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LETTER OF TRANSMITTALL.

DepartyeNT oF THE INTERTOR,
Ux11ED STATES (FEOLOGICAL SURVEY,
Washington, D. C., June 18, 190}.

Str: T have the honor to transmit herewith, for publication in the
series of Water-Supply and Irrigation Papers, a report by Mr. Frank
C. Calkins on the water resources of a portion of east-central Wash-
ington, made in connection with the investigation of the underground
waters of the Western States, under charge of Mr. N. H. Darton.

The information contained in this paper is believed to be of value
as a help to the understanding of the underground waters of that por-
tion of the country.

Very respectfully, I*. H. NewELL,
Chief Engineer.
Hon. Cuarnes D. Warcorr,
Director United States Geological Survey.
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Professor Russell's first work in the region was a reconnaissance in
1893, which embraced a large area in central Washington. including
the greater part of the district considered in the present report. The
conclusions in regard to certain geologic problems reached by the
writer after a more thorough examination of the ground differ in
some particulars from those of Professor Russell, hut they can not
claim the authority of final solutions, which must depend on more
detailed studies. It is a pleasure, however, to acknowledge indebted-
ness to Professor Russell for many helpful suggestions contained in
his reports.

The water resources of a portion of Yakima County were studied
in 1900 by Mr. George Otis Smith.e His report is of especial interest
because it describes the most successful artesian basin in the State and
because his data were based largely on detailed areal work in the
Ellensburg quadrangle. The Ellensburg folio,> which has recently
been published, affords a detailed description of a region where the
geologic conditions are similar to those of a part of the area described
in the following pages.

The writer’s acknowledgments are due to Mr. F. H. Newell and to
Mr. George Otis Smith for snggestions and ecriticisms in regard to the
preparation of this report. For assistance in the collection of well
data he is indebted to a great number of drilters, ranchers, and others,
to mention all of whom by name would require too much space, but to
whom he expresse« thanks collectively. He would, however, express
especial obligations to Mr. Ralph Kauffman, of Ellensburg, who fur-
nished a large part of the information concerning the water resources
of Kittitas Valley.

GEOGRAPHY.

TOPOGRAPHY.
MAIN TOPOGRAPHIC DIVISIONS OF EASTERN WASHINGTON.

The most important topographic feature of Washington is the
Cascade Range. This noble chain of mountains, beginning in north-
ern California, extends north through Oregon and Washington, but
in the neighborhood of the forty-ninth parallel it loses its mountain-
ous elevation and ruggedness and merges into a deeply dissected but
distinetly lower plateau. The average elevation of the Cascade sum-
mits is between 6,000 and 7,000 feet, and though comparatively few
peaks rise above the latter height. a large number are more than 6,000
feet high. A few great extinct volcanoes, such as the well-known
cones of Rainier, Adams, and St. Helens, covered with eternal snows,
tower to double the height of the rest.

7 Smith, G. O., Geology and water resources of a portion of Yakima C(ounty, Wash. :
‘Water-Sup. and Irr. Paper No. 53, T. 8. Geol. Survey, 1901.
? Ellensburg guadrangle : Geologic Atlas U. 8., folio 86, U. 8. Geol. Survey, 1903,
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The region east of the Cascade Mountains, in which the area con-
sidered in this report is embraced, lies for the most part in that
broad topographic province known as the Great Plains of the Colum-
bia. This province may be roughly defined as follows: On the south
and southeast its boundary is somewhat irregularly marked by the
Blue Mountains of Oregon and Idaho. on the east by the Bitterroot
and Ceeur d’Aléne ranges, on the north by a mountainous though
not extremely rugged region comprising the Okanogan highlands and
the Colville Mountains, and on the west by the Cascade Mountains,
which merge into these highlands.

The extensive area thus outlined is by no means a plain in the striet
sense of the word; between its lowest and highest points there is a
difference in altitude of 4,000 feet. It includes great plateau-like
areas in its eastern and northern portions and broad stretches of low-
lying sandy waste along the Colnmbia in southern Washington and
northern Oregon. The level expanses are broken, moreover, by hills
and ridges, usually of rather gently rounded profile, and the high
plateau-like portions are trenched by streams that have formed mag-
nificent steep-walled cauvons. But to the traveler upon the broad
stretches between the streams the canyons are not visible until he
reaches the brink, and the hills and ridges, not rising in general to
great heights, are of little importance in comparison with the vast
intermediate areas, level or but gently sloping. Thus the inequalities
of the surface, while relieving the monotony of the landscape, do not
determine its character, nor make its designation as a great plain
seem inappropriate to one familiar with the region.

As the western border of the Columbia Plains crosses the area with
which this report 1s especially concerned it will he neeessary to make
some further statement in regard to its character and its relations
to the Cascade Mountains.

The boundary between the (fascade Mountains and the plains varies
in sharpness of definition.  North of Wenatchee the division is very
accurately marked by Columbia River. West of the profound canyon
of this river the country is rugged and thoroughly dissected by
streams that are generally separated by sharp, or at least narrow,
divides. On the east the rim of the canyon is the edge of a plateau
standing about 2,000 feet above the river, and although DBadger
Mountain rises rather prominently above its general level, and its
border is notched by canyons tributary to the Columbia, it has the
general topographic character of the Columbia Plains.

South from Wenatchee to Sentinel Bluffs the plains are overlooked
on the west by Table Mountain, which rises with a somewhat gentle
slope from the brink of the river gorge to a broad summit over 5,000
feet above the level of the sea. South of Table Mountain, however,
the boundary between the mountains and the plains becomes less
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definite, and there intervenes a region intermediate, not only in posi-
tion but in topographie character, between the two great provinces in
their typical aspects.

This border region i1s characterized by the presence of many well-
defined ridges. whose trend varies from east-west to northwest-
southwest, and whose even crests rise gently toward the west and
merge with the Cascade Mountains proper, while to the east they
gradually sink and are lost on the surface of the plains. DBetween
these foothill ridges there are broad valleys which, by the aid of
irrigation, have become the richest farming lands of eastern Wash-
mgton:; the aggregate area of these vallevs, however, is barely equal
o that of the distinctly hilly lands.  To a traveler in the valleys the
landscape presents an aspect very similar to that of the Columbia
Plains, the resemblance being heightened by the fact that the char-
acter of the natural vegetation is similar in the two regions. The
hills in the landscape. however, give it a certain degree of contrast
with the more monotonous scenery of the plains. This borderland
between the plains and the mountains, therefore, while not very dis-
tinetly marked off from either, 1s sufficiently well characterized to
deserve recognition as a topographic province. It might appro-
priately be called the foothill region.

TOPOGRAPILIC DETAILS.
KITTITAS VALLEY.

The region considered in this report inecludes a portion of the
foothill region. but lies mainty in the Columbia Plains.

Kittitas Valley (see PL TI). which forms the westernmost portion
of the area, is the northernmost of the large foothill valleys. The
broad floor of this basin-like depression contains an immiense ares
of fertile farm land. Its configuration is favorable to irrigation
from Yakima River and from its numerous small tributaries that flow
from the mountains west and north. for there is everywhere a gentie
slope toward the principal stream. Yakima River, however, does
not. flow through the valley from end to end, but only traverses its
western portion diagonally and makes an abrupt exit through a
profound gorge. The southeastern continuation of the basin is with-
out perennial streams, and since 1t has a somewhat steeper gradient
than the western portion, a large part of it can not be irrigated from
the highest diteh now taking water from the river,

The flat lands of Kittitas Valley are weparated by a considerable
stretch of hills from the Columbia Plains.

THE DESERT.

That portion of the plains Iving just east of the Columbia has a
desolate, almost desert-like aspect. and will for the sake of brevity

2
-~
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be referred to as * the desert.” The greater portion of it is nearly
level, but its monotony is relieved by two cast-west ridges, the most
prominent of which is known as Saddle Mountain. This straight
and stmple ridge extends to a point about 40 miles east of the river.
where it sinks gradually to the level of the plain. It is, in fact, an
offshoot from the larger Table Mountain uplift. from which it has
been cut away by the Columbia.  The hasalt eliffs known as Sentinel
Blufls, forming the portals of the gate which the river has made
through the ridge, are among the grandest scenic features of the
region. Saddle Mountain has a fairly gentle southern slope. but its
northern face is strikingly abrupt. being for some miles east of the
river a precipitous cliff morve than a thousand feet high. Farther to
the east thix ¢liff gives way to a rather steep slope.

The surface of the desert ts covered with a dry sandy soil, which
is constantly shifted by the winds, although its motion is somewhat
retarded by a scanty growth of shrubs and grass. The character of
the soil and elimate and the absence of surface water are conditions
that have prevented attempts at cultivation. except along Columbia
~ River and Crab Creek. though the northern border of the district is
dotted with the cabins of a few homesteaders. The greater portion
of the desert is given over to grazing and is without human habita-

tion.
THE WHEAT LANXNDS.

Embracing the desert-like area on the north and cast is the more
elevated portion of the Great Plains of the Columbia. which extend
northward into the so-called Big Bend of the Columbia and eastward
into Idaho. The topographic character of the part south of upper
Crab Creek is that of a plateau dissected by canvons. North of
Crab Creek there is a ridge, whose cross profile is that of a broad,
flat arch forming the south side of a valley with gently sloping sides.
The two last-mentioned features are terminated 1o the west by the
Grand Coulee, beyond which rises an elevation. plateau-like in charac-
ter. hut constderably ravined and with no very broad level areas.

These plateau-like portions of the Columbia Plains are fitted by
natural conditions to wheat growing, and have a considerable and
an Increasing farming population. They will be referred to gener-
ally in the following pages as the “ wheat lands.”

DRAINAGE.

Columbia River~The master stream of the region is the Colum-
bia. Despite its great volume. this river contributes little to the eco-
nomic resources of east-central Washington. It has several rapids
in its course through the region, among them being Priest Rapids,
which can not be ascended by steamers except with great danger and
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difficulty.  These rapids extend for about 7 miles and consist of 7
“ripples;” at the foot of the last one the river is deflected by a
ridge having a bold cliff for its northern face, along which it flows
for several miles. The fatal obstacle to the use of the Columbia waters
for irrigation lies in the fact that the stream flows in a canyon with
fairly abrupt walls, sunk from 300 to 1,000 feet below the broad, flat
stretches to the east, and that its gradient, though fairly high consid-
ering the volume of its flow, is much lower than that of the rivers in
the foothill region. so extensively used for irrigation.

Crab Creel.—The large area of the Columbia Plains embraced in
the great sweep of the river, bounded on the north and west by the
Columbia, on the south by Snake River, and on the east by the one
hundred and eighteenth meridian, has only very insignificant surface
streams, the only one that maintains a perennial flow along the
greater portion of its channel being Crab Creek, which rises in the
viemity of Davenport, Wash., at an elevation of about 2,500 feet.
Its total length, neglecting minor curves and including the lakes in
its course and the stretches where it flows beneath the alluviam in
the bottom of its canyon, is about 250 miles, about the same as that
of Yakima River. Its course through this region is readily divisible
into three parts. The first and longest of these, in which the general
direction of the stream is nearly from east to west, may be designated
upper Crab Creek. The surface flow is perennial along the greater
part of this stretch, though at the time of the writer’s visit the
channel was dry from an unknown distance above Odessa to a point
about 3 miles below, where the stream emerges from the gravels in
considerable volume. It sinks again below Wilson Creek, to rise
near the head of Moses Lake, which probably owes its existence
to the formation of a range of sand dunes across the ancient channel
of the creek. The dam thus formed. however, is a leaky one, and
the waters seep through, to gather below. forming a stream perhaps
shghtly diminished from its former volume by evaporation in the
lake. This southward-flowing portion of the stream may be desig-
nated middle Crab Creek. About 15 miles below the lake the stream
again takes a westerly direction, flowing in a broad-bottomed, steep-
walled canyon. At some point near the middle of this lower course
Crab Creek sinks finally, and delivers no surface water to the Colum-
bia at the mouth of its canyon. This west-flowing section of the
stream may be designated lower Crab Creek.

('onlees—Crab Creek has only a few branches that contribute to
its surface flow throughout the year and a few more that flow during
the rainy season, but it has a great number of tributary canyons which
are perfectly dry except at periods of unusually heavy rainfall. Many
of these ure scores of miles in length and of corresponding width and
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depth. These canyons, dry or containing only small streams dispro-
portionate to their size, are known as coulees. They have all the topo-
graphic characters of stream-carved valleys, but it is evident that they
could not have been formed by stream erosion under present condi-
tions. Their origin must be referred to a prehistorie period in which
the region had an abundant rainfall and was well watered by surface
streams.  These branching systems of dry canyons represent ancient
river systems. :

The most important of the branches of the ancient Crab Creek
system, except Grand Coulee. whose peculiar history separates it from
the others, is Lind Coulee, in which the Northern Pacific Railway
runs from Providence to Ritzville,

Providence Coulee, in which Hatton, Scott, and Connell are situ-
ated. is now devoid of flowing water. though it once formed the trunk
of a river system almost as considerable as that for which Crab
Creck is the master stream.

Of all the abandoned canyons of the Columbia Plains. however, the
greatest and most remarkable is Grand Coulee. Not only does it
possess many features of scenie grandeur, but its geologic history is of
the highest interest. This great chasm was carved by Columbia
River at a time when its profound gorge was dammed by a great ice
Iobe that came down the valley of the Okanogan and pushed south-
ward some 30 miles across the plateau south of the master stream.
The waters of the Columbia, deflected by the great glacier. flowed
along its eastern face, and, continuing southward in what is now the
bed of Crab Creek. regained their proper channel just above Sentinel
Bluffs.

Opening from the canyon of the Columbia near the northwest cor-
ner of Lincoln County, the Grand Coulee extends in a southwesterly
direction for over 30 miles. Throughout the greater portion of this
distance it is a wide, flat-bottomed canyon, walled by cliffs, but a
little south of its middle point its western wall subsides and it is
joined by a broad valley with gently sloping sides. Opposite the
mouth of this valley a plateau rises nearly a thousand feet above the
bottom of the coulee, but the ascent to this upland is made on a mod-
crate slope unbroken by cliffs.  This break in the walls of the chasm,
constituting the only point where the Grand Coulee proper can be
crossed by a wagon. has determined the location of the small town
known as Coulee City. Above this middle pass the coulee bottom,
partly covered by alkaline lakes and playas, is about 1§ miles wide,
with Dbasalt cliffs which rise on either side to a height of about 400 feet.
Two miles below the town the bottom of the canyon abruptly drops,
and two amphitheaters, separated by a narrow point and walled by
vertical cliffs 400 feet in height. mark the place where the Columbia
once poured in a mighty cataract.
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The gorge extends southward 15 miles farther.  The eastern wall
of this lower section does not rise much higher than the level of Cou-
‘ee City. but its western side maintains a commanding elevation and
forms a frowning escarpment visible for many leagues to the south
und east.  The counlee finally opens out in the northeastern portion of
the desert upon a gravel plain, the surface being higher than that of
Soap Lake, the southernmost of the chain that lies in the deep chasm.
Beneath the mantle of surface material, however, the rocky channel
probably persists, and is continued in the depression occupied by
Moses Lake and Crab Creek.

Lales—TLakes, generally shallow and of small extent, are very
umeronts in the northern portion of the region. They are invariably
“itnated in coulees, their basins having been formed by the erosion of
former streams or dammed by wind-blown materials. They are,
*herefore, usually elongated in form and separated by stretches of
dry or meadowy land; often they ave disposed in chains. The most
important series in this region is that which lies in the bottom of the
Grand Coulee. 1In this chaim we may include Moses Lake, the largest
heet of water in the Columbia Plains.

The majority of the lakes in this arid region have no outlets, while
nthers overflow only in the rainy season. As a consequence, the small
amounts of salts contained in all surface waters are concentrated in
the lake basins by evaporation, and a majority of the lakes are more
or less alkaline. Moses Lalke containing about 0.32 gram of total solids
per liter of water.

The lakes inn the lower section of the Grand Coulee are successively
“igher from sonth to north, and the northern lakes oceasionally over-
flow to the south at seasons of high water. Tt follows that, while the
water of the northernmost of these lakes is comparatively fresh and
palatable, the waters of the others become successively more alkaline
to the south. Soap Lake, the most southerly. is extremely alkaline;
its waters when they lap against the shores on windy dayvs are beaten
into great masses of white foam like soap suds. The alkalinity of
the lake is further shown by the soapy feeling observed on rubbing
the hands in ity water and by its bitter taste, so strong and disagree-
able that it is refused by a thirsty horse accustomed to more pala-
table water. The cattle of the neighborhood. however, constrained
by necessity, have overcome this natural repugnance and the lake is
a drinking place for a large number of them.

Soap Lake contains 28 parts in 1,000 of matter in solution, consist-
ing essentially of carbonates, sulphates. chlorides. and bicarbonate
of soda.b

¢ Ann. Rept. Geol. Survey of Washington, vol. 1, 1901, p. 294. b Ibid., p. 295.
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Sulphur Lake, in Washtuena Coulee, is another pond in which the
water is an extremely concentrated alkaline solution.

In this connection should be mentioned the numerous * alkali flats ™
or playas, which are ponds during a portion of the year, but become
dry every snmmer, and which have their supply of salts annually
increased by the amount held in solution by the waters that flow into
them during the rainy season.

A typical coulee, containing small lakes, is shown on P1. IIT, A.

CLIMATE.

The most characteristic climatie features of eastern Washington are
due to the fact that the region is separated from the ocean by a broad
belt of fairly high mountains. The great influence of the Cascade
Range is rendered manifest by the sharp contrast that obtains between
the climates of eastern and western Washington. The region on the
seaward side of these mountains has a elimate that is remarkably mild,
considering the rather high northern latitude, and that is withont
extremes of heat or cold. The most characteristic feature, however,
is its extreme humidity. The eastern part of the State. on the con-
trary, being removed from the tempering influence of the ocean and
the warm Japan Current. which flows along the north Pacific coast,
has the wide range of temperature that is characteristic of the climate
of interior regions. The winds of the Pacific. which supply the
abundant rainfall of the Sound country, can not cross the broad Cas-
cade Range without losing the greater portion of their moisture by
condensation in the form of rain or snow. and the climate of eastern
Washington is therefore as decidedly arid as that of western Wash-
ington s humid.

The average vearly rainfall in Kittitas Valley, as deduced from
Weather Bureau statistics covering many vears, is approximately 8
inches. For other localities in the area with which we are directly
concerned there are only the most fragmentary records. At Lind, in
the wheat lands, the observations for 1898 and 1899 show a total for
each year of about 12 inches. TIncomplete records at Ritzville during
the same years apparently indicate an annual average about equal to
or shightly less than that of Ellensburg. At Coulee City the scanty
data indicate an annual rainfall not far different from that of Ritz-
ville. At Connell, in the southeast quarter of the area considered, the
precipitation in 1900 was 2.29 inches for all of the yvear except April
and November; in 1899, 2.24 for all except January, February, and
March. These figures indicate that the mean precipitation at that
locality is extremely low, probably not above 5 inches per annum.
Although figures are lacking for what has been termed the desert,
its general aspect indicates that its annual rainfall probably does not
average more than that of the vicinity of Connell.
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The searonal distribution of the precipitation is very character-
istic: ax in all the far West, there is a wet season and a dry season.
By far the greater portion of the annual supply of rain and snow
falls between October 1 and May 31. The precipitation is for the
most part in the form of gentle rain, which 1s generally almost en-
tirely absorbed without considerable loss by run-off.  The amount
of snowfall in winter s often fairly large, however, and the drifts
are often sufliciently deep on the hills to obstruet travel from Iittitas
Valley to the Columbia.

The mean annual temperature at Ellensburg is approximately
48°. For localities in that portion of the area considered which lies
in the Coluubia Plaius very scanty records are avatlable. In 1899,
when the annual average for Ellensburg was 46.5°, that for Lind
was 50.2°. It may be safely asserted that the average temperature
for the eastern part of the area is slightly above that for Kittitas
Valley, and probably not far from 50°. The range of temperature,
as mentioned before. i high. the greatest variation noted being in
the Weather Bureau record for Lind during 1899, when the maxi-
mum was 112° and the minimum —33°.  The temperature at Ellens-
burg, however, generally keeps within the Hmits 4-96° and —15°,
while in the lower portions of the Columbia Plaing both limits are
somewhat higher. The figures giving the dates between the last
killing frost in spring and the first in autumn are of considerable
interest to students of agricultural conditions. The last spring frost
usually occurs in the latter part of May, but has been known to be
deferred until early in June. The first severe frost of autumm
usually falls near October 1, but occurred at Ellensburg on Septem-
ber 9 in the unusually severe year of 1895. The lateness of spring
frosts is inimical to the culture of such fruits as peaches, cherries,
and apricots.

VEGETATION.

The natural vegetation of central Washington is chiefly influenced
in its broad wvariations by climatic conditions. The only great
forested area in the region here considered is on Table Mountain,
whose height gives it a much moister and cooler climate than that of
wost of the region. The Columbia Plains and the comparatively
low foothills are almost treeless, though Yakima River and certain
small streams are bordered with a more or less considerable growth
of trees and shrubbery. The treeless regions are clothed with a
scanty vegetation composed of hardy grasses and shrubs, whose gen-
eral aspect would be familiar to anyone acquainted with the arid
regions of the West. In addition to the important influences of
climate and water supply, soil conditions cause more local and less
conspicuous variations in the flora.



29 GEOLOGY, ETC.. OF EAST-CENTRAL WASHINGTON. [x~o. 118.

The forest that clothes the top of Table Mountain comprises many
species of fir, spruce. pine, and tamarack. In the sparse growth of
its lower slopes the prevailing species is the yellow pine.  The woody
growth that horders the Yakima includes many large trees, mainly
cottonwood and alder. with a sprinkling of yellow pine and a dense
undergrowth of willows and other shrubbery.  East of Kittitas Valley
there are few plants worthy to be called trees. The small streams
and springs are fringed with a more or less scattered growth of wil-
Tow. birch, and wild cherry. The Columbia’s banks are destitute of
trees except for a few small junipers growing on its flood plain.

