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BIENNIAL REPORT OF THE BOARD OF
GEOLOGICAL SURVEY

GENERAL PURPOSES OF SURVEYS.
TOPOGRAPHICAL SURVEYS.

The Topographical Map.—A topographical map is designed
to represent the form and slope of the surface of the land and
the elevation of all points above sea level. The positions of
streams, lakes and ponds, public and private roads, towns and
railroads, are shown in their correct relative positions. The
map indicates boundaries of counties and the position of section
lines wherever there have been land surveys. In the making of
the necessary surveys for such maps permanent marks, con-
sisting of iron posts, copper bolts or tablets, are set at frequent
intervals to mark the exact elevation above sea level to serve
as datum points for further spirit level work, for engineering
investigation, and for such public works as canals, water supply,
railway and other public or private surveys. :

The topographical map is made with such accuracy and in
such detail that it is useful to almost every citizen. In a new
state that is inviting immigration, the map is valuable in order
to show the location of desirable farm lands and the general
character of the country. From it the positions of streams
and lakes may be seen and the possibilities of these for pur-
poses of water power or irrigation may be largely determined.
The topographical map facilitates the construction of railroads
and wagon roads, since upon it available routes and grades
may be laid out without the preliminary surveys ordinarily
necessary for improvements of this kind. In our public schools
such a map is indispensable in that it places before the children
truthful maps of our commonwealth, instead of those that are
glaringly inaccurate.

In the making of topographical maps the areas selected for
survey are defined by lines of latitude and longitude and are
called quadrangles. Each quadrangle, and the topographic
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map which represents its features, is designated by the name of
the most prominent place or topographic feature included with-
in it. The scale generally used in map construction is about
two miles to the inch, and on this scale the area embraced in
a quadrangle is about eight hundred square miles. In Wash-
ington the topographic: map when completed will comprise, in
round numbers, ninety sheets, complete and fractional, of which
about thirty-two have already been surveyed.

HYDROGRAPHICAL SURVEYS.

Hydrographical surveys furnish a basis of determining the
water resources of the state. They are essential to indicate the
supply of water suitable for domestic and industrial purposes,
for comprehensive development of power and irrigation projects,
for navigation and flood prevention, and for wise and equitable
sanitary regulation. The water supply is of more importance
to the life and pursuits of the people than any other natural
resource, as the health and economic development of every com-
munity are directly dependent upon the character and volume of
the available supply.

Our water resources are unlike the other mineral resources
in that they are continually existent. Our coal beds and mineral
lodes are exhausted when mined and placed upon the market,
but the water supply is constantly renewed. Therefore, failure
to put water into beneficial use is an economic loss, for the
energy and utility does not serve the needs of civilization effec-
tively prior to hydraulic development.

Hydrographical surveys cover two fields of investigation,
the surface supply and the underground supply. The surface
supply furnishes by far the greatest volume of water and is
readily accessible in the various rivers and creeks. Gaging sta-
tions are maintained along the principal streams of the state
for determining the daily flow throughout a series of years.
Daily records are published and are used extensively in design-
ing hydraulic works of all kinds. Probably the greatest ultimate
benefit derived from the streams in the state .will be brought
about by hydroelectric development. Washington ranks first
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among the states in the union in respect to the estimated water-
power possibilities. These possibilities are being investigated
in connection with obtaining records of daily flow. River pro-
files or level lines along the principal power streams are also
being run to determine the fall, storage capacity of prospec-
tive reservoir sites, and other data. An analysis of the data
obtained in respect to flow, fall storage, capacity, ete., is being
made in a series of reports on the water powers of the Cascade
range. The power analyses are being based on the best informa-
tion obtainable and will greatly encourage the development of
hydroelectric projects.

Investigation of underground water supplies is equally as
important as in the case of surface waters. This work includes
a determination of the areas that are underlaid by water-bear-
ing strata, of the depths at which these strata occur, and of the
amount and quality of water that may be obtained. A knowledge
of the existence of water-bearing strata is very necessary, not
alone for the purpose of irrigation, but in some parts of Wash-
ington settlement is well-nigh impossible because not even
enough water for domestic purposes has as yet been obtained.

GEOLOGICAL SURVEYS.

Geological surveys have been organized in nearly all the
states of the Union, and in some of the older states they have
been continuously active for over fifty years. In most states
they are regular departments of the state government, and re-
ceive definite financial support in the way given to every other
bureau or department. They are usually in charge of a board
of three or five men, who direct the work of the survey, and
who are responsible for its management.

