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LETTER OF TRANSMITTAL.

DeparRT™MENT OF THE INTERIOR,
U~itEp STATES GGEOLOGICAL SURVEY,
Divisioxn or Georoegy anNp Pareonrtoroay,
Washington, D. C., June 38, 1904.

Sir: I have the honor to transmit herewith the manuscript of a
Preliminary Report on the Geology and Water Resources of Central
Oregon, by Israel C. Russell, and to recommend its publication as a
bulletin. . ,

The report contains interesting and valuable information concern-
ing a little-known region. The field work on which it is based was
done under the joint auspices of the western section of hydrology and
the division of geology and paleontology. Although it contains a.
large amount of information concerning the water resources of the
region, 1t is primarily a geologic report, and is therefore offered for
publication as a bulletin. :

Very respectfully, C. W. Haxzs,
:  Geologist in Charge of Geology.
Hon. Crarues D. Warcorr, ‘
Director United States Geological Survey.






PRELIMINARY REPORT ON THE GEOLOGY AND
WATER RESOURCES OF CENTRAL OREGON.

By Israrr C. RusskrL,

INTRODUCTION.
ROUTE OF RECONNAISSANCE.

The observatlons recorded in this paper were made during a I“Lpld
reconnaissance from east to west through the central part of Oregon
in the summer of 1903, and are in continuation of similar work in the
same general region previously done by me, reports concerning which
have been published. The arrangement of the matter is geographic,
and the audience addressed consists of the people living in the region
visited. While my main aim is to indicate where artesian water
can be had, I have chosen to present the observations made in this
and other directions in a popular form, with the view of interesting
those for whom this report is especially intended in the treo]omc
history of the land about their homes.

With Messrs. C. E. Wilson and H. C. Dewey as ﬁeld fmssmtfmts, I
left Boise, Idaho, on June 28, with the necessary camp equipage, etc.,
and traveled westward, reaching Burns, Oreg., on July 15. The
reconnaissance made by me during the previous summer (described
in Bulletin No. 217) terminated on the west near Burns, and the work
of the present season practically began there. On leaving Burns the
route followed led westward through the western portion of Harney
County, across the southeastern and central portions of Crook County
by way of Prineville and Sisters, and. thence southward through the
northwest portion of Klamath County to Fort Klamath. From-the
last-named place, in order to reach a convenient locality for disband-

e Russell, Israel C., Geological reconnaissance in southern Oregon: Fourth Ann. Rept.
U. S. Geol. Survey, 1884, pp. 431-464 ; Geology and water resources of the Snake. River
Tlains of Idaho: Bull. U. 8. Geol. Survey No. 199, 1902, pp. 1-192; Preliminary report on
artesian basins in southwestern Idaho and soutbeastern Oregon: Water-Sup. and Irr.
Paper No. 78, U. 8. Geol. Survey, 1903, pp. 1-51; Notes on the geology of southwestern
Idaho and southeastern Oregon: Bull. U. 8. Geol. Survey No. 217, 1903, pp. 1-83.
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12 GEOLOGY AND WATER RESOURCES, CENTRAL OREGON. [BuLL. 252.

ing my party, the journey was continued westward across the Cascade
Mountains to Medford, in Jackson County, a station on the Southern
Pacific Railroad, which was reached on September 15. »

Owing to the absence of railroads in the central portion of Oregon,
considerable time was occupied in traveling to and away from the
region concerning which information was desired. During these
parts of the journey only observations of the most general character
were undertaken, some of which, however, are set forth in the follow-
Ing pages, as they supplement previous reports.

The region to which attention is here invited is indicated on the
map forming PL. I. The portion of Oregon referred to is not only
new to geologists (so far as I am aware, no descriptions of its physical
features, water resources, or geology are in print), but has not been
topographically surveyed. The only map available for use during
my reconnaissance was a map of the State of Oregon, drawn to a
scale of 12 miles to an inch, published by the General Land Office of
the Interior Department. To a large extent this map is devoid of
data in reference to even the more conspicuous elements of the relief
of the central portion of the State.

The critic who may pass judgment on the value of t]ns report
should -bear in mind that the observations recorded were made during
a rapid reconnaissance through a geologically unknown region, with-
out the assistance of a map showing even the major features of the

topography. GEOGRAPHY

The part of Oregon under consideration has been briefly indicated
above, but its location will perhaps be better understood from a sum-
mary account of its relation to the larger fe‘ltlll es of the drainage of
the Pacific slope of the United States.

.The region examined includes the extreme northern part of the
Great Basin (an area of about 210,000 square miles sitnated princi-
pally in Oregon, Nevada, Utah, and southeastern California, from
which no streams flow to the ocean) and a part of the drainage area
of Deschutes River and of its principal tributary, Crooked River,
which joins it from the east. It lies east of the part of the Cascade
Mountains included between Mounts Jefferson and Thielsen, and
north of the extensive region in southern Oregon and northern
Nevada which was notably deformed by faulting in late geologic time,
s0 as to give origin to several deep valleys, now holding lakes of alka-
line water, such as Abert, Summer, Silver, and Christmas lakés. The
portion of Oregon and Nevada referred to is unique, owing to the fact
that it is a lake region in an arid.country, at a distance from lofty
mountains.
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RUSSELL. ) _ INTRODUCTION. 13
TOPOGRAPHY.
GENERAL YFEATURES.

The reliet of surface in central Oregon presents well-marked con-
trasts, ranging from the nearly level, featureless surfaces of the desert
valleys, where the general elevation is about 4,000 feet, to the rugged,
snow-clad summits of the Cascade Mountains, the highest of which,
Mount Jefferson, reaches a height of about 10,350 feet. The contrast
between the region extending 150 or more miles east of the Cascade
Mountains and the great series of peaks and ridges bounding it on
the west is so great that the former region, although actually rugged,
seems by comparison monotonous and lacking in variations in relief
of surface. But for the overshadowing importance of the great
mountains on its west border, however, the central portion of the State
would in general be recognized as mountainous,

GREAT SANDY DESERT. ) -~

The most extensive tract of nearly level land is situated in the geo-
graphic center of the State and is designated in part on the maps as
the Great Sandy Desert. This region, termed “ sandy ” on account, of
the thick sheet of pumiceous sand and dust that covers large portions
of it, extends from the south-central part of Crook County southeast-
ward across the northeastern portion of Lake County and far into
Harney County. Its length is in the neighborhood of 150 miles and
its width from 30 to 50 miles. So nearly uniform is the surface that
one might drive throughout its length, and even for a much greater
distance than that indicated above, without meeting any greater
obstruction than the rigid sagebrush and—to indicate the aridity of
the region—without finding a single watering place for men or
animals. ' ‘

The boundaries of this vast, nearly smooth tract are indefinite, as it

is bordered by mountains both of volcanic origin and of upheaval,
between which lie the extensive valleys that unite to form the central
plain. On the plain itself there are prominent elevations, either
standing as isolated buttes or as groups of hills and mountains, which
are rendered especially conspicuous because of the general smoothness
of the surfaces from which they rise, as well as by the steepness and,
in some instances, the ruggedness of their sides.

CLASSES OF ELEVATIONS.

The topographic elevations in central Oregon may be classed in two
groups—rhills or mountains and plateaus due to upheaval, and hills or

mountains produced by volcanic eruptions. Of these two classes the.

second contains by far the greater number of examples. Each of the



14 GEOLOGY AND WATER RESOURCES, CENTRAL OREGON. [BULL. 252.

groups of land forms referred to as standing in relief may again be
divided into those that have derived their most conspicuous char-
acteristics through the action of.the forces which brought them into’
existence, and those that have been modified in an important way by
erosion. In other words, there are both old and young hills and

plateaus due to upheaval and old and young volcanic cones.  These,
- contrasts in age refer mainly to the degree of topographic develop-
ment produced by erosion, but also indicate in a general way the rela-
tive dates at which the various elevations in each class came into
existence.

The broad irregular plateaus north of Burns which extend west to
near Prineville, form an uplifted region, pu‘haps with many minor
inequalities, but in general a broad upward swell or anticline pro-
duced by upheaval. Its surface has been trenched by streams, but in
general is not minutely dissected. Abdut 30 miles south of these
plateaus are Powell Butte and the Pauline Mountains, and in the
intervening space is a prominent ridge termed locally Pine Mountain.
Each of these elements is a remnant of a geologically ancient upland
cut down by erosion.

To the east of the central region rise Steins Mountains, a prominent
north and south range due to the upheaval and tilting of a large
block of the earth’s crust adjacent to a line of deep earth fractures—.
that is, it is a monoclinal or “block mountain.” Similar tilted
blocks form the prominent, generally north-south, ridges in the vicin-
ity of the alkaline lakes to which Lake County owes its name. These
~ elevations are mentioned because to a great extent they define the
boundaries of the less rugged central portion of Oregon traversed
during the reconnaissance which furnished the data for this paper,
although in most instances, no fresh information is here presented
concerning them.

In central Oregon the most common. and most conspicuous ele-
vations are due to volcanic eruptions. In traveling west from Burns
to Sisters a few old volcanoes are met in the first half of the
~ journey, such as Placidia Butte, the Glass Buttes, and Hampton
Butte, and farther west are seen other ancient craters or much-eroded
volcanic peaks and numerous young volcanoes. These young volca-
noes are situated for the most part in the northern part of Lake
County and the southwest part of Crook County. Their cones, so
recent in numerous instances that erosion has not yet broken their
crater rims, are so numerous that 50 or more can frequently be counted
in a single view, while a change of a few miles in the position of the
observer brings perhaps as many more within the range of vision.
The cones increase in abundance as the Cascade Mountains are
approached, a fact significant of the conditions on which the distribu-
tion of volcanoes depends.
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The Cascade Mountains border the interior basins and valleys of
Oregon on the west, crossing the State from north to south in a con-
tinuous belt, which, south of the Columbia, is nowhere intersected
by a transverse valley and across which there are no low passes,
though at three localities wagon roads have been constructed which -
furnish routes of trdavel between the interior of Oregon and the
region west of the mountains. The mountains, so far as known, are
composed entirely of elevations due to volcanic eruptions, and con-
sist of lava flows and the fragmental products of volcanoes. The
eastern border of the range in the portion visited, although well de--
fined, 1s not abrupt. In the portion of the border between the
Three Sisters peaks and Mount Thielsen the recent volcanoes of
the interior region extend westward and, becoming more and more
closely associated, merge with the volcanic cones which form the
Cascade Range. 1In general it seems to be true that the great number
of volcanoes forming the Cascades are situated along a belt of frac-
. tures running north and south, from which, at least in the portion of

the range between the Three Sisters and Mount Thielsen, branching
fractures trend away toward the southeast. Along both the main
line of volcanic vents and the extensions from it toward the south-
‘east eruptions have occurred during a long period of time, ranging,
as the evidence in hand indicates, from early Tertiary to near the
present day. In general the older volcanoes erupted andesitic lavas,
while the more recent ones discharged basalt, though marked ex-
‘¢ceptions to this rule are furnished by certain andesitic volcanoes
sitnated about Pauline Lake, which are among the most recent of
the entire region. The most conspicuous feature of the eastern bor-
der of the Cascade Mountaing is that the range has been built by
volcanic eruptions, and only subordinate features of the relief are
due to the work of streams and glaciers. This eastern horder does
not give evidence of being due to a fault or series of faults, as is
the case of the corresponding eastern margin of the Sierra Nevada.
If a displacement of the basement rocks of the range is present, it
is, so far as known, completely buried beneath more recent volcanic
ejecta. In no part of the border of the range visited during the
reconnaissance here described do the rocks on which the volcanoes
rest and through which their conduits were extended appear at the
surface. This same generalization, I understand from the observa-
tions of others, can be extended to the entire Cascade region in
Oregon. '

SUMMARY OF TOPOGRAPHLY.

In brief, the topography of central Oregon is characterized by
the bo],dness of its elevations, which are due in a minor way to the
presence of eminences.left by widely extended erosion, but princi-
pally to constructive volcani¢ activity. The valleys between the
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mountains, buttes, hills, etc., are, in general, level floored, owing in
part to the deposition of alluvium brought from the uplands by
streams, but mainly to the extensive lava flows and the wide distri-
bution of fragmental material blown out of volcanoes in the con-
“dition of gravel (lapilli) and dust. Sheets of basalt which have
invaded the valleys and given them level floors, occur widely
throughout the central part of the State, and in many localities form
the present surface. These lava sheets range in thickness from 80
to 100 feet, as an average minimum, up to probably several hundred
feet. In certain localities, as along Deschutes River, in the vicinity
of the mouth of Crooked River, the recent basalt rests on stratified
Japilli, the revealed thickness of which is about 800 feet. The extent
and thickness of these modern volcanic products, both liquid and
fragmental, have changed the topography of the land, and, by filling
the depressions, have tended to subdue the relief. The valleys, like
many of the uplands, are constructional topographic forms.

Later than the spreading out of the deposits just referred to came a
heavy and widely distributed shower of pumiceous fragments, rang-
ing in size from dust particles to masses of highly vesicular pumice
2 to 3 feet in diameter, which still remains on the plains and moun-
tains and ranges in thickness up to at least 70 feet. This covering
of the land lies on it like a great snowfall, over an extent of several
thousand square miles, particularly to the east of the Cascades. It
also extends over the mountains and down their western slopes for a
score or more miles. It not only has produced many changes in the
minor features of the relief, but on account of its extreme porosity is
one of the leading factors controlling the agricultural value of the
country it covers. ' :

DRAINAGE.
THE GREAT BASIN.

The feature of the surface drainage of central Oregon of greatest
interest to geographers is that the Great Basin there reaches its north-
ern limit. The most northern point on the rim of the region of inte-
rior drainage is in eastern Oregon, at the head of Silvies River, which
flows southeastward and empties into Malheur Lake. To the west of
the country sloping to Malheur and Harney lakes the Great Basin
divide passes westward through an arid region, where the valleys are
broad, nearly level floored, and in large part without stream chan-
nels. In the portion of its course between (Glass Butte and Pauline
Mountain the slope of the surface is so gentle that a careful survey
would be required in order to determine where the parting between
streams flowing south to some one of the neighboring drainless basins
and those flowing north to Deschutes River and the Columbia would
be in case precipitation should become sufficiently abundant to form
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a surface run-off. From the Pauline Mountains southwest to the bold
cliffs overlooking East Lake on the east and thence southwest to the
Walker Mountains the divide is well marked in the relief of the land,
although the deep surface layer of pumiceous dust and lapilli in that
region prevents to a great extent the occurrence of streams. South
of the Walker Range the divide is irregular, marking the water
parting between the numerous streams flowing southwest and south
to Klamath and Goose lakes and those flowing north to Silver and
Summer lakes. The boundary in the region just rveferred to is
again difficult to determine, for the reason that Goose Lake, althouglh
fresh, overflows only during high-water stages. At certain seasons it
is to be reckoned as occupying one of the many component depres-
sions of the Great Basin, and at other seasons as a part of the Sacra-
mento drainage system.

The portion of the Great Basin in south-central Oregon comprises
the country west of Harney and Malheur lakes and north of Warner,
Abert, Summer, and Silver lakes, and also about forty townships
northeast of the Glass Buttes. It is practically without surface
streams, owing to the small precipitation, the porous character of the
soil, and the fissured condition of the underlying lava sheets. The
characteristics of the country within the northern portion of the
Great Basin and of the region adjacent to it on the northwest are
essentially the same. That is, the entire region shares in the same
general geologic and climatic conditions; the valleys are occupied
for the most part by basaltic lava flows; the surface over broad
areas 1s composed of loose, porous material, largely volcanic dust and
lapilli; the rainfall issmall; and-surface streams are generally absent.

