industry has been established for a long period
of time in the United States and has had a remarkably rapid
growth. At the present time, however, the Pacific Coast field
is the only one that is extending very rapidly. In the 29 years
since the industry was begun on this Coast it has grown from
a single plant with a capitalization of $50,000 and a capacity
of 100 barrels a day, to a total of 13 plants, capitalized at nearly
$25,000,000, with a total output of approximately 40,000
barrels per day.

The first step in Washington toward the making of cement
was taken in 1904, in Pend Oreille (then a part of Stevens
county). A small plant for the manufacture of natural hydrau-
lic cement was established and run for a short time. It was the
intention of the operators to construct a Portland cement plant
later but this plan was never carried out.

“The first Portland cement made in Washington was by
the Washington Portland Cement Company, at Concrete, on
the Skagit river, in Skagit county. Work was started on this
plant June 1, 1905, and the first cement was made in May,
1907. The plant to start with had two kilns, each 714 feet in
diameter and 100 feet long, and a capacity of 900 barrels per
day. In the spring of 1911 two additional kilns, each 8 feet
in diameter and 125 feet long, were installed. This increased
the capacity 1,700 barrels a day, making the total capacity of
the plant 2,500 barrels per day.

The next cement plant to be built in Washington was the
Superior Portland Cement plant, located at Conecrete, just across
the Baker river to the west of the Washington plant. This was
built soon after the Washington plant, and for a number of
years these were the only Portland cement plants in operation in
Washington.

In June, 1910, work was started on the plant of the Inland
Portland Cement Company, at Metaline Falls, and April 1, 1911,
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it was completed. The construction of a plant at this point
involved also the development of a large water power and this
was not completed until August, so that the plant was not in
operation until this time.

The plant of the International Portland Cement Company,
which is located in Irvin, nine miles east of Spokane, was begun
in January, 1912, and the first cement manufactured one year
later.

The Olympic Portland Cement Company, Limited, at Bell-
ingham, was the first plant in Washington to use the wet process
in the manufacture of Portland cement. The work of building
this plant was begun in the fall of 1911, and it has been in
operation for some time now.

In the fall of 1912 work was begun on the plant of the
Idaho Portland Cement Works, at Asotin, Washington, and it
should not be long now before this plant will be manufacturing
cement.”*

Clays of suitable character are sufficiently abundant in
Washington, but the lack of extensive deposits of limestone is
a serious handicap to the industry. Although commonly re-
ported that limestone suited to the manufacture of Portland
cement is to be found only in the northern counties of the state,
the recently utilized deposit in Asotin county is an important
exception.

In addition to the general discussion of limestones of Wash-
ington presented in the chapter on lime kilns of this bulletin, the
following notes may be of interest: The deposits at Roche Har-
bor, San Juan county, are advantageously located at tidewater
adjacent to some clay beds exceptionally free from grit. De-
posits of slate, which are available for cement manufacture, are
near at hand also. Whatcom county is well supplied with both
clays and limestone, especially in the vicinity of Kendall. This
limestone is for the most part remarkably pure, ranging from
97.5 per cent. to nearly 99 per cent. calcium carbonate. Drilling

*Cement Materials and Industry in the State of Washington, S.
Shedd, Washington Geological Survey, Bulletin 4, pp. 72-73, 1913.
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has shown certain of the clay beds to be 50 feet thick. In Skagit
county what is probably the most favorably located deposit of
limestone is on the Baker river near its junction with the Skagit.
Near the limestone there are silt clays averaging 165 feet in
thickness. Snohomish county has several good limestone areas
of unknown extent. In each case the limestone is associated with
slates and schists. These metamorphic rocks of Whatcom and
Snohomish counties extend down into King county, which is
rich in clays of excellent quality. The prospecting in Okanogan
county has revealed many limestone areas, some of which, in
the western part of the county, cover several square miles. A
long, narrow belt of crystalline limestone is found in Ferry
county. Nearby are beds of clay and argillaceous limestone,
which might be of use in Portland cement manufacture. Large
deposits of limestone and slates are found in Stevens county,
but many of these are high in their content of magnesia and
the extent and location of the more desirable high calcium
deposits is not at present known.