The general purpose of a geological survey is to disclose and
make known the mineral resources of a state. Under such
heading would naturally come the metalliferous deposits, coal
fields, iron ores, building stones, soils, clay beds, road materials,
water power, and kindred subjects. The field work of a survey
consists in mapping accurately the locations of all such valuable
products as those just mentioned, and determining the areal
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extent and quantity of each. The office work consists of care-
ful tests and analyses of all samples collected in the field, and
the preparation of reports which describe fully the mineral re-
sources under investigation. The reports and maps when pub-
lished are valuable alike to the citizens of the state and to
outside capitalists and investors. Surveys examine and test
those minerals, ores and rocks that are but little known and
determine whether or not they are of economic value. They
also suggest ways of preventing wastes in mining operations,
and assist in all ways to conserve the natural resources. Sur-
veys are potent factors in making available valuable information
regarding the mineral resources of the state, which knowledge
may be utilized by the poorest citizen as well as the wealthiest
corporation.

PRINCIPAL FEATURES OF STATE LAWS PROVIDING FOR
SURVEYS.

The law establishing a state geological survey was passed
by the legislature at the session of 1901. As set forth in the
various sections of the law, the principal objects of the measure
are as follows: An examination of the economic products of
the state, such as gold, silver, copper, lead, and iron ores, as
well as building stones, clays, coal, and all mineral substances
of value; an examination of the soils, road-building material,
water supplies, artesian wells, water power, etc. ; an examination
of the physical features of the state with reference to their prac-
tical bearing upon the occupations of the people; the prepara-
tion of special geographic and economic maps to illustrate the
resources of the state; and the publication from time to time of
the results of the work of the survey in reports and bulletins,
and the dissemination of these among the people.

At the session of 1908 the legislature amended the above law,
by providing for cooperative work between the federal and the
state bureaus engaged in geological survey work. The amend-
ment authorized the state board of geological survey to make
provisions for topographie, geologic, and hydrographic sur-
veys of the state, in cooperation with the United States Geologi-
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cal Survey, in such manner as would be of the greatest benefit to
the agricultural, industrial and geological requirements of the
state. The amendment carried a proviso that the Director of
the United States Geological Survey should agree to expend
on the part of the United States upon such surveys a sum
equal to that expended by the state.

At the session of the legislature for 1909 the work of the
state geological survey was provided for by a law having these
provisions:

Secriony 1. In order to complete the topographical map of the State
of Washington, and for the purpose of making more extensive stream
measurements, and otherwise investigating and determining the water
supply of the state, there is hereby appropriated the sum of thirty
thousand dollars ($30,000), for cooperation with those branches of the
United States Geological Survey engaged in this work. This appro-
priation, however, shall be contingent upon, and not become available
unless the United States government apportion an equal amount to be
expended for similar purposes within the state. The board of geological
survey is hereby authorized and directed to enter into such agree-
ments with the director of the United States Geological Survey as will
insure that the said surveys and investigations be carried on in the
most economical manner, and that the maps and data be available
for the use of the public as quickly as possible.

Sec. 2. In order to enable the board of geological survey to carry
on investigations authorized by law, there is hereby appropriated the
sum of twenty thousand dollars ($20,000) for the use of said board in
the geological and other investigations provided for in chapter 165 of
the Session Laws of the State of Washington for 1901, and as amended
in chapter 157 of the Session Laws of 1903.

Sec. 3. In order to carry out the purposes of this act, all persons
employed hereunder are authorized to enter and cross all lands within
the state: Provided, That in so doing no damage is done to private
property.

Sec. 4. The sum of fifty thousand dollars ($50,000) herein appro-
priated for the purposes specified in this act shall be available in the
following manner: One-half during the first twelve months after this
acl takes effect, and the unexpended balance during the second twelve
months after this act takes effect.

At the session of the legislature for 1918 the work of the
Geological Survey was provided for in the general appropriation
bill, wherein $35,000.00 were appropriated for topographic and
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hydrographic surveys (conditioned upon a similar sum being ex-
pended by the United States Geological Survey), and $20,000.00

were appropriated for geological surveys.

REPORT FOR 1918-15.
ORGANIZATION.

At the call of the Governor, the State Board of Geological
Survey met at Olympia on April 2, 1918, with all the members
present as follows: Governor Lister, Lieut. Governor Hart,
State Treasurer Meath, President Kane of the State University,
and President Bryan of the State College. Henry Landes was
re-elected State Geologist for the ensuing term of four years
Governor Lister was authorized to sign the necessary agree-
ments with the Director of the United States Geological Survey,
arranging for cooperative work in topography and hydro-
graphy, as provided by law. The work for the biennium was
outlined, and the State Geologist directed to carry on the dif-
ferent investigations and surveys that are described below.