A characteristic feature of the Great Sandy Desert and of the
adjacent country, and closely related to the present drainage, is the
presence- of eroded valleys and canyons disproportionately large in
reference to the weak streams now occupying them, and what is even
more conspicuous, the presence in several instances of stream channels
no longer occupied by water. These features are similar to and. in
fact, form a part of the characteristics of the Great Basin and of
much of the country adjacent to it, particularly on the north, show-
ing that what is now an arid country wus formerly well watered.
This is also shown by the well-known greater extent of many of the
lakes of the’Great Basin region during a former period.

In central Oregon one of the most conspicuous records of formerly
greater precipitation, at-such a late geological period that the country
had its present relief, is furnished by an old river channel, which
leads northwest from the vicinity of the Glass Buttes and joins the
canyon through which Deschutes River flows. The length of this
now streamless channel is about 75 miles. Its course is in the main

Bull. 252—05 My——2
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well defined, and in certain localities, as a few miles north of Pauline
Mountain, it is a narrow steep-sided canyon at least 300 or 400 feet
deep, cut in basalt. During winter seasons portions of this channel
are occupied by running streams, and in summer an occasional water
pocket occurs in it, but the inhabitants of the region traversed by it
assert that it has never been known to receive sufficient water to
form a continuous stream. The reason for the abandonmient of the
channel referred to does not seem to be solely a decrease in humidity,
however, as the lower portion of its course is through a region that
has recently been deeply covered with loose volcanic dust and lapilli
and crossed by open-textured lava flows. These additions to the sur-
face, which, as will be described later, have caused conspicuous
changes in the history of Deschutes River, have also exerted a yet
more important influence on this weak tributary.

CROOKED RIVER.

In central Oregon, to the north of the Great Basin and of the adja-
cent region which slopes toward Deschutes River but has no perennial
streams, is situated a rugged plateau drained by Crooked River.
This stream, of much importance to the country in which it is located,
has its sonrce in a number of copious warm springs about 10 miles
east of Hampton Butte, and flows north and west through steep-sided
canyons all the way to its junction with the Deschutes, a distance of
about 115 miles. In its upper portion, just after leaving the alkaline
marsh in which it rises, it receives copious contributions from springs,
and in its progress rapidly increases in volume, even in late suinmer,
when there is no surface run-off. It is reported to receive contribu-
tions from other springs at various localities along its course until it
nears Prineville. Below that town it diminishes in volume, and in
late summer its bed near Forest, about 12 miles below Prineville, is
frequently dry. This marked decrease is now due largely fo the use
of the water of the stream for irrigation in the expanded portion of
its canyon below Prineville, but under strictly natural conditions it is
known to have experienced conspicuous seasonal variations. When
the volume of the stream diminishes below Prineville, it exhibits the
characteristics common to many streams that flow from the uplands
of arid regions and suffer absorption and evaporation as they pass
through the lower portion of their courses where springs are absent.
‘Owing to the absence of saturation at any but great depths, percola-
tion is away from instead of toward the streamn channels, and such
flow as persists becomes tepid, more or less alkaline, and unwholesome.

Another and still more remarkable change occurs lower down the
channel of Crooked River, about 10 m].]es northwest of Forest,
where springs of great volume appear in its bed and along its sides.
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One of these springs, conspicuous on account of its large volume, is
known as Opal Spring, for the reason that in the sands it brings to
the surface are kernels and grains of opal, derived from the basaltic
rock through which its supplying conduit passes. Other springs
come in near at hand, and the river quickly becomes a rushing torrent
of clear, cool water. The volume is here about 200 cubic feet per sec-
ond, practically all of which comes from springs. This conspic- .
uous instance of copious springs rising in the lower course of a river
in an arid region finds its explanation in the depth and wide extent
of the loose volcanic débris through which the river has cut its pres-
ent canyon, as will be described more fully in discussinig the interest-
ing geology of the Deschutes basin (p. 117).

DESCHUTES RIVER.

The conspicuously arid and treeless portion of central Oregon
merges on the west into a less arid region drained by Deschutes River.
This fine stream of clear, cool water has its main sources on the east
slope of the Cascade Mountains, between the Three Sisters peaks and
Mount Thielsen, flows northward, and joins the Columbia about 15
miles above The Dalles. The country it drains is forested and holds
several lakes, of which Davis, Odell, and Crescent are the largest.
These lakes are exceedingly beautiful on account of the clearness of
their waters and the primeval wildness of the forest-covered moun-
tains about them. Owing to the retention of the main tributaries of
the river in lakes, as well as the shelter afforded the land by its nearly
universal forest covering, which breaks the force of the descending
ain, its waters are conspicuously clear. Another and still more
important factor leading to this same result is the presence over a
large part and, as it seems, nearly the whole of the region drained by
the head branches of the river, of a thick surface sheet of pumiceous
dust and lapilli. This mantle of porous débris acts as a filter, and
the many copious springs issuing from it are clear and cool.

The tributaries of the Deschutes above the mouth of Crooked
River come mainly from the west and drain the east slope of the Cas-
cade Mountains. The most marked exception, in reference to direction
of flow, is Pauline Creek, which has its source in a lake of the same
name, situated in the summit portion of an old and deeply eroded vol-
canic mountain about 35 miles east of the crest of the Cascade Moun-
tains. The Walker Mountains, also situated well to the east of the
Cascades, send some tribute to the Deschutes. The streams just
referred to, like the tributaries of the main river from the west, flow
over a region deeply covered with pumice, and are clear and cold.

Owing to the efficient filtering the water of the Deschutes receives,
and also to the influence’of the several lakes discharging into it, which
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serve as settling basins, its waters are conspicuously clear. It is a
swift-flowing stream, broken by many rapids and cascades, where its
greenish-blue waters are churned into foam, and is a delight to the
beholder on account of its beautiful colors, refreshing coolness, and
the frequently picturesque and, in some localities, impressive scenery
of its canyon walls, as well as a blessing to the arid region, to which it
brings its flood of water for irrigation and other purposes. It is
also an attraction to the angler, as its waters are abundantly stocked
with trout. Salmon ascend its lower portion, but on account of falls
do not reach its upper course.

In addition to the features just described, the Deschutes is of espe-
cial interest to geographers, as it exhibits certain peculiarities not
commonly met with. Although flowing from high mountains on
which precipitation varies conspicuously with seasonal changes and
where snow melts rapidly as the heat of summer increases, its volume,
throughout a large section ‘'of its course, is practically constant
throughout the year. Irom the mouth of Crooked River upstream
“to Benham Falls, near Lava Butte, a distance of about 50 miles, the
variations in the height of the river throughout the year is not more
than 8, or perhaps 10, inches where the width is not abnormally
restricted. Wooden bridges which cross the river in the portion of
its course referred to are placed only two or three feét above its sur-
face during the summer stage, and even the amount of space thus
afforded beneath their floors is determined by the height of the
approaches and not by the fluctuations in the surface level of the
water.

The reason for the practically constant volume of the Deschutes
between Benham Falls and the mouth of Crooked River is mainly .
because it is bordered throughout a part of its course in this section
by cellular lava, of recent date, into which its waters flow when a
tendency to rise is experienced. This and other instructive features
of the river will be described later in this report (p. 117).

CLIMATE.
RAINFALL.

By reference to the general weather maps of the United States,
issued by the Weather Bureau,® it will be seen that this portion of
central Oregon, lying in the northern part of the extensive arid region
which intervenes between the Rocky Mountains on the east and the
Sierra Nevada and the Cascade Mountains on the west, is credited
with a mean annual rainfall of between 10 and 20 inches. While
these figures express the average of such weather observations as

« Rainfall and snow of the United States, compiled to the end of 1801. Atlas, Bull. C,
U. 8. Weather Bureau, 1894,
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were available at the time the maps referred to were published, they
give a higher average than now seems justifiable. Records kept dur-
ing the past five years, although somewhat irregularly, at Prineville,
Farewell Bend, and Silver Lake, in the central and southwestern por-
tions of Crook County, indicate that the average yearly precipitation
in the valleys of that region is about 8 inches. ~

That these records, though meager, do not pertain to exception-
ally dry conditions at the points of observation is apparent to one
traveling through the section of the State where they were made.
Indeed, if there is any exception to be noted, it is in the direction of
ascribing even greater aridity to the more sparsely inhabited portions
of the county adjacent. Although no weather records are available
concerning the Great Sandy Desert, the nature of the vegetation, and
especially the absence of juniper trees over vast areas, as well as the
lack of streams and springs, indicate that it is more arid than the
country about Prineville, Farewell Bend, and Silver Lake, where
junipers thrive. This conclusion needs to be qualified, however, by
the recognition of the fact that both the Great Sandy Desert and the
vegion adjacent on the west are covered to a depth of many feet, in
places fully 50 feet, with a layer of pumiceous gravel and dust, which
permits the quick descent of surface waters.

But even after giving due consideration to the influence of the
physical condition of the soil on vegetation it is apparent that the con-
trolling element of the climate of central Oregon is aridity. The
small amount of annual premplt‘ulon falls prlnupally during the
winter months and largely in the form of snow. A notable fa,ct n
reference to the rainfall is the strong contrast between the arid
country at the east base of the Cascade Mountains and the well-’
watered higher peaks of that range, which are white with snow
throughout the year, and which descend on the west into a decidedly
humid region. Farewell Bend, for example, with a mean annual
precipitation of about 7 inches, situated on the Deschutes River near
Pilot Butte, at an elevation of approximately 3,700 feet, is only about
20 miles east of the snow-fields on the neighboring portion of the
Cascade Mountains, and not over 100 mﬂe=; from thc coast region
of Oregon, where the mean annual precipitation is 70 or more mchcs

TEMPERATURE.

Owing to the dryness of the air both the daily and yearly range in
temperature is great. On the broad desert-like valleys in summer the
thermometer, which frequently registers 100° F. or more in the shade
at noon, drops so rapidly in the evenings, owing to the active radia-
tion, that the nights are cold and occasionally marked by frost. In
winter the temperature frequently drops to zero or lower and the
skies are prevailingly cloudy, though only a few inches of snow lies
on the ground for any considerable time.
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WINDS.

There are at least two features of the weather of west-central -
Oregon that should repay careful investigation because of their -
bearing on interesting climatic questions and on the former distribu-
tion of glaciers. One is the absence, so far as I have been able to
learn, in the vicinity of the Cascade Mountains of what are termed
“ chinook winds,” which are of the same nature as the foehn winds of
central Europe. These winds, as is well known, are warm, drying
currents of air which blow during the winter months and cause a

. rapid melting, or rather evaporation, of the snow, if any be present.

-

The localities where these winds occur are lowlands or valleys on the
leeward side of high mountains, across which the air currents move.
The accepted explanation of the warmth and dryness of chinook
winds is that the air in passing across a mountain range parts with
some of its moisture, which falls as snow, and on descending into
adjacent valleys is warmed by compression and in consequence of its
increase in temperature has its capacity for moisture increased. It
would seem that the topographic conditions in west-central Oregon
adjacent to the east base of the Cascade Mountains are most favor-
able for the production of such winds, but the inhabitants of the
region, many of whom are familiar with the nature of chinook winds
elsewhere, report that they do not occur.

RELATION OF CLIMATE TO ANCIENT GLACIERS.

The second suggestion in reference to the climate of the region in
central Oregon to the east of the Cascades is what seems to be an
abnormally. low mean annual temperature for its geographic position
and its elevation above sea level. T'hi.é suggestion is not based on
accurate observations and would perhaps not be worthy of mention
if it were not that glaciers during recent geologic time (Pleistocene)
had a surprisingly great development in the same section of the
State. The existence of some relation between the former extent of
glaciers and the present distributions of precipitation and of temper-
ature has been shown. In this instance, however, what is now a cool,
arid region was formerly occupied by extensive glaciers. The study
of the two phenomena together might result in instructive conclusions
in reference to the causes of glacial conditions.

FORESTS.
DISTRIBUTION.

In reference to the distribution of trees over central Oregon and
the relation of the species of trees present to climatic and soil condi-
tions, the portion of the State visited presents marked contrasts.



wbi§sibn.] : FORRSTS. . 23

The magnificent forest, principally of pines, firg, and cedars, which
clothes the part of Oregon situated west of the Cascade Mountains
extends eastward across that range, with but little change in its gen-

eral characteristics until the valleys of the west-central part of the

State are reached, in which locality a decided change begins.

The Cascades are forest-covered on both their east and their west
slopes up to an elevation of about 8,000 feet, and, as comparatively
few peaks rise above that height, nearly the entire range is dark
with evergreens, but few bare cliffs or crags being visible. The few
great peaks that do rise above the gener a] crest line of the range,
111\6 Mount Hood, Mount Jefferson, thc Three Sisters peaks, B‘lChP]OI
Mountain, Dla,mond Peak, and Mount Thielsen, are covered with
perpetual snow; except where the slopes are precipitous. This forest
has been invaded by lumbermen to only a slight extent and, barring
the destruction due to fires, nearly everywhere recoon]/,ablc, still
retains its natural wildness and pristine beauty.

On the .east side of the mountains the forest, while it descends to

their base and advances into the adjacent arid valleys, exhibits a
“change due to a decrease in humidity. Ifirs, sugar pines, and cedars,
which occur on the slopes of the range, do not appear in the valleys.
The yellow pine, however, which is the most abundant tree on the
eastern side of the range, and which has adapted itself to a wide
range of climatic and soil conditions, forms an open forest which
extends well into the arid portion of central Oregon, including the
southwest part of Crook County and the adjacent portions of Kla-
math and Lake counties, reaching nearly to Christmas Lake, and cov-
" ering the Pauline Mountains, which are situated 50 miles east of the
crest of the Cascades.

Beyond the frequently sharply defined eastern limit of this widely
distributed species is a still more open growth of juniper trees,
which in turn die out in the valleys where the soil is light and porous
and the precipitation meager. East of these barren valleys of cen-
tral Crook County, junipers, succeeded on the higher lands by yellow
pines, again appear and extend southeastward across Lake County
and far into Harney County.

The table-lands and low, broad mountains in the 1'@01011 drained
by Crooked River and fartheL eastward, reaching nearly to Burns
and Harney, are clothed with a fine forest of yellow pine. The
forests on both the west and the northeast border of the treeless cen-
tral part of Oregon are not only extensive, but contain magnificent,
well-grown trees, which will be of great commercial value when rail-
roads shall have been built, which will bring them within reach of
markets. The lumber resources of Oregon to the east of the Cascades
are immense, but owing largely to the surprisingly small extension
of railroads in that portion of the State but little seems to be gen-

’
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erally known concerning its timber resources. It is fortunate that
these great forests have escaped the demands of industry so long,
" as large portions of them have now been included in national forest
reserves and can be utilized under the supervision of skilled foresters,
so that their continuance is assured.

DEPENDENCE OF FORESTS ON WATER SUPPLY.