On the Columbia Plains and the southeastern foothills, almost
desert-like in their aspect, the characteristic species are sagebrush
and bunch grass. oceurring in variable proportions.  Sagebrush is
moderately plentiful m all the western part of the region exclusive
of the forested areas, attaining perhaps its greatest size and abun-
dance in the eentral portion, near the boundary between the desert
and the wheat lands.  Eastward it diminishes, growing rather sparsely
about Connell, Ritzville, and the other towns along the Northern
Pacific Railroad. DBunch grass was seen in greatest luxuriance where
the sagebrush is least abundant, but as it had there been protected for
some vears by feneing. it is diffieult to say where it grew thickest
before the land was swept by grazing herds.

The local variations of flora, determined by the character of the
soils, are of considerable interest. In the sandy western portions of
the plains, for example, while the general aspect is similar to that
of the typieal sagebrush land, the shrubs are mainly of speeies other
than the true sage. and the true bunch grass is replaced by species
more adapted to survive in thix very dry soil. TIn the coulee bottoms
other peculiar conditions have an equally decided influence on vegeta-
tion. The borders of the fresh-water ponds support a growth of
tules.  The meadow lands are covered with wild grasses, the short
stiff-bladed salt grass being characteristic of the more alkaline soil.
In soil that is alkaline but dry ryve grass and greasewood, or thorny
sage, form the principal growth. The character of the vegetation
thus affords an index of the agricultural properties of the soil.

GRAZING.

The early settlers found eastern Washington a rich grazing region.
The natural growth of nutritious bunch grass was so abundant that
winter feeding often could be dispensed with and cattle and horses
wintered on the open range, though there was doubtless great hard-
ship and frequent death from cold in the more inclement winters. In
the eastern portion. however. there was always the great drawback
common to so many of the western ranges, of scanty water supply,
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and during the hot months the necessity of keeping within a moder-
ate distance of water prevented the stock from availing themselves
of the entire grazing area.

Since the early dayvs, however, the ranges of east Washington have
greatly deteriorated. In this, as in most other western grazing
regions, the forage plants have been caten down so constantly that
the forces of growth have been unable te compensate for the continual
loss, and the evils of overgrazing have conspired with the encroach-
ment of other agrienltural industries to cause a decline in the extent
and profitableness of the stock business. In consequence of the last-
named cause the areas devoted to open grazing have been reduced to
include only the landx unfitted by their topography, the nature of
their soil, or the insufficiency of their water for the growth of hay,
erain, and other crops.

The most important of the areas still devoted to grazing are the
hills and the desert.

The rolling hills in the sonthwest part of the region and the slopes
of Table Mountain constitule a large and mmportant stock range.
They have few level tracts extensive enongh for economical cultiva-
tion, and the soil is generally thin and interrupted by patehes of bar-
ren rock. In a state of nature the hills were abundantly clothed with
bunch grass, and still afford excellent pasture where excessive graz-
ing has not occurred. Springs und rivulets. though not apundant,
are plentiful enough to render the greater part of the grass available
to the stock.

The second great stock range is coextensive with what we have
termed the desert, where the sandy character of the soil. combined
with great aridity of elimate. seems to forbid the hope of dry farm-
ing, and where there 15 no water for irrigation. Watering places are
here few and far between. In the northeast quarter the grazing
animals resort prineipally to Moses Lake; farther south, and near
the eastern limit of the range. to Skuten Springs: in the central por-
tion of the desert. to lower and middle Crab Creek: and along the
south and west edges, for the most part, to Columbia River, although
in the northwestern portion. where the stream is bordered by lofty
basalt cliffs, they resort in part to springs. The dispersion of drink-
ing places, as an inspection of the map will show, is so great that
there are spots that lie many miles from any surface water.

The effects of excessive grazing are first felt in the areas near
springs and streams, a fact strikingly evident to every traveler in
this desert-like region. Along the borders of thé streams there are
broad stretches. often many miles across. where the bunch grass has
been eaten down to nearly complete extermination. TFarther back
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from water the grass is much less closely eropped. and there are areas
that seem to lie almost untouched from year to year.

There is another way in which the hard conditions of life on the
range are forced upon the attention of the traveler. Tle will soon
notice that the plain is traversed by numberless straight, deep-worn
trails, and further observation will show that they are arranged in
systems, converging toward points on the horders of a stream canyon
or of some coulee in whose depths there is a spring or lake. Follow-
ing a trail in the direction of water, he will find the minor paths
gathering together as do the branches of a river system, to unite
finally in a broad, well-beaten track that passes down some gully
affording a graded route to the drinking place. A thirsty animal
at any point in the arid range, by merely falling into the nearest trail
and following it to the end, may generally make his way to water by
the shortest possible route. A frequent and impressive sight is that
of a band of horses on the way to a drinking place, following a trail
in single file and moving at a swinging trot or easy lope in order to
consume a minimum of time in the necessary quest for the refreshing
element. In the dry season this journey must be made daily. but in
the other months, when the demands of nature are less and are partly
supplied by snow and the rain absorbed by the dry grass, the stock
may abstain from drinking for several days at a time.

Since the horse can cover more ground and can afford the time to
make longer journeys to water, the excessive restriction of the range
has been more prejudicial to cattle than to horses, and horses have
therefore become much more numerous than cattle upon the open
range.

Two minor classes of range land remain to be noticed. The first
comprises the slopes bordering the coulees of the wheat lands.
Broken by terraces and by outerops of basalt, they are unsuited for
grain culture, but bear a considerable growth of bunch grass. In the
aggregate these lands constitute a large area adapted for grazing., and
one that probably never can be available for any other use.

The second class comprises certain narrow strips lying along rivers
and lakes and watered by their underflow or seepage. The gravelly
flood plain of the Columbia supports in places a scanty growth of
lupine and other weeds that are eaten by cattle. The horses prefer
to range back where the forage. though less palatable than thi¢
verdant growth, can be gathered more rapidly, and thus the green
fodder is left to the sluggish cattle. More important, however, are
the natural meadows that border Crab Creek and some of its trib-
utaries, with certain of the desert lakes. These meadows are covered
with abundant grass, and the generous growth has led to their being
appropriated, fenced off, and used for pasturing and hay growing.
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AGRICULTURE.
GENERAL STATEMENT.

In the early days of settlement the sole agricultural pursuit of
eastern Washington was grazing on the open range. Owing, how-
ever, 1o natural laws of development, this mdustry has been dis-
placed to a large extent by others which involve the tilling of the soil,
and which, while vielding immensely greater returns, acre for acre,
than grazing. require less capital than is required for the inception of
a profitable stock-raising business. The directions of this later devel-
opment have differed in Kittitas Valley and on the Columbia Plains.
This faet, while due in part to differences in =oil and climate, depends
in a far higher degree on the conditions of water supply. IKittitas
Valley is an irrigated region, while on by far the greater part of the
Columbia Plains dry farming alone is practicable. While the dis-
cussion of open grazing, therefore, has been made general for the
entire region, the other agricnltural mdustries must be described
separately for Kittitas Valley and the plains.

THE COLUMBIA PLAINS.

NATURAL CONDITIONS.

The cultivated portion of the Columbia Plains may be classified
as plateau lands. meadow lands, and bench lands.

By far the most important in extent are the plateau lands, com-
prising the broad, level upland areas. The important natural condi-
tions influencing agriculture upon the plateaus are (1) an arid eli-
mate, (2) ahsence of surface water for irrigation, and (3) a soil easity
tilled, fertile, and peculiarly adapted to retaining and utilizing the
scanty precipitation. The soil of the plateau lands is shown by
chemical analysis to abound in the elements necessary to support
plant life.  Its peculiar virtues, however, are probably due less to its
chemical than to its physical properties, its fine open texture render-
ing the plant food readily available and its friable character and
ireedom from stones making it very easy to till. Probably most
mportant of all, however, is its behavior toward water. On the one
hand. it is so porous that rain or melted snow is quickly absorbed by
it. =o that a =maller proportion is lost by run-off or by evaporation
from puddles than would be lost if it were more clayey and imper-
vious, and, on the other hand, it is not loose enough to allow the water
to sink rapidly and become unavailable. as it does in a deep sandy soil.
The spaces between the particles of the fine loam are so small that
the water is held in them by adhesion or capillary attraction, and
vields to the force of gravity only slowly and to a comparatively
small extent. Therefore a large proportion of the slight precipita-
tion is kept sufficiently near the surface to be used by the growing
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wheat, and successful grain culture is possible with a rainfall that
would be insufficient in a soil of less advantageons physical consti-
tution. Dry farming of grain is the industry found most profitable
under these conditions. and absorbs by far the greatest part of the
encergies of the farming population in this distriet, as well as in east-
ern Washingtou generally.

Far less in area than the grain lands are the meadows of Crab
Creek, Grand Coulee, and Harrison Springs, characterized by heavy,
moist, generally alkaline soils, and chiefly devoted to hay and pasture.

The bench lands comprise a comparatively small area on the ter-
races of Columbia River, where the sandy alluvial soil is irrigated
with river water and produces a variety of crops.

DEVELOPMENT.,

(rain eultiure—The invasion of the land by the wheat industry
has proceeded from the northeast. The séttlement of the district
about Ritzville, the thriving county seat of Adams County, dates back
nearly a score of vears, and the well-tilled farms, the numerous small
but flourishing orchards, and the substantial farm buildings give this
vicinity a gratifying aspect of prosperity. The villages on the North-
ern Pacific Railroad southwest of Ritzville and along the Great
Northern are lively and growing, but glaringly new, and the hastily
constructed, often unpainted frame house is the prevailing architec-
tural type. The whole aspect of the country also speaks of its recent
settlement. In the vicinity of Connell a large proportion of the
wheat land has been broken in the past vear, and many sections, pro-
tected from grazing by fences, still bear an abundant growth of
bunch grass.

To the west also the frontier of the wheat belt is being pushed
to the border of the desert. The land is dotted with the board shan-
ties of homesteaders and with newly plowed squares that break the
surface of the virgin ground. The clearing awayv of the strong and
abundant sagebrush of this distriet preliminary to the first sowing
15 no small task. and many entire families are to be seen engaged
in uprooting the shrubs. collecting them in wagons, and feeding them
to blazing bonfires. The wholesale destruction of the brush is rather
to be deplored, for the roots and lower stalks are used as fuel in many
homes, and, while far from ideal for this purpose, must be of con-
siderable value in a region where wood is so difficult to obtain.

The earlier settlement of the northeastern part of this region is not
due to chance alone, but in part to better natural conditions, the
greater rainfall giving this section a natural advantage over the coun-
try to the southwest. The appearance of the stubble after the fall
harvest, as well as general report, indicates that it is superior in
natural productiveness to the more arid districts. Part of the
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apparent superiority 12 doubtless due to long cultivation of the land,
for the best results are not obtained until about three vears after the
first breaking, when the roots of the sagebrush and bunch gras< are
quite decomposed. DBut after making all allowances it still seems
unreasonable to expect as good returns in the recently settled districts
to the south and west as from the older land. where crops may suffer
heavily in years of especially light rainfall.

Exact data concerning the yield of wheat are difficult to obtain.
but the general run of crops appears to be from 16 to 25 bushels per
acre. Extremely large yields are not necessary for profitable culture.
for the land is low in price and so easily worked that the cost of cul-
tivation is much less than in hieavier lands. Tt seems necessary. how-
ever, to work a considerable holding, and the ranches are probably in
a majority of cases a section or more in area. The advantages of
close settlement and small farms will perhaps never be attained.

Forage growing—An important adjunct to the grazing industry
is the culture of hay for winter feeding. There are numerous
farms along upper and middle Crab Creek where hay is gathered
from the meadows, the crop being stored in large stacks and the
mown fields used as pastures for some time after harvest. The
greater portion of this hay is fed on the ranches, for while a minor
quantity is hauled to villages 1n the wheat lands it can hardly com-
pete sueccessfully with swheat hay and hay imported from the irri-
gated districts to the west. Unfortunately, the strongly alkaline
character of the soil is fatal to the better forage plants, and the crop
is of wild hay, very inferior in nutrient qualities to timothy. clover,
or alfalfa. One hay ranch, perhaps the most important seen during
this reconmaissance, is located on spring-watered land at the foot of
Priest Rapids. At this locality the excessive moisture of the soil is
prejudicial to domesticated grasses, though they have gradually been
introduced to a slight extent, and the quality of the crop is thereby
improved.

Horticulture—Though horticulture in this portion of the State
is not an important industry, orchards for supplying the needs
of a household are very generally to be found on the older ranches.
and larger ones are fairly numerous in the neighborhood of Ritz-
ville. Two were seen on Columbia River. one irrigated by a water
wheel and another by a small ditch from a neighboring canyon. So
far as known, no shipments of fruit are made to distant parts of the
State.

The natural conditions in the wheat country are unfavorable {o
fruit culture in many ways. The late frosts in spring, as experience
has shown, are often fatal to the growth of peaches where they have
been tried. The hardier apples often attain good size and quality,
especially upon high ground. and prune tr
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crops.  Excellent pears are grown on the MeMannamon ranch on
middle Crab Creek, where the alkali of the soil is injurious to most
other fruit trees. In the land bordering Columbia River there scems
reason to hope that fruits may be grown with much success if exten-
sive irrigation can be provided, for at Wenatchee, where temperature
conditions are probably very similar, fruit culture is a flourishing
industry.

Small fruits are said to thrive where their culture has been at-
tempted, notably on the plateau west of Grand Coulee. Domestic
vegetable gardens, with cabbage, corn, and other hardy plants, add
to the comfort and convenience of many thrifty ranchers. but gen-
erally do not present a flourishing appearance.

Except at the two localities on Columbia River already mentioned,
practically no fruits are irrigated in this region. Vegetables are
sometimes watered by a small stream from the farm well. but no
extensive. svstematically irrigated gardens exist. If irrigation were
possible there is no doubt that the quality and amount of fruit and
vegetables raised in this region might be greatly increased. The
extent to which irrigation may be practicable will be discussed later.

KITTITAS VALLEY.
NATURAL CONDITIONS.

The broad floor of Kittitas Valley presents a large area of alluvial
soil of great natural fertility. The annual rainfall is too low to sup-
port agriculture in itself. but this deficiency is more than overcome
by the conditions that have made it possible to irrigate a large por-
tion of the land from mountain streams. The rather low mean
temperature and the lateness of spring frosts is disadvantageous and
makes horticulture less successful than in the Yakima region. where
conditions are otherwise similar. The character of the agricultural
industries of Kittitas Valley has been determined by the conditions
thus briefly outlined. They may be classified as follows: (1) Grow-
ing of forage: (2) dairying; (3) grain culture, and (4) horticul-
ture.

Forage growing—In the winter feeding of sheep, cattle, and
horses that range the neighboring hills and mountains a large amount
of forage is consumed on the valley farms. But as the irrigated
lands are eminently suited to the growing of hay and the warm dry
months of summer enable the farmer to cure it thoroughly with small
risk of injury by rain, a large surplus over that consumed locally is
raised, the different varieties of hay, mainly timothy, clover, and
alfalfa, constituting one of the most important crops of the region.
It is baled and exported in large quantities and finds ready sale at
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prices considerably higher than those obtained for the forage grown
in the more humid region west of the Cascades.

Dairying—The abundance of the best fodder and the excellent
pasture afforded by hay fields in the intervals of ¢ropping are condi-
tions favorable for mileh cattle, and dairying is an mdustry of con-
siderable importance.  While no large farms are entirely devoted to
it. the great majority of ranchers produce small quantities of milk,
which is collected daily by the several creamery companies and
‘worked into excellent butter on a large scale. There are six cream-
cries in the county, which is among the most important dairying
counties of the State.

(Frain culture—Grain, including wheat, barley, and oats, in order
of importance as named, is a crop of considerable magnitude, the
greater part being grown on the marginal portions of the valley,
where there is not sufficient water for the proper irrigation of hay.

Horticulture—There are probably no raunches in Kittitas Valley
with horticulture for their principal dependence, but nearly every
thriving farm has its garden and orchard to supply domestic needs.
Nearly all vegetables do well under irrigation, and constiderable quan-
tities of small fruits and vegetables are exported. The climate, as
before noted, is unfavorable to most orchard fruits. Apples ave the
only ones grown in suflicient quantity for export: these are of excel-
lent appearance and flavor, and generally freer from worms and other
defects than the fruit of western Washington.

GEOLOGY.
GENERAL STATEMENT.

The arca considered in this report lies wholly within the vast terri-
tory which. in Miocene time. was inundated by great floods of basaltic
lava. Throughout the greater part of the region the basalt lies not
far beneath the surface. Though for the most part covered with
soil in the level upland stretches and gentle slopes, it is exposed in
the walls of nearly every conlee or canyon. From this rock are carved
the imposing but somber cliffs of the Grand Coulee, the gorge of the
Columbia at the foot of Table Mountains, and the majestic Sentinel
Blufts. Its depth appears from the fact that nowhere within the
limits of this reconnaissance has it been cut through by the streams
that have so deeply trenched it.

Upon the basalt, in late Miocene time, there were laid down sev-
eral hundred feet of sediments belonging to what is known as the
Ellensburg formation. While these beds may have been deposited
over the greater portion of the area considered, they have vielded
with comparative readiness to erosion, and now occupy but a fraction
of the land surface. In the White Blufts of the Columbia this for-
mation is splendidly exposed.
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Since the deposition of the Ellensburg beds the layers of rock,
originally horizontal, have been tilted and folded, and the land has
been modeled to its present form by the work of water, ice, and wind.

STRATIGRAPHY.

YAKIMA BASALT.Y

DISTRIBUTION AND VOLUME.

By reason of its vast extent and great volume the basalt of the
Columbia basin is one of the most important voleanic formations in
“the world. Tts greatest thickness is not less than 4,000 feet, and its
area, including portions of Washington, Oregon, and Idaho, has
been estimated at about 250,000 square milex. In Washington and
Idaho the area underlain by it includes practically the entire Colum-
bia Plains and that portion of south-central Washington designated
the * foothill province,” as well as a considerable strip along the
southern border of the State, crossing the Cascade Range and extend-
ing west to the ocean.

East of the area immediately considered here the Yakima basalt.
where its edge is exposed, is underlain by Tertiary sandstones. Just
sonth of Wenatchee the northern tace of Saddle Mountain is a lofty
and precipitous cliff of basalt. at the foot of which lies a belt of low
hills carved from the rather soft sandstones which occupy both sides
of the river at Wenatchee, bnt soon thin out to the north.  IFrom a
short distance above Wenatchee to the mouth of the Okanogan the
boundary of the lava is marked by the Colinnbia, whose left hanlk
is overlooked by a precipitous wall, with a top or *rim ™ of basalt.
immediately nuderlain by old crystalline rocks, such as granite,
gueiss, and schist; to the north these older rocks are not exposed. the
basalt forming the entire wall of the canyon. '

Near the Okanogan the boundary again crosses the Columbia. and
is, in general, coincident with the southern border of the Okanogan
highlands. On the northeast and the east the lava reaches up the
lower slopes of the mountains in Idaho, remnants of it being found
along the valley of Spokane River, about Ceeur d’Aléne Lake, and
along the lower parts of the vivers flowing into it.  Along the cutire
northern and eastern boundavies the surface upon which the basalt
was poured out is supposed to have consisted of ancient. mostly crys-
talline, rocks. To the south, southeast, and southwest the basalt arca
extends for considerable distances into Idaho and Oregon. but its
delimitation in these directions need not be dicussed here,

« This name was first used by Mr. G. O. Smith in Water-Sup. and Irr. Paper No. 55,
and is applied to the Miocene basaltic series of this region. The term * Columbia River
lava,” as used by Professor Russell. includes Focene and Pleistocene lavas separated
from the Yakima bascalt by important sedimentary formations.
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ORIGIN.

The origin of .a body of lava so vast and widespread is an inter-
esting problent. Tt is a generally accepted view that the originally
molten rock was forced up through great cracks or fissures in the
crust of the earth; this theory is based on three kinds of evidence:
(1) The volume and extent of the lava floods are so enormous that
it is difficult to conceive of thelr eruption from ordinary craters;
(2) the eomparative rarity of the fragmental materials known as
*tufls,” » breceias,” ete., indicates a quiet welling up through fissures
without the explosive action characteristic of crater eruptions; (3)
the theory has received very positive confirmation of late vears by
actual observation of the fisswres from which these floods came forth,
filled with the cooled and hardened basalt and exposed by the erosion
of the overlying flows. In the Cascade Mountains there is a great
syvstem of dikes in the sandstone heneath the basalt, which has been
deseribed by Professor Russell © and by Mr. George Otis Smith.”

The thousands of feet of basalt in the plains were not poured forth
i one great outhurst.  The series is made up of a great number of
Iayers or flows that can be distinguished in the field by means to
be discussed in another section. It Is estimated that about twenty
such flows have been cut through by the river at Sentinel Bluffs,
Each of these layers represents a distinet outpouring of basalt, the
cruptions being separated by varions intervals of time. In some cases
these periods of rest must have endured for centuries, for at certain
localities there are beds of soil between the lavers on which trees
have grown to counsiderable size, to be charred and buried by later
flows.  The basalt eruptions, especially in the later stages of their
activity, were interrupted by periods in which there were accumu-
lated other materials, consisting of voleanie aslies of a composition
different from that of the basalt, and beds of sand. clay, or gravel.
Iaid down in lakes or rivers.

The average thickness of the individual flows in this region is prob-
ably between 50 and 100 feet. Their extent, counsidered separately,
must have been enormous, for it is rare to see the edge of a layer
thinning out. This fact indicates that the molten rock was in a
highly fluid condition and retained its fluidity long enough to spread
out for great distances.

In addition to the massive flows that form the greater part of the
series there are beds of fragmental voleanic material. such as bombs
or smaller angular fragments of lava. Such materials either have
been thrown up to great heights and spread out upon the surrounding

e Russell, 1. C., Preliminary paper on the geology of the (‘ascade Mountains in northern
Washington : Twentieth Ann. Rept. U. 8. Geol. Survey, pt. 1. 1899, pp. 121-122, pl. xii.
> Smith, G. 0., Mount Stuart: Geologic Atlas U. 8., folio 106, U. 8. Geol. Survey, 1904.
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country, or,mixed with hot volcanic water, have formed mud flows
and run out on the surface in much the same way as true lava. Their
formation was perhaps due to the partial choking of fissures by con-
gealed material. and the building of craters where the pent-up sub-
terranean forces found constricted vents. The fragmental materials
are not so generally distributed nor so widespread as the massive
flows; theyv are most numerous and thickest in the mountains, while
in the Columbia Plains they form but an insignificant proportion
of the basalt series.
LITHOLOGIC CHARACTER.

