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NOTES ON THE GEOLOGY OF SOUTHWESTERN IDAHO
AND SOUTHEASTERN OREGON.

By IsraBL C. RUSSELL.

INTRODUCTION.

During the summer of 1902 I made a rapid reconnaissance through.
portions of southwestern Idaho and southeastern Oregon for the pur-

pose, principally, of ascertaining in what localities, if any, the geolog-

ical conditions are favorable to obtaining flowing water by drilling
wells. This search was more successful than had been hoped, and a
preliminary report on the artesian basins discovered has already been
published.¢ The explorations referred to were in continuation of
similar work done the preceding summer in southern Idaho, a report
on which was published as Bulletin No. 199 of the United States Geo-
logical Survey. The aim of the present paper is to put on record such
observations relating to the general geology of the region traversed
as it is thought may be of interest, more particularly to the people of
Idaho and Oregon, and also in certain instances serve to supplement
the report referred to on artesian conditions.

During the reconnaissance I was assisted by Mr. Scott Turner and
Mr. Robert H. Dawson, students of the University of Michigan. Our
journey began at Boise, Idaho, on July 6, and ended at the same place
on September 6, 1902. The route followed was planned so as to
traverse as many as possible of the valleys of southwestern Idaho and
southeastern Oregon, in’which rich agricultural land is plentiful and
where artesian conditions are most likely to be present. Portions
of Canyon and Owyhee counties, Idaho, and of Malheur and Harney
counties, Oreg., were examined; but it is not to be understood that
anything like a geological survey of the immense territory included
in these counties was undertaken. This paper is simply an account
of observations made during a rapid reconnaissance, principally in
the way of supplementing the study of artesian conditions, and should
not be judged in any other light. '

«Water Sup. and Irr. Paper No. 78, U. §. Geol. Survey, 1903.
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8 GEOLOGY OF SW. IDAHO AND SE. OREGON. [BuLL.217.

CLIMATE AND VEGETATION.

The leading characteristics of the climate of the portions of Idaho
and Oregon here considered are: Small precipitation; generally cloud-
less skies; hot, dry summers; and moderately cold winters, during
which there is some rain and snow, but not enough to make the mean
annual precipitation large. Something of the nature of the prevailing
climatic conditions may be judged from the following data, compiled
from the report of the United States Weather Bureau for 1900, which
pertain to localities within or near the region here discussed.

Weather records for the year 1900.

Temperature. Killing frost.
Focality: it Mini- | Maxi~| e | Lastin | Firstin Snow.
mum, [ mum. . spring. autumn.

Inches. | Deg. F.| Deg. F. | Deg. F. - | Inches.

Boise, Idaho_.______.__. 12,77 11| 104 | 52 Apr. 23 | Oct. 23| 20.1
Garnet, Idaho.... ._._ . 8.11 14 ...l __.| Apr. 26| Oct. 25 |.__._.
Payette, Idaho -...__ ... 10.60 10 | 104 | 53.7 | Apr. 13 | Sept. 25 | 19.8
Baker City, Oreg .__.__..| 13.84| —1 95 | 47.3 | May 29 | Sept. 26 | 27.8
Burns, Oreg ... _.__.__. 6.57 1 99 | 46.1 | May 16 | Aug. S |.._._.
Silver Lake, Oreg_ ..____ 7.84 0| 9846.4 (@) (@) 12.8
Vale, Oreg - . ....... ... 9.91 8 101 |49.4 | May 26 | Sept. 18 | 15.5

aTemperature below 32° F. (;very month.

All the localities mentioned in the above table are situated in val-
leys. On the mountains cooler and more humid atmospheric condi-
tions prevail. The snowfall is light in the valleys and, like the mean
annual precipitation, increases with elevation, but not in a direct and
simple ratio. The general climatic conditions of both Idaho and
Oregon vary in a conspicuous manner at different localities. In Idaho
the northern and more mountainous portion of the State is much colder
and more humid than the intensely arid southern portion. In Oregon
- aridity is the prevailing condition in the southeastern and central
parts of the State, with increasing humidity toward the west and
northeast. The portion of each State here described, while character-
istic of its most arid valleys and most desolate mountains, must not
be considered as representative of the entire political division of
which it forms a part.