The striking contrasts seen in central Oregon in the distribution
of trees may be indicated by describing briefly some’ observations
made from a few of the more commanding mountains and isolated
buttes that were visited. -

One of the most conspicuous landmarks in the eastern part of this
field is Placidia Butte, sitnated in Harney County, about 8 miles
from its western boundary, in the midst of the vast tract of arid
land that extends westward from Harney Lake. Placidia Butte
1s an old basaltic volcano, the crater of which, if one ever existed,
has been broken and defaced by erosion until only a single sharp
summit remains, appearing as a cone when observed at a distance
from any point of view. The butte has an elevation of 700 to 800
feet above the neighboring plain and gives from its top an unob-
‘structed view over a great extent of country. On looking south-
eastward the eye ranges over a basaltic plain which descends grad-
ually until, at a distance of 20 miles, the white salt-incrusted shore
of Little Silver Lake is seen, beyond which the bare summits of
Iron Mountain and other and more distinct elevations south of
Harney Lake can be distinguished. There is not a tree on the vast
stony plain. In fact, with the exception of a few dwarfed junipers
on adjacent ridges, not a tree can be distinguished within the field
of view, although the dark shading on the mountains to the north
1s due to the presence of the forest of yellow pines that covers the
hills and table-lands to the northwest of Burns. The landscape to
the west is far extended, but is also barren and lifeless, with here
and there depressions containing small ephemeral water pockets,
the shores of which are white with saline incrustations. Far away,
at a distance of about 145 miles, gleams the white conical summit of
Mount Jefferson. To the southwest, shutting out from view the
Cascade Mountains in that direction, are Pauline and Walker moun-
tains, situated well within the arid region, but, on account of their
height, dark with forests. To the south many ruddy hills are in
sight, but they are bare of all vegetation except the ever-present
sagebrush and its usual associates on arid plains. Bunch grass is
“abundant, but, owing to the almost total lack of water in summer
within a radius of a score or more miles, the pastures are but little
utilized.
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The general characteristics of the country, which are conspicuous
to an observer standing on Placidia Butte, pertain also to the region
in view from the summit of Glass Buttes, situated 20 miles to
the west, and again to that seen from the top of an old companion
volcano, known as Hampton Butte, which rises from the adjacent
sagebush valleys about 15 miles still farther to the northwest. Kach
of these prominent and deeply stream-sculptured mountains has
a height of approximately 1,500 feet above the adjacent plains, and
each bears groves of pines on the shaded northern slopes of its steep
ridges, but for the most part only sagebrush, bunch grass, and their
usual associates on its other portions. While the forests of the pla-
teaus and mountains to the sonthwest of Burns are-in sight from the
summit of Hampton and Glass buttes, and while dark areas, like the
shadows of clouds, mark the sites of open growth of gnarled and aged
junipers on’ the desert plain to the west and south, the far-reach-
ing landscape everywhere bears evidence of the dearth of water. “The
Glass Buttes rise boldly from a barren plain, and to reach them

"by the most favorable route one must traverse at least 12 miles of
nearly flat sagebrush-covered land. This statement, however, does
not convey an adequate idea of their isolation, as the watering places
throughout the region are wide apart and in most instances are but
small openings in the sands in which the diminished extremities of
brooks have sunk into the soil. The few watering places, separated
by wide intervals, in the surrounding country are weﬂ known to the
residents of the region, and can readily be found by the stranger by
following the well-beaten trails, but one might travel in a straight
line almost in any direction from the buttes for distances of 40, 50, or
more miles without discovering a flowing stream or a spring. So deso-
late is the country and so widely scattered are the few places where
water can be had that even experienced “ cowboys ” in attempting to
traverse it have in some instances become lost during storms and
have nearly pemshed from thirst.

Few localities in the continental portion of the United States pre-

“sent to view a greater extent of mountains or offer for study a more
interesting assemblage of topographic forms than may be beheld
from the summit of any one of the many isolated volcanic cones and
craters which rise from the sagebrush valleys and broad desert plains
of central Oregon. These elevations also afford excellent localities
for observing the distribution of trees. The dark forest mantle
which clothes the entire Cascade Range with the exception of its
higher spires and more lofty craters may be seen descending their
eastern slopes and extending far out on the lower and less rugged
country adjacent to their well-defined base, ending in an irregular
line in the shadeless valleys. The conditions favoring or opposing .
the growth of trees are there delicately balanced, and each variation
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in the nature of the soil, in elevition, or in position in reference to the
mountains finds expression in the tints of the vegetation. Adjacent
to the base of the Cascades and within what may be termed their
rain shadow, the hills and valleys alike are dark with forest trees,
which lessen the sharpness of the relief of the land. Farther east-
ward elevation becomes the controlling factor, and only the hills and
the isolated mountains have a forest covering, the valleys being
broad expanses of russet brown and gray, the characteristic colors of
sagebrush lands. Iarther from the great mountains only the sum-
mits of the higher elevations support trees, which, in such localities,
are in many instances confined to the northern or shaded and con-
sequently less arid slopes of peaks and ridges. Well within the arid
region even prominent hills are without vegetation of higher growth
than the all-embracing sagebrush.

DRY AND COLD TIMBER LINES.

To an observer, where *he desolate plains of central Oregon are in
view at the same time with the near-by snow-covered mountains, the
fact of there being a “dry timber line "—a definite limit to forest
growth determined mainly by lack of the requisite moisture—is fully
as apparent as is the existence of a “ cold timber line,” dependent on
the low mean annual temperature and the destructive action of
winter storms, etc., in the higher mountains. The recognition of
these two principal limitations to forest growth furnishes convenient
terms by which to designate the chief boundaries of arboreal vegeta-
tion in such regions as ceritral Oregon, where the forests terminate
abruptly both above and below. On the Cascade Mountains, in the
region referred to, the cold timber line has an elevation of about 8,000
feet, while the dry timber line, marked by the cessation of the yellow
pine, may be taken as approximately 4,000 feet. The junipers reach
lower and extend farther into the broad arid valleys than do the
pines, but even when most abundant can scarcely be considered as
forming true forests. They also, however, have a lower or desert-
ward limit, determined mainly by decrease in soil moisture, which is
in advance of or below what may justly be termed the dry timber
line.«

e Phe terms cold timber line, dry timber line, and another, the wet timber line—con-
venient names by which “to designate the three most conspicuous natural boundaries
of forests—were proposed by me in the Nat. Geog. Mag., vol. xiv, pp. 80, 81, and were used
also in Bull. U. S. Geol. Survey No. 199. Objections to the recognition of the names
referred to, and especially the substitution of cold timber line for the time-honored term
timber line, have been presented Ly Dr. C. Hart Merriam in the Nat. Geog. Mag., vol. xiv,
pp. 114, 115. While it is true, as stated by Merriam, that the word timber line is
widely current in the sense just stated, yet other limitations to the distribution of foresis
are fully as conspicuous in certain regions and demand recognition. The several con-
ditions which determine the boundaries of forests seem to make it desirable to employ
the term previously used to designate one of them, in a generic sense, and to recognize
i gpecies " of timber, or perhaps better, tree, lines. This matter is also hriefly discussed
in the Nat. Geog. Mag., vol. xv, Jan., 1904, pp. 47-49.
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GENERAT. GEOLOGY.

The rocks of eastern and central Oregon belong to two general
classes, volcanic and sedimentary, -the former being the more abun-
dant and, so far as surface outcrops are concerned, by far the more
conspicuous. . '

VOLCANIC ROCKS.

The rocks of Oregon which were derived from volcanoes are mainly
rhyolites,¢ andesites,® and basalts.c In each of these three classes,
as defined by chemical and mineralogical composition, there are two
conspicuous subdivisions based on the physical condition of the
material at the time of its extrusion from the earth’s interior. One
of these 1s composed of fragmental products blown out by volcanoes
during explosive eruptions, such as volcanic dust, volcanic gravel or

e Rhyolite ; name derived from a Greek word meaning to flow; given to a certain group
of rocks which owe their origin to the consolidation cn cooling, with more or less complete
crystallization, of certain of the material discharged from volcanoes in a fused condition.
Rocks of this group usually present subdued shades and tints of red, brown, purple, yel-
low, gray, etec., and frequently have a banded structure as if composed of many thin,
irregular layers, which show variations in color and texture. The edges of the layers,
when seen in section, usually appear as irregularly curved bands and lines, or what is
termed *“ flow structure.” 7The most abundant minerals present, and the only ones
usually visible to the unaided eye, are quartz and the variety ot feldspar having the
appearance of clear glass, known as sanadine. Rhyolite contains in general about T4 per
cent of alumina and several other oxides of the alkaline éarths, etc., in smaller propor-
tions. As indicated by its high per cent of silica, the rocks of this class are difficult
to fuse, a fact which has an important bearing on the forms the lava assumes on cooling
and also on the shattering of the rock during cruption so as to form fragmental products.

Rhyolitic tuff is composed of angular fragments, grains, and dust-like particles of rhyo-
litic lavas which were blown out of volcanoes during explosive eruptions and showered
on the adjacent land or water, so as to form beds or sheets. The beds of this material
are commonly more or less consolidated and not infrequently sufficiently compact to be
used as building stone, although in many instances they retain their orviginal incoherent
condition and are simply loose gravel, sand, and dust. ‘T'heir colors have as wide a range

. as those of the associated rhyolitic lava sheets, although perhaps in general more decided ;
in sunlight they frequently appear brilliant. Both rhyolite and rhyolitic tuff are com-
mon in central and eastern Oregon. The latter is used as a building stone at Burns.

b Andesite; named from the Andes Mountains; is typically a compact, usually rough
and porous rock, in which crystals of feldspar and small scales of mica, hornblende, etc.,
may be detected by the unaided eye. The colors are usually some shade of gray, green,
or red. In chemical composition the andesites are poorer in silica than the rhyolites,
the percentage ranging from 56 to 70, and are also richer in alumina, the next most
important constituent, which ranges from 14 to 19 per cent, the remainder of the material
present being for the most part as oxides of other alkaline earths. The rock is rvefractory,
and during explosive volcanic eruptions is frequently blown out in fragments.

¢ Basalt; name dating back to the days of the Romans; now used to designate certain
‘common rocks of volcanic origin, usually black or greenish black, though frequently red, -
owing to a higher state of oxidation of the iron present. The rock seldom exhibits
individual minerals to the unaided eye, although grains and kernels of Dbright green
olivine are not uncommon. The essential minerals are augite, plagioclase, feldspar, and
olivine in the normal. variety, together with several accessory minerals. Although
variable in composition, silica usually forms about 55 per cent, and alumina, lime, mag-
nesia, and oxides of iron and manganese from 7 to perhaps 14 or 16 per cent each. On
account of the easy fusibility of several of the constituent minerals the rock melts at a
comparatively low temperature and becomes highly liquid. Basalt in the condition of
broken fragments is less common than in the case of rhyolites and andesites, and the
chief products of the volcanoes from which it is extruded take the form of lava flows.
The Dblack, compact, and frequently columnar rocks of central Oregon are mostly
basaltic.
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lapilli, and the other of lava flows. The fmomcntal matclml was
discharged in a solid condition, and the l‘!,\’d flows in streams of
molten rock.

In general the rhyohtes and andesmes of central Oregon are older
than the basalts. Certain andesites and andesitic tuffs, however,
like those described later as occurring about Pauline Lake, are among
the youngest of the lavas outpoured in the entire region. Again, in
the west-central part of the State and including a part at least of the
Cascade Mountains, there is, as already mentioned, a surface sheet of
pumice, composed of angular fragments that were showered on the
land during the explosive eruptions of neighboring volcmnoes, and
that now .mantle the surface like a blanket. Thls maberml 1s in large
part a highly scoriaceous or froth-like andesitic lava, and shows that
volcanoes discharging such material were in a state of vigorous erup-
tion in west-central Oregon at a recent date.

SEDIMENTARY FORMATIONS.

Tn addition to the voleanic rocks which cover the greater part of the
surface of Oregon there are areas hundreds of square miles in extent
which are occupied by soft and in part unconsolidated sedimentary
beds of Tertiary age. These beds consist of clays, sands, volcanic
dust, etc., are mostly light colored and frequently white, and in general
are best exposed in the valleys and in the walls of canyons. The sedi-
mentary beds of Malheur and Harney counties are in part a direct
continuation of the extensive Payette formation, so-admirably exposed
along Snake River in southwest Idaho. Similar sedimentary beds
occur in the southeastern part of Crook County, as at Logan Butte,
near Price, and are a part of a widely distributed formation which is
well developed on John Day River, from which it has been named.

These Tertiary sedimentary formations are in many places covered
by sheets of basalt, or by layers of consolidated rhyolitic tuff which
have protected them from erosion. Where the resistant, covering beds
have been cut through by streams, canyons with rim rocks either of
basalt or of rhyolitic tnff are a conspicuous feature in the topography.
The sedimentary beds occur mostly in the valleys, for the reason that
when exposed without a protecting cover of more resistant material
they are readily removed by erosion, and thus give origin to depres-
sions. Yet in certain instances, and especially in reference to the John
Day formation, extensive movements in the rocks have occurred and
the beds have been elevated so as to form plateaus in which the com-
ponent layers are now inclined, commonly at angles of 10° to 15°.

GENERAL SURFACE DISTRIBUTION OF ROCKS.

In Malheur and Harney counties rhyolite and rhyolitic tuff are the
most common of the surface rocks, though basalt of later age has a
wide distribution, while rocks of a similar character but older than
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the eruptions which supplied the 111y01ite and with a thickness of at
least 5,000 feet are admirably exposed in the east-facing escarpment
of Stem Mountain, as previously reported.

To the west of Harney County, and extending to the east base of the
Cascade Mountains, basalt predominates, although much eroded ande-
sitic mountains or buttes and widely extended sheets of tuff of the
same general nature are present. The old volecanic piles are repre-
sented by the Glass and Hampton buttes, and the sheets of rhyolite,
and the still more abundant and more widely spread sheets of rhyo-
litic tuff, form the surface in the southeast part of Crook County and
extend eastward into the northern part of Harney County. Basalt
occupies the surface throughout nearly all of the region bordering the
Great Sandy Desert and throughout the extensive tract of country in
the western portion of Crook County drained by Deschutes River. To
a conspicuous extent, as shown in the canyons of the streams, it occurs
in comparatively thm sheets resting on l.wustral deposits or beds of
stratified volcanic tuff. The canyon walls are margined above by
black cliffs or rim rocks of basalt forming the eroded margins of
sheets which in general are 80 to 125 feet thick. The basalt occurs as
widely extended sheets, usually, it is presumed, of Tertiary age, which
can not be traced to the craters from which they came, and also as
much later flows of a similar character, which in part occupy canyons
cut in the older basalt and underlying gravels, sands, and tuffs, and in
many instances bear a definite and determinable relation to volcanic
craters which still preserve their constructional forms.

FEATURES OF THE REGION, BY .COUNTIES.

MALHEUR COUNTY.
GEOLOGY AND TOPOGRAPIIY.

PAYEITE FORMATION.

The Payette formation, which consists principally of unconsoli-
dated sands, clays, gravel, etc., together with important beds of light-
colored and frequently white volcanic dust, and which is widely
exposed in southwest Idaho, extends westward into Malheur County,
Oreg., where it forms a large portion of the surface. This forma-
tion was crossed during my 1cconnalss¢mu, in 1902, and again in 1903,
but its entire extent in l\hlhuu Connty can not, as yet, be stated. 1t
occupies the Snake River Valley, from near Owyhee northward
beyond Ontario, and extends westward to-a locality about 30 miles
southwest of Vale. Similar beds occur also along the courses of Jordan
and Succor creeks, and in several other valleys. As exploration pro-
gresses it will probably be found that many of the valleys of Malheur
County are floored to a depth of several hundred feet with soft
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unconsolidated deposits like those of the Payette formation and
probably of the same or of approximately the same age. Whether all
of these deposits are portions of one continuous formation, or were
laid down in separate and contiguous basins, is not as yet determined.
It is probable, however, that they were accumulated in much the
same manner that beds of like character are now being spread out.on
the surface of the valleys of the same region by existing streams. In
most of the sediments referred to as being analogous to the Payette
formation, however, volcanic dust added materially to the depth of
the deposits.

At Ontario a well put down by the city reached a depth of 1,056
feet, all in soft material, without reaching the bottom of the forma-
tion. The surface portion of this deposit is clearly a part of the
Payette formation, and it is presumed that the entire depth of the
well is in the same formation. But even the considerable thickness
of soft material shown by this boring does not give the original thick-
ness of the Payette formation, since at least several hundred feet of
similar material has been removed by erosion from the surface of the
region referred to. The material removed has been carried away by
Malheur River, along which sloping gradation plains, as they are
termed, lead down to Snake River, the master stream of the country.
The Snake has also cut down its valley, the material removed having
been carried through the magnificent canyon it has excavated in its
course. across the rugged country where the Seven Devils and the
Powder River Mountains are located.