The textural and structural features of the basaltic rocks are of
interest not only to the scientist, as throwing light upon the manner
in which the lavas were erupted, but to the practical man also, for
the deep water of this region is found chiefly in the basalt series.
The lithologic characters will therefore be considered somewhat
fully.

The texture of the basaltic rock, viewed in small specimens or frag-
ments, shows a considerable range of variation expressive of the
different rates at which the lavas cooled. The central portions of
thick flows, where cooling has been slow, arc often completely crys-
talline. In thin flows, or near the surfaces of thicker ones, the rock
is of finer texture, is generally dull in luster, and does not show, to
the unaided eve, the minerals of which it is composed. Where the
basalt has been suddenly chilled, especially at the base of a flow, the
lava may solidify as a black glass. From the practical standpoint,
however, the most important fact in regard to texture is that the
basalt is generally fine and compact, with no pores capable of allow-
ing water to pass to any appreciable extent through the solid rock.

The structural characters of lava flows are dependent on conditions
attending their eruption and cooling, and may best be described with
reference to their origin.

SURFACE FEATURES OF LAVA FLOWS.

Molten lava, as it issues from the earth, is always charged with
steam. While the lava remains underground the steam is intimately
mixed with the molten rock and is prevented from expanding
by the enormous pressure of the overlying crust. When the lava
emerges on the surface, however, there is a sudden decrease in pres-
sure, and the steam combined with the lava expands and collects in
bubbles, which rise to the surface and burst, giving off the great
clouds of vapor that always rise from a moving flow of lava. The
solidification of the molten rock generally takes place, however, before
the steam has entirely escaped, and the bubbles in the upper portion
of the flow become, as it were, frozen, so that the upper surface of a
lava flow has generally a vesicular or honeycombed character. It is



CALKINS.] YAKIMA BASALT. 33

by this structure that the upper surface of a flow is best distinguished
and the different flows distinguished from one another. The bottom
of a sheet sometimes has this vesicularity in a minor degree, owing to
the sudden chilling and solidification of that portion before it has
freed itself from watery vapor.

Another common surface feature is that produced by the formation
of a crust on the top of a flow and its subsequent disruption by the
onward movement of the still liquid lava beneath. The rough scoria-
ceous layer, formed by the fragments of this crust cemented by other
molten material, is called a flow breccia. Again, the crust formed
upon the advancing front of a lava flow may often be broken and the
fragments rolled under and incorporated in the bottom part of the
moving sheet of molten material.

CONTRACTION PARTINGS,

After the lava has completely solidified it is still at a temperature
enormously higher than that which it must ultimately attain, and a
gradual cooling progresses for a considerable time. Cooling, in the
case of basalt as of most other substances, brings contraction. This
necessarily leads to the formation of joints and small fissures, divid-
ing the rocks into blocks or plates of varving size and regularity, and
such contraction partings are of universal occurrence in the basalts
of the Columbia basin. The forms into which the lavas are thus
divided are multitudinous. but are divisible into a number of classes,
each of which will be brieflv described.

Columnar jointing, generally perpendicular to the cooling surfaces
and therefore most often nearly vertical, is the most universal and
striking structural feature of the basalt flows (Pl IIT, B). The
columms vary greatly in size and regularity of form, their diameters
ranging from a few inches to 6 feet. They are sometimes so straight,
gharp cornered. and clean cut as to simulate the work of human
hands. More frequently. however, theyv exhibit imperfections of
form, the sides being warped and not parallel to one another. Cross
sections of the most perfect prisms are oftenest pentagonal or hex-
agonal, but polygons of 4, 7, or 8 sides are also common.

The main vertical columns of the basalt flows are generally sub-
divided by secondary partings. Most universal is a transverse joint-
ing, dividing each column into sections of varying lengths. An
extrenme development of such jointing is characteristic of certain
flows, mainly in the upper portion of the series, which are primarily
divided into vertical columns of large size and great regularity,
these in turn being divided by slightly curved, nearly parallel, and
very numerous horizontal partings into scaly fragments which over-
lap irregularly and do not extend entirely across the columns.

Another secondary parting, which has been described by Professor
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Russells results in the formation of small columms perpendicular to
the faces of the large vertical ones.  This strueture oceurs where the
vertical columns are irregular and especially large. In such casesx
the vertical cracks arve comparativelyv wide. and probably allowed
radiation and convection of heat from the sides of the columns,
These were then cooling surfaces, and columns perpendicular to them
were formed according to the usual law,

Lamellar parting parallel to the surface of flows 1s frequent near
the upper and lower surfaces. This may extend for varving hori-
zontal distances and is frequently combined with irregular vertical
jointing.

FRAGMENTAL BEDS.

The beds of tragmental material thrown out from craters are made
up of rough. angular, and generally scortaceous fragments of glassy
lava, impertectly sorted. and not clearly stratified. The scarcity of
sich beds in the plaing has been noted, and few loealities can be cited
where they are to be observed. In Dry Coulee. north of Adrian, a
bed of red. slaggy, and porous fragments was seen, which carries
water and supplies two or three springs.  The north front of Yakima
Ridge exhibits exposures which. by their erosion forms, appear to
be coarse, fragmental basalts. To the west. as has been remarked,
finer grained materials of similar nature are more plentiful, and con-
siderable exposures are to be seen in Shushuskin Canyon and other
-avines in the hills about Kittitas Valley. The fragmental materials
are uncemented, very porous, and well fitted to absorb and store up
large quantities of water.

MATERIALS INTERBEDDED WITH TIE BASALT.

Materials other than basalt. interstratifiecd with the lava, were
observed only in the upper portion of the series.  The most unportant
of such beds is exposed in the escarpment of Saddle Mountain over-
looking Crab Creek, and in the bluff opposite Craig's ferry. It ix
composed of fine grayish-white voleanic ash with very regular bed-
ding. is about 100 feet thick. and ix overlain by about an equal thick-
ness of basalt. Similar ash beds in similar stratigraphic positions
were observed on the sides of Kittitas, Squaw Creek, and middle Crab
Creek valleys, but they do not seem to be continuous with the Saddle
Mountain ash. The latter, indeed, is not observed on the west side
of the river at Sentinel Bluffs, and seems to thin out or disappear to
the east also.

About 500 feet below the top of the Sentinel Blutfs another light-
colored bed about 40 feet in thickness is interstratified with the basalt
and exposed at the same level in the cliffs on either side. This bed
consists of what is known as an arkose sandstone, made up of grains

¢ Russell, I. C.,, Reconnaissance in southeastern Washington: Water-Sup. and Irr. T'aper
No. 4, U. 8. Geol. Survey, 1897, p. 45.
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of quartz. feldspar, and mica. This rock. moderately coarse grained.
friable. and of open texture, is well fitted (o act as a water-bearing
stratum.

ELLENSBURG FORMATION.

DISTRIBUTION.

Lying upon the surface of the hasalt at numerous localities in east
Washington is a series of supposed lake beds known as the Ellens-
burg formation, from their having been first carefully studied near
the town of that name.?

The distribution of similar beds in the same stratigraphie position
is extensive, and they are found in great volume in varions places in
the western and the southern parts of the Columbia Plains. That
these deposits arve, or ever were, continuous over this broad area can
not be asserted positively, but their general similarity at the various
localities points to the existence of similar conditions of deposition
over an extensive strip of territory east of the Cascade Mountains in
the period following the close of the basaltic eruptions.

The present distribution of the Ellensburg beds in the area covered
by this report is not so easy to determine as the barren aspect of the
country leads one to expect. The formation is rarely exposed except
where cliffs have been carved in it by aneient or modern streams, and
its boundaries are mostly coneealed by a thick covering of wind-blowu
soil.  These conditions, combined with the hasty character of the
work and the lack of a good topographic base, forbade anything like
accurate determination of boundaries, and those represented on the
map (Pl F) are to be regarded as but roughly approximate.

LITHHOLOGIC CHARACTER.

The character of the typical Kllensburg material of the Columbia
Plains is shown by the following deseriptive section of the exposure
at the npper end of White Bluffs.  The beds are deseribed in ascend-
ing order.

Section of Ellensbury beds at White Bluffs, 1 mile below Koppen's ranch.

Feel.
Sand, partly consolidated, and sandy clay, mostly red, weathering in part
into small spheroids_ - ____ _____ __ o . 25
Red tuffaceous sandstone, fine grained (ledge) - ____ . _______ _________ ;
Soft, reddish, medium-grained sandstone________________________ _______ 93
Cross-bedded sand and fine gravel; fragrants mostly of scoriaceous basalt.
somewhat rouwnded______________________ . 5

“* John Day system ™ of Bull. No. 108 and Water-Sup. and Irr. Paper No. 4, U. 8. Geol.
Survey, but so called erroneously, for the original John Day is of early Miocene age, and
lies beneath the great basalt series Nee Merriam, J. (', Bull. Dept. Geology, Univ, of
Cal, vol. 2, No. 9, p. 276. The Ellensburg formation is probably equivalent to the
Mascall formation of the John Day Valley.

®For detailed description of this formation in the type-region, see Smith, (. 0O,
Ellensburg, Geologic Allas, U, 8., folio 84, U, 8. Geol. Survey, 1905,
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Feet
Fine sand and silt, with small basalt pebbles________ ___________________ 3%
Silt, not laminated, gray to terra cotta in color, nodular in upper part. . __ 24
Fine soft sandstone, gray green to terra cotta_____________ _____________ 20
Clay, gray green to pink._______ e 15
Greenish white clay, not laminated, checking into small fragments, with
feldspar grains__ . ________ o e 70
Pale terra cotta silt, not laminated_____ ___________ __ ______ _______ 7
Greenish elay.__________ . 3
I’ale terra cotta silt, obscurely laminated__________ _____ ____ 5
Soft greenish clay__ 20

Above this, but probably not of the Ellensburg formation, are:

Gravel, with pebbles of basalt 5 inches or less in diameter, incrusted
with limy material; matrix light-colored silt and sand, partly
cemented with limy matter_________________________________ 15

Sand, lower part with fine wavy lamination, upper part with a peculiar
chambered structure, having thin, highly contorted partitions of ce-
mented sand stained with iron oxide, with soft unconsolidated sand
between . _ __ . . o 15

The general character of this section offers some points of contrast
with the typical section measured in the Ellensburg quadrangle.s
The material in the White Bluffs is much finer, coarse sandstones
being rare and coarse conglomerates entirely lacking. Cross-bedding,
so common in the Naches Valley section, is not common in the White
Bluffs. Tt is evident that the material has been carried far from its
source and deposited under conditions of comparative quiet.

The Naches Valley section is characterized by a very large propor-
tion of voleanic ash and tuff, mainly of andesitic composition. The
extreme fineness of most of the White Bluffs rocks makes it difficult
to prove their origin, but pumice grains and clear feldspar crystals
are to be seen in some of the material, and dust seraped from a speci-
men of very fine grain is found, by the aid of the microscope, to con-
sist of angular transparent fragments that seem to be voleanic glass.
It is believed that ash erupted from volcanoes in the Cascade Range,
carried a great distance by the upper air currents, and finally falling
gently into the waters of a shallow lake, form the most important con-
stituent of the White Blnffs beds. Certain of the sandy layers, how-
ever, were probably laid down by river currents.

The writer found no fossils of any kind in the Ellensburg forma-
tion in the region examined, though it is said that shells and bones
have been found in the bluffs near Pasco.

In the Moxee artesian basin the most abundant supply of flowing
water is obtained from the lower part of the Ellensburg formation.
The White Bluffs section also shows an alternation of relatively per-

« 8Smith, G. 0., Geology and water resources of a portion of Yakima County, Wash-
ington : Water-Sup. and Irr. Paper No. 55, 1901, pp. 17-21; and Ellensburg quadrangle:
Geologic Atlas U. 8., folio 86, U. 8. Geol. Survey, 1903.




CALKINS. | STRUCTURE. 37

meable and impermeable strata, which would seem favorable to the
occurrence of artesian water, provided the requisite conditions of
structure and supply are also present.

STRUCTURE.
GENERAL CHARACTER OF DEFORMATION.

At the close of the period during which the Ellensburg beds were
deposited the rocks lay in a nearly horizontal position. Since that
time they have been deformed in a manner that has a most important
bearing on the artesian problems that will be discussed later on.

In his reconnaissance of a much larger area than the one here
described, Professor Russell was led to the view that the character-
istic orographic form of central Washington was the tilted fault
block. The important economic bearing of this conclusion was recog-
nized, as the presence of faults was held to be very discouraging to
the hope of obtaining artesian water. The writer came to the field
intending to investigate this point, and inclined to scepticism, for the
examination of the Ellensburg quadrangle, also contained in Profes-
sor Russell’s area, had shown that many of the supposed tilted blocks
of the earth’s crust were in reality unsymmetrical anticlines or folds
in the strata.

The north face of Saddle Mountain, where it overlooks the lower
stretch of Crab Creek, was cited by Russell as a very typical fault
scarp. The topographic form here does indeed suggest faulting in
a very striking way. South of Crab Creek a bold escarpment rises
some 1,500 feet, exposing in section about 1,200 feet of basalt, over-
lain in order by a thick bed of white tuff, a flow of basalt, and a small
thickness of Ellensburg formation proper. North of Crab Creek
this lofty cliff is confronted by a low blufl of basalt, probably between
100 and 200 feet in height. A few miles to the northeast a gentle
escarpment is seen, carved from the Ellensburg beds, here overlying
the horizontally bedded basalt. It is obvious that we must have here
either a normal fault with the downthrow to the north or a sharp
flexure, the down-folded portion having been removed by erosion,
feaving only the nearly horizontal strata on either side. Evidence
bearing on the choice between these alternative views was gathered
by examination of the Saddle Mountain front to the east and to the
west of the great cliff.

On the west side of the Columbia, opposite the mouth of Crab
Creek, the continuation of the mountain is bounded on the north not
by a cliff, but by a steep slope, which passes continuously into the
rolling surface at its base. The surface of this slope is nearly con-
formable to the structure of the basalt. The mountain shows no out-
cropping horizontal ledges, but rising through the mantle of soil,
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sloping backward on the spurs and forward in the gulches, can be
traced the outcrop of one or more especially resistant beds of black
lava, having a dip a little steeper than the slope, but in the same
direction. A little north of the base of this slope basalt can h» seen
with a very gentle dip to the south.

At another point, some 20 miles east of the mouth of Crab Creek,
the north slope of the ridge was examined again, and a similar state
of things observed. Crab Creek here flows in a canyon some hundreds
of yards wide, bounded by precipitons walls about 100 feet high.
Just to the south Saddle Monntain rises with a moderately steep
terraced slope. TFor a few hundred yards back from the canyon’s
brink horizontal basalt, corresponding to that across the canyon, is
exposed. On the lower slopes of the mountain the strneture is con-
cealed by terrace deposits and soil. Behind the nppermost terrace,
however, the basalt is again exposed in a gully, where it shows a
northerly dip of about 50°. The evidence indicates that there is here
a sharp flexnre and not a fault.

While the fact is not proved beyond doubt, the writer believes that
this flexure, observed both east and west of the cliff, was once con-
tinuous along the entire front of Saddle Mountain; that the cliff
along lower Crab Creek was produced by erosion, and that the flex-
ure is here concealed below the sediments in Crab Creek botton.

The existence of a fault along the Grand Coulee, which was
asserted by Professor Russell, also appears open to doubt. In support
of the fault hypothesis, Russell cites in the first place the existence
of a down folding or monocline, exposed in section on the east wall
of the coulee, apparently without any corresponding flexure in the
opposite wall. Thix flexnre, however, is not absent to the west, but
is only obseured by the alluvial deposits laid on the terraces which
have been cut in the down-folded part of the basalt. The mono-
clinal structure was observed in a gully northwest of Coulee Clity.
The strike here, so far as could be observed, seemed more nearly
north and sounth than on the east side, and the relations indicated
that the monocline had been continuous across the canyon, but that
the horizontal projection of its axis was probably somewhat curved.
It seems unnecessary to suppose that there has been faulting. IFur-
ther, the fact that the western wall of the coulee below the site of the
cataract is much greater than that of the eastern wall is explained by
Professor Russell as the result of faulting. To the writer it seems
that this fact also conld be accomnted for by flexnre. Tt is always to
be borne in mind that the floor of a canyvon half a mile wide and
more or less covered by alluvial deposits may conceal important
structures.

To sum up, it appears to the writer that the steep slopes supposed
by Professor Russell {0 be fault scarps are. in the region considered
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here, as in the Ellensburg area, the products of crosion and of sharp
flexure in the basalt. Tt is necessary, however, in order to establish
the view here advanced, to explain the remarkable fact that such
important stream channels as the Grand Coulee, lower Crab Creek
Coulee, and the canyon of the Colimibia just below Priest Rapids
have been intrenched along supposed lines of flexure. The most
plausible explanation of this fact has been suggested by Professor
Russell himself in one of his more recent publications,? in which he
advances the theory that the location of the folds has been determined
by the Weakenmg of the crust through erosion along the stream
courses. In other words, stream erosion, instead of deformation, has
been the primary agent. This ll_Vl)OthESlS appears to have much
probability and to Jend itself very aptlv to the explanation of the
course of lower Crab Creek and perhaps to the analogous position
of the Columbia along the base of the ridge south of Saddle Moun-
tain. In the case of the Saddle Mountain searp, the surprise at its
magnitude is diminished when we realize the fact, to be developed
further on, that the Columbia, swollen beyond its present volume
by water from a great glacier, once flowed in the channel now oceu-
pied by an insignificant and partly suballuvial stream.

CHARACTER OF FOLDS.

Folding is then considered by the writer as the prevalent type of
deformation in the region here discussed, and he does not consider it
probable that the injury of artesian baxins by fissures is to be appre-
hended. Tn the western portion, lying in the foothill zone, the anti-
clines (structural arches) and svnclines (strnetural troughs) are
relatively pronounced, but they die out to the east, and in the wheat
lands the basalt has sutfered only gentle tilting, often imperceptible
in amount.

With regard to direction, the folds fall into two systems. The
sharper anticlines, and by tu* the greater number, trend nearly east
and west. To this system helong the anticlines of \ alkima Ridge and
Saddle Mountain. Coexisting with the east-west system there are
broad and gentle north-south folds, exemplified in the east slope
of Table Mountain and the gentle westerly dip of the basalt under-
lving the wheat lands.

The form of the east-west folds is characterized by a lack of sym-
metry, the steeper side in the area dealt with in this paper being
apparently always to the north. The conirast between the north
and south faces of Saddle Mountain has been meuntioned, and other
more striking examples oecur in the foothill region outside the area
with which this report is concerned.

¢ Russell, I. ('., Geology and water resources of Nez P'erces (County, I(hhu Water-Sup.
and [rr. 'aper No, 53, U, 8, (teol, Survey, 1901, p. 70,
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The coexistence of two perpendicular systems of folds is perhaps
favorable to the conservation of water under pressure, in so far as
it tends to form basin-like structural depressions.

The specific structural features of the region whose general char-
acter has been discussed in the preceding paragraphs can be made
plainer by the structure sections accompanying the geologic map
than by lengthy verbal description.

PHYSIOGRAPHY.

Physiography treats of the development of the existing form of
the land surface. In that development two classes of agencies have
been concerned: (1) Forces, probably generated for the most part
by the slow cooling and contraction of the earth, which deform the
strata originally laid down in horizontal position and heave them
up into the form of folds and tilted blocks; (2) the action of frost,
water, ice, and wind, which modifies the masses raised up by these
mountain-making forces. Agencies of the second class are mainly
degrading in their effect—that is, they tend to tear down what the
mountain-making forees have built up.

RELATION OF PHYSIOGRAPIIY TO STRUCTURE.

The manner in which the Miocene rocks have been deformed has
been discussed under the heading “ Structure.” The relation between
this and the form of the land surface in the region considered is
unusually close. There is over the greater part of the earth’s sur-
face a lack of concordance between the topography and the dip of
the underlying rocks, because erosion has so deeply modified the origi-
nal form of the uplifts as to make their character unrecognizable
without careful stndy. Here, however, the principal uplifts and the
basins or troughs between them have retained, in a general way,
their original form. For instance, Kittitas Valley is a striking
example of a structural basin in which the rock layers on all sides
dip toward the center, while the portion of Table Mountain that
lies within the area considered here is a structural elevation, its
east face being a clear example of a “dip slope.” The profile of
the south face of Saddle Ridge also is in harmony with the arching
structure of the underlying basalt so clearly exposed in Sentinel
Bluffs. It may be said, in general, that the extensive gentle slopes
in this region, unbroken by outcrops of rock ledges, are more or less
nearly parallel to the underlying strata and are expressive of the
structure of the rocks. In contrast to these comparatively gentle
structural slopes are the bold cliffs exposing the rocks in section.
These features are mainly the work of rivers, whose effect on the
topography may now be considered.
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WORK OF STREAMS.

The conspicuous features formed by stream erosion are the can-
yons of the Columbia and the Yakima with their tributary streams,
and the dry coulees of the wheat lands. Less prominent are the
features that represent the depositing rather than the cutting activ-
ity of the streams, namely, the gravelly flood plains and terraces.
A study of the topographic forms that have resulted from the
work of streams throws much light on certain of the later episodes in
the history of this region.

RELATION OF STREAM COURSES TO STRUCTURE.

When we consider the relation of watercourses to the structure of
the rocks, the streams of the region are divisible into two classes—
those whose courses seem to have been determined by the structure
of the underlying rocks, and those whose courses are independent of
rock structure.

Consequent streams—To the first class, which are technically desig-
nated consequent streams, belong the majority of the smaller streams
of the region. The creek draining Willow Springs, for example,
and that flowing from the Clerf Spring, flow down pitching struc-
tural troughs or synclines. Another large class of small streams or
channels seem to have been located by water flowing down a struc-
tural slope. Examples of canyons ortginating in such a manner are
afforded by the gulches draining Table Mountain and Saddle Ridge.