For a very complete description of the deposits of cement
materials throughout the state with analyses showing their
chemical composition, the reader is referred to Bulletin No. 4
of the Washington Geological Survey, by S. Shedd.

The uses of Portland cement in cement work are multitu-
dinous and great extension of the field is yet anticipated. One
of the later developments is the construction of conerete pave-
ments and roads. The use of concrete in the construction of
heavy masonry, such as wharves, tunnels, viaducts, dry docks,
and retaining walls, is well established. Another promising field,
as yet but slightly developed, is the use of cement in art and
architectural work.

The production of cement in Washington in 1912 amounted
to 1,488,187 barrels, having a value of $2,012,785.
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LIST OF CEMENT PLANTS.

Operator. Locality. County.
Inland Portland Cement Co.............. Metaline Falls...Pend Oreille
Superior Portland Cement Co............ Concrets’ ..., covssis. Skagit
Washington Portland Cement Co...... alonerete. Lidilanei Skagit
International Portland Cement Co........ Bpokane | ivatadieias Spokane
Olympie Portland Cement Co............ Bellingham ........ Whatcom

REFERENCES ON CEMENT.

Cements, limes and plaster: Eckel, 1907; Wiley and Sons, New
York.

Tests of mortars and concrete: Humphrey; U. S. Geol. Surv.,,
Bulls. 331 and 344.

Manufacture of hydraulic cement: Bleininger; Ohio Geol. Surv.,
4th Series, Bull. 3, 1904.

Uses of hydraulic cement: Eno; idem, Bull 2, 1904.

Cement materials of Washington: Landes; U. 8. Geol. Surv.,
Bull 285, 1906.

Cement materials of Washington: Shedd; Wash. Geol. Surv.,
Bull. 4, 1914.
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METAL MINING.

GENERAL STATEMENT.

Taken as a whole Washington is a state in which most of the
metalliferous ores mined are of the base or refractory grade.
That is to say, there is but little free-milling ore and only a
small part of the output is taken from placer mines. This means
that the majority of the mines are compelled to depend upon the
transportation and custom-smelting companies. To be profit-
ably worked, the mines must be located reasonably near a railway
line, or a navigable waterway. In addition to this, the ore must
be of a comparatively high grade, or else the charges for freight
and treatment must be very low ; unless the mine be an extensive
one and able to operate its own transportation lines and its own
smelting plants.

As is well known, these conditions are met with in but few
of the metal-mining districts of the state. In fact many of the
important mineral-bearing counties have a small railway mileage
and it so happens that the ores of many of the camps are such
that a high charge for treatment is necessary. In spite of the
very serious difficulties encountered, the mining industry has
been pushed by a large and inereasing number of operators so
that in the decade ending with 1912 the total production of the
precious and semi-precious metals has been kept up in a satis-
factory manner.

The production of gold for this period has been largely
from Ferry and Stevens counties. Only once, 1904, did the pro-
duction of another county exceed each of them, and for six of
the ten years Ferry County was in the lead with a total produc-
tion far in excess of that of any other county.™ Ferry and Stev-
ens counties were in the lead also in the production of silver, but
the excess of production of Ferry County was not so great as in
the case of gold.

The copper produced has come almost entirely from four
counties, Ferry, Okanogan, Snohomish and Stevens, the last
named having produced more than 57 per cent. of the total for
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the state during the decade 1908-12. In 1912 this county pro-
duced over 92 per cent. of the state’s copper.

In lead ores Stevens County has been the only steady pro-
ducer, no other county contributing in 1904, 1906, 1907 or
1912. The small amount of lead produced makes this item of
relatively little moment. Only a little over eight and a quarter
million pounds was mined in the decade 1903-1912; of this
amount about 99 per cent. came form Stevens County.

In considering the total production for the decade in gold,
silver, copper and lead, the apportionment among the counties
shows a greater range. Combined percentages of the total are

herewith shown:
Amount Per cent.