From the broad plain through which Malheur River flows, and
about midway between Ontario and Vale, there rises a conspicuous
.and picturesque landmark known as Malheur Butte. This in gen-
eral conical elevation with precipitous sides rises, as determined by
aneroid measure, about 500 feet above the adjacent portion of Mal-
heur River, and from its summit commands a view of a far-reaching
and instructive landscape. Geologically it is composed of dark basic
volcanic rock resembling basalt (determined by F. C. Calkins as
basalt containing hypersthene), compact and massive at the base of
the butte, where it is penetrated for a short distance by a tunnel exca-
vated for the passage of an irrigation ditch, but vesicular at the top,
and containing oval cavities due to the expansion of steam in its mate-
rial while it was yet plastic. These cavities are now in part occupied
by infiltrated siliceous minerals. The butte is probably the much-
eroded remnant of a volcanic crater. Associated with the basalt are
small exposures of sedimentary beds, hard and compact, which have
the appearance of having been baked by the heat of the molten rock
which came in contact with them. The sedimentary beds still cling-
ing to the sides of the butte indicate that several hundred feet of
similar material have been eroded from the region about it, thus leav-



RUSSELL.] MALHEUR COUNTY. . 31

ing it as a prominent topographic feature. The interpretation of
these facts seems to be that a voleanic conduit was extruded upward
through a thick deposit of sedimentary beds, presumably belonging
to the Payette formation, and built a crater above. Erosion has
since removed the crater and cut deeply into the stratified sediments
which its conduit penetrated, leaving the rock, which hardened in the
conduit, standing in bold relief as a so-called “ volcanic neck.”
From the top of Malheur Butte the light-colored rocks of the Pay-
ctte formation may be seen outcropping in every direction. On the
east side of Snake River, to the north of Ontario, the strata dips
southward for a long distance at a low angle, probably less than 2°,
- showing that the formation has been broadly upraised and tilted.
Similar evidence of movements in rocks of the same nature and proba-
bly of the same formation can be detected in other directions. As
shown by this and other related evidence there have been consider-
able and widely extended movements of the nature of broad uplifts,
and perhaps of equally broad subsidences, between the various up-
aised regions since the Payette beds were deposited.
The nature of the rocks composing the Payette formation, the con-
ditions under which they were deposited, whether in lakes or in
streams, the records of life they contain, the deformation their beds
have experienced, the erosion that has taken place in them, whether
due to their own upheaval or to the deepening of the canyon of Snake
River farther down its course, and the local geology about-Ontario,
 Malheur Butte, Valey etc., all furnish material for study that would
yield much interesting and instructive information.

VOLCANIC ROCKS.

A few miles south of Grove the topography changes conspicuously.
The broad valley excavated in soft rocks gives place.to bold and in
part rugged uplands, through which the Malheur and its tributaries
have cut deep canyon-like valleys. These uplands, beginning near
Grove and extending far to the south, are composed largely of rhyo-
lite and rhyolitic tuffs, in part at least of older date than the Payette
formation, and associated with extensive sheets of basaltic lavas. In
the walls of the canyons well-defined rim rocks are conspicuous,
beneath which are less resistant beds, probably of sedimentary origin,
or of the nature of volcanic-dust deposits, presumably belonging to
the Payette formation. The resistant layers are of volcanic origin,
and their gentle dip to the north is evidence of broad, widely extended
movements in them since the material of which they are composed
was spread out. More than a general idea, however, of these widely
extended terraces could not be obtained during my rapid survey.

Volcanic dust.—A representative example of the geology of this
portion of Malheur County occurs in the vicinity of what is known
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as Harpers Flat, situated on the Malheur about 30 miles southwest
of- Vale. At this locality the river has excavated a valley about
2 miles wide in soft, unconsolidated sand and clays which contain
a large proportion of white volcanic dust. Some of the layers of
nearly pure volcanic dust are from 20 to 100 feet thick. Sections of
these beds are exposed at many localities in the precipitous walls of
the valley beneath rim rocks of basalt. A roughly measured section
on the eastern side of the valley, about 1 mile south of the narrow
canyon at the northern end through which Malheur River outflows,
contains in vertical section about 650 feet of soft stratified beds, con-
sisting principally of white volcanic dust overlain by a sheet of
basalt-25 to 30 feet thick. Similar sections are more or less well
exposed all about the valley. At numerous localities, particularly
on the precipitous northern border, landslides have occurred, giving
‘to the bluffs the characteristic features of landslide topography. _
A conspicuous characteristic of the fine-grained shaly layers which

occur at different horizons in the soft deposits about Harpers Flat is
that they have been indurated, probably by the infiltration of silica
through the agency of hot percolating water, and have the physical
characteristics of white or gray flint or chert. The débris from
similar beds occurs at many localities in the northern portion of Mal-
heur County. The sedimentary and tuff beds beneath protecting
“sheets of basalt are also exposed along the creeks which join Malheur
River near Harpers Flat, and present a wide range of variations in
appearance and composition. In certain localities, as on Willow
Creek 4 to 5 miles from its junction with the main stream, the beds
exposed on the sides of the valley consist largely of dark volcanic
tuff, weathered into conspicuons monumental forms, one of which is
shown on PL II, B. The dips of the beéds are gentle, but change

m inclination from place to place, indicating that moderate deforma-
tion of the nature of broad folding has occurred.

Rlgyolite and rhyolitic tuff —To the south, along a road that leads
through an extensive and as yet unsurveyed region, indicated on the
Geneml Land Office map of Oregon as lying northwest of Cedar
Mountains, the hills become bolder and more abrupt, assuming the
characteristics of mountains. From 20 to 40 miles north of Harpers
Flat the surface rocks over great areas are essentially horizontal,
‘but deeply eroded. Broad rolling uplands devoid of trees but
clothed with sagebrush and bunch grass are the dominant features of
the landscapes. The table-lands are covered with basalt, but the
presence on them of many flakes and shreds of black volcanic glass
or obsidian indicates that sheets of superimposed rhyolitic tuff have
been eroded away. Although basalt is the prevailing rock on the
surfaces of the broad, plateau-like uplands, as well as in the pre-
cipitous walls of the canyons, sheets of rhyolite are also present, and
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to the south become at times the prevailing terranes in sight. Char-
actoristically the basalt and rhyolite occur in essentially horizontal
sheets, and give evidence of but slight disturbances.

The gener: (11 features just mentloncd pertain to the country tl av-
ersed until Crowley Creek was reached, about 50 miles southwest of
Harpers Flat, whence our route led west and northwest to South
Ifork of Malheur River, in the vicinity of Riverside. With our
advance, however, rhyolite and rhyolitic tuff became more conspicu-
ous than the outcrops of basalt, and at last formed the prevailing
rock. Rhyolite is abundant in the region drained by Crowley Creek
and thence west to South Fork of Malheur River. Some of the hills
are composed of rhyolitic tuff and agglomerate in inclined layers,
and are plainly the much eroded remnants of ancient volcanic tuff
craters. From one such eminence, situated in the central part of T.
36, R. 26, and rising about 2,000 feet above the adjacent valleys, a
widely extended view of the surrounding country was obtained, dis-
closing the leading characteristics of a region several hundred square
miles in area. From the summit of this butte, which commands a
view of about 100 miles in every direction, no rocks except rhyolite
and rhyolitic tuff could be distinguished, even with the aid of a pow-

erful field glass.

- Without ‘mttcmptmor to weary the reader w1th a presentation of
notes, which, owing to the country being unsurveyed, can not be
accurately located, I may say that the portion of Malheur County
traversed bears evidence of having received a covering at different
times of widely extended sheets of rhyolite and of vhyolitic tuff. The
ruins of some of the volcanoes from which this material was extruded
can still be distinguished. The lava, poured out in a molten condi-
tion, and the thick sheets of rhyolitic tuff are evidences that these
volcanoes were of the explosive type and showered vast quantities
of ejecta on the country in the same manner that Mount Pelee and
La Soufriére, in the West Indies, recently added a layer of volcanic
dust and lapilli to the surface of the islands on which they are
located.

It is an instructive fact that voleanoes erupting refractory mate-
rial, largely of the nature of rhyolite, had a wide distribution in
central and eastern Oregon during Tertiary time. The contributions
of this nature to the surface rank in extent and thickness with the
vast basaltic overflows of the same region. As stated in a previous
report, the evidence now in hand shows that several veritable inun-
dations of basaltic lava occurred in eastern Oregon (as is shown, for
example, by the exposures of rocks of that nature more than 5,000 feet
thick in the east-facing escarpment of Steins Mountains) and were
succeeded by great rhyolitic eruptions. Still later than the rhyolite

Bull. 252—05 Mm——3
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came a renewal of basaltic eruptions which continued from time to
time almost to the present day. :

DRAINAGE AND WATER RESOURCES.

Throughout the portion of Malheur County traversed, and.in fact
over nearly all of central Oregon, there is abundant evidence of
greater precipitation and more active erosion immediately preceding
thc present period of aridity and weak streams. The present streams,
often the diminutive 1epreqentat1ves of former rivers and creeks thdt
excavated wide valleys, are now, in many instances, engaged in filling
or aggrading their ancient channels. In many cases the present
streams are ephemeral and flow only during the wet season, and many
broad, flat-bottomed valleys of erosion are without surface drainage.
Outstandlno buttes, and mesas surrounded by mural escarpments, and
sharp rldges, trenched on their slopes by deep excavations; etc., speak
of climatic conditions different from those which now e\lst and

" make it evident that the leadlng feature in the climatic change that
has taken place was a decrease in humidity.

The surface of the valley between Ontario and Vale and the con-
tinuation of the same broad depression for 6 or 8 miles upstream
from Vale presents many interesting features in reference to the
manner in which streams shape land surfaces and leave records of
their work in terraces, flood plains, sloughs, etc. The flood plain of
the Malheur, between Malheur Butte and Vale, is in general about 4
miles wide, and during e\ceptlonally high-water stages is inundated.
These expansions of the river occur in spring, when much floating ice
is brought down from the upper re‘mches of the stream and left
stranded on the flooded tracts. In some instances considerable quan-
tities of gravel and sand, attached or frozen into the ice, are brought
down, to be deposited irregularly in association with the fine silt that
the expanded waters sift down on the land they temporarily cover.
The stream in summer is greatly reduced in volume, and in recent
years, owing to the demands made on it for purposes of irrigation,
usually becomes dry in July and August, or has water only in the
deeper depressions in its bed and in adjacent sloughs. It may be
classed as an alluvial stream in this portion of its course; that is, one
engaged in filling in its valley, or aggrading. It flows in many
curves through the nearly flat land it has formed, and furnishes excel-
lent 1llustrat10ns of the meanders that qlu(mlsh rivers develop, and
also characteristic examples of the cutting off of curves during
periods of high water. The portions of the curves thus abandoned
form sloughs and illustrate the character and mode of origin of
oxbow lakes. The surface layer of the flood plain, as is usual in such
formations, is largely composed of fine silt. The depth of this layer



RUSSBLL.] MALHEUR COUNTY. 35

1s in general about 10 to 12- tcct,, and beneath it is coarse gravel. The
gravcl was also laid down by the stream and is the loweI member of
the flood-plain deposits. Wells dug in the flood plain reach water on
entering the gravel, finding there an abundant supply for household
purposes, watering of stock, ete. As yet, however, none is pumped
for use in irrigating.

In the northern half of Malheur County, the only portion here con-
sidered, the flat lands suitable for irrigation are located mainly along
the border of Malheur River, below Grove. There are small areas
of bottom land farther up the stream, as at Harpers Flat, and also
an area of several square miles on the Owyhee near its mouth and
adjacent to Snake River, which are of value for agriculture, and in
fact are now, to a considerable extent, under irrigation. The valley
of the Malheur, from near the site of the former post-office of Grove,
about 6 miles south of Vale, north to Snake River, contains a large

amount of rich agricultural land (about 100 square mll(,s, by a rough
estimate) well located for irrigation ; but at present, owing to scarcity
of watgr during the growing season, ftu-med to but a small extent. In
o state of natule this extensive and beautlful valley was a meadow of
luxuriant bunch grass and tall, grain-like.rye- grass; now, owing to
overgrazing, it is essentially a desert.

The only surface water available for irrigating the lower portion of
Malheur Valley is that flowing through the channel of Malheur
River. Along that stream thcre are favorable sites for storage reser-.
voirs, which could be made to retain all of the winter run-off. One
such site, that at Harpers Flat, or Harper’s ranch, has already been
investigated by the United States Geological Survey.

Owyhee River also furnishes desirable localities where storage res-
ervoirs could be advantageously, and I think, cononncally, con-
structed, and its winter run-off conserved for use on the flat lands near
its north end, adjacent to Snake River. The possibility of diverting a
portion of the waters of Snake River onto these same lands has been
suggested, but the enterprise is one of such magnitude that detailed
surveys are necessary before even an approximate estimate of the ben-
efits to be expected can be made. -

TFrom such facts as are known concerning the extent of the lands
along the lower course of Malheur River and near where Owyhee
Tuver joins Snake River, which are favorably situated for irrig cxtion,
and also concerning the volumes of Malheur and Owyhee rivers, it 1s

evident that when all of the available water, including the wmtel run-
off, shall have been utilized, only a comparatively small portion of the
land can be made productive. Another source of supply has been

@ Second Ann. Rept. Reclamation Service, U. S. Geol. Survey: IH. Doc. 44, 2d sess.
58th Cong., 1904, p. 435.
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pointed out, namely, the Lewis artesian basin,® which includes much
of the region under consideration, but the quantity of water that can
be obtained from that reservoir and the area of land below the artesian -
head of the basin are as yet only approximately known. Seemingly,
however, under the most favorable results to be expected from the use
of artesian water for irrigation, only small areas, principally gardens
and orchards, can be supplied.

The portion of Malheur County traversed to the south of Grove,
with the exception of certain small areas immediately adjacent to Mal- -
heur River, is almost entirely destitute of water, and owing to its con-
siderable elevation, rugged topography, and especially its deep dissec-
tion by streams, is, so -far as can be judged, beyond the hope of
reclamation by irrigation. The nature and structure of the rocks are
not such as to suggest the presence of artesian basins. The value of
. the region evidently lies in its use for grazing, and even for this pur--
pose the scarcity of water prevents stock from reaching extensive nat-
ural pastures which are still clothed with luxuriant bunch grass.

Previous journeys have shown that these remarks apply equally well -
to the greater portion of Malheur County farther south. There are
a few notable exceptions to the barrenness of the land, especially
along some of the small streams and where springs come to the sur-
face, producing abundant crops of native grasses, but their combined
areas are probably less than 1 per cent of the area of the uplands,
on which there is no suggestion that irrigation can be practiced. The
aridity of Malheur County throughout, and the scarcity of water,
whether surface or artesian, are such as to show that the chief eco-
nomic returns it can be expected to furnish are in the direction of
stock raising. The practical lesson furnished by these considerations
is that the utmost economy in the use of the limited water supply

should be practiced and the most thoroughly scientific methods of
agriculture and horticulture employed wherever practicable.

HARNEY COUNTY.
GEOLOGY AND TOPOGRAPHY.

The sheets of rhyolite and of rhyolitic tuff which form so conspicu-
ous a feature in the geology of the west-central part of Malheur
County continue west and are well exposed in the hills to the east of
‘Harney Valley. In this region, however, the nearly horizontal posi-
tion of the beds, noted farther east, becomes less conspicuous, and
faults, accompanied by tilting of the rocks adjacent to them, influence
the topography to a marked degree, especially in the region drained
by the headwaters of Crane Creek. In the uplands on the east border

e Russell, 1. C., Preliminary report on artesian basins in southwestern Idaho and south-
eastern Oregon: Water-Sup. and Irr. Paper No. 78, U. 8. Geol. Survey, 1903.