Antecedent streams——The most striking examples of the second
class of streams are Columbia and Yakima rivers, which in several
instances cut squarely across great structural arches in the basalt.
The Yakima leaves Kittitas Valley not by the lowest portion of its
rim, but by a deep gorge cut across Manastash and Umptanum ridges.
Lower in its course it cuts other anticlinal ridges lying outside the
area of this survey. Columbia River in like manner cuts across Sad-
dle Ridge in a direction at right angles to its crest line. Another
instance is furnished by Moses Coulee, which has cut its way through
the Badger Mountain uplift without regard to structure, forming a
canyon whose size is especially remarkable when we consider that for
ages it has not contained a perennial stream.

The formation of the gorges thus briefly described can be explained
only on the supposition that the streams which formed them are
antecedent to the structure, or, in other words, that their courses
were established before the upfolding of the basalt and Ellensburg
beds began and were maintained throughout its progress. The arches
were raised up against the down-cutting rivers as a log is pushed
against a whirling saw. The uplift must have been in general an
extremely slow process, since in most cases there is no evidence to
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indicate that the rivers were ponded, as they would have been if the
rise had been so rapid that they failed to maintain their courses.
The sudden uplift of Saddle Mountain would have deflected the
Columbia and caused it to find an outlet over the lowest point in the
dam, far to the east of the gate it actually made for itself. There is
some reason to suspect. however, that the river was deflected by the
next uplift athwart its course, and the eastward bend at the foot of
Priest Rapids may have been due to the inability of the river to cut
down against the rising ridge along whose face it flows for many miles
below, to clear its lower end in the great sweep to the east inclosed on
the left by the White Bluffs.

The three examples cited are not the only antecedent streams in the
region. Crab Creek ervosses an anticlinal arch of slight elevation
below Moses Lake, while its course along the western portion of Sad-
dle Ridge was not determnined by strueture. If the writer is correct
in diserediting the hypothesis that the cliff in that locality is a fanlt
searp, the antecedent character of Crab Creek may be taken as

explaining its origin, according to Professor Russell’s hvpothesis,

cited on page 39.
ORIGIN OF COULEES.

The topographic character of the coulees in the wheat lands proves
that they have been produced hy stream erosion It is, however. per-
fectly obvious that they could not have been eroded, no matter how
much time were allowed for the process, during the existence of the
present arid climate. A few of the coulees have streams, perennial
though insignificant in comparison with the canyons they occupy. but
the majority never contain continuous surface streams, even in the
rainy season. It is necessary to suppose that the coulees were eroded
in a time long past, when the region had a fairly abundant rainfall,
The canses wliich determined the formation of the Grand Coulee were,
however, exceptional, and will be disenssed later.

TERRACES AND GRAVEL DEPOSITS.

In the formation of their canvons the streams did not cut down
steadily and without stopping. The task was accomplished in a some-
what spasmodic fashion, with alternating periods, during some of
which the streams were occupied in sinking channels into bed rock,
while in others they were occupied in filling with gravel those already
cut. These episodes in the history of the streams are recorvded in the
terraces aud gravel deposits of the stream canyons.

Terraces of well-rounded basalt gravel are found along all the
coulees of the wheat lands, such material being especially well exposed
near Connell. Similar deposits are extensively developed near Conlee
City and east of middle Crah Creek and of the foot of Moses Lake.
Gravel terraces are found at high levels along Columbia River, the
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best examples occurring below Priest Rapids and in the gorge along
the foot of Saddle Mountain.  Great volumes of gravel underlie the
central portion of Kittitas Valley and are well exposed in section on
the banks of Yakima River.

Ancient gravels are found not only in the terraces above the present
stream levels, but underlie the existing stream beds in many eases to
eonsiderable depths. At Connell records of well borings have shown
that the bed of the coulee ix filled with gravel to the depth of at least
180 feet. Great depths of gravel are also found in borings along
other coulees.  The Columbia flows on gravel through the greater
portion of its channel, but has reached bed rock at Priest Rapids and
perhaps also at Coyote Rapids.

The history to be read from these gravel deposits is briefly as fol-
lows: (1) There was a period during which the streams, actively cut-
ting downward. carved a system of canyons in bed rock deeper thau
those which exist at present: (2) a period suceceded during which the
~treams were overloaded with gravel and filled up their bed-rock
channels to depths attaining, in the case of the Columbia, at least 300
teets (3) there was a second period of down cutting. in which the
streams cleared out the gravel from their bed-rock channels to a
greater or less extent : temporary halts in the process of down cutting
are marked by the lower terraces; (4) the large and numerous
streams that carved the canvons dwindled because of the arrival of
the present arid climate, and the down cutting into the gravel de-
posits practically ceased except in the cases of Columbia and Yakima
rivers.

The gravel deposits of the region are not only of seientific but also
of economic interest, ax the surface wells of the region are mainly
located in the gravels on the valley and coulee bottonis.

GLACIAL HISTORY.

There was a period. recent as time is measured by the geologist, but
long before the beginning of human history, when the valleys of the
northern Cascades and of the Okanogan highlands were filled with
immense glaciers, the largest of which reached the plains before they
were melted in the warmer air of the lower country.

The greatest ice river of eastern Washington flowed down the
Okanogan Valley. which it filled to a depth of several hundred feet.
Upon reaching Columbia River Valley this glacier expanded. 1t
seems not only to have damed the Columbia. but to have filled its
profound canyon down to the outlet of Lake Chelan, and to have
spread out over the plateau embraced by the Big Bend for about 35
miles to the east of this point. The southern limit of the Okanogan
glacier 1s marked. according to Salisbury, by a terminal moraine

« Salisbury, R. D., Jour. Geol., vol. 9, 1901, p. 721.
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extending from Chelan Falls to a point about 5 miles north of Coulee
City, in a great curve convex to the south.

The eastern end of this moraine was seen in the course of this inves-
tigation. Tt is a low ridge or, more exactly, a slightly elevated hum-
mocky zone formed of material pushed up in front of the advancing
glacier or carried on its surface and stranded where the ice melted.
Borne thus upon the southward-moving ice were many huge blocks
of basalt and fewer of granite. Some of these were stranded upon
the moraine, and many are to be seen on the plateau in the vicinity
of St. Andrew. One of them. an enormous block of basalt, stands
near the brink of the Grand Coulee and is a striking landmark visible
for many miles. In early days it served to guide travelers from the
east, and was generally known as Pilot Rock. Other large bowlders
are strewn upon the terraces at Coulee City and Ephrata, and seem
to have been dropped from icebergs that broke from the glacier front
and floated for some distance southward on the stream which then
filled the Grand Coulee.

While the Columbia was dammed by the Okanogan glacier it
flowed along its western side southward into Crab Creek Valley,
which was probably eroded to a considerable depth before this time.
During the existence of the ice dam the Grand Coulee was carved,
fower and middle Crab Creek Valley was much enlarged. and exten-
sive deposits of gravel were laid down about Ephrata and Moses
Lake. When the glacier retreated up Okanogan Valley the Colum-
bia resumed its former channel.

WIND WORK.

Under the arid conditions that have prevailed in historic time
water erosion has had comparatively little etfect in modifying the
general surface of the land. Various conditions, however, have
enabled the wind to do considerable transportation; the air currents,
which have a prevailing southerly direction, are strong and frequent,
while the soil is dry and loose textured, and is but slightly protected
by the meager growth of grass and shrubbery.

SAND DUNES.

The most striking evidences of wind work occur in the sandy
region that borders the Columbia, where groups of sand dunes of
very perfect form are to be seen. They exhibit the characteristic
wave-like profile, their steep sides constantly facing in the north or
leeward direction, and the process of their growth and shifting is
Lo be seen on any windy day. Other sand dunes of remarkable size
and extent are to be seen below Moses Lake, which, as before
remarked, owes its existence to them. Low hillocks, built up mainly
by wind action, are also to be seen on the plain south of Saddle
Mountain, but the dune form in these is not so pronounced as in the
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ones previously mentioned, probably because of the vegetation that
has found a foothold upon them and allows the sand to move less
freely.

SOILS OF THE WHEAT LANDS.

In the wheat lands also the wind has given the final touches in the
molding of the surface. The minor branches of the dry coulees,
carved originally from basalt. have had their once rugged sides man-
tled with fine wind-blown soil, which conceals the bed rock except in
widely separated exposures. That the soil mantling the slopes of the
coulees has been laid down by wind seems obvious. The present
writer further believes that the thick soil of the wheat lands also is
mainly wind deposited, or eolian. It has been assumed by most
writers who have touched upon the subject that the typical wheat
soil of the Columbia Plains is residuary. derived from the decompo-
sition of the underlying basalt. Professor Russell, however, is the
only geologist who has supported the residuary hypothesis by ex-
tended argument. In his report on southeastern Washington he
advocates the view that the wheat soils are essentially residual, but
superficially modified by wind action.” In his later description of
the Nez Perces region in Idaho he reatfirms the views expressed in the
earlier paper, and applies the theory of residuary origin to the wheat
soils of Idaho.? The writer's observations in east-central Washing-
ton have led him to believe that the wheat soils are not residuary, but
wind deposits. This belief is based primarily on the following facts
observed in the field:

(1) The thickness of the wheat soils, as shown by well records,
varies according to location from 50 feet to a minimum probably
averaging something like 25 feet. They mantle completely most of
the broad plateau surface and the gentle slopes, often concealing the
hed rock in the smaller gullies for many miles. The greatest thick-
nesses. however. seem generally to be on the brows of slopes, where
there are the most favorable opportunities for accumulation of wind-
blown material.

(2) The physical properties of the wheat soils are highly character-
istic and remarkably uniform. In texture they are fine loams, very
light. open, and friable.

(3) Their prevailing color is a light tawny brown, varying accord-
ing to the amount of organic matter present, but conspicuously in
contrast to the deep red tints which one would expect in a soil derived
from the decomposition of a rock so rich in iron oxides as basalt.

(4) When exposed in vertical sections the wheat soil is seen to pre-
serve its surface characters with remarkable constancy down to the

aRussell, 1. C., Reconnaissance in southeastern Washington: Water-Sup. and Irr. Paper
No. 4, U. 8. Geol. Survey, 1897, pp. 60-64,

b Russell, I. C., Geology and water resources of Nez Perces County, Idaho: Water-Sup.
and Irr. Paper No. 53, U. 8. Geol. Survey, 1901, pp. 44—48.
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solid basalt beneath. There is rarely any lamination perceptible,
such as would suggest deposition by water.

(5) In all sections observed by the writer, moreover, the division
between the basalt and the tawny loam is sharp, without any transi-
tion from fresh rock, through decomposed rock and soil with rock
particles, such as would be expected were the soil residuary.

The sharp definition between soil and basalt seems absolutely to
forbid the belief that the =oil is residuary in the strict sense—that is,
resting in the place of its formation. Tt must, therefore, be a trans-
ported soil.  The absence of lamination in the soil, the fineness of its
texture, and the absence of any particles so large as to be incapable
of wind transportation seem almost to demonstrate that the agency
coneerned in its deposition was wind. Granting this much, however,
it might still be argued that the material was derived from the
decomposition of basalt and only slightly removed from its source.
But the wheat s0il’s evident poverty in iron oxide, and its freedom
from any recognizable particles of basalt. are facts which strike the
observer in the field as discordant with such a supposition, and the
results of detailed chemical analyses give additional evidence in the
same direction.

Comparative analyses—There are on record manyv analyses of the
wheat soils of the Columbia Plains, made in the agricultural experi-
ment stations of Washington and Idaho. It appears, however, that
they are generally analyses merely of the portion soluble in hydro-
chloric acid, and while they may serve the purpose for which they
were made they do not give the true chemical composition of the
samples and throw but little light on the question of their origin.
Partial analyses of basalt and of the overlyving soil from Dayton,
Wash., have been made by Dr. Gi. P. Merrill and are published by
Professor Russell, but the soil analysis differs so markedly from all
those emanating from the experiment stations as to throw increased
doubt upon thetr availability. .

In view of these facts analyvses were made in the chemical labora-
tory of the Geological Survey of a typical wheat w0l and of an
undoubtedly residuary soil. The following tables ave designed to
facilitate the consideration of the available chemical evidence bearing
on the origin of the wheat soils. In Table A the results of the last-
mentioned analyses are exhibited side by side with an analysis of
basalt similar to that underlying the wheat lands from the Mount
Stuart, Washington, quadrangle. In Table B the analyses given in
the first table are presented in a condensed form for more ready com-
parison with the analyses given hy Professor Russell.

« Russell, 1. ., Reconnaissance in southeastern Washington : Water-Sup. and 1rr. Paper
No. 4, U. S. Geol. Survey, 1897, p. 61: and Geology and water resources of Nez Perces
County, Idaho: Water-Sup. and Irr. Paper No. 53, U. S. Geol. Survey, 1901, p. 41,
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TABLE A—dAnalyses of basalt, residunry <oil, and wheat sotl made in Geological

Survey laboratory.

I 1.

8i0,. . . ) . o | 5450 | 52.95
Al,0, - . © 14.43  15.69
Fe,0, e R - 1
FeO .. I . 8.80 }"“'85
MgO . . | 424 205
CaO .. . . . 8.01 4.40
Na,O.. . L C | 35 2,09
KO . . A, IR B U B S £
H,0 at 105 o o 29 2.19
H,0 above 105 : . . : Loy 401
TiO, . ... . . A 1.69  2.57
PO, o 2t 19

Total o 99.771I 99.72

L

65.
13.

15,

o

[

[CEECHE S

43
96

35

54

.87
. R0
.49

99. 98

“Comprises all iron oxide 1eckoned as Fe.O,

I. Basalt, Mount Stuart quadrangle ; Hillehrand, analyst; contains also small

quantities of SO, MnO, BaO. and SrO, aggregating 0.36 per cent.
1I. Residuary soil, Hanson Creek: Steiger, analyst.
III. Virgin soil (surface), south of Krupp, Wash. ; Steiger, analyst.

TAaBLE B.—Analyses of Table A (condensed) compured with analysis given by

Professor Russell.
‘ L 1L 1IL Iv. V.
Si0, ... B - 47.35 | 54.40 | 52.95 | 65.43 63. 58
ALO, . o
) 184,38 | ¢28,28 | «30.30 | «20.38 22,36
Fe,Os.etc ... ... . .. e ‘}
MgO . ... . . 44310 424 2,04 1.54 1.82
CaO._ .. . ... 8.27 8.01 4.40 2.90 2.76
Na,O. . .. e 2.53 3.05 2.09 2.42 2.02
KO . 1.33 1.29 1.11 2.08 2.7
Ignition = . ... __ . .95 .88 | 6.8  5.23 4.37
Total ... . .. ... A ‘ 99.26 | 100.75 | 99.72 | 99.98 99. 33

a Comprises all iron oxide reckoned as Fe,Oj, plus the P,O5; and TiO,.

1. Basalt; Merrill, analyst; given by Russell.

11. Basalt, Mount Stuart quadrangle: Hillebrand, analyst.
II1. Residuary soil, Hanson Creek ; Steiger, analyst.

IV. Virgin soil (surface), south of Krupp; Steiger, analyst.

V. Surface soil, wheat field near Dayton, Wash.; Merrill, analyst; given by

Russell.
IRR 118—05 Mm——4
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Upon comparison of the analyses in Table B it is evident that 1 and
11 are very similar, and in view of the fact that the basalts of the
Yakima series do not vary widely in petrographic character, analysis
1 in Table A may bhe taken as sufficiently representative of the basalt
series for the present purpose. The similarity also of the soil analy-
ses 1v and v is astonishingly close and strongly suggests that the two
soils are of the same nature. (lomparison of the analyses in Table A
should therefore give some valid evidence in regard to the general
question of the origin of the wheat soils.

A mere glance at the table shows a general similarity between 1 and
1 and a general dissimilarity of i1 from either of the others. When
we proceed to more detailed comparison of the proportions of the
various oxides, the most significant facts brought out seem to be the
following: '

(1) The alumina in n is slightly less than in 1 and 1.

(2) The iron oxides are about equal in 1 and 11, but are much less
abindant in 1.

(3) The alkalies in 11 show, as compared with 1, a notable decrease,
relatively greater in the case of potash; 1 contains little less soda
than 1 and more than 11, while the potash is 60 per cent more abun-
dant than in 1.

Residuary soils generally show, as compared with the parent rocks
from the decomposition of which they are derived:

(1) Increase in the proportion of alumina. In calenlating the per-
centage of each constituent lost in the process of decomposition the
alumina is generally assumed to remain constant.

(2) Equally or more abundant iron oxide, except where organic
matter is present and reduces the iron to the soluble protoxide.
There is no evidence, however, that the conditions in this region ever
favored the removal of iron oxides by leaching.

(3) Greatly decreased percentage of alkalies, which are the most
soluble constituents of the rock.

It 1s sufliciently obvious that the differences between the wheat soil
and the underlying basalt are not only considerable, but, what is
much more significant, are not of the character naturally to be ex-
pected if the wheat soil were derived from the basalt. The discrep-
ancies between the facts of the case in point, on the one hand, and
the usunal results of weathering, on the other, if they do not quite
invalidate the residuary theory, at least require explanation. In the
writer’s opinion, the chemical data available appear to agree with the
field observations in supporting the theory that the soils in question
were not derived from the decomposition of the basalt.

Transporting power of the wind.—The competency of the wind as
a transporting agent must be considered, however, in judging of the
validity of the theory here advanced. That wind is, in the Columbia
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Plains, a transporting agent of importance 1s a fact which must -
press anyone who travels through the region. Winds of prevailing
southerly direction blow with strength and frequency, while the soil
1s but very imperfectly protected from them by vegetation. Blind-
ing dust storms are by no means rare, and clouds of fine dust envelop
every traveler who drives along the roads. On the swhole, there
appears no reason to doubt that the wind is capable of doing the work
assigned to it under the hypothesis here advanced.

Source of the soil.—The argument. however, would not be complete
without suggesting a source for the material if we reject the supposi-
tion that it was mostly derived from basalt. The writer believes that
the principal source lies in the desert southwestern quarter of the
Columbia Plains, where the basalt is overlain by the soft sedimentary
beds of the Elensburg formation.  This material is thonght to have
heen washed down and loosened by the ageney of water, and thus put
m such form that it might readily be transported by wind.

HYDROLOGY.
INTRODUCTORY STATEMENT.

The remainder of this paper is devoted to the consideration of
water supply proper. The various kinds of water resources will be
described and their availability considered, and the attempt will be
made to show how the water supply of the region may be increased.
The sources of supply available in the region are streams, springs,
and wells, which will be considered in the order named. The first
two classes of water resources will be treated rather briefly, but the
wells, being more important, will be discussed more fully.

The wells may be divided into two classes—first, surface wells,
generally dug by hand in loose materials like soil, sand, and
gravel, lving on the surface of the bed rock; second, deep wells, in-
cluding those in which the underlying older rocks are penetrated,
generally by means of a dril, to a considerable depth. Surface wells
derive their supplies from rain or snow that falls in their immediate
vicinity and percolates downward until some impervious material is
reached, while deep wells generally tap beds of porous rock saturated
with water that has been absorbed at some distant outcrop and has
traveled underground often for great distances.

The most important question dealt with in this paper ts that of the
capabilities of deep wells, one of the principal objects of the investi-
gation having been to determine whether in any part of the region
examined deep wells could be made to yield artesian flows. In dis-
cussing this problem a number of districts may be marked out. in
cach of which the conditions atffecting the deep underground waters
are similar. For each of these districts the artesian conditions will
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first. be discussed from the theoretical standpoint; the evidence
afforded by the wells actually sunk will then be presented, and con-
clusions will be drawn in regard to the probability of obtaining sur-
face flows. Suggestions will next be presented with a view to direct-
ing intelligent tests for nrtesian water and to economically using
all the water obtainable.  The paper will end with a brief recapitula-
tion of the important conclusions and snggestions in regard to deep
wells.

The preceding portions of this paper have been designed mainly
to serve as an introduction to the portion on hydrology proper, as the
discussion of the artesian problems will involve frequent reference to
the facts regarding the character and structure of the rocks under-
lying the region.

STREAMS.

COLUMBIA PLAINS.
CRAB CREEK.

Trom the fact that the valley of Crab Creek was eroded by a much
larger stream than occuples it at present it has resulted that the
existing stream has Deen unable to maintain a graded channel. Cer-
tain irregularities in the ancient channel and modifications produced
by the drifting in of sand and silt have been sufficient to cause pond-
ing in certain loecalities, with the consequent formation of marshes.
and in some cases the water of the creek vanishes during at least a
part of the dry season beneath porous surface deposits, to reappear in
full force at a lower point.

The meadows used for the growing of hay and as pasture are gen-
erally sufficiently watered by the underflow of Crab Creek. but in
certain localities ditches have been constructed to water portions of
the bottom too high to utilize the underflowage.

On the other hand, some considerable areas of marshy land have
been or are being reclaimed by drainage, a notable instance being
afforded by the marshy tract extending from Krupp to Wilson
Creek. This is being gradually drained, and a large amount of
certain localities ditches have been constructed to water portions of
the bottom too high to utilize the nnderflowage.

COLUMBIA RIVER.

The use now made of Columbia River water, in its course through
this region, is comparatively insignificant. .\ small amount of water
is raised by water wheels. three or four of which are situated on
the right bank of the Columbia below Priest Rapids. The avail-
ability of this method is limited by the comparatively small amount
of land low enough to be watered by such means. In only one
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instance is any other means of irrigation used. This is in the case
of the Babcock ranch, near Trinidad, where one of the lower ter-
races has become the site of a hay ranch, which is irrigated success-
Tully by means of a gasoline pump and a number of windmills.

It is natural for the traveler in this region to be disappointed at the
slight utilization of Columbia River water and to inquire into the
possibility of bringing more of it upon the bordering arid lands,
especially the extensive tract between the Saddle Mountains and the
casterly stretch of the Columbia, the general elevation of this tract
heing about 300 to 400 feet above the Columbia at Sentinel Bluffs.

Two possible methods of accomplishing this suggest themselves.
The first involves the construction of a ditch from some point on the
upper Columbia or on some tributary of the Columbia. This idea,
when secrutinized. offers great engineering and financial difficulties.
To reach a point on the Columbia of sufficient elevation would neces-
sitate the construction of many miles of flume along precipitous por-
tions of the river gorge. To bring water from one of the tributaries
flowing into the Columbia from the Cascade Mountains on the west
wonld involve obstacles which, if less serious than those presented by
the first-mentioned plan, would still be extremely formidable.