TOPOGRAPHICAL SURVEYS.

The accompanying progress map indicates the location of
the quadrangles surveyed during this biennium, as well as from
1909 to 1918. In selecting quadrangles for survey it has been
the policy of the board to choose those areas where the demand
for the maps is very great and where they are most likely to be
used to advantage.

In the field season of 1913 the Wenatchee quadrangle was
completed. This was the last of several areas to be surveyed
in Central Washington where irrigation is practised and where
detailed maps are very necessary for various lines of engineer-
ing work. In addition, the Wenatchee quadrangle completed the
series involved in the problem of the reclamation of Quincy
Valley.

The Hoquiam and Ocosta quadrangles, to be later engraved
together, under the name of the Grays Harbor Special Map,
were completed during the season of 1918. The maps are now
being engraved and are about ready for distribution.
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The Chehalis quadrangle, embracing over 800 square miles
in the vicinity of Chehalis and Centralia, was topographically
surveyed during the seasons of 1918 and 1914. The necessary
office work is now being done and this map will be out of the
engraver’s hands within the next few months. A large portion
of the northern part of this quadrangle is embraced within the
coal fields of Lewis and Thurston counties and the detailed map
will make it easier to work out the geology of the coal basins.

The Mitchell and Haven quadrangles, both 15-minute sheets,
are located on opposite sides of Columbia River, between Beverly
and Hanford. This area was surveyed in the seasons of 1913
and 1914 and the office work is now being done preparatory to
engraving the map. As in other portions of arid Washington
the detailed topographic work was done here in order to make
it easier to carry out whatever irrigation projects are necessary
for the reclamation of the desert.

The Pasco quadrangle, embracing an area of between 800 .
and 900 square miles, was surveyed in the summer of 1914. It
includes the lowlands lying along Columbia River where irri-
gation must be employed if agriculture is successfully carried
on. The topographic map is necessary in laying out any com-
prehensive scheme of irrigation.

The Arlington quadrangle, embracing a portion of the
eastern part of Klickitat county, was surveyed in the field season
of 1913. The southern half of the quadrangle lies across the
river in Oregon and it takes its name from the town of Arlington.
This region is one also wherein irrigation will be desirable for
successful farming and the topographic map has been made as
an assistance to that end.

Copies of all engraved topographic maps may be purchased
of the United States Geological Survey, Washington, D. C., at
ten cents each.

HYDROGRAPHICAL SURVEYS.

The water resources of the state have been investigated
jointly by the federal and state surveys, each party contributing
equal sums for the work. In addition to this work the federal
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survey expends about $2,500 a year for investigations in the
Indian reserves, which is paid by the United States Indian
Service. The chief object has been to obtain accurate informa-
tion regarding the amount of water that could be depended upon
for irrigation and for power purposes. All of the water that
can be secured by storage that is tributary to arid Washington
will soon be needed for irrigation. The rapid industrial develop-
ment of Western Washington demands the continued utilization
of the available water power. The detailed investigations have
been along two lines, viz., establishment and maintenance of gag-
ing stations, and a series of reports summarizing the power
possibilities of the Cascade range.

Gaging Stations.—As shown on the progress map, gaging
stations are in operation upon all of the principal streams of the
state. Measurements of flow are frequently made, and daily
records of the height of the water on substantially set gages
are kept by local observers.  The measurements and gage
heights make possible an estimate of the average amount of
water flowing each day during the year. The water contributed
by any stream varies considerably from day to day, season to
season, and year to vear, so that records for a serics of years
are necessary for properly designing hydraulic works. The
records are particularly important during low water periods
which occur on some streams in the early fall and on others in
mid-winter. The gage heights, measurements, and estimates of
daily flow are published annually by the United States Geologi-
cal Survey in water supply papers as indicated in the list of
publications given at the end of this report. The data pub-
lished for each gaging station may be seen in the sample given
below for Spokane river at Spokane for the year ending Septem-
ber 80, 1914. There are 94 gaging stations in operation within
the state at the close of the biennium.

SPOKANE RIVER AT SPOKANE, WASHINGTON.
Location—In Sec. 9, T. 25 N, R. 43 E., W. M., about

114 miles northeast of the business center of the city of Spokane,
about 4 miles above Latah creek, one-half mile above Mission
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Avenue bridge, and 500 feet above auxiliary steam plant of
Washington Water Power Company. FElevation, low water,
1,870 feet.