.
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of Har ney Valley extensive areas are occnpu,d by basaltic rocks, and
in the canyon walls rim rocks of both rhyolitic tuff -and basalt are
present. Beneath the resistant layers forming the rim rocks occur
beds of soft stratified material composed larorely of white voleanic

dust. ‘
SOUTH FORK OF MALFMEUR VALLEY.

South Fork of Malheur River, near Crane, is situated in a deep
. canyon- -like valley, which furnishes a record of extensive erosion, and
is a part of a widely extended series of valleys and canyons, which
bear evidence of having been excavated by streams of larger volume
than those now flowing through them.

In the valley of the South Fork, near its extreme southern prolonga-
tion, and in the valley of one of its small tributaries, there is a fresh
basaltic lava flow, the first of recent date met durmg the reconnais-
sance. . It terminates in a steep slope at its distal end and along its
bordermcr escarpments, and for several miles up the course of the con-
gealed cument shows evidence of a sluggish flow, due largely to the
blocks of the broken crust which becwme involved in the material
beneath while it was yet plastic. The surface of the lava is black,
vesicular, and exceedingly rough, and over large areas has the char- -
acteristics of an aa lava surface—that is, it is composed of the broken
fragments of the first-formed crust, piled in confused heaps, and in
many cases standing on edge or inclined at various angles. Occa-
gional pressure ridges are also present, produced by the upward bend-
ing of the thick rigid crust, with its involved fragments of the first-
formed and thinner crust; these are due to lateral pressure produced
by the flow of the lava beneath, or to the shrinkage of the lower por-
tion of the material -as it cooled.

The lava stream occupies the bottom of the canyon-like valley in
which is occurs for a distance of at least 10 miles, and is, on an
average, about a mile wide. Where Crane Creek joins Camp Creek
its breadth is nearly 2 miles. The blackness of the lava and the
scarcity of evidence of disintegration or decay, as well as the absence
of vegetation other than sagebrush and the plants usually asso-
ciated with 1t, give an impression of recency, but the weak stream
that flows down the valley has cut a channel from 50 to 75 feet deep
near where it leaves the lava. The scarcity of soil and of vegetation
is due to the aridity of the climate, and is not in itself an index of
youthfulness in the soill beneath, while the considerable amount
of work accomplished by the weak and now ephemeral stream is
suggestive of centuries of slow erosion. The lava stream can not,
therefore, be considered as young in years, although, with the excep-
tion of the Jordan and Diamond volcanoes and lava flows, it is the

e Russell, 1. C., Notes on the geology of southwestern Idaho and southeastern Oregon :
Bull. U. 8. Geol. Survey No. 217, 1903.
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latest -considerable addition to the surface rocks that has been nldd(, :
in eastern Oregon. ,
The valley in which this lava stream lies is a direct continuation
of a level-floored gap which extends from Camp Creek westward ..
and opens out into Harney Valley. This gap, or canyon-like valley,
was excavated by a stréeam flowing from the broad basin in which
Malheur and Harney lakes are sitnated, and is consequently an old
river channel. TIts level floor is a continuation of the present sur-
face of the adjacent portion of Harney Valley, and is due to the lava
flow. A direct connection between the fresh lava in the upper por-
tion of South Fork of Malheur River and the similar but less rugged
sheet just described was not established by actually traversing the
entire length of the lava-floored depression; as seen through a field
glass from neighboring hills, however, the two portions seem to be
parts of a single flow. Their source is not known, but the nearest
recent volcanoes, so far as present explorations have shown, are the
Diamond Craters, sitnated about 15 miles to' the southwest, and it is
probable that they came from there.

CRANE CREEK.

From Camp Creek the road followed passes up Crane Creek and
through a well-defined but peculiar gap or pass leading west to
Harney Valley. Crane Creek receives Coyote and Gorman- creeks
as tributaries from the north. These two creeks and the upper por-
tion of Crane Creek, above the abrupt bend in its course where the
road leading to Malheur Lake leaves it, flow south in nearly parallel
valleys, due mainly to faulting, and enter a large valley with bold
walls, which trends about east and west. Thls larger valley has
several peculiar features which at once attract attention. In a
general view it appears as a deep stream-cut valley, about one-half
mile wide, leading directly through the hilly ¢ountry it traverses,
and affording a low-grade pass to Harney Valley. The impression
is that it was formed by a river which escaped from Harney Valley,
but, as already stated, there is a similar valley some 10 miles farther
south—the old river bed mentioned above—which is lower, and has
an almost perfectly flat floor at the same level as the adjacent portion
of Harney Valley. One is puzzled to know how two valleys so snm-
lar in their geographical relations came into existence. ‘

In traversing the Crane Creek Pass, as it may suggestively be
termed, from east to west, one ascends Crane Creek, which has a
well-defined gradient, until about 10 miles below its ultimate source,
where a steep ascent of about 100. feet leads to a divide, or rather a
crest that would be a divide if surface waters were present, separat-
ing the slopes on the east draining to Crane Creek from the slopes on
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the west draining to Malheur Lake. On the west the floor of the pass
is approximately level. Throughout the two portions of the old
valley the width is about .one-half mile, and the bordering escarp-
ments are bold and steep, and in general 200 or 300 feet high. The
valley is clearly the result of stream erosion, and is a part of the rec-
ord inscribed on the land, showing formerly greater precipitation
than now. The divide which crosses the course of the valley from
north to south is due to movements in the rocks subsequent to its
excavation, and is of the nature of a fault, the west side of which
has been upheaved in reference to its eastern 51de. Other illustrations
of fanlting and tilting are present in the same region, and are sug-
gestive of the causes which produced changes in the direction of flow
of the modern streams in respect to their former and larger repre-
sentatives.

Tn ascending Crane Creek from its junction with South Fork of
Malheur River and passing west into Harney Valley, one leaves a
region where rhyolitic rocks are well displayed and enters an exten-
sive arvea occupied by basalt, bordering Harney Valley on the east.

For several miles along: the middle course of Crane Creek the rocks
are basalt, splcad out in sheets ranging from 40 to 60 feet in thick-
ness, and associated with sheets.of soft sedimentary material, largely
volcanic dust. The series of resistant basaltic sheets and weak inter-
bedded sedimentary material dips gently westward. Conspicuous for
several miles on the south side of Crane Creek Canyon is a rim rock
of rhyolite and rhyolitic tuff of irregular thickness, in general meas-
uring 40 to 50 feet on its vertical escarpments. This sheet of rhyo-
litic material, like many other similar sheets in eastern Oregon,
occurs above a series of basaltic rocks and in turn is overlain by other
basaltic overflows. Tn places the edge of the sheet exhibits good
examples of spheroidal jointing, as 1]111str ated on Pl II, 4. '

Although, as stated above, basaltic rocks become the prevailing
terranes as Harney Valley is approached by way of the Crane Creek
Pags, rhyolitic rocks impress their characteristic colors on the land-
scape in the neighboring hills to the north. The Crane Creek Hills,
for example, on the north side of the valley are, as previously re-
corded,* composed mainly of rhyolite and rhyolitic tuff.

HARNEY VALLEY.

From commanding elevations on the east border of Harney Valley
that great level-floored basim with its surrounding hills and moun-
tains makes an impressive picture. The valley, as is well known,
is the largest single expanse of practically level land in Oregon;
although irregular in outline, its di a.meter in any direction is approxi-

@ Russell, I. C., Notes on the geology of southwestem Idaho and southeastern Oregon :
Bull. U. 8. Geol. Survey No. 217, 1903.
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mately 50 to 60 miles. Extending into the level-floored basin, how-
cver, at several localities on its border are cape-like projections from
the surrounding highlands, and well within its sea-like expanse are a
few isolated buttes. The most conspicuous of the salients on its bor-
ders occurs on its west side, where a flat-top table-land of basalt, with
steep bordering slopes due to-erosion, projects at least 10 miles toward
the center. Near the north and east shores of Malheur Lake are three
buttes, which are conspicuous on account of their isolation and the
* flatness of the country in all directions about them. The monotony
of the topography of the basin is also broken by a low swell rising to
the east of Malheur Slough, about 5 miles west of the entrance to
Crane Creek Pass, which is composed of basalt and is surrounded on
all sides by fine soft clay-like deposits.

Saddle Mountain—Of the three buttes referred to, only one, Saddle
Mountain Butte, was visited. This butte, situated at the north side
of Malheur Lake, is about 300 feet high and from 1 to 13 miles in
diameter. - It derives its name from its shape, as seen from either the
east or the west, being composed of two ridges, running about east and
west, with a depression between them. The rocks are scoriaceous
basalt. There is considerable loose scoria on the surface, but no
bombs were found and no evidence of a cinder or lapilli cone. Al-
though the eminence is probably the remnant of a volcanic crater, it
is so deeply eroded that no positive assurance of such an origin could
be obtained. Its borders are steep on all sides except the east and
bear evidence of long-continued erosion, and the entire hill may rea-
sonably be considered as a remnant of a basaltic plateau surrounding -
an old crater. It is now densely clothed with sagebrush, beneath
which there is abundance of bunch grass. :

From the summit of the butte a ﬁne view is furnished of the great
plain from which it rises. To the southeast may be seen two other
similar buttes, situated near the east border of Malheur Lake, which
from their color seem also to be composed of basalt. To the east the
deep, flat-bottomed notch in the rim of Harney Valley, through which
the draining stream of the plain formerly flowed, is in plain sight,
although about 15 miles distant; the continuation of the valley floor
into the bottom of the old channel without a perceptible change in
slope is a notable feature. Ifarther to the southeast, about 50 miles
distant, rises the rugged crest of Steins Mountains, on which snow
lingers throughout the summer. .

Malheur Lake—To the south of Saddle Mountain Butte, and so -
broad that its farther shore can not be discerned from the summit
of that elevation, lies Malheur Lake, some account of which has been '
presented in a previous report.. The lake is shallow, not over 8 feet

a Russell, I. C., Notes on the geology of southwestern Idaho and southeastern Oregon:
Bull. U. S. Geol. Survey No. 217, 1903.
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deep in the deepest part, as T have been informed by persons. well
acquainted with it. A mile from its shore at almost any point the
water is only a few inches deep. Its water is always yellowish with
material in suspension, a common feature of alkaline lakes. Tt is in
fact a so-called “ playa lake; ” that, is a lake which on evaporating to
dryness leaves a mud plain or playa. Although Malheur Lake has
never been known to disappear, it experiences conspicuous variations
in area and may be expected to evaporate to.dryness if but slight cli-
matic oscillations favoring less rainfall or more active evaporation
should occur. The open water of the lake is bordered by rank
growths of dark-green rushes, which also form many island-like
‘areas here and there on its surface, rising in general from a foot or
two of water. During periods of high water the lake expands and
reaches within a few hundred feet of the south base of Saddle Moun-
tain Butte. Fast and west of the butte it frequently expands so as
to carry its margin about 4 miles beyond its low-water limit. These
fluctuations have not been observed long enough to determine what
their maximum may be, and it would not be surprising if portions
of the plain now inhabited, as, for example, the site of the village of
Lawen, should be sometimes inundated. The portion of the lake bed
now left dry each summer is in places brightly colored with the red-
dish and yellowish coral-like plant known as Salicornia, and is over-
grown with salt grass, which is harvested each year..

Hot spring.—About 4 miles northeast of Saddle Mountain Butte
is a spring which, as observed by H. C. Dewey, forms an irregular
pool from 75 to 120 feet in diameter and 20 to 30 feet deep. The
water is clear, without odor, and near the margin of the pool has a
temperature of 122° F. The discharge, which is about 430 cubic
" inches per second, is now utilized for watering stock. This spring
rises at a locality on the surface of the broad valley, at least 4 miles
from the nearest upland, and is a true fissure spring, having a deep
source, shown by its temperature to be probably not less than 3,500
. feet below the surface. Like other hot springs in the same valley,
some account of which has been published,” it indicates the presence
of artesian conditions.

Wells.—At the village of Lawen, situated about 6 miles west of Sad-
dle Mountain Butte and about 3 miles north of the summer margin
of Malheur Lake, eight wells have been drilled, and within a radius
of 2 miles of the village six other wells have been put down. - These
wells range in depth from 18 to 40 feet, the differences being due prin-
cipally to the inequalities of the surface, as they all obtain their water
from about thé same horizon. They pass through fine yellowish silt,
and reveal the nature of the surface layer that covers large portions

¢ Russell, T. C., Preliminary report on artesian basins in southwestern Idaho and south-
eastern Oregon: Water-Sup. and Inr, P'aper No. 78, U. 8. Geol. Survey, 1903.
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and, as nearly as can now be judged, practically the entire area, of
Harney Valley. - The material is fine throughout, with but slight
indications of stratification, and contains no beds of gravel or other
coarse deposits. It agrees in physical character with the silts the
rivers of the region deposit during high-water stages. Similar mate-
rial was observed on the banks of Silvies River, and also on the bor-
ders of Malheur Slough, as the. channel is termed, through which
Rattlesnake and other creeks on the north side of Harney Valley
discharge to Malheur Lake during periods of high water. It is prob-
able that the widely extended sheet of material forming the surface
of Harney Valley is mainly a stream deposit, while the portion near
the lake was laid down in still water. This is an instructive illustra-
tion of the fact that stream and lake deposits merge into each other
and in many instances have no definite line of separation. On the
surface of Harney Valley also-there are wind-laid deposits of sand
and dust, but for the most part they are inconspicuous.

The depth at which water is reached in the wells in and about
Lawen shows the position of the water table, which is probably con- -
trolled by the surface level of Malheur Lake. The water is raised by
means of windmills and is used for domestic purposes, watering stock,
and the irrigation of small gardens. The supply seeins to be inex-
haustible. The temperature of the water in one well, 18 feet deep
and 14 feet to water, is 504° F., which probably represents about the
mean annual temperature of the locality.

In the southern part of Lawen, on land belonging to Mr. G. L. Sitz,
a well 5 inches in diameter was drilled in the year 1900 to a depth of
432 feet with the hope of obtaining artesian water. The water table
was reached at 10 feet and artesian water at about 200 feet; below
that depth, as thought by the driller, no additional water was ob-

tained. The well discharges contmuously through a 8-inch pipe.
The section passed through, as reported by Mr. Sitz from memory, is
as follows:

Section in well at Lawen.

- ) Feet
Sand and clay - . 200
Lava, about_ ________ 50
Gravel, cemented __________________________ . _______ 4
Hard and soft layers, from 8 inches thick to 4 feet
thick 100
“ Hard blue granite” (basalt)_____; ________________ 7S
Total Qepth . ______________ _________ 43!

This fragment of information concerning the geology of Harney
Valley.is in harmony with what has previously been learned in refer-
~ ence to that basin, and indicates that artesian water can be had if
drill holes are put down. To adequately test the artesian conditions -



KUNSBLE.] HARNEY VALLEY. 43

at Lawen, a well at least 1,000 fect deep should be drilled, but the
possibilities in reference to water stored under pressure will not even
then be exhausted, as water-bearing layers probably exist at still
deeper horizons. :

The depth of the suirface layer, 200 feet, given in the above section,
is of interest and indicates that the surface filling of the valley is not
great. Beneath the silt, reported as “sand and clay ” by Mr. Sitz,
there probably occur sheets of basalt, rhyolite, and rhyolitic tuff, per-
haps with lacustral or stream-deposited sediments such as clay, sand,
and gravel between them. So far as the facts in hand furnish data
on which to judge the structure of the rocks, the position in which
they occur, and their nature, whether porous or impervious, all favor

the hope, as previously repor ted, that flowing water can be obtained
over a large part of the basin.