The second apparently possible method is to raise the water from
the Columbia by pumping, obtaining the power by utilizing the con-
siderable fall of the river through Priest Rapids. The practicabil-
ity of such a scheme must be determined by experienced engineers
after examination of the ground, and the suggestion is made here only
tentatively.

It 15 said that surveys were once made for a ditch to head at Senti-
nel Bluffs, with the hope of irrigating a large part of the sandy land
below the great bench, but it was found that the ditch level abutted
against the escarpment of a terrace about 150 feet above the river and
fairly close to its shore at a point a few wmiles east of the Harrison
ranch. The project was therefore abandoned, as it was considered
that the small area of land irrigable by such a diteh would not justify
its construction, while to secure an increase of elevation sufficient to
overcome the obstacle mentioned would require that the ditch be
begun above the Sentinel Bluffs and far up the rocky gorge north of
(rab Creek.

KITTITAS VALLEY.

YAKTIMA RIVER AND TRTIBUTARIES.

The greater part of the arable land in Kittitas Valley is more or
less efficiently irrigated. The ditches may be divided, according to
the source from which they derive their supply, into two classes: (1)
those leading from Yakima River, and (2) those obtaining water
from the tributary streams that head in the mountains to the west,
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north, and east. The ditches of the first class are nearly all controlled
by corporations, and data concerning them are comparatively acces-
sible.  Those of the second class include only two incorporated
ditches and a large number of private ditches, concerning which it is
difficult to obtain accurate information.

Canals from the Y akima.—The oldest large canal on Yakima River
is that known as the Ellensburg ditch, controlled by the Ellensburg
Water Company. The construction of this ditch was begun in 1885,
and the greater portion of it was completed in 1887. Tt was enlarged
and extended 3 miles in 1892, The cooperative plan upon which the
controlling corporation was organized is typical for the Ellensburg
region. )

The ditch was built hy the farmers in the irrigation distriet
covered by the ditch, stock in the corporation being given in payment
for the labor performed. The original value of the stock was placed
at $5 per share, of which 8,000 were issued. The ownership of each
share entitles the holder to onc-half a miner’s inch of water. The
price of water is fixed each year and the money received applied to
the payment of current expenses, which are low, and to the liquida-
tion of indebtedness incurred in the construction of flumes. The
present price of water is about $1 per inch. or 50 cents per acre, but
it is expected, after the indebtedness is cleared off, to reduce this to
about 50 to 70 cents per inch.

The intake of the canal is at a point on Yakima River about 7
miles above Ellensburg. It sweeps about the eastern side of the val-
ley, doing duty for most of its entire length of about 20 miles, and
terminates at a point about 5 miles southeast of Ellensburg. Tts
fall is 92 inches to the mile. The total area irrigated by this canal is
about 8.000 acres.

The Bull canal is named for Walter A. Bull, by whom it was first
constructed in 1885 for the irrigation of his own farm. Tt was after-
wards enlarged and used by a score of farmers, who organized a cor-
poration, to which the water rights of the ditch were transferred in
1898.  The plan of organization was cooperative, and similar to that
of the Ellensburg Water Company. There are 50 shares of capital
stock, each valued at $75 and entitling the holder to 20 inches of
water. The capacity of the canal is thus about 1,000 inches, ov sufli-
cient for the irrigation of some 2,000 acres. The charges for water
are extremely low.  They average about 20 cents per inch per annnm,
and attained in 1898 the merely nominal figure of 5 cents per inch.

The water is taken from Yakima River, and first does duty in sup-
plying power for the flour mill at Ellensburg. From the tailrace of
the mill the water is led into the lower part of Wilson Creek channel,
and this natural trench is made to serve the purposes of a diteh.

The only other large ditch from Yakima River is that of the West
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Ride Irrigation Company, which begins about 2 miles above Thorp
and irrigates about 7,000 acres on the west side of the river. Tt has
a capital stock of $30,000, divided into 600 shares of $50 each. A
share entitles its holder to 6 inches of water. The cost of mainte-
nance is about $1,000 a year, or about 35 cents per inch of water
delivered.

The Cascade Canal Company has just completed a canal higher
than any previously constructed. It has been financed locally and is
to be operated on cooperative principles. The intake of the canal is
at Dudley, about 4 miles above Thorp, and its total length is about 42
miles. The company has built a dam across the outlet of Lake
Kaches that will raise the water about 15 feet above low-water mark.
The cost of the canal is about $125,000, and it will irrigate about
16,000 acres of land. The same company expects to construct a
higher canal in the near future.

Canals from tributaries of the Yakima.—Of the canals that take
water from the mountain streams, only two are incorporated. These
are the Taneum and the Manastash ditches, named from the streams
from which they derive their respective supply. They are among
the oldest ditches in central Washington, both having been constructed
about 1875.

The larger of these is the Taneum ditch. It was constructed on a
cooperative plan. The cost of construction was a little more than
$1,000, and the corporation was capitalized at $2,000, divided into 40
shares. The value of water 1s so great, however, that $500, or twenty
times the par value, is now paid for a single share. The capacity of
this ditch at high water is about 5,000 inches, but the supply often
hecomes deficient in late summer. :

The Manastash ditch irrigates a smaller area than the Taneum.
Tts maximum eapacity is 1,200 inches; after July 1 the supply is
cut down to half this amount. The capital is about $1,500, but the
actual value of the ditch is now estimated at about $25,000.

In addition to the canals above deseribed, there are a great number
of private ditches taking water from the small streams. It is sup-
posed that the total acreage irrigated from these ditches is larger
than that snpplied by the larger incorporated ditches. However,
those who are dependent on the supply of the mountain streams often
suffer from an insufficiency of supply in the latter part of the sum-
mer, there being geunerally no more than enough to mature grain or
a single crop of alfalfa.

(ONSERVATION OF THE SUPPLY.

For the amelioration of this condition it is to be hoped that storage
reservoirs in the mountain canyons may be constrncted at some
future time, so that the abundant run-off of the rainy months can
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be stored and allowed to come down to the thirsty valley lands in
the dry season, when it is needed. The writer is unable to suggest
any sites where reservoirs can be constructed economically, but be-
lieves that future necessity may stimulate the discovery and survey
of suitable reservoir sites.

It is also a matter of the highest importance to make certain that
the means supplied by nature for the equalization of the run-off by
the storage of water in snow banks and in the sponge-like mantle of
humous soil and rootlets that is spread over the shaded forest areas
shall be preserved to the fullest possible extent. Tt is probable that
the regulations in regard to the pasturing of sheep in the forest
reserves might advantageously be made more stringent. Greater
pains should also be taken to prevent the spread of forest fires and
to secure the punishment of those who start them. There can be no
doubt that the origin of a great number of forest fires is traceable
to criminal neglect, if not to the deliberate intention of those whose
interest is furthered by the clearing of the land. There is much
testimony to the usefulness of the foresters in checking forest fires.
but it is also certain that the present force is inadeqnate to prevent
immense annual destruction under existing conditions.

SPRINGS.

In the early days of the settlement of the arid Columbia Plains
water for the use of man and beast was almost entirely derived from
springs. Even up to the present time many families are entirely
dependent upon springs for their supply, which they not infrequently
haul for many miles either in barrels or in specially constructed tank
wagons. The more provident farmers have cisterns sufficiently capa-
cious to contain several tank loads, and are thus enabled to hold a
supply in reserve to tide over periods when time can not be spared for
hauling.

The springs of this region may be classified as surface, canyon, and
fissure springs. The great majority belong to the first two classes.

SURFACE SPRINGS.

The term surface springs is applied here to springs in surface de-
posits overlying the basalt, supplying water that has not sunk to
any considerable depth. These in many cases appear to be formed
by the gathering of surface water that has percolated down through
the soil mantle and, flowing slowly over the underlying surface of
comparatively impermeable rock, has become concentrated in the
stream channels that furrow its surface. The water, small in amount,
is for the most part concealed in the alluvium and the wind-blown
silt with which these channels are filled, and emerges only in excep-
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tionally favorable localities. Springs of this character are observed
on the line of the Northern Pacific at Paha, and are of especial
importance on the slope leading from Coulee ity to the plateau
northwest. It is probable that at this locality they are largely in the
material of the great moraine that terminates in this neighborhood.
In the sloping gullies these springs are numerous enough to furnish
the domestic supply for the ranches there situated.

CANYON SPRINGS.

What are designated canyon springs are generally situated in
the walls of coulees. In genetic character they do not differ widely
from springs of the first class. The water supplying them has come
from no great distance. In some cases they are supplied by rain
water that is absorbed by the soil and finds its way slowly through
crevices in the colnmnar basalt to a porous layer of scoria under-
lain by relatively impervious rock: favored hy a slight slope, the
water then flows to some outlet in a canyon wall. In other cases it
1s probable that much of the supply is absorbed at another edge of
the water-bearing stratum exposed on the slope of a not far-distant
canyon from which there is a decided dip toward the spring. Black
Rock Spring, in the first coulee south of upper Crab Creek, appears
to be a case in point. The water there rises, apparently under slight
pressure, through the alluvium at the base of the northern wall of
the coulee. At Wilson Creek, on. Crab Creek just north of this
spring, the basalt has a dip of 5° to the south, and it is possible
that some water falling on the side of Crab (reek Canyon finds its
way to Black Rock Spring.

The number of canyon springs observed was very large. In the
valley of Crab Creek near Krupp a spring in a small gully has
beenr improved by digging, and by a svstem of piping has been made
to supply excellent water to a house and barnyard. One of the
most important springs in the region is that known as Skooten
Spring, which is situated near the eastern end of Saddle Mountain,
and supplies a small pond without outlet, and consequently strongly
alkaline. There is no other surface water within some 15 miles, and
therefore the horses that graze within that radius resort to this water-
ing place in great numbers,

Professor Russell has suggested a method of increasing the flow
from the springs that issue from sedimentary layers in the basalt
sertes by driving horizontal tunnels in the water-bearing strata. No
springs improved in this way were observed, although small well-
like pits have been sunk in many places. It is probable that hori-
zontal tunneling might be employed to advantage in many cases, but
the springs generally seem to occur in comparatively thin layers of
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scorie or cinders, so that the digging of a tunnel would be consider-
ably retarded by the resistance of hard rock above and below.

There is a water prospect of peculiar history on the northeastern
slope of Saddle Mountain. Tradition has 1t that the sounds of rush-
ing water used to attract the attention of passers-by, and tunneling
was undertaken in the hope of tapping the subterranean stream.
The writer visited the abandoned and caved-in excavation, which
had penetrated ouly the mantle of soil and basalt vubble. hut could
not detect the faintest whisper of the alleged undergronnd current.

FISSURE SPRINGS.

There remain to be described two very large springs, one of which
is certainly a fissure spring from a deep source, while the other ix
only donbtfully to be classed as a fissure spring. The first of these 1s
Clerf Spring, in Kittitas Valley, the second 1s a group of springs on a
terrace of the Columbia overlooking the foot of Priest Rapids.

CLERF SPRING.

The salient featnres of Clerf Spring have been mentioned by Mr.
George Otis Smith.e It is situated at the side of a small canyon
emptying into the east end of Kittitas Valley. The natural flow has
been increased about fourfold by an excavation that affords a good
exposure of the rocks from which the spring issues. Fine shales and
shaly sandstones of the Ellensburg formation here rest upon the
vesicular surface of a basalt flow. The water boils up from the bot-
tom of the excavation, which has penetrated the basalt to a slight
extent, and probably emerges from crevices in the rock concealed by
fine débris. The water is of good quality, but noticeably warm, the
temperature being 62° F. An irrigating ditch leads from the spring
along the side of the canyon to the side of the main valley. The sup-
ply from this fountain, which is all utilized in the dry season, is
estimated to be abont 120 miner’s inches.

The high temperature of the water and the mode of its emergence
show that this spring 1s, in effect, a natural artesian well and that its
water is forced up by hydrostatic pressure from a considerable
depth. The facts point nnmistakably to the existence in this vicinity
of conditions favorable to obtaining flowing artesian water. An
experiment in this direction has been made, and boring has been begun
within a few rods of the spring in the hope of obtaining an additional
supply of water. The well has been carrted to a depth of about 40
feet in the basalt, and water has been obtained which, on a test, rose
just above the surface. The drilling was done with poor machinery

« Smith, G. 0., Geology and water resources of a portion of Yakima County, Washing
ton : Water-Sup. and Irr, Paper No. 55, U. S. Geul, Survey, 1901, p. 45.
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and evidently by an inexperienced driller. The progress in the solid
basalt is said to have generally heen less than a foot a day, or about
one-sixth of the rate attained by experienced drillers in the wheat
country. The well was finally abandoned and has caved in about the
top so as to be at present nseless.

HARRISON SPRINGS.

At the southwest extremity of the arid plain that stretches south
from the base of Saddle Ridge there is a strip of land about 3 miles
Iong by one-half mile wide which is green with a luxuriant growth of
swamp hay. On the border of this oasis there are clustered a group
of farm buildings and corrals and a strip of old orchard, flourishing
and bearing abundantly. A large force of farmers and cattle men
Iive upon the place, which is generally known as the Harrison ranch.

Along a line in the central part of the hay meadow there are a
number of small ponds bordered with tules and other aquatic plants.
The ponds are very deep in proportion to their small area, and are
perennially supplied from beneath with living water colder than that
of the river and of good quality. The overflow originally escaped to
the river from both ends of the meadow, but since the east end is now
banked by a sand dune the escape is mainly to the west, where it falls
over the terrace in a stream of probably several hundred miner’s
inches.

In its original state the area now occupied by this oasis was a
marshy lake, which has only been made available for agriculture by
artificial drainage. Even now the meadow land beneath the surface
is saturated with water and quakes in many places beneath the foot.
It 13 therefore unfit for growing grain or alfalfa. The present crop
is chiefly of wild swamp hay, but an endeavor is being made to 1m-
prove the quality of the forage by gradually supplanting it with
domesticated grasses. The crop ix mainly used on the ranch for the
winter feeding of cattle and horses, whose summer range extends
over a large part of the desert to the north. About 1500 head of
stock were wintered here in 1901-2,

The waste of the large surplus of water from these springs, in a
land where water is so precious, must str¥ke anyone as a thing to be
regretted, and gives rise to the inquiry whether morve of it might not
be wsed. The hope of this does not appear to be very good. The strip
of land between the meadow and the river is not in general more than
5 feet above the springs, and might, perhaps, he frrigated readily by
windmills, but the soil is very gravelly and apparently infertile, so
that it s doubtful whether the expense of irrigating it would be
repaid. The ranch 1s sitnated on the lowest terrace above the actual
floodd plain of the river, and there seems to be little or no land that
can profitably be irrigated from the springs by gravity alone. On the
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other hand, however, it appears possible to extend the area of hay
land by draining some of the broad shallow ponds at the eastern end
of the meadows.

The geologic conditions which give rise to these springs can not
he observed directly, for the bed rock in this vicinity is mostly con-
cealed. A few small outerops of basalt are seen north of the oasis,
and this rock forms the bed of the river at Priest Rapids.  The river-
ward escarpment of the terrace upon which the springs are situated
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F1a. 2.—8ection illustrating explanation of Harrison Springs on the hypothesis that the
water-bearing stratum has heen tapped hy erosion.

is of gravel, without rock exposnres. The rock from which the water
issues is not exposed. IFrom the rather meager observations two ex-
planations of the phenomena observed seem possible. Under either
hypothesis the water is supposed to flow from some porous reservoir
stratum (possibly the white tuff bed exposed near Sentinel Bluffs)
fed by rain and snow falling on Saddle Mountain.

According to the first hypothesis, illustrated in fig. 2 , the water-
bearing stratum has been tapped by erosion. The fact that the water
issues along a comparatively short line may be explained on the sup-
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Section iltustrating explanation of Tlarrison Springs on the hypothesis that the
springs are situated along a break in the bhasalt.

Fra. 3.

position that the water-bearing stratum is lenticular, and that a
tongne-like projection has been cut off here. The tuff bed already
mentioned appears, indeed, to have a lenticular form, since it is not
seen west of the river at Sentinel Bluffs nor south of it at Priest
Rapids.

An alternative explanation may, however, be given for ITarrison
Springs. (See fig. 8.) The fact that the springs are in a straight
line parallel to the structural ridge across the river strongly suggests
that they may be situated along a break in the basalt formed by the
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carth forces that produced the ridge.  This hypothesis is, perhaps, on
the whole, somewhat more probable than the one already given. The
coolness of the water, however. shows that it does not come from a
great. depth. 'The fracture. if it exists, may therefore be a minor one
in the basalt above the water-bearing stratum, produced by the rather
sharp bending of the basalt and not extending indefinitely downward
like a true fault fissure.

SURFACE WELLS.

The numerous farin wells in Kittitas Valley belong mainly to the
surface type and are sunk in valley alluvium. There are some, how-
ever, which penetrate Ellensburg sandstones for short distances and
probably derive their supply from distant sources, thus being classi-
fiable genctically with the deep wells. Their discussion, therefore,
will be deferred to a later section.

The surface wells proper of the valley perhaps require ne descrip-
tion. The few wells very near Columbia River, and the more numer-
ous ones in Crab Creek bottom, which derive their supply from the
underflow of the neighboring streams, may also be passed with brief
mention.

The great majority of the shallow wells in the Columbia Plains
are sunk to depths varying from 13 to 7 feet in the alluvial deposits
that floor the dry coulees and their tributary gulches. The sugges-
tion advanced in the discussion of springs, that the water on reaching
bed rock has been concentrated in the old subsurface channels accord-
ing to natural laws of drainage. is equally applicable in the case of
these wells, for the nature of springs and of surface wells 1s, in fact,
essentially the same, save that in the former the configuration of the
ground ix such that the water-saturated bed emerges on the surface.

A notable well of this class supplies the small village of Ephrata.
Just west of the town a canyon opens out upon the gravelly plain.
There is a small surface flow in the lower part of the canyon., which
vanishes in the broad delta-like altuvial fan below its mouth, where
a shallow well taps the sunken stream, and a windmill pumps it
mto a tank, from which it is distributed through a system of pipes.
There are several other wells in the neighborhood of the town. gen-
erally from 50 to 75 feet deep. and gathering their supply from
eravel that was probably laid down by the Columbia in Glacial time.

Of more especial interest are the fairly numerous wells on the
plateau west of Coulee City. These have all been dug by hand,
for the most part in the sand, clay, and gravel brought down by the
anctent glaciers from the north. Two such wells arve situated in sec.
14, R. 25, T. 27 E., one of which penetrates 42 feet of gravel, clay.
and sand and 18 feet of basalt, while the other attains a depth of
65 feet without reaching basalt.
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The quantity and stability of the supply from surface wells vary
widely in different cases. The wells last mentioned appear to meet
all demands except when the wind for the windmills fails for a con-
siderable time. The wells in the coulees often give an abundant
supply; one in Lind Coulee, notably, met the domestic needs at one
time of a score of families. On the other hand, some surface wells
often fail to mect the demands made upon them in the dry season,
and it may be said in general that the chances of obtaining a generous
and reliable supply of water are smaller in surface wells than in deep
borings in the basalt.

DEEP WELLS.

INTRODUCTORY STATEMENT.

Historically the deep well represents the latest development in
the methods of obtaining water on the Columbia Plains. When the
fertility of the platean lands was recognized their settlement. became
mnevitable, hut the question of water supply was at first a serious one.
The waste of time and labor involved in hauling from the widely
scattered springs, often necessitating the pulling of a heavy tank
over miles of deeply rutted and hilly road, led the wheat growers to
seek a method by which a sufficient supply of water could be obtained
at any desired point, even upon the summits of the plateau. The
deep drilled wells solve the problem successfully, and they are being
put down by all who are able to meet the expense, which is often
considerable.

The charges for well drilling in the southern part of the wheat
lands are as follows: In soil, gravel, etc., above basalt, 50 cents a
foot; in rock (which is generally in great part massive basalt, though
other varieties after the first basalt 1s struck are not differentiated),
%2.25 per foot for the first 300 feet and 50 cents per foot additional
for each 100 feet below that depth. Water for the engine, coal, and
board for the outfit are furnished by the owner of the ranch.

In the vicinity of Ritzville the terms are slightly higher; for the
first 300 feet the charge is there $2.50, and 50 cents higher for each
additional 30 feet. On these terms, however, the driller furnishes
coal, the cost of which is estimated at about 25 cents for each foot
drilled in basalt. In all cases water is guaranteed, and the risk of los-
ing tools (which generally also necessitates abandoning the hole) is
borne by the driller. The average cost of a well at these rates is
probably not far from $800, though it reaches a maximum of over
$2.000.

The rates charged for drilling appear fairly reasonable consider-
ing the cost of machinery. the risk of loss, and the degree of skill
required. The hardness of the rocks is such as to call for very care-
ful tempering of the drills and skill and patience in manipulation.
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There seets to be a strong personal factor in the success of drilling
operations. many drillers having records unmarred by loss of tools
or failure to obtain water, while the work of others seems frequently
to end in disaster.

In Kittitas Valley deep wells have never attained importance as
a source of water supply. This fact 1s due to the more favored con-
dition of the valley. In the lower portion shallow hand-dug wells
have been found adequate to supply the wants of the house and
barnyard. The much larger demands of irrigation have been sup-
plied more or less satisfactorily with water from the Yakima and its
tributaries. Thus, although it has long been recognized by intelli-
gent. observers that the basin-like structure of the valley is favorable
to artesian water. the demand for an artesian supply has not been
strong enough to give rise to energetic prospecting. The two bor-
ings that have been made were unsuccessful and bave thus tended to
destroy the hope of obtaining flowing wells in the valley, but, as
will be shown later, these experiments were so Inefficiently carried
outl as to have little evidential value.

The purpose of the following discussion is primarily economie, and
it will attain its object if it helps the reader to decide to what extent
he can profitably invest in deep borings. It is the scientific questions
involved in this problem that the writer proposes to treat here. It
will be shown, for one thing, to what depths, approximately, it is
necessary to go in a given part of the district for a sufficient sup-
plv. But a question which is perhaps more important, and whose
solution requires scientific investigation of a special kind, is whether
artesian water exists in the region. The fact that no flowing wells
exist at present is not conclusive evidence for a negative answer to
this question, since the all-important rules for the proper casing of
wells have been generally ignored. Furthermore, an endeavor will
be made to show that underground pressure, even though insufficient
to raise water to the surface, may often advantageously be utilized
by proper casing.