Records Available.—October 25, 1896, to September 30,
1914.

Drainage Area.—4,000 quare miles.

Gage—Inclined staff on right side of river anchored to
concrete footings.

Channel.—Permanent except during high stages.

Winter Flow—Not affected by ice formation.

Diversion.—A small proportion of the low water flow di-

verted for irrigation purposes at Post Falls, Idaho, by Spokane
Valley Land & Water Company.

Regulation.—Considerable storage is utilized in Coeur
d’Alene Lake by Washington Water Power Company to increase
the flow during low water periods.

Accuracy—Excellent.

Cooperation.—Washington Water Power Company.
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Cascade Power Reports.—During the past six years an in-
vestigation of the power possibilities has been in progress. The
work has been hampered to considerable extent due to lack of
sufficient base data for making accurate estimates and the
urgency of continuing the stream flow observations. The
records of flow obtained at the gaging stations indicate the
water supply available, and surveys have been run along the
portions of the larger streams which have sufficient fall for
economical power development. Reservoir sites which appear
to offer favorable storage opportunities for increasing the low
water flow have also been surveyed, and a large mass of other
information bearing upon the feasibility of hydroelectric pro-
jects collected.

The scheme followed in analyzing the power resources of
the Cascades consists of assembling the estimates for a group of
streams within a relatively small section of the range. It is
proposed to publish the estimates in a series of seven reports
published by the- United States Geological Survey as water
supply papers. The areas to be covered in the seven units are
shown on the progress map attached.

The first report is Water Supply Paper 253 and is entitled
“Water Powers of the Cascade Range, Part 1, Southern Wash-
ington.” The power possibilities of Klickitat, White Salmon,
Little White Salmon, Lewis and Toutle rivers are summarized.

The second report is Water Supply Paper 818 and is en-
titled “Water Powers of the Cascade Range, Part IL” The
power possibilities of Cowlitz, Nisqually, Puyallup, White,
Cedar, and Green rivers are summarized. This report also in-
cludes a discussion of the hydroelectric market conditions in the
Puget Sound region.

The third report is Water Supply Paper 869 and is entitled
“Water Powers of the Cascade Range, Part ITI, Yakima Basin.”
The summaries were more difficult to compile than for any of
the series on account of the necessity of taking into consider-
ation the ultimate use of stored water for irrigation in the

Yakima Valley.
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All of the field data have been collected for the fourth and
fifth units of the series, and considerable work has been done
toward compiling the summaries, but the manuseript is not pre-
pared for publication.

Practically all of the surveys have been completed for the
sixth unit and most of the field reconnaissance has been finished.
The establishment of gaging stations within the area covered
by the seventh unit has been effected, and it is proposed to
undertake the necessary surveys during the coming summer.

GEOLOGICAL SURVEYS.

Mineral Resources—The State Geological Survey, since
1911, has cooperated with the United States Geological Sur-
vey in the collection of statistics regarding the mineral pro-
duction of Washington. It is a matter of great importance
to the state that such statistics be secured covering accurately
the entire mineral output, because of the bearing this must have
upon the establishment of industrial enterprises. The accom-
panying table gives a summary of the principal mineral pro-
ducts of Washington for the ten-year period from 1904 to 1913,
inclusive. While the production is already large, and constant-
ly growing, it is capable of a very much greater extension when
the economic minerals are investigated and made better known.

The statistics covering the mineral resources of the state are
now published annually. The report for 1912, known as “Bul-
letin 11,” gave a description of the principal localities where
different mineral products are obtained, with a list of producers
and a statement covering the output. This bulletin was accom-
panied by an outline map of the state wherein, by a system of
symbols and colors, all varieties of mineral products were shown
in the localities where they were obtained.
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Surveys of Coal Fields.—In former years coal surveys have
been made in King, Pierce and Kittitas counties. In each in-
stance the work has been carried on with great thoroughness
and the plan has been to make the surveys in such detail that
they would not need to be repeated for many years.

It has been the plan to publish ample descriptive matter de-
seribing the results of the field examinations. Maps are made
which show accurately (1) the boundaries of the developed
fields, (2) the limits of the probable workable fields, (8) the
locations of the fields where coal outerops occur but where the
coal is not believed to be commercially valuable, and (%) those
localities underlaid by formations other than coal measures and
where coal is an impossibility.