County produced. of total.
B S P e e $190,029 2.9
3 5 o O O TR W M 1T 3,432,747 52.3
King and Kittitas........coc0.. 165,455 2.6
ORBHOBAIL 3 aisiassi s e s 227,594 3:5
Snohomish and Skamania ..... 364,035 5.5
this ARl L) B e IR e 1,819,491 27.8
NV BB ECOI & i et s s e a e s el 345,617 5.3
CREBETR® | s oo o5 ks e e S 11,671 2
O RY R s v i e S s e $6,557,639 100.00

A glance at the above tabulation shows that over 80 per
cent. of this total has come from two counties and over 65 per
cent. of this amount from one.

There is added below a complete set of tables of production
of gold, silver, copper and lead for each county during the dec-
ade, 1903-1912, inclusive. These were compiled from the Min-
eral Resources published annually by the United States Geo-
logical Survey. It is to be noted that in every case the figures
taken represent mine production only, since this is considered
to be the most accurate when all factors are taken into account.

#“Others” includes Asotin, Benton, Clark, Clallam, Franklin, Lewis,
Lincoln, Pend Oreille, Pierce, Skagit and Whitman counties.
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THE METAL MINING INDUSTRY DURING THE DECADE 1903-1912.

It will be instructive to trace the development of the metal
mining industry during this period and to note the factors which
have from year to year been important in advancing or hinder-
ing the state’s production.

A total of over eight hundred mining properties were re-
ported in 1908 but of this number less than eight per cent. were
productive, the remainder being in the course of development.
In spite of this fact, the production of 1903 was a decided in-
crease over that of 1902. The doubling of the number of mines
reporting production of the precious metals probably accounts
for the apparent excess in output.

The idleness of several mines in Chelan, Ferry, Okanogan
and Snohomish counties in 1904 caused a decrease in the gold
production from that of 1908. The proportion of producing to
non-producing mines remained about the same for the quartz
mines, which were the source of about 97 per cent. of the gold.
The lack of transportation and the fact that nearly all the ore
required smelting accounted to a large extent for the relatively
few producing mines.

In 1905 there was no abnormal change. Of the four coun-
ties showing decreases in 1904 but one, Snohomish, gained in
1905. In addition to that, the increase in production was from
Stevens, King and Kittitas counties.

The figures for 1906 show a peculiar change in production.
With an increase of over 100 per cent. in the production of
copper and over 65 per cent. in lead, there was a decrease of
about 50 per cent. in gold and nearly as much in silver, as com-
pared with the production of 1905. Some of the mines in Che-
lan, Ferry, King, Okanogan, Snohomish, Stevens and Whatcom
counties did no work for that year, while others held back their
ores for a cheaper means of transportation. The decrease was
due almost entirely to the smaller quantities of siliceous ores
treated, the falling off in that class being 29,042 tons. The in-
crease in copper ores brought little gold or silver and the lead
ores treated were non-argentiferous.
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The production for 1907 showed an increase in gold, silver
and copper, while lead decreased slightly. Snohomish and
Stevens counties showed substantial increases in gold and silver
production. Ferry County produced nearly 45 per cent. of the
copper while the total output of lead was from Stevens County.

In 1908 the total value of metals mined in Washington de-
creased from that of 1907. Although both silver and lead in-
creased in value of production, the smaller tonnage of ore and
the reduction of the value of copper were sufficient to bring
down the year’s total production.

In 1909, although there was a decrease of 12 per cent., 20
per cent. and 74 per cent. in silver, copper and lead, respec-
tively, from the production of 1908, the substantial increase in
gold kept the total gain above 18 per cent. The great increase
in gold and silver, due to development in the Republic district
in Ferry County, was the most notable feature of the year’s
activity.

The year 1910 was a banner year in the metal mining indus-
try in Washington. The mine production of gold, silver, copper
and lead showed an increase of nearly 116 per cent. in spite of
a decrease in the copper production. The Republic district, in
Ferry County, continued its rapid development and was largely
responsible for the great increase in both gold and silver.

The total production for 1911 was still greater than in
1910, although copper was the only ore showing any decided
advance. The percentage of gain or loss as compared with
1910 is as follows, values only being considered :

Gold 4 11 per cent. Copper + 250 per cent.
Silver + 16 per cent. Lead — 234 per cent.
Total + 9 per cent.