Since this paper is intended chiefly for the benefit of nonscientific
readers, it will be necessary, in order to make the discussion of arte-
sian problems clear, to insert at this point a statement of the prin-
ciples upon which artesian flow depends., and to show how those prin-
ciples should be applied in prospecting for artesian waters and in
constructing artesian wells.

GENERAL THEORY OF ARTESIAN WATER.

The conditions that usually determine the flow of an artesian well
may be illustrated as follows: Suppose two water-tight basins of
similar form are so fastened together as to lie one within the other,
with a small water-filled space between. Let the upper basin be per-
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forated, and let the perforation be tightly fitted with a tube. Aec-
cording to a simple and familiar law, the water will rise in this tube
to the height at which it stands in the space between the basins, and
if the mouth of the tube be lower than the rim of the lower vessel
and the latter be kept full by some external supply a constant stream
will issue from the pipe. Such an arrangement as is here described
would be a working model of an artesian basin. The construction of
our model might be slightly modified, however, without essentially
changing the principles involved. For the basin-shaped space we
may substitute one hetween two superposed troughs or between two
inclined boards. provided that the space is closed except along its
upper edge. In either case a flow would be obtained from any aper-
ture below the Towest point of the rim of the reservoir space. The
essential principle illustrated in this simple manner is expressed by
the familiar saying that © water seeks its own level.”

In natural artesian districts, however, the conditions do not have
the ideal simplicity of our primitive model. A number of additional
factors come into play, materially complicating the problem. We

F16. 4.—Ideal section illustrating the requisite conditions for artesian wells. (After
Chamberlin.)

have now to show to what extent natural conditions are represented
by our model, and in what respects the difference of actual from ideal
conditions leads to modification of the simple rules of artesian flow.

Suppose a basin-like valley, underlain hy a stratified series of rocks
that have a basin structure, o that the form of the layers corresponds
in a general way to that of the surface of the ground. Suppose that
in this stratified series there lies a bed of porous material, such as a
coarse, open sandstone, capable of absorbing and storing a large
quantity of water, and that this porous bed is overlain and under-
lIain by some material, such as compact clay shale, which is practi-
cally water-tight. If the upturned edges of the sandstone stratum
are exposed along the slopes of the hills surrounding the valley, they
will absorb a portion of the rain falling upon the hills, and, in some
cases, of streams flowing over the outcrop. The porous bed will
become saturated with water and constitute a great underground
reservoir, from which an artesian flow may be obtained by sinking a
well at some point lower than the exposed area where the bed absorhs
its supply. (See figs. 4, 5, 6.)

While the conditions in the basin valley are similar to those of the
simple model in the most essential respects, there are two notewortly
particulars in which the natural and the ideal conditions differ.
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In our working model we have for a reservoir an open space, and
the basins that form its walls ave water-tight. In nature the reser-
voir is generally constituted by an aggregation of minute but con-
nected pores between the graing or fragments that constitute the
water-bearing Dbed. and the confining strata are never absolutely
impervious. Both these modifications of ideal econditions have an
important influence upon the flow of artesian streams.

First, the water flowing to a well through the small interstitial
spaces encounters a notable amount of frictional resistance. which
has the effect of retarding the flow. In order to connterbalance the
consequent loss of artesian pressure and obtain a generous flow the
well must be situated at a point considerably lower than the area of
absorption and the depress<ion must be increased in proportion to the
distance from the source of supply.

Second, leakage through the confining strata, by diminishing arte-
sian pressure,acts in the same unfavorable way as frictional resistance,
though loss from this source is not likely to he serious if the region
between the avea of supply and the wells is elevated.

When, therefore, we inquire as to whether the stratigraphie condi-
tions in a given region are favorable to the hope of oblaining artesian
water we must not look for absolute impermeability in the strata con-
fining the water beds. Tt is necessary only that the resistance which
the water must overcome in eseaping through the confining strata he
large in comparison with that which it encounters in flowing through
the porous stratum. In other words, the stratigraphic conditions are
fulfilled when we have a relatively permeable stratum confined
between strata that arve relatively impermeable.

We have still to consider another difference, perhaps even more
important, between theoretical and actnal conditions. We have
assumed up to this point the absence of any exposure of the water-
bearing stratum affording opportunity for leakage lower than the
mouth of the artesian wells. Tt is probable that this condition is

Ir -1

¥1¢. 5.—Section illustrating thinning out of a porous water-bearing bed. (After Cham-
herlin.)

rarely fulfilled in nature. Most valleys ave drained by streams. and
‘he gorge by which a river leaves a basin-like structural depression
vill cut the water-bearing stratum and expose it at a lower elevation
“‘han any point on the valley floor. An ideal artesian basin must be
‘opographically an undrained basin, and that is an exceptional topo-
graphic form. Tt is probable that in the great majority of artesian
districts the water-bearing stratum is cut at points lower than any of
‘he wells.
IRR 118—05 M——35H
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The eftfect of such leakage upon the behavior of artesian water
must therefore be inquired into and the reason shown why it does
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not destroy underground pressure in the imperfect
reservoirs. It is a more or less familiar truth that
moving underground water follows the path of least
resistance.  More definitely and specifically, we may
say that the water at any given point in an artesian
basin will tend to escape to the surface by the route
on which it will have to do the least work n over-
coming resistance. The resistances to be overcome
are friction and gravitation. It is readily conceiv-
able that in the area near a well the water can
more easily overcome the gravitative rvesistance and
rize to the surface as an artesian flow than the great
frictional resistance it would encounter in passing
to a distant low outcrop, even though aided by
gravity.

An illustration of the principle here involved may
be cited which 1s familiar to the experience of every-
one. In a city house furnished with a system of
wate pipes, the turning on of faucets in the lower
stories will not generally stop the flow from the
faucets on the floors above, though it may mater-
ially diminish its force and volume.

The considerations set forth in the later para-
graphs have been recognized by others,® and Profes-
sor Russgell. from whose paper? the accompanying
figure (fig. 6) has been taken, has proposed for the
form of reservoir in question the term * artesian
slope.” It seems to the present writer, however,
that it has not been sufficiently recognized that leak-
age in natural reservoirs is almost universal. When
a district is examined with reference to artesian con-
ditions, hope of obtaining artesian flows should not
be abandoned on finding- that the water-bearing
strata were exposed at low levels. but an attempt
should rather be made to estimate the degree to which
the existing natural leakage will injure the artesian
reservoir. It will be interesting to discuss briefly the
data upon which such estimates may be based.

Tt is obvious, in the first place, that the danger

from leakage is great in proportion as low outerops are extensive.
In the case of a basin valley, for example. it is desirable that the

aChamberlin, T. C. Requisite and qualifying conditions of artesian wells: Fifth Ann. Rept.
U 8. Geol. Survey, 1884, p. 142, fig, 17.
tBull. U. 8. Geol, Survey No. 199, 1902, p. 157,
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gorge through which the river emerges be narrow in proportion to the
size of the expanded part of the valley. Another fact, perhaps less
evident. 1s that it 1s disadvantageous for the river to have cut down
deeply below the general level of the valley floor. In such a case the
water-bearing stratum may be very extensively exposed, and the arte-
sian basin indeed be divided into two scoop-shaped segments with the
water bed exposed along the entire edge of each. By a similar course
of reasoning it may be perceived that in a given artesian district
porous beds lying low down in the series will in general be less exten-
sively exposed along the rivers than higher beds (see fig. 14, p. 65).

The effect of leakage is dependent. in the second place, on the
proximity of the low-level outcrops to the place where the well i
to be sunk. In the close viecinity of such outerops the route of
escape by the natural exposure of the porous stratum may offer
less resistance than must be overcome in rising through the wells
At points more remote from the region of leakage, on the other
hand, the loss of pressure will be much less serious, and at great
distances 1t may Dbecome negligible.  In a long synelinal valley.
underlain by a water-bearing stratum having the form of a trough
with open ends, the chances of obtaining an artesian flow in the
central portions of the depression would generally be excellent, and
loss of pressure by leakage need be apprehended only near the ends of
the trough. In the case of an inclined stratum exposed along the
greater portion of its lower edges the danger from leakage would
probably reach a maximum. The diminution of pressure from leak-
age would be greatest near the low outcrops; but, on the other hand,
those situated farther away would generally be at a disadvantage from
being on higher ground, and the most favorable location for wells
would be in an intermediate zone where conditions were somewhat
balanced.

I'rom the foregoing discussion it should be evident that the pros-
pector for artesian water may. according to his judgment and
sxperience, make a more or less approximate estimate of the effect
of natural leakage. Each case must of course be consideredl for
itself. yet certain rough generalizations can be made. In the central
portion of a basin valley, from which a river flows by a narrow gorge
and does not deeply trench the valley floor, or in the middle of a
synelinal trough of great length. the loss of pressure by leakage 1s
qot likely to diminish the pressure m a fatal degree. On the other
nand, a well sunk to an inclined stratum extensively exposed at a
low level will generally not succeed unless the stratum is of very great
extent and other conditions are favorable. The effect of leakage
‘s, however. at best a somewhat indefinite factor in the artesian
sroblem.
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The discussion to this point has related to the structural, strati-
graphie, and topographic conditions influencing artesian flows, or,
in other words, to the nature of the reservoir. Of no less impor-
tance is the supply which fills this reservoir and supplies the loss
from wells and springs. In order that a well shall continue to flow.
the water level in the artesian reservoir must be kept higher than the
mouth of the well. This supply. as has been briefly noted, is chiefly
from rain falling upon the high exposures of the porous stratum
and immediately absorbed. It may, however, be augmented by a con-
siderable amount not falling directly upon the area of absorption,
but flowing over it for short distances in temporary rills, and by leak-
age from streams that flow across the outerop of the porous stratum.
A case illustrating leakage from a stream is cited by Mr. George Otis
Smith in his description of the Moxee-Atanum basin.e In this man-
ner areas remote from the zone of outerop may contribute to the
artesian reservoir.

The amount of water supplied to an artestan basin depends on the
avea of the zone of absorption and oun the amount of precipitation
along that zone. The zone of absorption is necessarily higher than
the flowing wells and consequently lies usually in a region of greater
rainfall. Tts area, however, is generally small in proportion to that
of the whole artesian basin, and the amount of water that can be
drawn from the underground reservoir. far from being unlimited, is
very definitely determined by the average precipitation on a compara-
tively small area. If the amount drawn off by wells and springs
exceeds the amount annually furnished by rain and snow, a diminu-
tion of artesian pressure must result. Many wells that gave a pow-
erful stream at the beginning have ceased to flow when borings have
multiplied in their vicinity. This danger of wasting the artesian
supply has been recognized by the legislature of the State of Wash-
ington,” which has framed a wise law compelling owners to cap their
wells during the rainy season (from October 1 to April 1) and to use
only such amounts during that period as are necessary for domestic
purposes and stock.

We may now recapitulate the necessary conditions of artesian flow,
as follows:

(1) A porous stratum capable of absorbing large quantities of
water and allowing it free passage.

(2) Relatively impermeable strata above and below, capable of
confining most of the water under pressure.

(3) An exposure of the edge of the porous stratum where it may
absorb water falling upon it. and, to some extent, that of rills and
streams flowing across it.

aSmith, G. O., Geology and water resources of a portion of Yakima County, Wash.: Water-
Sup. and Irr Paper No. 55, U. S. Geol. Survey, 1901, p. 54.
bStat. Washington, chap. 121 (H. B. No. 203).
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(4) An meclination or folding of the waler-bearing stratum and
a corresponding slope of the surface of the ground, =o that the pro-
posed wells may be located below the zone of supply.

(5) Absence of low-level outcrops sufficiently extensive and suffi-
clently near the proposed wells to cause great loss of pressure by
leakage.

(6) A sufficient supply of rain water to maintain the artesian
head.

DATA CONCERNING DEEP WATERS.

ARTESTAN DIVISIONS OF THE REGION.

We may now proceed to discuss. in the light of the general prin-
ciples just laid down, the artesian problems for the region here con-
sidered. In this discussion we must use the facts already set forth
concerning the natural conditions of the region and, further, the well
records that give direct evidence regarding the occurrence and
behavior of underground waters.

The facts can not be discussed for the region as a whole, since con-
ditions vary considerably in different portions. A division can be
made, however. into districts in cach of which the natural conditions
are fairly uniform. Those in which deep wells alveady exist ave
designated (1) the Connell-Ritzville district, (2) the Hartline district,
(3) the Quincy district, and (4) the Kittitas Valley district. In the
desert area traversed by Saddle Ridge there are no deep wells, but
the natural conditions will be discussed separately for the portions
of the desert south of and north of that prominent structural feature.

STRATIGRAPIIIC CONDITIONS IN (COLUMDBIA PLAINS.

The stratigraphic conditions are so uniform throughount the Colum-
bia Plains that it will be profitable to consider these conditions from
the artesian standpoint before proceeding to discuss the spectal fea-
tures obtaining in each of the distriets just blocked out, all of which
lie within the Columbia Plains except the Kittitas Valley, where the
stratigraphy is somewhat different and must be discussed separately.

In that portion of the Columbia Plains considered in this report
the Ellensburg beds are so distributed as to afford little ground for
the hope that an artesian supply can be obtained from them. The
obstacles to snch a hope are the facts that the high outerops receive
but a very small supply of atmospheric water, and that the beds are
too extensively dissected by the canyons and coulees.

If artesian water is to be obtained in this portion of the plains it
must be from the basalt series or from beds of sandstone intercalated
with the basalt. In discussing the artesian problem for this arvea,
therefore, it is important to consider whether the manner in which
the basalt series is built up is favorable to the storage of deep water
and its conservation under pressure. The required condition, it
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will he remembered, is that strata capable of containing much water
and of allowing it to pass with comparative freedom shall alternate
with strata that are comparatively impervious.

The lithologic character of the basalt, including its texture and the
structural features of the massive flows and pyroclastic beds, and the
character and extent of the materials other than basalt intercalated
with the upper layers of the series, have been described in a previous
soction. The facts pertinent to the present purpose may be recapitu-
lated briefly as follows: The lava series is built up mainly of a great
number of massive flows with rough vesicular surfaces. The massive
lava is universally cut up by joints developed in the process of cool-
ing into columns, plates, and irregular blocks. Intercalated with the
massive flows are beds of porous tuff and breccia, which. however,
occur in small volume as compared with the true lavas. A few beds
of acid tuff and of sandstone are interbedded with the upper layers
of the series, but are very rare in the lower portion of the section.

To the hasty observer the vesicular or * honeycombed ™ upper por-
tions of the basalt flows might seem well adapted for the storage of
water, but a little thought will show that such an idea is largely fal-
lacious. The vesicles of the amyvgdaloids are not connected, but are
inclosed chambers ineapable of receiving water except by slow infil-
tration and quite incapable of allowing its free passage. To quote
the language of Chamberlin, the porosity of a water-bearing stratum
should be of an “ interstitial and not a vesicular kind.”

But if the vesicular portions of the flows are not available for water
storage there seems reason to helieve that there are spaces between the
lava flows, thin and irregular but extensive, that might serve as reser-
voirs. The surface of a freshly cooled lava flow, though level and
monotonous in its broad aspects, is rough in detail. A second flood
rolling upon a surface thoroughly cooled will probably not generally
completely fill the inequalities of the preexisting surface. The crust
forming upon the top and front of the liquid flow, broken and rolled
under by its advancing motion, will often form a rough laver that
does not fit closely into the minor unevenness of the cooled lava be-
neath. Tt is believed that waterways are often constituted by the
spaces thus left by the failure of a more or less viscous flow to fill
completely the roughnesses of the surface upon which it was poured.
Though small in the beginning, these subterranean spaces may sub-
sequently become enlarged by the solvent action of deep waters.

The ability of the porous tuff beds and breceias to absorb and con-
tain water 1s evident to anyone familiar with their character, and it
is believed that they probably contain the most generous supplies of
water to be found in the basalt series in the region here considered.

Some of the beds of siliceous tuff and sandstone already described
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are probably well fitted for water storage, but they are apparently of
only local importance. They may be found a source of water in the
low-lying southwestern portion of the region, but the records of wells
and observations of natural sections go to show that sandy beds are
s0 rare 1n the eastern and northeastern portion as to be practically
negligible.

We have next to consider whether the massive basalt is capable of
confining under pressure the water stored in the porous beds.

The massive compact basalt is in itself a practically impermeable
rock. The universal presence, however, of crevices, due to contrac-
tion partings, has led some observers to believe that the basalt is in
general incapable of confining water under pressure. With this view
the writer has been led to disagree, mainly by certain facts learned
from well records.

Water in the deep wells of the plains is never found in any useful
quantity in the massive basalt itself, but always in softer material
between the compact layers. Tt is known to exist under pressure suf-
ficient to raise it 250 feet in certain localities where there is no evi-
dence of any strata of clay or silt which could have been efficient in
preventing its escape from the pervious bed. It is concluded, there-
fore, that the basalt does to a notable extent have the ability to con-
fine water under pressure. The crevices in the massive rock, espe-
cially in the case of flows where the columns are small and irregular,
are believed to be not only minute but generally not continuous
throughout the flow, and to allow the passage of water in but com-
paratively small amount. At the same time it is admitted that
jointed basalt is probably less efficient material for a confining
stratum than clay or fine shale.

To sum up, then, it appears that the basalt series presents an
alternation of strata of differing permeability favorable to the stor-
age of artesian water, though the stratigraphic conditions are prob-
ably not so favorable as they are i a series of open sandstones
alternating with beds of fine shale or clay. The water-bearing layers
in the basalt series consist of acid tuffs and sandstones, thin irregular
spaces between the flows, and basaltic tuffs and breccias. The mas-
sive basalt, although universally creviced, is considered to be of low
permeability in comparison with these porous layers.

CONNELL-RITZVILLE DISTRICT.

By this name we may designate that portion of the wheat lands
which lies south of upper Crab Creek. This area, though very exten-
sive, is characterized by a similarity of conditions that justifies its
treatment as a unit in the discussion of deep wells.

Structure—The structure of the basalt underlying this district is
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not easily made out except through a bread study of the region.
because the inclination of the lava flows, as observed in the walls of
the coulees, ix almost imperceptible in amount, and its direction and
degree can not generally be determined except by careful instrumental
observations, which the writer was not able to make. The interpreta-
tion of the structure is based largely on topographie gronnds. The
general surface of the Jand east of the Northern Pacific, lying at an
clevation of nearly 2,000 fect above sea level, probably coincides
nearly with the original surface of the basalt, or is below that sur-
face, which may have been largely rednced by erosion. The desert
area to the west and southwest. Iving at a considerably lower level, is
underlain in part by Ellensburg beds. which cover the basalt to a
depth of several hundred feet. The surface of the basalt is, therefore,
farther below the snurface-of the ground in this region than in the
more elevated lands to the northeast. Tt may therefore be inferred
that the basalt underlying the Connell-Ritzville district has in gen-
eral a very gentle inclination to the southwest.

Topography.—The upper portion of the basalt series in this dis-
triet is trenched by a large number of conlees, having a maximum
depth below the surface of about 400 feet. though when the thickness
of the gravel deposits in their bottoms 1 considered it appears that
the trenches in the hed rock have depths as great as 600 feet. The
average depth of the coulees is greatest in the southwestern portion
of the district. which is nearest the master streams of the Columbia
Plains, the Snake and the Columbia, Far to the west the basalt 1s
deeply cut into by Columbia River, which exposes strata many hun-
dred feet below the top of the series.

The general intrenchment in the wheat lands has an important
relation to the deep wells. It is evident that any porous strata exist-
ing in the basalt series at horizons above the general level of the neigh-
boring canyon bottoms would he extensively exposed to leakage along
the canyon walls, and that while it might at some localities carry con-
siderable water, it could not he expected to contain it under artesian
pressure.

Supply~—The writer is unable to present any information based
on detailed observation in regard to a region of supply for the deep-
lying porous strata under the eastern wheat lands. Study of maps
and level lines shows that along the eastern boundary of Washington
und in northern Tdaho there is an elevated region which receives a
more abundant rainfall than the district considered. Part of this
region was seen by the writer in traveling by rail between Ritzville
and Spokane. It is a surface of erosion with many inequalities that
would probably increase its efliciency as a gathering ground. Some
of the lower beds in the basalt series may be exposed there, and may
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absorb a portion of the rainfall. .\ supply may also be furnished
from the edge of the hasalt formation at the base of the mountains
in Idaho, though that region is so far distant that it seems doubtful
whether it may be assumed that any porous beds extend continuously
thence to the Ritzville region.

Well records—The reader may gather from the facts above stated
that the natural conditions. considered apart from experimental evi-
dence, in the Connell-Ritzville distriet do not seem greatly to encour-
age the hope of obtaining artesian water. There are several factors
of uncertainty in the theoretical problem. however, that make it dexir-
able to scrutinize all the evidence obtaiuable from wells that have
already been sunk. The appended list gives the data collected by the
writer in regard to these. The hist does not include by any means all
the wells in the district, but it ix believed that the expenditure of time
necessary to make an exhaustive list would not have been justified,
and that the data obtained will serve the main purposes of the exam-
ination.

A few words applying to all the data for the Columbia Plains may
also be prefaced in regard to the fullness and reliability of the well
records obtained. Owing to the fact that the rock penetrated is
mostly basalt. not intercalated with any considerable amounts of
tufls. sandstones, or shales, it has not hecome customary to keep any
regular records of the material through which the drill passes.
There has been simply a differentiation between = rock ™ and * dirt,”
for the purpose of reckoning charges.  Any more detaited informa-
tion that has been gathered, therefore, has been supplied from the
memory of drillers or of others interested in the wells. In regard
to depth. the figures have in some cases been taken from written
records, but in others from the memory of owners and drillers. It is
helieved, however, since most of the wells are of comparatively recent
construction, that the figures given are substantially accurate.

T artial list of wells in Connell-Ritzville district. Washingtou.

Depth

Owner. Location, Depth. ggc?é;\(]))fes%ti{l.} Remarks.

water. :

1. Northern Pacitic Eltopia ._.._...._.. 151 | 115 ._.___|

R. R. i

2. Do. . TLake. ...........' 354! 284

3. J. W. Gover..... Sec. 24, T. 13. R. 80_ 811 | oer !

4, Jas. Flgin .. __ _ Sec.33,T. 13, R. 32 328 ; 283 | « 84 | Water at 310 feet.