Soil. —The broad, level expanse of Hamey Valley is traversed by
roads connecting ]oc%htles where water can be obtained, and but for
the wire fences pla.ced about the extensive tracts held for pasturage
the level-floored valley could be crossed by wagon in practically all
directions. A representative portion of the valley, sitnated between
Lawen and Burns, shows that the surface has minor inequalities
due to the abandoned channels of streams flowing from the surround-
ing uplands. The surface of the soft material foxmlng the present
floor of the basin is alluvium brought by streams from the uplands
and deposited in broad, low-grade, alluvml fans. Over these deposits
the streams have run in various channels or distributaries, and as
they shifted their positions the' abandoned channels remained as
records of their former courses. Over the stream-shaped surface the
winds have deposited some material in the form of sand and dust, but
this covering is thin and in most localities inconspicuous. Even the
transient visitor is impressed with the fact that the valley contains a
vast quantity of good land which only needs water to make it fruittul.
The climatic conditions; however, and especially the common océur-
rence of frost in summer, render it evident that in the future, as in the
past, industrial development will consist principally in hay growing
as a basis for stock raising and in dairying.

Rhyolitic tuff —At Burns and especially along the border of Sil-
vies River, to the west of the town, there are conspicuous outcrops of
rhyolitic tuff. A widely extended sheet of this material underlies
the surface over a great extent of the hilly and even mountainous
country to the northwest, but its boundaries have not been traced.
The region referred to is forest-covered and furnishes the watershed
of Silvies River. An intimate relation between the character of the
surface rock and the water supply is here shown, since the thick sheet
of tuff referred to (as may be seen in the rim rocks bordering the
narrow valley through which Silvies River flows) is porous and
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.absorbs the rain water falling on its surface, allowing it to percolate
slowly to the stream. In the valleys cut in the widely extended tuff
sheets, hillside springs are common. The tuff is" well exposed at
Burns, and, as may there be seen, is a brown porous rock of low
specific gravity, composed of angular fragments of scoriaceous rhyo-
lite. The beds are easily quarried and the blocks obtained readily
squared for building purposes by means of an ax. Although an
inferior building stone, because of its porosity, which permits it to
absorb water almost as readily as a sponge, and because also of its
sombre color, it is nevertheless useful, especially in a region where
the rainfall is small. A church at Burns has been built of it, and
this and similar material will no doubt be extensively used in the
towns of central Oregon in the future.

LITILE SAGEHEN CREEK.

The stage road leading southwest from Burns follows the border of
Harney Valley for about 6 miles and then turns west, crosses a low
divide, and ascends Little Sagehen Valley.  Through this runs Little
Sagehen Creek, the diminutive representative of the former stream of
considerable size that excavated the well-defined valley. It is dry
in its upper part in summer, but in its lower part several warm
Springs come to the surface and supply natural irrigation for exten-
sive meadows of native grasses.

The rocks forming the major portion of the hills southwest of Burns
are composed of rhyohtlc tufl, similar to the brown building stone at
Burns, but a prominent butte, overlooking both Harney Valley and
the narrow stream-cut valley of Little Sagehen Creek, is composed of
reddish scoriaceous basalt, a remnant left by erosion of a formerly
extensive sheet of the same material. Little Sagehen Creek has cut a
steep-sided trench-like valley through the basalt, leaving a broad
plateau on each side, that on the north extending east to within about
6 miles of Malheur Lake, where it terminates in a line of bold escarp-
ments. The sheet of basalt also extends widely to the south of Little
Sagehen Creek, forming a nearly level plateau which reaches nearly
or quite to Little Silver and Harney lakes. Over the monotonous sur-
faces of these broad plateaus the bare black basalt with which they are
covered is nearly everywhere exposed. Along each side of Little
Sagehen Creek for a distance of about 25 miles, the broken edges of
the lava sheet form bold palisades about 40 feet high, below which
steep talus slopes conceal from view the soft stratified beds underlying
the resistant lava that shields them and that, where unbroken, has pre-
served them from erosion.

From the basaltic butte referred to above good views were obtained
of the mountainous country to the northwest of Burns, which con-
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firmed previous observations in reference to the eastward dip of the
rocks in that region and showed that they pass beneath the floor of
Harney Valley, thus favoring the conclusion that artesian conditions
are present beneath its broad arid surface.

The north wall of the canyon of Little Sagehen Creek for a dis-
tance of about 10 miles near its head is composed of irregular hills
of rhyolitic tuff, the weathering of which has produced numerous iso-
lated crags and monumental forms. On the south the canyon is bor-
dered by a continuation of the palisade of basalt, marking the border
of the extensive plateau, which extends far to the south. The basalt
1is here thin, in places being not over 15 or 20 feet thick. Beneath it
are soft white sedimentary beds, consisting largely of volcanic dust,
at least 250 or 300 feet thick. ~ The basalt was spread out as a widely
extended sheet after the rhyolitic tuff, which was showered on the
land in vast quantities, had been consolidated and deeply eroded.
After the inundation of basalt erosion continued, and the canyon of
Little Sagehen Creek was excavated. From our general knowl-
edge of the relations of the rhyolitic tuffs and basalts of central Ore-
gon to sedimentary rocks containing fossils it may reasonably be
inferred that the soft beds in question are of Tertiary age. The cut-
ting of the canyon in the basalt is, it seems, an event of post-Tertiary
time.

At the head of Little Sagehen Valley there is a low, irregular, flat-
topped divide. The road leading westward ascends from the canyon
by means of a steep grade and traverses a portion of the basaltic
plateau referred to above. The junction of the basalt with the older
rhyolitic tuff, which there forms irregular hills, can readily be traced
1 or 2 miles to the right of the road. The tuff has been deeply dis-
sected by streams, and furnishes examples of old topography in strik-
ing contrast with the level surface of the adjacent plateau of basalt,
with its few steep-sided gorges and canyons. The tuff of the uplands
is well exposed, and in the walls of deeply cut but flaring valleys sec-
tions of beds from 50 to 150 feet thick are revealed. The rocks
resemble gray granite in color and, like granite, weather into rounded
hills with crags and-isolated tower-like masses on their sides and in
the walls of the bordering ravines.

SILVER CREEK.

Silver Creek has its source in a dissected plateau, which is an exten-
sion to the northeast of the hills just referred to. In summer its
upper portion becomes dry and its sole supply is from great springs
of cool, delicious water that well out at the base of a bold escarpment
of yellowish rhyolitic tuff about 8 miles northwest of Riley. Below
these springs is an alluvial plain about 10 miles long and averaging
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approximately 2 miles in width, through which . Silver Creek
meanders, bordered by rich agricultural lands. The water supply is
meager, however, and only a small percentage of the land favorably
located for irrigation is under cultivation. About 2 miles south of
Riley the valley contracts and becomes a-gorge with bluffs and rim
rocks on its sides. Bold hills of basaltic rock rising near the creek on
its south side have the form-and appearance of much-eroded volcanic
craters. About a mile south of these hills is the true border of the
valley, there defined by a rim rock of basalt which trends southwest-
ward and forms the southeast border of a valley or depression tribu-
tary to that through which Silver Creek flows. The line of cliffs is a
conspicuous topographic feature and one of much.geologic interest.
To the south of Riley it is from 200 to 300 feet high, and from its
crest the descent to the southeast is abrupt for about a quarter of a
mile, when the surface of the broad basaltic plateau extending far to
the south and east is reached. The sheet of basalt forming the
platean is evidently slightly upturned along the line of cliffs defining
its northwest border, and is broken so as to form palisades. These
conditions indicate the presence of a fault, as will be shown more
clearly a few pages further on.

PROMINENT PEAKS.

From east to west across central Oregon there is a succession’of
prominent peaks which serve as landmarks to the traveler and fur-
nish a series of convenient stations for studying the geography and
geology of the region lying between Steins Mountains on the east
and the Cascade Mountains on the west. These peaks, in their order
from east to west, are: Iron Mountain, a sharp conical elevation
about 5 miles south of Little Silver Lake; Placidia Butte, 18 miles
northwest of Tron Mountain; Glass Buttes, 18 miles farther north-
west; Hampton Butte, 12 miles northwest of the Glass Buttes, and
the Pauline Mountains, about 30 miles farther west, from which the
Cascade Range is in full view, although 50 miles distant. In the
interval there are several isolated peaks, such as Pilot Butte, Lava
Butte, Black Butte, etc.—steep-sided conical elevations with sharp
" summits, ranged across the country like signal stations—each of
which at some time in its history has been aglow with volcanic fires.
They are not all of the same age, and, although having a similar his-
tory, present many variations in the details of the events they record.
Some of them, like Iron Mountain, the Glass Buttes, and Hampton
Butte, are of ancient date, and were built by’ volcanic explosions
which hurled fragments of congealed lava into the air during the
earlier part of the Tertiary period of geologic history; others, like
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Lava Butte, covered the region about them with streams of molten
Iava but a few centuries since.

Iron Mountain.—Iron Mountain, some account of which has been
given in a previous report,® is a much-eroded volcanic cone built of
acid lava resembling rhyolite. It.commands a far-extended land-
scape, characteristic of the arid east-central portion of Oregon; from

~its sharp summit not an individual tree can be distinguished, although
the shadow-like appearances on the mountains far to the north are
known to indicate the presence of a valuable forest. About the base
of the butte are widely extended basaltic lava flows, and near at hand
broad, yellow mud plains margined by bands of white efflorescent
salts. The waters of Little Silver Lake lap on shadeless shores, and
serve '‘to emphasize rather than relieve the desolation that forms the
most prominent feature of the landscape in every direction. To the
northwest, 18 miles distant, rises the sharp summit of Placidia Butte,

the most prominent object in a seemingly boundless plain of somber
sagebrush-covered basalt.

Placidia Butte—The nearest habitation to Placidia Butte is at
Riley, about 12 miles eastward, the road for the entire distance being
without water, except such as is furnished by melting snow in winter
and spring or by the stagnant contents of small water pockets in
early summer. During our visit to the butte we crossed the Silver
Creek Meadows to the base of the bold palisade or rim rock that
borders them on the south. Choosing a notch in the almost contin-
uous crest line of the palisade the top was easily reached. The crest
of the palisade, instead of being the margin of a level plateau, as is
so frequently the case where rim rocks occur, is really the edge of a
tilted block, which stands in relief above the gently sloping plain that
extends from its base 20 or more miles to the southeast. .Along the
crest of the ridge there are numerous elevations having about the
same height, between which notches occur resembling the abandoned
stream-cut -channels termed “wind gaps.” That they were really
stream cut was not satisfactorily determined, but they at least suggest
that the region was dissected by small streams tributary to a south-
eastward-flowing river before the ridge was uplifted.

The plain. extending southeastward from the ridge slopes down-
ward gently from its base, and is remarkable for its evenness and
smoothness. No more than faint suggestions of stream-cut channels
are visible on its vast monotonous surface. If such once existed, as
is probable, they have been filled and obliterated by alluvium and

. wind-deposited débris. To the southeast Iron Mountain and Little
Silver Lake are in plain view and seemingly only 8 or 10 miles away,
instead of 18 or 20 miles, as they really are. To the southwest, 7 or 8

e Russell, I. C., Notes on geology of southwestern Idaho and southeastern Oregon:
Bull, U. 8. Geol. Survey No. 217, 1903. '
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miles distant, rises the remarkably regular conical peak known as
Placidia Butte, with a height above the adjacent plain of from 700 to
800 feet. On its eastern side, about a mile from its base, is a much
lower elevation, composed of reddish, highly scoriaceous basalt, much
eroded, which marks the site of a secondary or parasitic eruption.
Possibly a stream of lava came to the surface at this locality, but ero-
sion has so altered the topography that definite evidence of such an
occurrence is not obtainable.

On ascending Placidia Butte we found it to be a volcanic cone built
during explosive eruptions, which blew out angular fragments of sco-
riaceous basalt, but discovered no bombs to show that plastic lava was
erupted. The sides of the cone are steep, and when seen in profile
reveal long sweeping curves concave to the sky, typical of many simi-
lar cones composed of hard fragments of various sizes. It is doubtful
if these curved slopes are a part of the original constructional surface
of the cone, however, since much erosion has occurred, and erosion
curves in the case of such piles of loose débris simulate constructional
curves. On the southwest side of the cone there is a line of rough
crags of scoriaceous basalt; on the west there is a similar line; and
on the north there are suggestions of a third. These lines of crags

radiate from the summit portlon of the pile and mark the ocation ot
cracks in its sides, which were injected with molten lava so as to form
dikes.

All these features are normal, or at least common, in the case of
scoria and lapilla craters. An exceptional occurrence, however, is
furnished by the massive angular crags of reddish-brown rock which
form the summit of the cone and enable erosion to give it a sharp ter-
minus. This summit mass, or capstone, is a volcmmc agglomerate,
but unlike most similar rocks, is lacking in fine material, such as

volcanic dust and lapilli, to serve as a mortar for the larger masses.
- It is composed of sharply angular fragments of scoriaceous basalt,
adhering firmly one to another and ranging in size from 1 or 2 up to
8 or 10 inches in diameter. In places there are angular holes and
irregular cavities between the adjacent blocks. The explanation is
that this agglomerate is composed of fragments blown out of the
deeper portion of the conduit in a solid condition, and -accumulated
in the crater at the top of the volcanic pile as the volcanic energy
decreased. The finer fragments, being carried higher, fell outside
the crater or were removed by the wind. The larger fragments
were hot and adhered to one another, the accumulation being also
to some extent consolidated by the pressure of its own weight. The
mass of material thus produced was similar to the ¢ cone of eruption ’
observed in the case of many active or recently extinct volcanoes, and
at first was encircled by a lapilli crater.
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Stated in another way, the agglomerate is the higher portion of
the plug or neck which hardened in the volcano’s conduit as its
energy decreased. At no great depth below the portion now exposed
compact lava may be expected to be present. Krosion has removed
the crater which once surrounded the summit of the plug and a por-
tion of the compact agglomerate which accumulated within it. The

-central mass is resistant to all forms of mechanical erosion, and, owing
to the dryness of the climate, has not been exposed to active chemical
erosion. Although the plug is probably about 200 feet in diameter
at a short distance beneath the exposed top, its summit has weathered
to a rough but moderately sharp apex.

From the summit of Placidia Butte an unobstructed view in all
directions is obtained. Perhaps the most characteristic features of
the desolate landscape are the vast expanse of the apparently smooth
plain of basalt, extending, with its covering of sagebrush, far to the
east and southeast, and the hills to the south in the vicinity of Abert
Lake, which, judging from their forms and the little that is known
concerning them, are much eroded uplifts of rhyolitic lava and tuff of
the same lithologic character.

Glass Buttes—To the west, '18 miles distant, rise the Glass Buttes,
consisting of two prominent rounded domes (Lnd several lesser hills,
which, as known from a previous visit, are remnants of ancient
rhyolitic or andesitic volcanoes, now deeply dissected by erosion.
They form not only a most prominent object in the vast desert land-
scape, but add a touch of color to the prevailing gray of the surround-
ing sagebrush-covered plain by the tawny yellow of the ripened
bunch grass and the dark shades of the trees that grow on the north-
ern sides of their prominent ridges. The highest point on these desert
mountains, which take their name from the obsidian or volcanic
glass scattered over their surfaces, is approximately 2,000 feet above
the plain surrounding their widely extended base.

Hampton Butte—Hampton Butte, which is of similar geologic
structure to the Glass Buttes, is situated a little to their right, and
about 30 miles away from Placidia Butte, from which it may be seen.
From Placidia Butte, in the blue, indefinite distance, may also be
noted the snow-covered summits of the Cascade Mountains; these,
however, are so dim, as seen through the ever-prevailing desert haze,
that only Mount Jefferson can be definitely located.

HILLS AND RIDGES.