The report on King county has been published as Bulletin
3 of the State Geological Survey reports. The reports on
Pierce and Kittitas counties have been published as Bulletins
10 and 9, respectively. The maps were prepared a number of
months in advance of the descriptive matter in order that they
might be of the greatest assistance to the county assessors and
other persons desiring to use them.

The field work has been nearly completed for a report on the
coal fields of Whatcom County. The region embraced by these
coal fields is so difficult of access that considerable expeunse is
involved in making surveys. For this reason the work proceeds
slowly and another field season will be required for its com-
pletion.

The field work for a report upon the coal fields of Thurston,
Lewis and Cowlitz counties is nearly finished. Accurate maps
are being made, showing the exact locations of the workable
coal beds of this section. Samples have been collected from all
of the mines and careful analyses have already been made. This
is a lignite field containing a heavy tonnage of coal and one
which in time will be of considerable value to the state.

Investigation of Materials for Portland Cement.—The in-
vestigation of crude materials for cement making, which was
carried on for several seasons, has been completed and the re-
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port printed and distributed. Cement of excellent quality is now
being made at four centers in the state and as the demand for
this product increases other factories will no doubt be con-
structed. The report embraces not only those localities where
ample limestone deposits are found, but also the smaller bodies
where the limestone may be utilized for the manufacture of quick
lime, for fertilizer, for use as a flux, or for any other purpose.

Reports on Metal Mining Districts—In past years reports
have been made upon the principal metal mining distriets of the
state, such as those at Republic, Myers Creek, Oroville, Blewett
and Index. In response to an urgent request from the mining
men from the Covada district, this area in Ferry county was in-
vestigated in the summer of 1913. In this region there was a
contest between the mining interests and the Indian allotments.
For the benefit of the men who had spent much time and money
in developing their mining claims the field work was done and a
bulletin published giving the results obtained.

In the season of 1914 a party was engaged in an investiga-
tion of the geology and ore deposits of the mining areas in
Stevens and Pend Oreille counties. The field work has been
completed and the manuseript is now being prepared for the
printer covering the results of this inquiry.

Soil Surveys—Extensive soil surveys have been made under
a cooperative arrangement with the Bureau of Soils, United
States Department of Agriculture. Under this plan the latter
bureau agreed to assume the major portion of the expense of
the field work, and all the expense of printing the reports. In
these surveys the various kinds of soil are studied with care,
and they are classified into types based upon origin, texture,
depth, agricultural value and topography. Maps are prepared
in colors, showing the character of the soils which occur in every
locality embraced by the surveys. All the factors that have
a bearing upon the utility of the soils, such as topography,
drainage, climate, etc., are investigated and the conclusions set
forth in detail in the reports.



The Biennial Report 21

The earlier soil surveys were carried on mostly in Western
Washington and have had to do with the logged-off lands. As
a result of the surveys a land classification map was prepared in
colors, showing the extent of the logged-off lands, the areas
still covered by virgin forests, the tracts which had been de-
veloped agriculturally, and the swamp or marsh lands. The
lands surveyed were further classified into different groups, and
these were shown on the land classification map by means of
symbols. Some of the principal groups were as follows: Lands
adapted to general farming and justifying immediate agricul-
tural development ; lands which were capable of being developed
agriculturally and are adapted to intensive farming, fruit grow-
ing and pasturage; lands which could be utilized for orchards
and pasturage, but not well adapted to farming; non-agricul-
tural lands, suitable for reforestation only; and areas of forests,
unclassified.

The principal demands in the last two years have been for
soil surveys in the agricultural areas in Eastern Washington.
During the field season of 1913 all of Stevens County was sur-
veyed. A report upon this work has been prepared for the
printer and it will soon be ready for distribution. The field
season of 1914 was employed in making a similar soil survey of
Franklin county. In this county particular attention was paid
to the quality and character of the soils embraced within the
Palouse project and other portions of the county where irriga-
tion is possible and where it must be practiced before the region
can be reclaimed. It seems desirable to carry on the future
soil surveys in those regions where irrigation must be followed
in order to know what problems are presented by the character
of the soils themselves.