5. Brayden Bros_.._' Sec. 32, T. 13, R. 32" 67 | 629 14

6. M. C. Moore... .. l Sec. 21.T. 13, R. 32_l 78 I ...... |-ee e Sué)gt}:notabun-

« 80 dirt; 4 gravel.
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Partial list of wells in Connell-Ritzville district, Washington—Continued.

|

| Depth
to sur- | Depth

Owner. Location. Depth. faceof of soil, Remarks.
1 water.
|
7. H. C. Baker _____ Sec. 20, T. 13, R. %3‘ 575 | 531 | 28
. | 1
8. Northern Pacific | Connell N S { “6
R. R. ! | 180

9. H.W. Brummond| Sec. 8, T. 14, R. 82._ 410 A
10. Eugene Adams . Sec. 6, T. 14, R.32__. 510 ______ ______

11. Wm. Mittelsta.dt.‘ Sec. 35, T. 153. R. 31| 318 293 30
12, Wn. Dickinson__l Sec. 25, T. 15, R, 81.| 360 ‘ 330075
13. Wm. Brown. ... Sec. 13, T. 15. R. 31. 425 325 | 50
4. Town . ... . I Hatton....._.__.... 300 : 7| 37 | Water rises.
15. Andrew Newland | Sec. 35, T. 16, R. 31. 430 | 380 | 50
16. Cunningham . Sec. 10.T. 16, R. 32| 25 150 | | In bottom of con-
ee.
17. C. S. Hedrick.. . Sec. 34, T. 16, R. 32_| 300 250 40
18. Merrill ___.____.  Below Lind | 830 __
19. McMannaman | East of Lind . ______ 1 130 ‘ 100
and Van Marten ! :
20. Northern Pacific TLind___.____. ____. 995 | 30 25 | Water rose to top
R. R. [ i * of basalt.
21. Town _____ .. .. ____. do .. ..._.___. 286 30 10
22, Adam Buehler = Sec. 15, T. 18, R. 33.] 363 | 328 14
238. Louis Pflugard .= Sec. 14, T. 18, R. 33| 318 l 298 35
24. Fred Scheel . . Sec. 8, T. 18, R. 36..1 297 172 25
25, Chas. Lakes _____ ! See. 32, T. 19, R. 33_‘ 300 250 40
6. ... ..___18Sec.30,T.19,R. 33| 110 20 20 | In coulee.
27. Dan Scott __.___. Sec. 35, T. 19, R. 34| 858 258 50
98. Henry Myers . | Sec.32,T. 19, R.34. 350 250 | 70
29, A. Johanson____. Sec. 32, T. 19, R. 34_‘ 250 2351 70 l
30. City of Ritzville .| Sec 23,T. 19, R.35. 360 200 50 Elevation. 1890.
31. J. W. Johnson__ | Ritzville . ._.._____. 180 ._....| 46 !
32, Scott ... ... ... 6 miles west of Ritz- 338 270 |___. [
ville. !
83. Odessa Mill.. . _. Sec. 5, T.21.R. 33| 137 40| 23 |
B4, .. | Sec. 26, T. 21, R. 30| 211 206 31 ' Water in red
*honeycomb
i rock:” lateral
flow washed
‘ away drillings.
|
aSoil. bGravel.

A few general statements may be deduced from the list concerning
these wells.
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In comparing depths, allowance must be made for the fact that
some wells are sunk from the high platean surface of the wheat lands,
while others are situated in the conlees, from 50 to 400 feet below the
general upland levels.  Comparing the average depths of wells in the
uplands. we obtain the following results: For the thirteenth and
fourteenth rows of townships, 406 feet; for the fifteenth and six-
teenth, 367 feet; for the eighteenth and nineteenth, 327 feet. There
i thus, I general, a slight increase in average depth from north to
south.  The explanation of this fact is probably to be found in the
greater depth of the coulees in the southern portion of the district,
which ix near the master stream of the region. where the ancient
streams were most deeply intrenched.

The figures in regard to depth of soil have interest, though without
direct bearing on water-supply problems. The soil is seen to be in
general very deep, apparently attaining its greatest depth on the
brows of slopes, where the conditions are most favorable for wind
accumulation. Some indication of the amount of hardpan was
gathered from descriptions of wells. This material seems {o be
thickest in the neighborhood of Ritzville. The depth of gravel in
certain of the coulee bottoms is also given by the well records.

In regard to the character of the rock in which water is found,
the information is, of course, not very definite, since it is based npon-
the relative ease with which the material 1s penetrated by the drill
and by the appearance of small fragments brought up by the sand
pump. No case is vecorded, however, where the water-bearing
stratum is sandstone, a material that could hardly fail to be recog-
nized. The water-bearing material is always softer than the massive
rock, and is usually described as * honeycomb,” less seldom as  brown
ravel,” or * bowlder formation.” etc., but no true waterworn
gravels were seen in any of the natural exposures of the basaltic series.
The testimony all scems to indicate that the deep water is generally
found in porous or fragmental basalt.

The third column, headed * depth to water surface,” contains data
that are of the highest interest, because they give the most positive
evidence obtainable in regard to artesian conditions. Drilling is
usually stopped almost immediately upon obtaining a good supply
of water, and any considerable difference between the corresponding
figures in the third and fourth columns usually indicates that the
water has risen from the water-bearing stratum. Such a rise indi-
cates that the underground water is under pressure and, thevefore,
in the general sense of the word, artesian.

This artesian rise of water varies in different portions of the region.
To the south it attains 70 feet in the railroad well at Lake. DBut
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nowhere in the southern portion of the district is the rise eonsid-
erable enough to give much hope of obtaining artesian flows.

The most encouraging information was obtained in the vieinity of
Lind, where the town well has water standing within 30 feet of the
surface, having risen some 250 feet by artesian pressure. Another
well was recently bored there for the Northern Pacific Railway Com-
pany to a depth of 225 feet. The water was in a porous rock which
extended from within 60 feet of the surface to the bottom, where the
principal flow was obtained. The water rose 200 feet. to the top of
Led rock. Another well in Lind Coulee. a short distance below the
town, tapped water which quickly rose to within 3 feet of the surface,
but sank afterwards some 20 feet. The latter fact is accounted for
on the supposition that the loose surface material was packed and
rendered partly impervious by the friction of the drill rope, but
became porous again after the water had washed the fine material
from the sides of the bore. A consideration of this case should
enforce the important lesson that the failure of the water to reach
the surface may often be due, not to lack of sufficient pressure, but
to leakage through porous material forming the sides of the upper
portion of the well. There seems to be very good reason for the
hope that artesian water, at least in small quantity, might be obtained
at Lind by properly casing the wells.

Northward, in the neighborhood of Ritzville, a rise generally
occurs. The water seems to lie at an average depth of about 300
feet below the upland surface. from which depth it is forced up by
artesian pressure from 50 to 100 feet, resting from 250 to 200 feet
below the general plateau level. TIn the town well at Ritzville the
water surface lies less than 100 feet below the nearest point in the
coulee bottom. Tn the mill well at Odessa the water has risen within
40 feet of the surface, or within 17 feet of the top of the basalt. Tn
a well 110 feet deep in sec. 30, T. 19, R. 33, the water comes within 20
feet of the mouth, and probably escapes by leakage. .\ttention is
called to the importance of the fact that a rise of water in the wells
is very general throughout the region. This matter will receive fur-
ther discusstou in the sequel.

Another plhienomenon indicating the distant source of the water is
a lateral flow noted in one or two cases and shown by the washing
away of the drillings.

In regard to the quality and quantity of the water a few general
statements may be made. Nearly all of the deep wells, so far as
known, yield a supply sufficient to meet all demands for present uses.
and one that remains constant throughout the year. The largest
supply known to have been furnished was given by the Ritzville
city well, which was guaranteed by the contractors to furnish 5,000
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gallons an hour and which has, in fact, furnished a stream of that
volume for twenty-four honrs without perceptible lowering. The
quality of the deep waters is generally excellent and far superior to
that of surface wells or springs, the underground water being soft
and of good flavor. Regarding temperature, the data gathered were
too meager to form the basis of discussion, but there s as usual a
general increase of temperature with depth.

HARTLINE DISTRICT.

The Hartline district i< defined as comprising the western part of
the valley traversed by the branch line to Coulee City, in.which lie
the villages of Parnell, Wilbur, and Hartline.

Structure—The layers of basalt beneath Hartline Valley have
been gently flexed into a synclinal or trough-like form, limited on the
south by a low, gently arching swell and on the north by a plateau.
The western end of the valley meets the Grand Coulee almost at its
own Jevel and is faced by the moderate slope up which the road to
the plateau beyond is laid. This slope is in a measure conformable
with the structure of the basalt underlying it, the layers of basalt
being turned up in such a way as to close up the western end of the
syncline.  The eastern end of the Hartline trough was not visited,
but observations from a moving train give reason to believe that its
bottom rises in that direction and that the syncline dies out upon the
high plateau land. The Hartline district therefore seems to lie in
a spoon-like structural depression, a fact which in itself favors the
hope of obtaining artesian water.

Topography—The greatest imperfection in the Hartline basin is
its deep dissection by the Grand Coulee. The northern portion of
the coulee lies nearly 400 feet, and the southern portion below the
old cataract nearly 800 feet, lower than the floor of the valley at
Hartline. The close proximity of a chasm so deep must have a very
constderable effect in reducing pressure in the basin by affording
opportunities for leakage from the water-bearing strata.

Supply—In regard to the source of the underground water of the
distriet, the remarks on that matter in the description of the southern
wheat lands apply equally in this place. The principal area of
absorption probably lies on the high land to the cast, but the writer
can supply no data based on actual observation.

Well records—Theoretical consideration of the conditions in
Hartline Vallev do not. on the whole, indicate very decisively the
existence of a true artesian basin, and the evidence of the wells, as in
the case of the southern wheat lands, will be useful in aiding a judg-
ment on the possibility of obtaining surface flows. Most of the
data exhibited in the following table have heen supplied by Mr. J. A.
Wilburn, of Hartline, one of the principal drillers of the district.
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Partial list of wells in the Hartline district, Washington.

Depth ! ‘
to 'Thick-

ness of Remarks.
soil.

Owner. Locality. Depth. water
' . sur-
face.

’ Feet. | Fect. ‘ Feet.

33. Wasapa _._._..__. Sec.14,T.24,R.29 .. 400 | ___.. . No water.
34. H. Childs._____ ~ Sec.19.T.24,R.30 .| 203 | 173 | 16

35. Tom Elder ._ . _. Sec.ls,T.24,R.30_,} 47| 115 ) 28 |

36. Do _.__._.. Sec.12,T.24,R.30 ' 168 ______ s 1

37. Rodgers .._._.. Sec.7,T.24,R.80 _. 168 138 22 | Water in a crev-
38. J. Harris . _____. Sec.4,T.24.R.30 .| 210 196 | 22 o

39. Sinclair Bros ... Sec.29,T.25.R.30__| 137 ‘ 83 20 ¢

9. Do . . Sec.33.T.25,R.30 .| 293 } 193 | 13|

4, Jim Hill_ ... .. ' Sec.6.T.25.R.30 .| 242 | 42| 32 ]

42. A. J. Burke ____. | Sec.25,T.25.R.29 .| 116 65 45 |

43. John McDonald. | Sec.24,T.25.R.29_| 184, 40| 28 Do.

44 Buckhannon ____ j Sec.11,T.25,R.29 _ | 173 40 16

The water is said by Mr. Wilburn to occur generally in * brown
gravel,” though it is more probable that the material thus designated
is fragmental or scoriaceous basalt rather than true alluvial gravel.
In two cases, however, the water was found in a crevice, which may
have been either a joint opening or a space between two flows. formed
in the manner described on page 68.

The figures in the third column are of especial interest. In the
last 4 wells of the list the water has risen to within short distances of
the surface, varying from 40 to 65 feet. In the Hill well it is
within 10 feet of the top of the basalt. In the other wells on higher
ground the water has generally risen, but the pressure has not been
sufficient to lift the water as near the top as in the other cases. The
general rise of water indicates considerable underground pressure,
and gives reason to hope that artesian flows might be obtained from
the lower wells if they were properly cased.

QUINCY DISTRICT.

This district comprises the northwest quarter of what has been
termed the desert. upon the northern border of which lies the small
hamlet of Quiney, where 4 drilled wells have been sunk.

Structure~Quincy lies in a structural depression, though the fact
is not evident at once, since the basin is a broad one and has been
greatly marred by erosion. Just north of the village a structural
slope rises to the ridge overlooking Willow Springs, and 18 miles to
the south a low arch forms the opposite side of the east-west trough.
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Far to the east the basalt rises to the wheat-lands plateau, and to the
west the lava flows are turned up, forming the long gentle slope of
Table Mountain.

Topography.—1f, however, only the upper portion of the basalt
series is considered, it appears that the Quincy basin is merely a
trough, open at both ends. The Grand Coulee and its southern con-
tinuation have cut down at least 150 feet. and the Columbia 800 feet,
below the top of the basalt series. The proximity of the river gorge
15, of course, disadvantageous.

Supply—Only a small amount of water can be supplied to the
upper strata of the basalt series from the ridges north and south of
the Quincy basin, on which the rainfall is extremely light. There
may be a slight contribution from middle Crab Creek, though there
is no positive evidence of the fact. The deeper-lying porous beds
may draw a supply from the far-distant elevated land east of the
Ritzville region. but it is doubtful whether there are any such beds
continnous for so great distances.

Well records—On the whole, the uncertainty of supply, combined
with the deep dissection of the basin, discourages the hope of obtain-
ing surface flows, at least any of moderate depth. in the Quincy
district. The well records, of which a list follows, confirm these
inferences:

List of wells in the Quincy district, Washington.

| Depth to Depth of

Owner. Location. } (;I;%tta}:ll water. soil, ete.
. Feet. Feet, Fect.
Sec. 12, T. 20, R. 24 __ o L1194 190 40
Do .. .. 194 190 40
Do ... ... e 260 190 40
Marble .. ______ Sec. 6. T.20,R. 24 __ . . __ : 330 \ 190 22

The water is found in soft material that scems to be basaltic tuff.
Two soft layers were penetrated in the Marble well and one i the
wells in the town itself.

AREAS WITHOUT DEEP WELLS.

Desert near lower Crab Creek.—In the region between Saddle
Mountain and the next ridge north the conditions are very similar
to those that obtain i the Quincy district. Between these two anti-
clinal ridges 1s a synclinal trough, rising in a general way toward the
wheat lands at the east and closed at the west by the structural slope
of Table Mountain.
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Topographically this arvea is generally lower than the Quiney dis-
trict. It is bordered on the west by Columbia Canyon. which here is
not very deep, and is trenched by Crab Creek coulee in its central
and southern portions.

The conditions of supply for this desert section seem to be unfavor-
able, for it is bordered on all sides by arid country. A large portion
of the front of Saddle Mountain 1s a cliff, along which no water
could be furnished to the porous beds underlying the region north
of it.

The conclusion reached by consideration of natural conditions and
by comparison with other districts s that, while water could probably
be obtained from deep wells sunk down as far as the level of Crab
Creek, there would be no reasonable hope of obtaining artesian flows
in this portion of the desert.

Bench south of Saddle Mountuin~—This broad unwatered area is
underlain by Ellensburg beds, which in turn lie upon basalt, with
interbedded acidic tufl and sandstone. The base of the Ellensburg
and portions of the upper layers in the basalt series are exposed along
the slope of Saddle Mountain and far to the east. The district is on
the marginal portion of a great structural basin, in which lic Pasco
and the Rattlesnake Desert.

The strata underlying the broad expanse of this bench are o ex-
tensively dissected by the Columbia that there seems nothing to war-
rant expectation of their containing water under sufficient pressure
to rise to the surface. There is little doubt, however, that water
could be obtained in this district from wells of moderate depth. The
abundant flow of cool water from Harrison Springs appears to indi-
ate the presence of a saturated bed at no very great distance below
the surface, but the water in this layer, finding such free outlet at the
springs, can not be under sufficient pressure to raise it very far above
their level.

The terrace land near the head of White Bluffs and across the
Colunibia 1s lower, and therefore more favorably situated. It has
not been sufliciently examined by the writer, however. to entitle him
o a very definite opinion in regard to the prospects of artesian water.
The arid character of the surrounding country and its dissection hy
Clolumbia, Yakima, and Snake rivers are unfavorable features.

Two experimental borings have been made in this region. One is
at Pasco, where a well has been sunk and cased to a depth of about
400 feet in sandstone without obtaining a fow. The second is on the
right bank of the Columbia, below Craig’s ranch, where a boring 400
feet deep has been made without any successful result. This hole
had been abandoned at last accounts, owing to the loss of the drilling
tools. Neither of the borings described reached basalt, and nerther
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seems to furnish conelusive evidence that artesian water could not
be obtained in the low arid region south of the area examined in this
reconnaissance.

KITTITAS VALLEY.

Stratigraphy—Sections of the EHensburg beds, wherever studied,
have shown an alternation of lavers varyving in coarseness, which is
favorable to the conservation of artesian water under pressure. In
the White Bluff section such alternation has been noted. In Kittitas
Valley the Ellensburg beds exposed in numerous sections are found
to consist of gravels, sandstones. and fine silty stuff in frequent
alternation. The lowermost part of the section. according to Mr.
George Otis Smith, contains a large proportion of gravel, and is
therefore especially adapted to store a large quantity of water, which
would be confined between the basalt below and the silty materials
above. The basal portion of the Ellensburg in Kittitas Valley there-
fore seems well fitted by its lithologic character to serve as an artesian
reservoir.

The Ellensburg beds underlie the floor of Kittitas Valley to a
depth of several hundred fect, possibly a thousand feet or more. In
the Moxee basin artesian water is found, at depths generally ranging
hetween 600 and 1,000 feet, near the base of the Ellensburg forma-
tion. Tt is probable that if artesian water is to be found in Kittitas
Valley it will probably be in the same stratigraphic position and at
about the same depths.

Structure—~The structure of Kittitas Valley may best be compre-
hended by reference to the map and structnre sections. It will be
seen that the dips on all stdes of the valley converge toward its center,
and that the basin structure is complete though not simple.  The
form of the basin may be roughly reproduced by taking a sheet of
paper and pinching up a wrinkle in one end, when a scoop that will
hold water will be formed. The wrinkle is represented by the anti-
clinal ridge between Clerf Springs and the main southeastern contin-
uation of Kittitas Valley, known as the “ Badger Pocket.”

Topography—The structural conditions here seem to fulfill the
artesian requirements almost ideally. The cross section of the valley
shown in PL TT might well serve as a diagram of a typteal basin.
Like nearly all structural basins. however, its rim is cut by a stream
which exposes the edges of the water-bearing series from top to
bottom, and we have to consider to what extent the pressure is thus
diminished by leakage. General considerations already stated in the
theoretical discussion of artesian conditions lead to the belief that the
expostires in the narrow canyons by which the river enters and leaves
the broad valley are not extensive enough to cause great lcss of pres-

IRR 118—05 M—6
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sure.  Another constderation urged by Mr. Smith @ may also he noted
here.

The Moxee artesian basin is cut by Yakima River in exactly the
same manner as the IGittitas basin. - Mr. Smith considers that leakage
at the low outcrops in the Yakima gap has been to a large extent pre-
vented by the action of mountain-making pressure, which has pro-
duced intense folding along the southern side of the Atanum-Moxce
valley, and has incidentally compacted and indurated the beds of
sandstones. Mr. Smith cites evidence of similar intense dynamic
action at the head of Yakima Canyvon, and suggests that leakage at
this point may be largely prevented in the manner indicated. While
the present writer is hardly inelined to concede to this agency the
degree of efliciency that Mr. Smith ascribes to it, he believes that it
may, by mereasing the resistance to leakage, help to maintain pres-
sure in the water-bearing strata.

Supply—The supply of water for the reservoir strata in this case
must be imbibed along the outerop of the base of the EHensburg on
the surrounding hills. This supply will not consist solely. however,
of rain water falling on the slopes and immediately absorbed, but may
be largely augmented by leakage from the bottoms of streams that
flow across the upturned edges of the sandstones.

Probably the greater portion of the water that finds its way into
the Ellensburg sandstones of this valley comes from the slopes of
Table Mountain to the north and northeast. The outerop along
this slope 1s probably washed by more rain than falls in other portions
“of the valley, and is crossed by a great number of streams which can
hardly fail to make some contribution to the underground supply.
On the whole a large amount of water must enter the Elensburg
sandstones along its very extensive high outerops, and should be
suflicient to supply many flowing wells.

Well records—As may be gathered from the preceding para-
graphs, the conditions of structure, stratigraphy, topography, and
supply all seem to favor the hope of obtaining artesian water in this
vallev. But to many practical persons it may seem that the conelu-
sions arrived at by theoretical deduction are less valid than evidence
derived by actual experiment. Some attempts have been made to
obtain artesian water in this district, without any positive success. It
will be well to review the results of well digging in the Ellensburg
sandstones, and to try to judge the value of the evidence derived in
this manner.

Information was obtained from Mr. Joseph Preece of several
hand-dug and drilled wells in the southeastern part of the valley. They
penetrate the Ellenshurg sandstones to slight depths only, and prob-

aSmith, G. O., Geology and water resources of a portion of Yakima County, Wash.: Water-
Sup. and Irr. Paper No. 55, U. S. Geol. Survey. 1901, p. 41.



CALKINS.] ARTESIAN WATER IN HARTLINE DISTRICT. 81

ably do not approach the base of the series by hundreds of feet. On
the Stoney ranch, ¢ miles southeast of the Preece raunch, there is a
well 150 feet deep in which the water rose 25 feet after the water-
bearing layer was fivst struck.

In an old well 45 feet deep on the Preece ranch, dug by the owner,
the water rapidly rose 10 feet from the bottom, though the sides
had remained perfectly dry until the water-bearing stratum was
struck. The water was soft, noticeably warm, and maintained a
constant temperature throughout the year, so that it would * steam
in the cold air of winter. The warmth of the water at so moderate
a depth indicates its dertvation from a distant source, and its sudden
rise from the water-bearing layer shows it to be under pressure. In
short, the water is artesian in the broad sense of the word. No
attempt was made to case the wells or to determine by a test how far
the water wounld rise in an open tube connected with the porous
stratum if it were prevented from escaping except by way of the
tube.