The increase in gold was credited mainly to Ferry County
and slightly to Chelan County. Although Ferry County pro-
duced most of the silver, the greatest inerease was in Okanogan
with 255 per cent. and in Stevens with 200 per cent. The cop-
per output was the greatest since 1904 and was about equally
divided between Ferry and Stevens counties, while 98 per cent.
of the state’s product in 1910 was from Stevens County. A
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few trial shipments, the first shipped from the state, were ob-
tained from lead-zinc ore mined at Metaline, Pend Oreille
County.

In 1912 the value of the output of gold, silver, copper and
lead was only slightly in advance of that of 1911. In fact,
totals for 1910, 1911 and 1912 have varied but little, although
there has been considerable variation in the output of the dif-
ferent metals. A falling off of 22 per cent. marked the gold
production, which was due largely to conditions at Republic,
Ferry County, where cyanide mills were being installed. The
increase of 96 per cent. in silver had its source in the increased
copper ore shipped, mainly from Stevens County. The activity
in development of the Chewelah district in Stevens County was
a feature of the mining industry for 1912.

METAL MINES NOW OR RECENTLY IN OPERATION.

Mine Location. County.
L L A A A A R IS :BOlENEr .G s Ferry
Napoleon ............ alore A TS e e BOFAR. e e Ferry
S e e el W i B I Y eliycve DV e A R e Ferry
BiIvarlieal . o e e e s ST COFRRR S anlen st al ek Ferry
Lone Star & Washington................ DADVIIE .. ivaansiesive Ferry
TR T SN e O T o0 W B 11y racn | 37 YRR ) D DR Ferry
Eattle Glant o oc ol v i P Ssr, 8) o {1 g L e i 1 Ferry
AT DT s = i i s w00 0 e e el o OFIBRE - . i g Ferry
A T N e e i L RApUDIIE L 2, o S ot Ferry
el E ] | e A SRR R R Republie | s bamaisen Ferry
TN ER P OTIE [ i v o B o e 6 Ak AR Republic ..... SR Ferry
e B e o e s e i NS 2 1) ) T Ferry
BV e (e e e S S e e S RenubUe), o esaiss Ferry
BRRRNL o s o e e el aram e Wl e w8 RepuUblle. :owveivmseias Ferry
QDN Vs vissisaaws e s st e Fepubllc. Lo, fond. ok Ferry
L L e R S A s e S e Repuhlie . veied i Ferry
SaniRell s sk e A G s e SR Republle icc.iie e Ferry
SUOWEEOTI i . ola siaiss e s nista s phalss aia e RBpUDIaN .o R T e Ferry
South San Polls. i imeiivaiviesuins Republle 6. s Ferry
T 1w b e SR S B R e S Republle .......eivasss Ferry
PhiliNhar dan <. .. i mews i s aeiame o Fod i ETa (5 6 ] AR SR L .Ferry
T e L ATs TatswovTay e s bm  a el A e AT A 12 P Ly s R S A King
Bateher BoY. ... uaniasevsinaes P T COROBRW o vwss s aivivnis Okanogan
Gold Axe ....... B L LA L fe o Chedaw - e Okanogan
T S AT T e T O T S A O T Nespelem ..........0Okanogan
Donble HeRAET i iiive i aameaeisess Nespelem .......... Okanogan
Hoyt Aud MIEE .o .:iveracarensenra e e NEBDEIOM o0 oerraine Okanogan

TN il s e e Orovilleine s isinhnn Okanogan
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METAL MINES NOW OR RECENTLY IN OPERATION.