. The most conspicuous effect of increase in elevation on chmatlc
conditions in the region discussed is an increase in precipitation,
particularly in snowfall. While in spring and early summer the
snow lingers on the mountains long after it has disappeared from
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RUSSELL.] . CLIMATE AND VEGETATION. 9

the valleys, there is but one mountain range in the region on which
it remains throughout the year. On Stein Mountain, Oregon, snow
banks occur in the shelter of northward-facing cliffs in midsummer,
and severe snowstorms occur as late as the first week in July and as
early in the autumn as the middle of September. Tt is principally
the melting of the usually abundant snow on this mountain range
that feeds the many streams which flow from it into the adjacent
valleys.

On account of the small rainfall in the valleys, agriculture is
impracticable without irrigation. Throughout much c¢f the region
agricultural pursuits are restricted also on account of the liability of
frost, particularly in the more elevated valleys where other conditions,
such as the composition and texture of the sovil are favorable.

At one time both valleys and mountains throughout southern
Idaho and adjacent portions of Oregon were clothed with nutritious
bunch grass, but now to a great extent these natural pastures are
nearly ruined, owing to overgrazing. The valleys dre treeless, except
for the occasional cottonwoods along the immediate margins of
streams, and the hills and lower mountain slopes are for the most
part devoid of timber.

Throughout southern Idaho and over the greater portion of Oregon
east of the Cascade Mountains, the plant which is most characteristic
is the sagebrush (Arfemasia). In-common with nearly all of the arid
region of the United States, the area discussed is a sagebrush land.

_At no locality along the route traveled is one beyond recognizable
distance of this ubiquitous grayish-green shrub, except while cross-
ing the barren mud plains left by the desiccation of ephemeral lakes
or while standing on the summit of Stein Mountain. Although the
sagebrush imparts a dreary monotony to the valley and lower
mountain slopes, every traveler who lives out of doors is indebted to
it for fuel. Not only does the sage replenish the explorer’s camp
fire, but to a considerable extent it is the ranchman’s wood pile.
Where it grows sturdily there is rich land, which needs only irriga-
tion to make it highly productive. )

The first tree to make its appearance when increase in elevation
brings about greater precipitation is the juniper. Mingled with the
scattered juniper trees, and usually beginning at a somewhat greater
elevation than their lower limit, are thickets and groves of mountain
mahogany. These grayish-green trees when growing wide apart fre-
quently attain a height of 20 to 30 feet and look not unlike olive
trees. They add much to the beauty of the land, or, perhaps more
accurately, detract in a marked way from the desolation of the lower
mountain slopes. In the deep stream-cut valleys they frequently
form almost impenetrable thickets. On many of the lower mountains,
as Mahogany Mountain in Oregon, for example, they constitute almost
the only arboreal vegetation. Abqve the lower limit of the juniper
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and the mountain mahogany in certain favored ranges pines and firs
appear and occasionally form valuable forests. The scarcity of trees
throughout the arid portions of the two States visited is indicated by
the fact that along the route traveled pines and firs are only seen at
a distance. It is almost literally true that a traveler over the route
referred to, about 600 miles in length, is never beneath the shade of
a tree, unless it is one which has been planted and irrigated. The
Lombardy poplar is usually chosen as a shade tree in villages and
about farm houses and to serve as a wind-break on the borders of
orchards and gardens. So adverse to tree growth are the climatic
conditions that in the region covered by the reconnaissance there are
only two areas to be seen which are dark with forests.