Continuing northward past a water pocket lying about a mile north
of Placidia Butte, we again crossed the ridge that overlooks Silver
Creek Valley and its southwest .tributary, and found it to be com-

Bull. 252—05 M——4
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posed in part of white rhyolitic rock of older date than are the vast
sheets of basalt associated with it. Passing through a depression in
the rhyolite hills, we gained a platform of basalt which encircles
them on the northwest side. This platform, which is about half a
mile wide, terminates on the northwest in a precipitous escarpment
‘ranging in height from 200 to 300 feet, in which the edges of several
sheets of basalt are well exposed. This escarpment is a direct contin-
uation of the similar precipice climbed in the morning, and judging
from its topography is the upraised side of a fault. The trend of
the line of cliffs is northeast and southwest, but near its southern end
it curves westward. - The valley at its base on the west is not floored
with alluvium, but has an irregular bottom composed of basalt, which
rises in a continuous slope toward the northwest and culminates in
the crest of a ridge which presents a steep slope to the west. A
detailed study of this interesting region would no doubt yield much
valuable data in reference to the influence of movements in the rocks
on topographic forms.

To the north of Riley and bmdenng the memdows and adjacent
sagebrush-covered terrace-like uplands on the northeast rise a group
of bold rounded hills, which attain a height of between 1,500 and
2,000 feet above the meadows at their base. These hills are composed
of compact, apparently basaltic rock, and are thought to be of prob-
ably Tertiary age. The hills, although presenting rounded summits
when seen from the south; were found on near inspection to consist of
‘a series of nearly east and west ridges, with steep escarpments facing
north. This peculiar topography suggests faulting. The hills are
thickly strewn with weathered blocks of rock of the same character as
those exposed in the cliffs, but scoria, lapilli bombs, etc., are absent.
As there are no trails, the thickly strewn blocks covering the surface
make traveling difficult. Rich, brown residual soil occurs between the
loose stones, and luxuriant bunch grass and an open forest of junipers
and pines clothe the surface. These hills extend at least 8 miles
northward, and present throughout the same topographic character-
istics. Their northern extension is densely forested.

At the head of the Silver Creek Meadows there is a great spring of
clear, cool, delicious water, at which a military fort called Camp
Curry was formerly located. The spring, with others that occur
along its course farther north, is an important source of supply for
Silver Creek, which here emerges from a narrow canyon cut in a bed
of rhyolitic tuff at least 100 feet thick, the rock being of the same

nature as the tuff at Burns, and presumably a continuation of the
same great sheet.

At the spring the stage road from Burns to Prlnevﬂle makes a
sharp turn to the west and ascends the precipitous border of a pla-
teau. . The rock removed in grading reveals excellent illustrations of
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the angular fragments of which the tuff is composed. Highly por-
ous, it has been leached by percolating water and changed from the
brown color that unweathered portions usually present to bright pink
and even white. Resting on the tuff is a sheet of black basalt about
20 feet thick, which, by protecting the weaker rock beneath, has led
to the preservation of a nearly flat table-land many square miles in
area. The road traverses this plateau for about 4 miles, crossing on
the way the desiccated bed of an ephemeral lake, surrounded on all
sides by a low rim of basalt. In summer the bed of this lake is a
smooth playa, but in winter it is flooded and the traveler has to skirt
its northern border.
FORESTED PLATEAU.

To the west of the generally smooth basaltic plateau the road
enters an extensive plateau region that has been somewhat deeply
dissected by streams. The surface rock is rhyolitic tuff of the same
character as that of the sheet so well exposed along Silver Creek to
the north of the site of Camp Curry. A remarkable and pleasing
change is here experienced by the west-bound traveler, who passes
from an area thousands of square miles in extent over which not a
‘tree is to be seen to a region covered with an open but luxuriant
forest. For 10 or more miles the road, which is smooth and hard,
winds through the forest, now descending steep valley sides, travers-
ing beautiful shadowy vales, and again ascending to the level of the
general plateau surface, from which exquisite pictures of the prime-
val forest are beheld on every hand. The forest is composed mainly
of yellow pine, as yet untouched by the woodman, and gives promise
of great commercial value in the future when means for tr ansporta-
tion shall have been provided. Beneath the tall, straight pines grow
thickets of mountain mahogany resembling groves of olive trees,
which here, as in many other localities on the uplands of Oregon,
add picturesqueness to the rocks and crags among which they make
their homes. The forest, so welcome after weeks spent in the glare
" of the sun on gray.deserts, extends far to the north, and probably
continuously to the Blue Mountains of eastern Washington. In
part it is included in a national forest reserve, and if properly cared
for and the mature trees harvested, leaving the younger ones time
to grow, will be valuable for ages to come.

On the south this great foxe%t terminates abruptly, and from be-
neath the shade of the great trees on its margin one can look down on
the bare hills of the desert land which it borders. Yet the only con-
spicuous difference between the forested plateau and the bare hills to
the south is the nature of the underlying rocks, the plateau being
‘composed of rhyolitic tuff, while the hills have been carved m(un]y
from sheets of basalt. Beneath the portion of the forest traversed
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the porous surface rocks drink in all the water that comes to them
and permit it to slowly percolate away and feed the springs and the
streams in the countless erosion channels. The general elevation of
the forested country, about 5,000 feet, is, however, greater than that
of the vast treeless region bordering it on the south, thus favoring
cooler climatic conditions in summer and ret‘lrdlng evapomtlon, and
the precipitation, especially the snowfall in winter, is probably
greater on the broad upland than on the desert valleys with their
1solated hills, although of this there is no positive record. More
study is required to show which is the determining cause leading to
such a conspicuous change in the flora. In fact the several conditions
favorable and unfavorable to tree growth seem to be delicately bal-
anced, and the special factor in control is probably not the same
throughout either the forested or the unforested region.

At Buck Creek, which flows south from the forested plateau, the
road descends to the extensive sage-covered plain in which Crooked
River has its source and enters Crook County.

WATER RESOURCES.

The rainfall throughout Harney County is too small to permit
agriculture without irrigation. Owing to the considerable general
elevation—the lowest altitude being the suirface of Malheur Lake,
which is about 4,150 feet above the sea—and the clearness.and dry-
ness of the air, which permit active radiation, frosts are of common
occurrence during every month of the year, and only forage plants
can be expected to yield adequate returns to husbandry. The uplands
and valleys alike were clothed with bunch grass while in a state
of nature, and wherever the soil was naturally moist and not too

-alkaline the coarse rye grasses formed luxuriant meadows. These
several conditions indicate that the chief farming industries must
be stock raising and dairy farming. The problem that meets the
hydraulic engineer is how.to utilize the available water supply so as
to best serve these demands.

SURFACE WATER.

Rivers and streams—The surface-water supply, although well
known to the residents of the country, has only just begun to receive
critical study. About all has already been done that can be accom-
plished by individuals and small communities in the way of diverting
and utilizing the summer flow of the streams, but the main resource
lies in the direction of storing the winter run-off in upland valleys
and conducting it through canals to the most favorable portions of
the lower valleys. There are but two streams that offer favorable
conditions for such enterprises on a large scale, namely, Silvies River
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and Donner and Blitzen River. Of these the former is by far the
more favorable, and detailed surveys are in progress by the United
States Geological Survey ¢ for the purpose of determining accurately
what can be accomplished by means of it. The possibilities of Donner
and Blitzen River have not as yet been considered by hydraulic engi-
neers, but they demand careful study, such general knowledge as is
available concerning the valley through which it flows certainly
favoring the hope that advantageous sites for storage reservoirs occur
along its course. :

W ater pockets—About a mile north of Placidia Butte is a water
pocket 500 or 600 feet in diameter, capable of holding 4 or 5 feet of
water. This and several other similar depressions in the same region
are of interest not only on account of their value as watering places
for stock, but on account of their origin. Seemingly they are depres-
sions due to wind erosion, but this explanation is not entirely satis-
factory, since a similar basin on the forested plateau to the north of
the Silver Creek Meadows has a rim of basalt all about it. These
depressions are natural reservoirs in which water collects during the
winter and spring months, but as they are filled to a depth of several
feet with soft, fine silt their value as watering places for stocl is much
impaired. By reexcavating them a supply of water sufficient for a
large number of cattle might be easily and cheaply procured.

HARNEY VALLEY.

The great plain forming Harney Valley and its several side exten-
sions offers an abundance of irrigable land suitable for forage crops,
far more in fact than under the most sanguine hopes can ever be
reclaimed through the use of the water flowing from its bordering
. uplands. There is an urgent demand for more water than the
run-off can supply, and to secure it the only resource is to.obtain
water by means of wells. '

‘Wells—Ordinary dug wells with a depth of less than 100 feet and
usually less than 25 feet have proved successful in many portions of
Harney Valley, particularly in and about Lawen, which is situated
near the level of the lowest point in the basin. But while these wells
are of value for household purposes and for watering stock, little
use can seemingly be made of their water for irrigation. The hope
for water for irrigation purposes, in addition to that furnished by
surface streams, centers on a subsurfacé or artesian supply.

As explained in a previous report,’ Harney Valley is located in
an extensive depression, which for several reasons is considered to

e Second Ann. Rept. Retlamation Service, U. 8. Geol. Survey, H. Doc. 44, 2d sess. 58th
Cong., 1904, pp. 435-436.

b Russell, 1. C., Preliminary report on artesian basins in southwestern Idaho and south-
eastern Oregon: Water-Sup. and Irr. Paper No. 78, U. S. Geol. Survey, 1903,
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be an artesian basin that may be expected. to yield a.valuable water
supply. The favorable opinion expressed in the report referred to
in reference to obtaining artesian water was strengthened by the
observations made during the reconnaissance which forms the basis
of the present report, and the advisability of putting down a test
well with all the care that can be exercised 1s again urged. A favor-
able locqlity for such a test, which should be carried as deep as prac-
ticable, is at or in the vicinity of Lawen.

Water storage—In addition to Silvies River and Douner and
Blitzen River, the possibilities for storing water on Rattlesnake
Creek above the village of Harney, and also the advisability of con-
structing small reservoirs on Silver Creek above Riley, neéd to be in-
vestigated ; but even at the present time it is evident that, owing to
- the limited water supply, the best returns to be hoped for from such

undertakings are not great.

In the extensive area of hilly and even mountainous country em-
braced in the southwestern portion of Harney County the rainfall is
small=probably less than 10 inches—and the land favorable for
irrigation is restricted in area and widely scattered: The conditions

do not seem to favor the storage and utilization of the surface water,
and there.is no suggestion of the existence of an artesian supply.
This extensive region is favorable for grazing, however, bunch grass
being abundant, and something can certainly be done in the direction
of developing springs¢ and of deepening natural water pockets so
as to obtain local supplies for maintaining stock during the summer
months.
CROOK COUNTY.

CROOKED RIVER.

On emerging from the forest that occupies such an extensive area
1n the southwest part of Harney County we descended Buck Creek
to the extensive valley at the east base of Hampton Butte, in which
Crooked River has its source. The canyon of Buck Creek, which was
traversed for about 6 miles, furnished a suggestion as to the charac-
ter of the geology of the series of hIHS, or deeply dissected plateau,
through which it flows. The canyon is from 500 to 600 feet deep,
and has a conspicuous rim rock of basalt on each side, beneath which
there are at least 700 feet of soft, mostly fine, sedimentary deposits,
composed in part of volcanic dust. Along the canyon there is in
places a narrow flood plain, which gives room for several small hay
ranches. Where the creek emerges from the canyon and enters the
broad valley or sagebrush plain to the south its water soon disappears;,

e Russell, I. C., Geology and water resources of Nez Perces County, Idaho: Water-Sup.
and Irr. Paper No. 54, U. S. Geol. Survey, 1901. .
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and even its former channel is almost lost in the wind-deposited
sands. '
GILCHRIST VALLEY,

The valley at the head of Crooked River, in which Buck Creek
sinks, 1s about 20 miles long from north to south and, in general, 10 or
12 miles wide. On the southwest its border is low and indefinite, and
in a general view it seems to merge with the Great Sandy Desert,
which extends for at least 60 miles in a southeast and northwest direc-
tion across the southeast portion of Crook County and far into Lake
County. This valley has no specific name, and for the sake of con-
yenience, as well as a fitting acknowledgement of the enterprise and
industry of its first settler, Mr. C. A. Gilchrist, whose hospitable home -
is still there, I propose to term it Gilchrist Valley. The valley con-
tains, by estimate, fully 200 square miles of rich land, the greater
part of it well situated for irrigation. Unfortunately, there are no
surface streams rising in the bordering uplands that can be looked
to for water enough to supply a single square mile. In a state of
nature not only the valley, but the surrounding hills and buttes on all
sides, were clothed with bunch grass, but now, owing to overgrazing,
all the land not inclosed with fences within a distance of about 6
miles from any one of the few summer watering places is practically
a desert.

On the south border of Gilchrist Valley rise the Glass Buttes,
to which reference has already been made, with bold, rounded sum-

- mits and long, sweeping slopes, which make them particularly attrac-

tive, but they are desert mountains, rising from a featureless and ex-

- cessively arid valley. The upland area on the north side of the

buttes, which slopes to Gilchrist Valley, is extensive, but has no life-
giving streams. On the west of the valley, rising boldly from its
margin, stands Hampton Butte, a mountain mass similar to the Glass
Buttes, and also waterless, so far as streams tributary to the adjacent
valleys in summer are concerned. Uplands border the valley on the
east, but are more remote and of less height than those on the west.
" Warm springs.—Crooked River, which has its source in a group
of warm springs at the north end of Gilchrist Valley, flows north-
ward through an irregular, and, in part, “ box,” canyon, with a con-
spicaous rim rock of light-colored rhyolitic tuff on each side. Other
springs swell its volume in the first few miles of its course. The
land about the springs in the north end of the valley has been
inclosed with fences, and the water that rises to the surface used
for irrigation. Small storage reservoirs have been constructed, with
favorable results. The land, although alkaline, by careful irriga-
tion has been made to yield favorable crops of hay.

The warm springs in Gilchrist Valley are not only of interest on
account of the use that is now being made of their waters, but
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because they supplement other evidence pointing to the probability
that artesian water can be had over a large portion of the basin in
which they are located. The springs range in temperature. from 60°
to 87° F. and are scattered for about 2 miles along a narrow north- -
and-south belt. . They are all small, but it was not practicable to

make accurate measurements of their discharges at the time of my
visit, owing to the flooding of a part of the area where they rise

by the storage reservoirs that have been constructed. Where the

waters of the springs are combined at the outlet of the valley, they

make a creek of warm water, the volume of which, by a rough esti-

mate, is between 20 and 25 cubic feet per second. The temperature

of the water, as it rises in the copions spring gs, indicates that it

comes from a considerable depth. The rate of increase in tempera-

ture with depth is not the same at all points on the earth’s surface,

" but where recent volcanic heat is not present is, in general, 1° F. for

each 50 to 60 feet in depth below the stratum of no seasonal varia-

tion, which in Oregon may be taken at about 50 feet below the

surface. The stratum of no seasonal variation has a temperature

equivalent to the mean annual temperature at the surface, which in

central Oregon is about 49° F. Assuming that the rate of increase

in temperature with depth is 1° for each 60 feet, we find that the

depth from which the spring in Gilchrist Valley are supplied is

at least 2,200 feet. Perhaps a safer estimate, allowing for loss of

heat as the water rises, would be 2,500 feet. At about that depth

there is a supply of water at least sufficient to maintain the springs,

which appear at the surface continuously throughout the year. As

the springs rise through openings, in part at least, in soft material,

there must be lateral seepage, and probably much loss in other ways.

These springs may be justly termed artesian springs, as they flow

by reason of the pressure of water at higher levels, and render it

evident that if wells should be drilled to the requisite depth near

them and properly cased a more -abundant outflow might reasonably

be expected.

Artesian wells—Whilé the presence of warm springs in Gilchrist
Valley alone would furnish a strong argument in favor of drilling
wells in’ their vicinity with the hope of obtaining artesian water,
other facts also sustain the conclusion that they are satuated in an
artesian basin.