Geology of Western Counties—For several field seasons
work has been done by small parties on the bed rock formations
of those counties of Washington which are located to the west-
ward of the foothills of the Cascade Mountains. The formations
of this extensive area are largely sedimentary in character and
embrace mainly sandstones and shales. While the economic value
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of these rocks is limited, there has been considerable inquiry
in regard to the possibility of gas and oil. The entire area
is so large and the cost of doing field work so great in the
inaccessible parts of the country that the work has progressed
with great slowness on account of the small amount of funds
available. As a result of persistent field work and careful office
work a report of several hundred pages is now ready for the
printer. The maps have already been engraved and are ready
for use. They indicate the structure of the formations, the dip
and strike of the beds and in a general way indicate the best
places for prospecting for gas and oil. The possible occurrence
of these economic products at the different localities of the ex-
tensive area are thoroughly discussed. It is believed that this
report will be of great service in determining whether or not gas
and oil occur in commercial quantities in Western Washington.

Report on the Glaciation of the Puget Sound Region.—Im-
mediately prior to this biennium a report was published on the
glacial geology of the country around Puget Sound. This
bulletin was received with a great deal of interest and in the
present biennium it has been found advisable to assume the small
expense of continuing the area to the south and west of Puget
Sound. A bulletin is now ready for the printer which makes
practically complete a description of the glacial geology of all
of Western Washington beyond the foothills of the Cascades.

New Base Map of the State—In cooperation with the United
States Geological Survey, each party assuming one-half of the
expense, a new base map of the state has been prepared on a
scale of eight miles to the inch. This has been printed in two
colors and is the most accurate map of Washington which has
been made. Tt is already in considerable demand by our citizens
who need a map of this character.

Office Work.—The office work of the Geological Survey be-
comes increasingly heavy from year to year. Constant inquiries
come to the office in regard to the mineral resources of every
corner of the state. Prospective settlers and others are very
desirous of accurate information regarding the climatic and soil
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conditions of those regions in which they may plan to make their
homes. Manufacturers are desirous before coming to Washing-
ton of knowing the nature of the fuel supply and the variety of
crude materials of a mineral character which may be obtained
for manufacturing purposes. On the whole the work of the
State Geological Survey is carried on at a minimum of expense
because a very large part of the work, especially the office work,
is done by men who do not receive any compensation for that
purpose out of the funds of the Survey.
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FINANCIAL STATEMENT.
TOPOGRAPHICAL AND HYDROGRAPHICAL SURVEYS.
U. S. Geological Survey:

Allotment for cooperation 1913-15......0vvvvunninnnensns $35,000 00
Expenditures to December 1, 1914.......coveeeurnunrn. 29,027 05
Balance on December 1, 1914...........covvernnnnnn $5,972 95

State Geological Survey:
ADDLopTIGEIon) FOX AFUB=10. oo s v ioes s s b bl $35,000 00
Bxpenditures to December 1, 1914...........000vvuunnn 29,389 50
Balance on December 1, 1914.......c0u0ineunrnnnnn. $5,610 50

GEOLOGICAL SURVEYS.
State Geological Survey:

SpPropriatan Lo AL . Lokt v Sl s e S $20,000 00
Expenditures to December 1, 1914:

Erinting ol sreports. ), Jeo e et $3,688 53

Coal Surveys:

15 (BRGNS S RN S IRPR 837 05

FHatag:Counte Ul s L ate M 247 45

Whateom: Connty ooy 2,116 47

Investigation of cement materials........ 105 00
SO BN ol U wtatin e i S Sl 2,065 29
Investigations: for ofl. .. .. vin i vsieivais 729 b7
Surveys of metal mining districts......... 1,107 59
Report on geology of Puget Sound region. . 557 b5
Investigation of mineral resources........ 483 35
Investigation of diatomaceous earth...... 60 00
Eleriatlowonke s snead s ana ol e 1,512 50
DYRLEEIABN . 200 v i s S e St e 1,706 32
Instruments and filing cabinets........... 46 95
Office supplies, express charges and inci-

dentilay-rr. fo e o e e 630 46
Traveling and field expenses of State Geo-

1 2p ey Hark S St oy e eI e o L S 723 80
Per diem paid State Geologist........... 525 00
Expenses of Board of Geological Survey. . 73 65

Botal e bt i s s R e $17,116 53

Balance on December 1, 1914.....000vvuenrnnvnnen.s $2,883 47

U. 8. Department of Agriculture, Bureau of Soils:
Expenditures for field-work in cooperation, soil surveys.. $4,508 34
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RECOMMENDATIONS.
APPROPRIATIONS REQUESTED.

For topographical and hydrographical surveys (conditioned upon

a similar sum being expended in the state by the United

Bt CEOIORICR] BUTYOY )ilis 4 vu o uieiwin vidi e o ve s os o s o tsiiacne s il $35,000
o) o € T (5T (e 0 ) g AR S PP S p e s S PP S e e s 20,000

TOPOGRAPHICAL SURVEYS.