Mine Location. County.
Golden (CRATIO. . savs oo aeae s s Oroville ......... . .Okanogan
Lakeside ......... am L sl KRR AT, Oraville ... .00 oas Okanogan
2 = L O P A LR P O ST SR 2 Wauconda ......... Okanogan
Duluth Torada .....cc.vues e A Wauconda ......... Okanogan
330 LT e e e SO DRt I B ST Blue Creek........ ...Stevens
BORBOER: 2 oo s ee s b s el i s s ares e ia e o ile Bossburg ........ ....Stevens
R Ol e e e s e wale e A a e e Bogabire oot i Stevens
Jarvis and J a.rvis ............. N = ey r ko D Ll T T Stevens
O B NGO el i v s el s 2 Bossburg ...........0 Stevens
YOoung AMOMeR e s e BOSEDUTXE «a.vieuiiiss Stevens
AITRTOIT o inle oa aiace el e 8 aac s wisln een v GOOWOIRIYL - Gve s avrainse Stevens
Blne: B adfvatnens e T e Chewelah ............ Stevens
LA e L DB 2 s e R e A R Chewelah ....:<iiaas Stevens
PRk TApIAnE . e s viarsta eia sRUVATIE S o ralalvia sle s .....Stevens
21t BT R ST e e e ] TR e Kettle Falls ......... Stevens
B AR BAT . 2o ohte sloia s e r daTh o 455 e s ra e Kettle Falls ......... Stevens
(o o o e P T e e Springdale .......... Stevens
Deer Trall No. 2..ccnvese A e TUrk L s Stevens
Ll POROar S S L v s s va e s ity et e siaath 141 o S S s Stevens
Banshee .....cseoe S A T S R VRIEY e v ey sise Stevens
DD AR s 1 E e e R I Glaeler ..csviesseiis Whatecom
BHNNY o e i e S e TR T e Blewett ..............Chelan
Golden Blaple 1 . i sneneisiaiesasins Blewetl ..veesrseesicas Chelan
Washington Meteor ...... L Lo Blewett S, Chelan
Wenatchee Gold Mining Co.............. B 1A £ R s e e Chelan
Congar . s A e s 5 st PENIOR Bt (377 o gl ) SRS ...Kittitas
Gold Hill ...... T e Sl g TADeTY: e g varsn Kittitas
50T e S e A e e R PR e e S Laberty: isctiaaaaean Kittitas
Phoenix and Little 3£ 1) e R T P e Liberty ........ .....Kittitas
B g0 Lo R e e AT A e PORTE L i ey Kittitas

REFERENCES ON METAL MINING.

Ore deposits: Clarke; U. S. Geol. Surv., Bull. 491, pp. 599-681, 1911.

Mining districts of western United States: Hill; U. 8. Geol. Surv,,
Bull, 507, p. 279-288, 1912,

Metalliferous resources of Washington: Landes; Wash. Geol. Surv,,
Vol. I, pt. 2, 1901.

Metaline district: Bancroft; U. S. Geol. Surv.,, Bull. 470, pp. 188-
200, 1911.

Monte Cristo district: Spurr; U. 8. Geol. Surv., 22nd Ann. Rept,,
pt. 2, pp. 785-865, 1901.

Republie district: Umpleby; Wash, Geol. Surv., Bull. 1, 1910.
Myers Creek and Oroville districts: TUmpleby, idem, Bull. 5, 1911,
Blewett district: Weaver; idem, Bull. 6, 1912,

Index district: Weaver; idem, Bull. 7, 1912,

Covada district: Weaver; idem, Bull. 16, 1913.
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MINERAL WATERS.
GENERAL STATEMENT.

The mineral springs of the state are numerous but so far
they have been but little developed. No detailed study or exam-
ination of the various water supplies has been made, so that
only a meager and general account is possible at this time.

The mineral waters are of several types. Some are char-
acterized by differences in temperature as well as in the amount
and kind of dissolved mineral matter. The variation in tem-
perature is not great, but there is a great range in the quantity
of dissolved matter. To the average consumer a water that is
sold in limited quantities for either table or medicinal use is
classed as a mineral water, even though the quantity of inor-
ganic matter contained in solution is smaller than that in many
city water supplies.

Springs are supplied by rainfall and since rainwater, when
formed, is practically pure, it follows that whatever mineral mat-
ter is in the spring water must have been introduced after the
water reached the ground. Percolating through the rocks and
soils of the earth these underground waters come in contact with
many soluble substances from which they obtain various amounts
of inorganic matter. Obviously, the range of possibilities in
the amount and kind of mineral matter so taken into solution is
very great and cannot even be indicated here.

The mineral waters which have attained commercial import-
ance are not confined to any one part of the state and their wide
distribution indicates that many others of value for medicinal
or table use may be discovered. In 1912 waters were on the
market from the following counties: Clallam, Grant, King,
Klickitat, Skamania, Thurston, and Yakima.