On all sides of Gilchrist Valley, except the northeast, the rocks
dip toward it in such a way asto be readily seen. On the northeast
the country rises for a long distance, until the forest-covered plateau
drained in part by Silver Creek is reached, and the rocks become so
nearly horizontal that the determination of their dip is difficult. On
the north the layers of basalt and volcanic tuff are conspicuously
flat, but, as revealed by the rim rocks on the sides of Crooked River
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~Canyon, are gently inclined toward the south for a distance of at
least 10 miles. The hasty examination I was able to make favors
the conclusion that Gilchrist Valley is situated in a structural basm.
The rocks passing under the valley are in many instances porous, as
may be seen in the eastern slope of Hampton Butte, along Crooked
River, etc.; that is, they are of such a nature that they permit water
to percolate through them. The presence of impervious layers, or
rocks of such a close texture that, if resting on a pervious bed, they
would prevent water from escaping upward from it, is less easy to
demonstrate, and, in fact, no good evidence was obtained that such
beds are present.

While it is not just to claim from the observations thus far made
that Gilchrist Valley is in reality situated in an artesian basin, the
facts presented above, and the impression gained while traversing
the region and searching for adverse as well as favorable evidence as
to a possible artesian water supply, certainly favor the opinion that
a true artesian basin of considerable size is present.

The source of supply of the water rising in the springs referred to
is most probably in the plateau region to the northeast, and, as the
volume of the springs and the extent of the supposed gathering
‘ground indicate, will probably be found ample to supply a number
of artesian wells. _

The object of my examination was mainly to determine if the con-
ditions present warrant the expense of putting down test wells for
the purpose of demonstrating the presence or absence of water under
pressure. To this question, so far as Gilchrist Valley is concerned, an
affirmative answer is abundantly justified. The test well may be
located anywhere in the basin where flat land occurs, but would serve
its purpose best if put down on the north and south axis of the
valley, anywhere from 1 to 3 miles south of the Gilchrist brothers’
ranch, on which the most copious springs come to the surface.

If a test well is put down, a careful record of the nature, thickness,
etc., of the rocks passed through should be kept, the well properly
.cased, and the pressure of the water in every water-bearing layer met
accurately measured. Suggestions in these and other directions,
together with a list of reports, papers, etc., relating both to the
theory of artesian water supply and the art of well drilling, have
heen presented in a previous report.c

\

PRICE VALLEY.

From the foot of Gilchrist Valley our route led westward to the
now abandoned post-office of Price, situated on Camp Creek, at the
south base of Mutton Mountain.

@ Russell, I. C., Preliminary report on artesian basins in southwestern Idaho and
southeastern Oregon: Water-Sup. and Trr. Paper No. 78, U. 8. Geol. Survey, 1903,
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At the outlet of Gilchrist Valley a bed of conspicuously columnar
1hyohtlc tuft, about 20 feet thick, which dips west at an angle of about
8°, is well exposed. (Pl IIL) The direction of the 1nclnnt10n of
this and of other similar blocks in the vicinity is not the same, and in
many instances is to be ascribed to landslides rather than movements
having a more general cause. 'The prevalence of sheets of compact
tuff and of basalt, resting on soft sedimentary beds or on sheets of
fine, incoherent volcanic dust and lapilli, affords favorable conditions
for the occurrence of landslides throughout an extensive region
drained by Crooked River in the upper portion of its course.and by
Camp Creek, its principal tributary from the west. Along the can-
yon walls of these streams numerous illustrations of landslide topog-

raphy are conspicuous.

The uplands between Gilchrist and Price valleys bear evidence of
long-continued weathering, and stand in relief above the adjacent

valleys because of the resistance offered to erosion by the widely
- extended sheet of rhyohtlc tuff of which mention has already been

made. :
- Camp Creek has excavated in soft sedimentary beds a valley in
_general 400 or 500 feet deep and about 2 miles wide. From its head
to a narrow outlet, through which the stream escapes through a can-
yon to join Crooked River, is a distance of about 8 miles. In this
basin, which it is convenient to term Price Valley, there are abundant
outcrops of fine gravel and light-greenish shales, which in several
localities have been weathered into typical badland topographic
forms, as illustrated by PL. IV. -Much of the south: side of the valley
is crowned by a conspicuous rim rock of rhyolitic tuff, while the
north side is more irregular and rises precipitously to form Mutton
Mountain, the rocks of which are basalt. Basalt also forms a con-
spicuous remnant left by erosion on the south side of the valley.
~John Day formation—The soft fresh-water sedimentary beds so
well exposed in Price Valley, particularly near its head, have become
known to geologists on account of the large number of well-preserved
fossil bones discovered in them, and have been shown to be a part of
the John Day system. Judging from their close lithological simi-
larity to the John Day beds at typical localities adjacent to the river
after which they are named, descriptions of which have been pub-
lished by John C. Merriam,® the lower and middle members of that
series are represented, but I am in doubt as to the presence of the
upper member. However, previous observers refer the beds in ques-
tion to the middle and upper John Day.

a A contribution to the geology of the John Day basin: Bull. Dept. Geology University
of California, vol. 2, Berkeley, Cal.,, 1901, pp. 269-316. In this paper summaries of
previous writings pertaining to the Jobn Day formation are presented. = A description
of the fossil flora of the John Day formation, and a discussion of its geologic age, are
presented by I. H. Knowlton in Bull. U. 8. Geol. Survey No. 204, 1902.
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The lowest exposures in Price Valley consist of soft, highly colored
shales, among which dark-red layers are conspicuous. Associated
with these are similar beds, ranging in color from buff to white, and
composed, to some extent at least, of volcanic tuffs. These beds, on
weathering, produce rounded hills, in the sides of which the variously
colored layers make concentric bands. These beds at least may be
provisionally referred to the lower John Day.

Resting on the vari-colored beds just described are evenly stratified,
bluish green shales having a dip of about 15° to the northeast, which
are well exposed and form the most, conspicuous outcrops of the val-
ley. Their thickness was not measured, but is evidently considerable,
probably amounting to 3,000 or more feet. Near Price the conspic-
uous bluffs of these bluish green shales have been penetrated by
prospecting tunnels, in which the fresh rock has been revealed.

The best exposures of the bluish green shales, here referred to the
middle John Day on account of their similarity to the rocks of that
formation as described by Merriam, are seen between Indian Creek
and ‘West Camp Creek, where fine examples of badland topography
occur. At this loca]lty, rising from a" most instructive group of
_ deeply sculptured and artistically beautiful hills and ridges, is
prominent landmark known as Logan Butte, which is capped by a
remnant of a resistant layer of rhyohtlc tuff. The main portion of
the butte and of all of its flanking ridges, as well as of the associated
but lesser buttes, has been carved from these light-colored shales. In
these beds numerous well-preserved bones of extinct mammals have
heen found, but only a few imperfect specimens were obtained during
. my visit. A view of Logan Butte as seen from the south and a nearer
view of its capping layer of resistant rhyolitic tuff are presented
on PL V, A and 5. The most interesting feature of the section ex-
posed is the presence beneath the capping layer of tuff of nearly hori-
zontal beds of dark-brown and reddish shales, volcanic dust, and
conglomerate, which rest unconformably on the eroded surface of the
conspicuously inclined middle John Day beds. These features are
shown in more detail in the following section of the upper portion of

the butte:

@eologic section of Logan Butte, Orook County, Oreg.
’ TFeet.
1. Compact, massive, homogeneous, light-brown tuff, with many angular

fragments; no stratification lines; strongly jointed vertically ; rests
evenly and conformably on the bed below_.._ . ________ 50
2. Dark-red or brown sandstone passing below into yellowish brown strati-
fied sandstone, inpavt tuff . ______ 35
. I'ine white volcanic dust or tuff__ . ____ P 2
" Brown sandstone, soft but weathering, with steep escarpments_________ 8
Conglomerate composed of well-worn pebbles 6 to 8 inches in diameter,
and varying in thickness - < .. Oto8
Unconformity.
. Blue-green and buff shales, dn)pmg nortbeast 15° to 18°, evenly lfnm-
nated, thickness exposed estimated at___.__________ . _____________ 800

o o

=3
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Whether the stratified sedimentary beds above the unconformity
noted in the section should be classed as upper John Day or as-
belonging to a higher formation remains to be determined.

Information in this connection has been supplied by Prof. John C.
Merriam, of the University of California, who 'in a letter dated
January 15, 1904, writes as follows:

The exposures of John Day beds at Price, Crook County, Oreg., were visited
by Mr. V. C. Osmont, of the University of California, in 1900, and from his
notes I quote the following:

“At Logan Butte itself, between 800 and 900 feet of the blue beds (middle
John Day) are exposed. * * * On the northeast side of the butte they may
be traced down the valley without a break for 13} miles, and then are covered
with alluvium for a mile, then as the ground rises, buff beds (upper John Day)
for one-half mile occur. Wherever exposed the beds 1efer1ed to have a dip of
about 15° to the northeast.”

Judging from Mr. Osmont’s description, and from the collections which he

made at Logan Butte, I suppose both the upper and middle divisions of the’
system to be present. I do not remember whether I have mentioned any uncon-
formity as existing between the middle and upper John Day. At one locality
on the John Day River there seems to be an erosion interval represented be-
tween these two divisions, )

The formation which you mention as resting unconformably on the middle
John Day at Logan Butte is described as follows in Mr. Osmont’s notes:

“The John Day is protected from erosion by a horizontal layer of very much
more recent formation, resembling closely the hard, light, reddish columnar tuff
which so universally covers the Loup Fork (Marshall formation). This tuff
rests unconformably and horizontally on the middle or possibly the top of the
blue beds (middle John Day), the tuff beds (upper John Day) and the upper-
most part of the blue beds having been cut away at this point. This recent
formation is’ made up of columns 30 to 40 feet through and 50 to 75 feet high.
Beneath it are three or four distinet layers of red, blue, and yellow clay with
white voleanic ash. The total thickness of this formation averages about 75
feet.” .

At the time of Mr. Osmont’s visit to Logan Butte I had not named and de-
scribed the Rattlesnake formation, which you will find mentioned in my paper.c
After his return, Mr. Osmont informed me that the formation at Logan Butte
was almost exactly similar to the Rattlesnake formation of the John Day
Valley.

Volcanic rocks—The conspicuous capstone of Logan Butte is a
remnant of a widely extended sheet, other and far larger portions of
which form the surfaces of table-lands a few miles distant to the
south and east. This sheet, as noted on the previous page, is well
exposed in the rim rocks of Camp Creek and Crooked River canyons,
and the soft beds beneath it are probably p01t10ns of the widely ex-
tended John Day formation.

At several localities on the borders of these canyons the layer of
tuff presents two well-marked divisions, but there is no distinct plane
of separation between them. The upper portion of the bed, which

a Uniy, California, Bull. Geol. Dept., vol. 2, pp. 299-314.
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4. JOINTED RHYOLITIC TUFF AT SUMMIT OF LOGAN BUTTE,
CROOK COUNTY.

B. LOGAN BUTTE, CROOK COUNTY,

Looking north.
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frequently has a thickness of 40 feet, is massive and of a brown
color, and at its base passes abruptly into a still more massive layer,
which at times has the appearance of shale and is nearly black in
color owing to the presence of numerous thin angular fragments of
rhyolite with * perlitic ” structure. The thickness of the lower divi-
sion, where best seen, is exposed for 30 feet without revealing its
base. The entire bed is frequently strongly jointed, the columns pro-
duced being at times as prominent as in the case of well-jointed
basalt, the joints passing from one division of the bed to the other
without change, thus showing both portions to be products of the
same period of deposition. The differences in the two divisions of
the layer are no doubt due to changes in the nature of the volcanic
fragments which were showered on the land, and form the entire de-
posit. The absence of stratification in this and other similar sheets
of volcanic débris, and also the fact that in some instances the thin,
plate-like fragments entering into their comp051t10n stand on edge,
are evidences tlnt the tuff fell on land and is hot & water-laid deposit.
The difference just noted between the upper and lower portions of
the tuff sheet in question is thought to furnish a means for identifying
it at widely separated localities. ‘

Artesian conditions.~—In the central portion of Price Valley there
are springs with a temperature of 67°. Near them two wells have
been drilled, each of which reached water under sufficient pressure to
cause free discharge at the surface. The record of one of these wells,
furnished in part by Richard Hurley, is as follows:

Completed in 1885 ; bored with hand auger; diameter, 2 inches; total depth,
229 feet; reached water under pressure at 130 feet, which rose about 20 feet
above the surface of the ground; discharge estimated at 12 cubic inches per
second; water hard and-tasted of sulphur; temperature, 73°; lower 100 feet
of well yielded no .additional supply of water; material passed through
reported to be clay; owing to a disturbance of the discharge pipe on bending
it, most of the flow was lost; water used for irrigation and farm purposes.

The other well, situated about 380 yards northeast of the one just described,
depth not ascertained, also yielded artesian water.

The structure of the -sedimentary beds in Price Valley gives no
indication of the presence of a synclinal basin—that is, the inclina-
tions of the strata do hot correspond with those found in such basins
as commonly yield water under pressure. The temperature of the
water, 78° F., indicates that it comes from a much greater depth than
that of the boring through which it rises, and probably from at least
1,300 feet below the surface. These two facts favor the conclusion
that a deep artesian basin, or other conditions favoring the storage of
water under pressure, e\lsts beneath the formatlons outcropping in
the valley.

. These two successful artesian wells, neither of which has been cased,
and one of which gave an artesian head of at least 20 feet above the
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surface of the ground where it was drilled, are an assurance that
‘other wells put down to a depth of about 150 feet in the portion of
the valley where they are located would meet with equally favorable
results. At a distance of over a mile from the existing artesian wells
drilling will very likely have to be carried deeper than 150 feet, but
hope of obtaining a surface flow should not be abdndoned S0 long as
-soft rocks are met.

. There is a large body of excellent land in Price Val]ey which can
not be irrigated by means of surface streams, but which should be
rendered of value by the presence of water under pressure at small
depth, provided rigid economy and common sense are exercised in
utilizing the supply.

Drilling in Price Valley, as has already been demonstrated, can
be done with a hand auger to a depth of at least 200 feet, but each
well put down should be properly cased, and if a surface flow is
obtained-the water should be shut off when not being utilized.

Recent erosion—~The floor of Price Valley, when seen from its
north or south border, presents the appearance of a smooth sage-
brush-covered plain. In crossing the valley, however, one finds that
its surface is intersected by arroyos, or small canyons, through which
water flows during the wet season. Joining the main trenches are
"several branches, each of which has the characteristics of ¢ young
stream-cut canyon. The main trench, which follows the longer axis
of the valley, ranges from 60 to 100 feet in width, is approximately
25 feet deep, and has vertical walls throughout the greater portion
of its course. The walls of the arroyos reveal admirable sections
of the unconsolidated silts of recent date which floor the valley and,
together with the recent erosion that has taken place, present facts
of much interest. The appearance of the main trench about 2 miles
east of Logan Butte is shown on Pl. VI, 4.

The upper 17 to 20 feet of the arroyos’ walls are composed of fine,
gray, silt-like material which reveals obscure laminz but no conspic-
uous stratification. Beneath the silt there is an irregular sheet of
gravel from 0 to 6 feet in thickness, which rests on the eroded edges
of layers of weathered shale like that exposed in the valley sides,
and presumably belongs to the John Day formation.

The interpretation of the condition described is that Price Valley
was excavated in the John Day beds, and then filled to a depth of
about 20 feet with fine-grained, stream-deposited silt. The silt is a
flood-plain deposit, the counterpart of which can be seen in many
places along the borders of streams throughout the arid portion of
Oregon. These deposits correspond in age and in mode of deposi-
tion with the adobe and related deposits of the Great Basin and of
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