The principal demand for topographical surveys comes from
the arid regions of the state where the land may be reclaimed
only by irrigation and where topographic maps are almost in-
dispensable in engineering work of this nature. After consulta-
tion with the officers of the United States Geological Survey it
is recommended that for the next biennium the major portion of
the topographical work be done in Kittitas, Yakima, Benton,
Franklin and Walla Walla counties.

In the past six years level lines or profiles have been run
along all the streams of the Eastern Cascades and along all the
streams of the Western Cascades south of the Skagit River. This
has been done as a necessary part of the problem of determining
with accuracy the total hydroelectric power of the rivers of the
Cascade Mountains. With our usual appropriation it will be
possible within the coming biennium to run profiles along the
Skagit and Nooksack rivers, with their tributaries, and thus
complete the data for water power reports on the entire Cascade
Mountains.

HYDROGRAPHICAL SURVEYS.

As indicated on the progress map accompanying this report,
gaging stations are maintained on a large number of the rivers
where information is very necessary as to the total amount of
water available for municipal supplies, irrigation and power.
The gaging records are of the greatest value only when they
are kept continuously for a series of years. It is recommended
that the usual appropriation for this work be made so that co-
operation with the Federal government may be continued.



26 Board of Geological Survey

GEOLOGICAL SURVEYS.

The sum of twenty thousand dollars, the same amount as
appropriated by the legislatures of 1909, 1911 and 1913, is re-
quested for geological surveys, in order that certain lines of
work now under way may be completed and some new work may
be begun.

Printing.—Several bulletins or reports are now about ready
for printing. In some instances the field work for these reports
has extended over several years and it is desirable that the
bulletins be printed at the earliest moment. The Geological
Survey does not have any special appropriation for printing, as
is true of practically all of the other bureaus of the state govern-
ment, but its entire printing bill must be paid out of its ap-
propriation for maintenance. As a rule the most valuable part
of a reportis embraced in the maps. This is especially true in
a state as new as Washington where reliable base maps are diffi-
cult to obtain. It has been the purpose of the Survey to pre-
pare its maps with very great care and this has involved con-
siderable expense.

Surveys of Coal Fields.—One more field season will be neces-
sary in order to secure the remaining information for reports
on the coal fields of Whateom, Thurston, Lewis and Cowlitz
counties. When these reports are made all of the known fields
of the state that are of any commerical value will have had re-
ports made upon them in great detail. In all the coal surveys
the boundaries are followed with great care so that the exact
areas underlaid by seams of workable coal are accurately de-
termined.

Soil Surveys—Soil surveys should be continued in those
portions of the state where irrigation problems are of primary
importance. Not only is it necessary to have these surveys where
irrigation is proposed, but where irrigation has been carried
on for some years, in order that the various soil problems may
be solved. In all soil surveys cooperation is afforded with the
United States Bureau of Soils, the Federal bureau usually as-
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suming about three-fourths of the expense of the field work
besides all the cost of printing.

Surveys of Metal Mining Districts—In addition to the de-
tailed surveys already made of the best known districts, there
are many requests for reconnoissance surveys of the scattered
mining sections, whereby the varieties of bed-rock, the important
minerals, and the character of the ore deposits may be deter-
mined and described. It is also hoped that in this connection
samples from low grade ore bodies may be secured and tests
made to ascertain the best treatment to employ in separating
out the metals.

For the next biennium surveys of the mining districts in
Ferry, Okanogan and Chelan counties should be made. Such
surveys are of very great service to the mining men who are
giving their time and money to the development of one of the
state’s resources. It is of great value to the promoter, as well
as the investor and to the state at large that the truth in regard

to the quality and quantity of the ore bodies should be made
known.

Report on Clay Deposits.—One of the most important
mineral products of the state is clay. Factories for the manu-
facture of clay products are located in many section of the state.
There is a great deal of inquiry in regard to the location and
extent of high grade clays, those suitable for the manufacture
of the more expensive wares. As the state grows in population
and wealth the demand for pottery products will be greatly in-
creased. There is a necessity at this time for a complete field
report upon the formations of the state which yield clays of
economic value. Maps should be prepared which show the ex-
tent of the clay deposits of different types and kinds.

Topographical Map.—There is a great deal of inquiry for
a map which will show by a system of contours or by a series
of tints the elevations of various portions of the state. By
utilizing the base map which has already been prepared and
compiling the data regarding elevations throughout the state
it will be possible to prepare a map which will give the informa-
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tion most needed. Such a map should be printed in colors, the
black referring to the culture, the blue giving the water bodies,
and a series of brown shades or tints which will give the varia-
tions in elevation from sea level to the tops of the highest
mountains.