The Sanders well, north of Ellensburg, which is the only deep
boring ever sunk in Kittitas Valley, is said to have reached basalt
after passing through 700 feet of sandstone and clay. The tools were
lost at that depth and the well was abandoned with the water stand-
ing 40 feet below the surface. The negative result of this experi-
mental boring has been pretty generally accepted as demonstrating
the futility of any further attempts to obtain artesian water in
Kittitas Valley.»

Before we accept this discouraging view, however, we should ascer-
tain whether the record is trustworthy and whether the well was
properly cased. On neither point has the writer been able to obtain
satisfactory information. There is reason to believe, however, that
the driller was both inexperienced and incompetent, and altogether
unfit to be intrusted with the important task of boring an experi-
mental well. The evidence afforded by the Sanders well, therefore,
should by no means be accepted as conclusive.

But we are not without positive evidence in a strong degree contra-
dictory to that just considered in the phenomena at the Clerf Spring.
Clerf Spring is, in effect, a natural flowing artesian well. A well
was bored near the spring in 1900 in the hope of augmenting the sup-
ply obtained from the spring, with the result that water was obtained
at a depth of 40 feet below the surface of the basalt, which rose to the
surface in an open pipe. The drilling at this point was made with
poor machinery and by an incompetent driller. The hole has been
abandoned and allowed to cave in about the top, though it is probable

¢ Russell, I. €., Geological reconnaissance in central Washington : Bull. U. 8. Geol. Sur-
vey No. 108, 1893, p. 69.




82 GEOLOGY, ETC., OF EAST-CENTRAL WASHINGTON. [~o. 118

that a more generous supply could be obtained by going deeper. The
well as 1t stands gives no new evidence, however, beyond that afforded
by the spring, which demonstrates the existence beneath this locality
of underground water under pressure sufficient to force it up to a
level considerably higher than that of the floor of the valley.

After a consideration from a theoretical standpoint of the natural
conditions obtaining in the district and an examination of the evi-
dence afforded by existing wells, the writer is confident that artesian
flows would be obtained at most points in the valley floor lying below
the level of Clerf Spring by properly construeted wells reaching to
the base of the Ellensburg series. Anvone intending to prospect for
an artesian supply should, however, intrust the task of boring to a
driller of known skill, experience, and integrity.

If the possibility of tapping an artesian reservoir be admitted, how-
ever, it still remains open to question whether the expense of deep
borings would be justified, in view of the prospective construction of
high ditches from the upper Yakima River. When the proposed
ditehes shall have been built they may efficiently supply all the area
above and beyond the present irrigation ditches that could be-bene-
fited by an artesian supply. It may, however, be considered desirable
to have a town water supply from a deep source free from the danger
of polution, which 1s never entirely absent from surface streams.

SUGGESTIONS IN REGARD TO DEEP WELLS.

A few suggestions may appropriately be given here to guide drill-
ers and others interested in deep wells, and especially to direct intelli-
gent prospecting for artesian water.

TESTING ARTESIAN PRESSURE.

Tt is remarkable, in view of the encouraging indications of under-
ground pressure afforded by certam wells in the vieinity of Hartline
and of Lind, that no tests whatever have been made in the wheat
lands to determine definitely whether artesian flows might be obtained
from properly cased wells. A few such tests, intelligently made,
might show, at no great expense, the existence of an important natural
resource in the region. The development of flowing artesian water
would not only benefit the landowners, but the drillers as well, for it
would enhance the demand of their services. Tt would therefore
be to the interest of drillers to provide themselves with the simple
apparatus necessary and to test the underground pressure wherever
there appears reasonable hope of obtaining a surface flow.
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A general description of the kinds of apparatus used and of the
methods and principles involved tn such tests is given in the follow-
ing extract from Chamberlin’s admirable essay on artesian wells: ¢

Control of flowr.—1t is clear, upon conzideration, that perfect control may be
obtained by putting down a tube to the densest portion of the upper confining
bed, if, by some device, the space surrounding it may be closed
up so that no water can rise outside of the tube. Formerly
this was done by a very simple and ingenious device known
as the seed bag (fig. 7). A long, stout leather bag is made in
the form of u c¢ylinder. open at both ends, and just the size of
the well bore. This ix slipped on the lower end of the pipe,
and the hottom of the bag securely fastened about the tube by
wrapping with marline. A thimble just above the tie will
aid in preventing slipping. It is then filled with dried flax-
seed, and the upper end likewise closed around the tube.
When thus adjusted it is lowered into the well to the point
determined upon and supported there until the seeds swell by
absorbing water. 'This enlarges the bag so as to fit the bore
tightly and shut off all water from rising outside the pipe,
and so all is compelled to ascend through the tube to the sur-
face, or at least as high as the pressure is competent to
force it.

A better and more convenient, but more expensive, packing
takes advantage of the expansion of rubber disks when
pressed together, instead of the swelling of flaxseed. A series
of thick. washer-like rings of rubber are fitted about a section
of pipe. so adjusted between iron disks that, after being put

Fra. 7.—Seed

down, they can be screwed together and so caused to expand
laterally and completely fill the bore.

The construction of the parts and their adjustment are
sufficiently indicated in the accompanying figures, which illus-
trate one of the forms in use.

In a form employed in the oil regions the expansion of the
rubber disks, or of a single cylindrical one, is accomplished
by pressing a conical hollow wedge between the pipe and the
rings, thus forcing them out against the walls of the well.

bag. «a, Delivery
tube, leading to
the surface of the
well, and termi-
nating below the
seed bag: c.aleath-
er bag filled with
dry flaxseed; b,
marline wrap-
pings to secure
the end of the seed
bag. (After Cham-
berlin.)

In this case the packing is supported by a perforated tube—an * anchor "—

reaching to the bottom of the well.

As the packing in artesian wells is often

located near the top, the necessity for support from below excludes this form in

most cases.

Detection of flow.—It has been remarked above that the water may rise trom
the bottom to some higher portion of the well and there find escape by passing

off laterally through the upper strata.
does not always rise and overflow.

In the absence of control the water
It is a matter of some practical moment,

therefore, to know when a stream is struck which may yield a flow at the sur-

face when put under proper control

itself by a rise of water in the well, but this is not always the case.

(1) Such a stream usually discovers

(2) Some

¢ Chamberlaih, T. C., Requisite and gualifying conditions of artesian wells: Fifth Ann.

Rept. U. S. Geol. Survey, 1885, pp. 131-172,
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influence on the action of the drill is lable to be felt, which may arouse sus-
picion. (3) In any iustance of a strong flow the drillings are apt to be carried
away, so that when the sand pump fails to bring these up, or brings only
coarser material, there is good reasoun to believe that u stream has been struck,
and the proper tests should be made. In enterprises that do not require a
voluminous flow, tests should usually be made when such indications appear.

Fi1a. 8.—Rubber packing, shown apart. Fi1c. 9.—Rubber packing, shown screwed
a, Section of delivery tube, extending to the together as it is in the well, (After
surtace: b, a large thimble into which &  Chamberlln.)
screws ; e, an iron washer; ¢, a set of rub-
ber disks fitting on %, between b and d: &,

a section of pipe on which is turned a long

screw fitting in the thimble b, d, a disk

forming the head of the screw k. I, a sec-

tion of pipe extending about 2 feet below

the packing; i, a spring to press against

the walls and hold the pipe h while the

section ¢ and thimble b are screwed upon k.

(After Chamberlin.)

It is ordinarily desirable to test the capacity of any stratum which gives any
of these or other indications, before sinking to a lower one. It is advisable to
make provision in the contract for such tests, since it is not always to the inter-
est of the driller, once his imachinery is set.up and well at work. to stop at the
more Hmited depth. The capabilities of the flow may be tested by the use of a
tube and seed bag, or by rubber packing, as explained above.

Negative and false tests.—It is possible, in perfect honesty, to make both a
negative and a false test. Suppose the two porous beds, A and B (fig. 10).
separated by an impervious layer, are traversed and the testing of the first
has been neglected, either because it failed to give encouraging indications or
for other reasons. It is now desired to test these. Suppose the seed bag or

rubber packing be placed above the upper one. Now, if both bear a water
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level equally high, the test will be fairly made and the result will indicate
their combined capacity, or if both heads are at least as high as the surface at

“he well the test may be accepted. But suppose that the bed
.4 has heen cut into by erosion, or been reached by crevices,
or is otherwise defective, while the other, B. remains intact
“nd bears an elevated fountain head. Under these conditions
‘he water may flow from B through the bore into .1 and
cecape laterally through it, as illustrated in the figure. Now,
n this case the result may be either simply negative or posi-
‘ively false and misleading. 1If the lateral leakage through
‘he stratum A effectually disposed of the flow from B and
‘here was no leakage in the upper portion of the well, the
~ater in the test tube would stand during the test at essen-
“fally the same height as betore. and the result would be
negative, merely failing to indicate a possi-
bility that really existed. If. on the other
hand, there was lateral leakage through the
upper strata as well as through .1, neither
alone being quite conmpetent to dispose of
the flow from B, then the introduction of
the test pipe would cut off the upper leak-
age, leaving the bed .1 unable to dispose of
the entire flow. In this case there would
be a rise of water in the tube, and possibly

B (fig. 11), have been traversed. Let the
packing be placed between these. Then (1),
if 4 equals B in productive capucity, water
will stand at the same height within and
. without the test pipe if there is no leakage
F16.11.—Section .

ofwellillustrating i the upper bheds. (2) If the failure to
i;gg;ﬁig"{ea:‘?.‘l mis fow was due to such leakage, then a tlow
will result from B, but the additional flow

which might be secured trom .1 is lost (see figure). (3) If .1
has a greater head than B, and if there is no loss above, the
water in the test pipe will actually be lower than that out-
side, as illustrated in fig. 12, This may be said to be an
inverted test, and i¢ less misleading than the false and nega-
tive fests, since it plainly indicates an error of manipulation.
I have known of such a case of reduced head as the result of
an attempted test. (4) If, however, there is in this case
considerable lateral waste in the upper strata, the valuable
flow from .1 will be lost, just as betore the test was made,
while B may give a rise in the tube, or even a flow, which
would foster the impression that a fair test had been made,
while in reality the greater flow has been lost. (5) If A
gives a feebler tlow than B, but has an equal head, the test

.

F1aG.10.—Section
of well illustrating
a negative test.

a flow. The mischievousness of a test of this sort lies in the
fact that it appears to be a true test, while in reality it is
false and misleading. The true test in this case can only he
made by placing the packing between the porous beds 4 and B.

2, Take another instance where two porous beds, as 4 and

F1a.12.—Section
ofwellillustrating
inverted test.

will fail of bLeing completely satistactory only in excluding the feebler flow
from A. (6) If, however, A has a lower head and is a possible means of escape
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for the flowage from B, then the packing has been placed at the right point and
the test gives the best results. )

3. 1n still another case let 4 and B represent porous beds (fig. 13), the lower
of which is so conditioned as to drain the upper one by virtue of a lower out-
crop in the manner previously explained and illustrated. (1) If the drainage
loss below is not complete, and if the packing is placed above .1, as shown in
fiz. 13, 1. the result will he negative if there is no leakage in the upper strata.
(2) Should there be considerable loss there it will he cut off by the tube and
packing, and some rise in the tube will be the result in meost cases. In either
instance the result is misleading, particularly in the last, because the small
rise of the water ix apt to allay any suspicion as to the effectiveness of the
test. The real fact, however, remains that the flow from the productive
stratum is mainly lost below. (3) Suppose that the packing is located
between A and B, as in fig. 13, II, it will then shut off the flow from A,
while that in B, because of a lower outlet, will fail to flow. XNow, if there is
opportunity for lateral leakage in the upper strata the water from A will rise
in the well outside of the test pipe and pass off into these open upper beds.
(4) But if no such opportunity is afforded it may rise to the surface and over-
flow outside of the test pipe. while the water within the test pipe will probably
he found to be lower than before the test was made.

Fia. 13.—Section of strata and three wells, showing one correct and two cerroneous tests.

The proper method of testing wells known or suspected to present these con-
ditions is to sink a simple bag of seed or other obstruction to a point in the
impervious stratum between A and B, which, when it tightens in its place, will
shut off the tlow below. Then a tube with packing sunk to a point above .1 will
effectually cut off all leakage in the upper strata and the full capacity of the
water bed 4 will be tested.

These examples, while not exhaustive of possible cases, illustrate the nature
of defective tests and the deceptive conclusions liable to be drawn from them.
The remedy is manifest. Test each water-bearing stratum as it is encountered,
or else vary the final tests so as effectually to exclude all liabilities to error.

Some comment may be made on the special application of these
directions in this region. In Kittitas Valley the strata encountered
in the downward progress of the drill outerop along the neighbor-
ing hill slopes at successively higher elevations, so that there does not
seem to be much danger of leakage from a water-bearing stratum to
the one beneath, and a plug inserted just above the highest strong
flow should be sufficient. TIn the wheat lands, where conditions are
less thoroughly understood, meore care should be taken to make the
tests exhanstive.

It has been noted that in wells sunk from the plateau levels of the
wheat lands water is generally found at about the same depth as in
the bottoms of the neighboring coulees. An artesian flow could
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hardly be expected at a less depth, for the extensively dissected upper
strata would be too leaky to hold water under pressure. Wells on
high ground, therefore, should be sunk lower than the bottom of any
neighboring coulee and the test plug inserted below all porous layers
that are exposed in the coulee walls. In wells sunk in canyon bot-
toms it would perhaps answer in most cases to insert the plug in the
first layer of compact basalt below the looxe and porous surface
material.

By way of summarizing this brief consideration of artesian tests
it is desired to state emphatically the following important points:

(1) The fact that the water does not overflow from an uncased
well does not prove that an artesian flow might not be developed
under proper conditions.

(2) A well in which water rises appreciably is worthy of being
exhaustively tested, unless the nonexistence of artesian conditions 1
its neighborhood has been proved, and the tests should be carried out
with an understanding of the principles that govern artesian flow.

(8) Tt 1s unnecessarily wasteful to case a well before it has been
tested. The preliminary tests may be made with inexpensive appa-
ratus, thus saving the heavy expense of casing until it is known to be
justifiable.

DEPTH OF EXPERIMENTAL BORINGS.

It is a question of some moment to what depth it is proper to carry
experimental borings. An idea is widely prevalent that the chances
of obtaining artesian water increase with the depth of the well, and
even that artesian water may be obtained at any place if the well goes
deep enough. This notion has a certain basis in the fact that decper
strata are less liable to be tapped by erosion than higher ones. Under
certain conditions, however, which are illustrated in fig. 14, the
deeper strata may be less likely to yield a flow than those above.

1M1, 14—Tdeal section showing relative probability of obtaining artesian flow at various
depths.  'The stratum .\ is tapped by the river at IR, while " and D are unfavorahly sit-
nated for receiving a supply. 1 is capable of imbilnng a good supply along its upper
edge, and is not cut by the river, so that it is likely to yield a flow from a well sunk
at W,

Many drillers in the wheat lands have thought that it would be
worth while to sink wells to a depth of from 1,000 to 1,500 feet, in
order to reach below the strata that are extensively exposed in the
river canyons.  Such a belief should not be adopted hastily. These
deep strata would probably be less exposed to leakage, although the
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writer is not sufliciently acquainted with the region to the east to
speak positively, but it is doubtful whether they are favorably ex-
posed to take in a supply available in the wheat lands. The doubt
existing on this point in the present state of our knowledge should be
frankly faced by anyone who contemplates putting down a very deep
well.  Before any such costly experiments are made some of the more
favorably situated wells of the present moderate depths should be
thoronghly tested. In wells to be sunk in the futnre each water-
bearing layer should be tested as soon as reached, and if a satisfac-
tory flow is developed at any point the owner should rest satisfied and
not tempt fortune by continuing to greater depths.

CASING NONFLOWING WELLS.

If upon test a flow be developed, the well should be cased down to
the point at which it i¢ found that the packing is most advanta-
geously located. But it does not seem wise or economical to con-
fine casing to those wells that develop a surface flow. Suppose a
well in which the underground pressure is sufficient to force the
water in an open tube, inserted with a tight joint above the porous
water-bearing layer, to within 50 feet of the surface, but that in its
rise through the uncased well it meets a leaky, porous bed through
which it escapes at 100 feet from the surface. In such a case as this
the windmill or other pumping engine must raise the water 100 feet.
when, if the underground pressure were fully conserved, the water
need be lifted only half that distance. There is a clear waste of 50
per cent of the power, for, as is evident to all who are acquainted with
the elementary principles of mechanics, a pump capable of lifting
1,000 galtons per hour through a vertical distance of 100 feet could
lift 2,000 gallons per hour through half that height. The compara-
tively slight expense of packing the lower end of the pipe might in
many cases be repaid time and time again by the saving in power
where power is a source of considerable expenditure, or by the
increased vield of water where all the water developed can be used to
advantage.

Two qualifying phrases in the last sentence require some further
explanation. In the vast majority of the deep wells now existing the
pumping engines are windmills, and the cost of power is confined to
the small annual expenditure for repairs, oil, ete., plus the ordinary
wear and tear on the machine. Moreover, the amount of water fur-
nished by a single mill is usually sufficient for all farm uses. Under
such circumstances as these, where the running expenses are almost
vothing and the supply nieets all demands, there seems to be little
inducement to make even a small outlay for packing the well pipe.

Where, however, a large and constant supply, such as is required
1o furnish a town water system, is demanded, a gasoline or steam
pump is generally used. The necessary fuel is then a constant
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source of expense, and, consequently, a possible saving of power,
such as may be accomplished by packing, is worthy of careful
consideration.

In the second place, if the rancher were able to use economically
a large quantity of water it would be desirable for him to draw
from his well the greatest amount that his windmill could supply
under the most favorable conditions. It seems to the writer that
such a use for the surplus above what is needed for ordinary farm
uses is to be found in the irrigation of fruits and vegetables. While
in the region east of the Columbia the conditions are such that
horticulture will probably never become a leading industry, it seems
certain that vegetables, small fruits, and certain orchard fruits
might be produced in greater quantity and of much better quality
than they are at present if the fullest use were made of the possi-
bilities of irrigation from wells. If such a use were found for all
the water available, the desirability of packing in all cases where
the water level in the well could thereby be materially heightened is
evident.

Efficient and systematic irrigation of gardens from deep wellg
would involve the construction of reservoirs, either wooden tanks or
excavations lined with masonry or sod. The methods of irrigation
can not, however, be dealt with in this paper. Those interested in
the subject will do well to refer to Mr. Newell's recent work on
irrigation,® where all the branches of that important art are treated

fully.

CONCLUSION.

This report may be closed appropriately with a brief recapitulation
of the more important points developed in the preceding pages on the
deep wells of east-central Washington.

In the wheat lands the records of numerous wells demonstrate that
abundant water of good quality can be obtained from porous layers
in the basalt series at depths varying from 40 to 670 feet. In general,
the average depth at which a good supply is reached increases gradu-
ally toward the south.

The water generally rises in these wells to a greater or less extent,
which proves that the deep waters beneath the wheat lands are under
pressure, and that they are, therefore, in the broad sense of the tern,
artesian. Despite these encouraging manifestations, however, no
instance is known in which an attempt has been made to measure the
effective head of the artesian streams, nor has any well in the region
been cased to prevent leakage through porous beds above the confin-
ing stratum of compact basalt. There is good reason to believe that

e Newell, I, ., Irrigation in the United States, New York, 1902,
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there are wells in the wheat lands in which the water fails to reach
the top solely on account of leakage throngh loose surface material.

It s strongly urged, therefore, that the more favorably situated
wells be tested thoroughly in order that definite information may be
obtained regarding artesian pressures. Directions for making such
tests have been given in the appropriate place. All wells which
then prove capable of giving a surface flow should be efficiently cased.

Tt is thought advisable not only to case any wells that will give a
surface flow, but to pack the bottom of the pipe in many other wells
in which the water surface conld, by that means. be raised materially.
Such a procedure would be economical where, on the one haund, a gaso-
line or steam pumping engine is used and the running expenses for
fuel, etec., are considerable: or where, on the other hand, a windmill is
used and the running expenses are insignificant but it is desired to
augment the supply by this means if use can be found for all the
water that can be obtained. Tt is suggested that irrigation of gar-
dens and orchards from deep wells would afford a profitable means of
utilizing most of the water that can be developed in excess of the
requirements of stock and the household.

There seems to be a fairly good chance of obtaining artesian foun-
tains in the vicinity of Lind and of Parnell and in the coulees west
of the Lind-Ritzville distriet, but the artesian pressures are probably
insufficient to raise water to the general plateau levels of the wheat
lands.

In the arid range land just east of the Columbia water could be
found at comparatively moderate depths, but conditions do not favor
the hope of obtaining artesian flows. A number of stock wells eould
probably be sunk in this region to advantage, and if located at points
far from any of the natural drinking places might render available
some areas now largely neglected by the stock because of their dis-
tance from water. The excessively grazed stretches near the streamns
and springs might then have an opportunity to recuperate if the num-
ber of animals on the range could be kept within a reasonable limit.
The ruin of this range seems imminent, however, unless those who
have grazing interests there adopt a conservative policy. The waste-
fulness and shortsightedness of overstocking has too often been
demonstrated by experience and only realized when the evil was
past remedy.

That there would be better chances of obtaining artesian flows on
the Columbia Plains by very deep borings than from some of the
moderately deep wells now existing is doubtful. Deep experimental
borings in the basalt are to be regarded in the present condition of
our knowledge as involving considerable financial risk. The searcher
for artesian water should make careful and exhaustive tests of the
upper water horizons before he sinks capital in a deep boring,.
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The writer believes that wells sunk in the lower portions of Kittitas
Valley to the base of the Ellensburg series and properly cased would
vield artesian flows. If, however, a properly conducted experiment
resulted in failure to obtain a flow from the IEllensburg series, the
advisability of continuing the boring into the basalt underneath
would be doubtful. Granting. however, that the chances of obtaining
surface flows are good. the wisdom of prospecting for artesian water
in Kittitas Valley must depend upon the answer to the question
whether, if an artesian supply were obtained, it could be used
economically.
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