LIST OF PRODUCERS.

. Locality. County.
Soap Lake Mineral Water Co............ Soap Lake ............ Grant
Diamond Mineral Spring Water Co....... AUDTTTL v vtaneles v snimate il King
Scenic Hot Springs.........ccivvvvinnsen Soenie! ol v e King
Klickitat Mineral Springs Co............ BHoktat .iiiivie Klickitat
Collins Hot Bprings....cccoeevrocerancss ColnE - e Skamania
Table Rock Mineral Water Co............ Stevenson .........Skamania
Olympian Hygelan Spring Co............ OlympiB. vievenenses Thurston
Arteslan Water Co.....cvvvvnvnennrnnas ..North Yakima ....... Yakima
Yakima Soda Springs.........cccocveuen North Yakima ....... Yakima

8ol Duc Hot Springs......ccovueccarinis Hol Pme- o s e Clallam
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In character these waters vary considerably. Some are
strictly bathing waters, such as Soap Lake in Grant County,
and Scenic Hot Springs in King County. Others are used
mainly for table or medicinal purposes, and at least one is used
largely in the manufacture of soft drinks. Analyses of most
of these waters are not available at this time, but those for
Soap Lake, Diamond and Artesian waters are given below:

SOAP LAKE MINERAL WATER.

Parts per

thousand.
POLRY I BOT AR L Ll bl sl s sk alsi mete s s A7Te 28.2669
Nolgtile goHda. sacii i isiinvasshars e 0.62503
Non-volatile solids .. ..-vcerinsiscsannans 27.64186
Bildea: il e M L e e 0.12816
Alumina and iron ORIAD s ivetessn e wuaieis st Trace
Calelom sulphatal i et siliatonaeesa Trace
Caleium carbonate .......c.civcvcaviannins Trace
Magnesium sulphate ..... L R S e 0.39099
Sodinm sulphate ..........ccoicenivenssns 6.34872
Sodium chloride .........o00ue. T s e 5.81384
Sodium carbonate ........ N bl T L 14.08901
Potassium carbonate ........... S o 0.51177
EHhIUm BRIpRAate o. .. < swsiis s e s aiaae Trace
Phosphorus pentoxide ..........covvveunns 0.12018
Carbon dioxide (semicombined) .......... 1.37034
2 h ey e e R o S e None
3 by kB LT A Bl R e O None
PrOaamMONIR . on v nt viaisin s s anbieas s .03400
Albumenoid ammonia .........cc00000ann 1.1060
The specific gravity.............. s eat kD SB0

Analysis made by H. G. Knight.

ANALYSIS OF DIAMOND MINERAL SPRING WATER.

Parts per

hundred

thousand.
otal Sel ARt v s R T e e 363
(0T 3 L e P O R A P P e s P pod S 195.9
T f3E LU R TR S e PR R e i T AL e 2Rt 119.5
(2310t v A AR SO0 e M s R et ARl o] 9.2
MRTHORIIER ¥l o vis s fib:sls natn w5 60a 4w e min i ieie s ot 3.9
Combined carbonic a,cid ...................... 13.7
0 e o e A i P A 18.0
Salphurie aald oo s s ae ea Trace
BOAIE o i s e sesvaniaeas Haint trace

The ahove constltuents ars probably
combined in the water as follows:

Sodium chloride—common salt...... B P 304.

Magnesium chloride .............cciiiiunnn 15.4
Calcium carbonate—limestone ........... ww (DD
BEIOR Tro0ils s becvvinasisscdsnsissndssnmnsi=-yes 18.0
Sulphuric acid ...... N R e Trace

 {en il g Sl e G A N Al ++s+.. Faint trace
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ANALYSIS OF ARTESIAN WATER, NORTH YAKIMA.