Geological Map.—With the base map now available it is
desirable that the boundaries of the different geological forma-
tions should be entered thereon and a complete geological map
of the state prepared as clearly as possible. This has been very
generally done by other states and Washington is one of the last
to prepare such a map. It is of very great value to all per-
sons who have to deal with that phase of applied geology con-
cerned with the development of any of our mineral resources.
The cost of preparation of such a map is not excessive and the
value to citizens generally would repay the cost many fold.

Report on Mineral Industries.—Any information bearing
upon the production of different minerals in different counties
and other portions of the state is always in much demand. It
seems necessary to keep this information in such form that it
may be given out regularly and revised as often as desirable.
At least once a year reports and maps should be issued which
set forth the localities where different mineral products may be
obtained, along with the names of all producers and accurate
statistics in regard to the output of each particular mineral
concerned. Such information is very greatly desired by manu-
facturers and all others who have occasion to use in any way
whatsoever those minerals that are of economic importance.



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 8. 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
S. 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. H. 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 Distriet,
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, 75 cents. Address, State Librarian, Olympia,
Washington.

Bulletin 4—The Cement Materials of Washington, by S. Shedd.
Bound in cloth; price, 75 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 Distriet,
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.
Bound in cloth; price, 60 cents. Paper cover; price, 40 cents. Address,
State Librarian, Olympia, Washington.

Bulletin 10.—The Coal Fields of Pierce County, by Joseph Daniels.
Bound in cloth; price, 60 cents. Paper cover; price, 40 cents. Address,
State Librarian, Olympia, Washington.

Bulletin 11.—The Mineral Resources of Washington, with Statistics
for 1912, by Henry Landes. Paper cover; price, 26 cents. Address,
State Librarian, Olympia, Washington.
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Bulletin 12.—Bibliography of Washington Geology and Geography,
by Gretchen O’Donnell. Paper cover; price, 25 cents. Address, State
Librarian, Olympia, Washington.

Bulletin 13.—The Tertiary Formations 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, Olym-
pia, 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, 25 cents. Address,
State Librarian, Olympia, Washington.

Bulletin 17.—The Mineral Resources of Washington, with Statistics
for 1913, by Henry Landes. In preparation.

Bulletin 18.—The Coal Fields of Lewis, Thurston and Cowlitz
Counties, by Harold E. Culver. In preparation.

Bulletin 19.—Ore Deposits of the Principal Mining Districts of
Stevens and Pend Oreille Counties, by Charles E. Weaver. In prep-
aration.

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

(For copies of these publications address the Director U. S. Geo-
logical Survey, Washington, D. C.)

Topographic Maps of the Following Quadrangles: Mount Vernon,
Quincy, Winchester, Moses Lake, Beverly, Red Rock, Cedar Lake, Ar-
lington, Wenatchee, Malaga, Mitchell, Haven, Chehalis, Hoquiam,
Ocosta, Pasco. Price, 10 cents each.

POWER REPORTS.

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, Puget Sound Region.

Water-Supply Paper No. 369: Water Powers of the Cascade Range,
Part III, Yakima Basin.

Water-Supply Paper No. —: Water Powers of the Cascade Range,
Part IV. In preparation.

RIVER PROFILES.

Water-Supply Paper No. 346: Profile Surveys of Clark Fork of
Columbia River.

Water-Supply Paper No. 366: Profile Surveys of Snoqualmie, Sul-
tan, and Skykomish rivers.

Water-Supply Paper No. 368: Profile Surveys of Wenatchee River
and tributaries.
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ANNUAL STREAM-FLOW REPORTS.
Water-Supply Paper No. 272: Surface Water Supply of the United
States, North Pacific Coast, 1909,

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

Water-Supply Paper No. 312: Surface Water Supply of the United
States, North Pacific Coast, 1911.

Water-Supply Paper No. 332: Surface Water Supply of the United
States, North Pacific Coast, 1912. At Government Printing Office.

Water-Supply Paper No. 362: Surface Water Supply of the United
States, North Pacific Coast, 1913. In preparation.

QUALITATIVE REPORT.
(Principally in co-operation with State Board of Health.)

Water-Supply Paper No. 339: Quality of the Surface Waters of
Washington.

PUBLICATIONS OF THE U. S. 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 Eastern 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.

Reconnoissance Soil Survey of Franklin County. In preparation.
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