Grams in Per cent

10 liters of total
L T A e e L B e S S R e R e e R P SR S G vas Db
Ferrle Oxlde. ..cqciacrsrrersssnnsn L T P e e .25
10301 e s pe e SR AP SR A e e e S By £
MAETOBIR ol i e wia  wie e D RSB A a e s e AR AT AL Trace
Sodlum ...civenas o e e et e e LB 7 6 R R RS S o ... 40.23
Chlorine: ..:.veuiavnasme O b T S e Trace
Sulphuric acid ......ci000u0nn sk BT Ssdaniinrs R S .50
TAtRIUIN. v ia i n e min a e wiem ws i e e TPBCE e 050090 ik 5aars ol iwioras 8 . Trace
Carbonle actdl ot B T E ) A e .. 47.70
PotaeBitM \.covisainsiin Ve a s D i T P P TR TP .50

Analysis made by Praf Elton Fulmer, State Chemist, Pullman, Wash.

The small number of producers has been an important factor
in determining the amount of mineral water sold and used. The
production from 1903 to 1910, inclusive, averaged a little over
40,000 gallons annually. In 1911 there was a large increase
in production and in 1912 a still greater quantity was mar-
keted. In fact the production for 1911 and 1912 is nearly 50
per cent. of that for the whole decade, 1903-1912.

The wide variation in value of the product has served to make
the total annual value more nearly constant, yet there is to be
noted a steady incresae from $10, 550 in 1908 to $17,542 in
1912.

PRODUCTION OF MINERAL WATERS FOR THE DECADE

1908-1912.
Average

Quantity price
Year in gallons Value per gallon
0b 1} L R R A e e 55,000 $10,550 $.19
1y e e SR N S 24,900 10,580 .42
OO0 5 5o esivimn s v miaieie 30,000 10,101 .33
B e etk i as 38,600 10,800 .28
FOUT arete i las o wiwd a1 s . 68,400 10,820 .16
R e o i 38,900 13,650 .36
IB0ONE s e araas rinani T B0 200 15,958 .40
1 L A R R R T 31,200 12,671 .40
D e o reiais /ot biaraln an nre oo 148,800 14,654 .10
11 I (S S R e s e 156,171 17,642 vl

TOWRL s ovivarnrse 631,131 $127,226
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NON-METALLIO
PRODUOTS

Qlay products...........
Portland cement.
Sand and gravel.........

o e

TokalN. . o renmssaanie

METALLIO PRODUCTS

Grand totals.........

* Compiled from Mineral Resources U. 8. Geological Survey.

t Approximate produetion.
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PUBLICATIONS

OF THE

WASHINGTON GEOLOGICAL SURVEY.

Volume 1.—Annual Report for 1901. Part 1, Creation of the State
Geological Survey, and An Outline of the Geology of Washington, by
Henry Landes; part 2, The Metalliferous Resources of Washington, Ex-
cept Iron, by Henry Landes, William S. Thyng, D. A. Lyon and Milnor
Roberts; part 3, The Non-Metalliferous Resources of Washington, Ex-
cept Coal, by Henry Landes; part 4, The Iron Ores of Washington, by
8. Shedd, and the Coal Deposits of Washington, by Henry Landes; part
5, The Water Resources of Washington, by H. G. Byers, C. A. Ruddy
and R. BE. Heine; part 6, Bibliography of the Literature Referring to
the Geology of Washington, by Ralph Arnold. Out of print.

Volume 2.—Annual Report for 1902. Part 1, The Building and Or-
namental Stones of Washington, by 8. Shedd; part 2, The Coal De-
posits of Washington, by Henry Landes and C. A. Ruddy. Postage 20
cents. Address, State Librarian, Olympia, Washington.

Bulletin 1.—Geology and Ore Deposits of Republic Mining District,
by Joseph B. Umpleby. Bound in cloth; price, 35 cents. Address,
State Librarian, Olympia, Washington.

Bulletin 2—The Road Materials of Washington, by Henry Landes.
Bound in cloth; price, 60 cents. Address, State Librarian, Olympia,
Washington.

Bulletin 3.—The Coal Fields of King County, by Geo. W. Evans,
Bound in cloth; price, 756 cents. Address, State Librarian, Olympia,
‘Washington.

Bulletin 4—The Cement Materials of Washington, by 8. Shedd.
Bound in cloth; price, 756 cents. Paper cover; price, 40 cents. Address,
State Librarian, Olympia, Washington.

Bulletin 5,—Geology and Ore Deposits of the Myers Creek and Oro-
ville-Nighthawk Districts, by Joseph B. Umpleby. Bound in cloth;
price, 50 cents. Address, State Librarian, Olympia, Washington.

Bulletin 6,—Geology and Ore Deposits of the Blewett Mining Dis-
trict, by Charles E. Weaver. Bound in cloth; price, 50 cents. Address,
State Librarian, Olympia, Washington.

Bulletin 7.—Geology and Ore Deposits of the Index Mining District,
by Charles E. Weaver. Bound in cloth; price, 50 cents. Address, State
Librarian, Olympia, Washington.

Bulletin 8.—@Glaciation of the Puget Sound Region, by J. Harlen
Bretz. Bound in cloth; price, 60 cents. Paper cover; price, 35 cents.
Address, State Librarian, Olympia, Washington.

Bulletin 9.—The Coal Fields of Kittitas County, by E. J. Saunders.
In preparation.

Bulletin 10.—The Coal Fields of Pierce County, by Joseph Daniels.
In preparation.

Bulletin 11.—The Mineral Resources of Washington, with statistics
for 1912, by Henry Landes. Paper cover; price, 20 cents. Address,
State Librarian, Olympia, Washington.

Bulletin 12.—Bibliography of Washington Geology and Geography,
by Gretchen O’Donnell. Paper cover; price, 256 cents. Address, State
Librarian, Olympia, Washington.



Bulletin 13.—A Preliminary Report on the Tertiary Formation of
Western Washington, by Charles E, Weaver. In preparation.

Bulletin 14.—The Quincy Valley Irrigation Project, by Henry Landes,
A, W, Mangum, H. K. Benson, E. J. Saunders, and Joseph Jacobs.
Paper cover; price, 20 cents. Address, State Librarian, Olympia,
Washington.

Bulletin 15.—A Preliminary Report on the Tertiary Paleontology
of Western Washington, by Chas. E. Weaver. Paper cover; price,
20 cents. Address, State Librarian, Olympia, Washington.

Bulletin 16.—Geology and Ore Deposits of the Covada Mining Dis-
trict, by Charles E. Weaver. Paper cover; price, 256 cents., Address,
State Librarian, Olympia, Washington.

PUBLICATIONS OF THE U. 8. GEOLOGICAL SURVEY, IN CO-
OPERATION WITH THE WASHINGTON
GEOLOGICAL SURVEY.

(For copies of these publications address the Director U. 8. Geologi-
cal Survey, Washington, D. C.)

Topographic Maps of the Following Quadrangles: Mount Vernon,
Quincy, Winchester, Moses Lake, Beverly, Red Rock and Cedar Lake.
Price, 10 cents each.

Water Supply Paper No. 253: Water Powers of the Cascade Range,
Part I, Southern Washington.

Water Supply Paper No. 313: Water Powers of the Cascade Range.
Part II. Cowlitz, Nisqually, Puyallup, White, Green, and Cedar Drain-
age Basins.

‘Water Supply Paper No....: Water Powers of the Cascade Range,
Part III. In preparation.

Water Supply Paper No. 272: Surface Water Supply of the United
States, 1909. Part XII, North Pacific Coast.

Water Supply Paper No. 292: Surface Water Supply of the United
States, 1910, Part XII, North Pacific Coast.

Water Supply Paper No. 312, 1911. In preparation.

‘Water Supply Paper No. 332, 1912. In preparation.

PUBLICATIONS OF THE U. 8. DEPARTMENT OF AGRICULTURE,
BUREAU OF SOILS, IN CO-OPERATION WITH THE
WASHINGTON GEOLOGICAL SURVEY.

(For copies of these publications address one of the members of
congress from Washington.)

Reconnoissance Soil Survey of the Hastern Part of the Puget Sound
Basin.

Reconnoissance Soil Survey of the Western and Southern Parts of
the Puget Sound Basin.

Reconnoissance Soil Survey of Southwestern Washington.

Reconnoissance Soil Survey of the Quincy Area.

Reconnoissance Soil Survey of Stevens County. In preparation.
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