Castle Roek, a prominent crag sifuated in the northwest portion of
Malheur County, Oreg., is on the southern border of an extensive for-
est of pines, firs, juniper, mountain mahogany, and other trees, and
from its commanding summit the mountains to the northwest are seen
to be black with evergreens. In autumn the somber tone of the
mountains is relieved by dashes of golden yellow, mostly in the gulches
on the lower mountain slopes, which mark groves of aspens. Again,
from the hills and mountains near Harney and Burns, in Harney
County, Oreg., a splendid forest may be seen mantling the gradually
ascending mountain to the northwest. It isin this extensive forested
region that Silvies River has its source. One of the most noticeable
features of this forest, a part of which hasrecently, and very judiciously,
been set apart as a forest reserve, is the absence, so far as can be
- judged from distant views, of burned areas within it. On account of
the remoteness of the forests of eastern Oregon from railroads, they
have not as yet been encroached upon by lumbermen and still preserve
their primeval beauty.

One interesting feature in connection with the distribution of trees
on the mountains which rise from an arid region is the occurrence in
certain instances of two ‘* timber lines.” There is an upper limit of
timber growth, the true timber line, the position of which is deter-
mined principally by the severity of the climate and especially by the
prolonged cold and icy gales of winter. There is also a‘lower limit,
determined principally by lack of moisture, below which trees are
absent. Kach of these borders of the mountain forests is in many
instances sharply defined. On lofty mountains surrounded by arid
valleys, when seen from a distance, there is frequently present a dusky
band appearing not unlike the shadow of a cloud, midway up their
rugged slopes. The band of shade crosses bold crests and deeply
sculptured valleys, but on both its upper and lower margins is some-
what more extended in the gorges and ravines than on the interven-
" ing ridges. The upper limit of tree growth, or the ‘‘cold timber line,”
as it may be termed, as is well known, declines in elevation when
traced from equatorial toward polar regions. ‘
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In Mexico the upper limit of tree growth has an elevation of
about 17,000 feet; in California it has an elevation of approximately
12,000 feet; on the slopes of Mount St. Elias, in Alaska, it is at an alti-
tude of 2,500 feet; while in northern Alaska and northern Canada it
reaches sea level. In the far North it becomes the continental timber
line, and to the north of it are the treeless barren-grounds and tun-
dras. The lower limit of tree growth, or the ‘“dry timber line,” is
highest where the climate is most arid, and becomes lower and lower
when traced to regions enjoying greater humidity. Inregions where
precipitation in the valleys is too scanty to permit trees to grow, the
mountains may perhaps rise above the lower or dry timber line and
become forest clothed. If the mountains are sufficiently lofty, they
may rise above the upper timber line, in which case their summits will
be bare of trees, but perhaps rendered glorious by fields of gorgeous
alpine flowers. In regions of extreme aridity the lower limit of tree
growth, as determined by aridity, may be so high that it meets the
similar upper limit, as determined by temperature, and even the most_
lofty mountains will be bare of trees from base to summit. A con-
spicuous illustration of the rise of the lower limit of tree growth until
it meets the upper limit at which arboreal vegetation can survive is fur-
nished by the White Mountains in western Nevada, which, although
over 13,000 feet high, are bare of trees from base to summit. In gen-
- eral, then, the mountains of the arid region in west-central North
America, of which the portions of Idaho and Oregon under considera-
tion form a part, are in many instances bare of trees because they fail
to reach above the dry timber line; others, in general more lofty, are
encircled with a belt of forest; while still others, perhaps even higher
than those having a belt of trees between the two timber lines, are
barren, for the reason that the dry timber line rises until it meets
the cold timber line. )

These conditions are well illustrated in southeastern Oregon. The
mountains northwest of Harney and Burns, probably from 5,000 to
7,000 feet in elevation, are clothed with a fine forestof pines and other
coniferous trees, while Stein Mountain, about 100 miles distant to the
southeast, and rising to an elevation of over 9,000 feet, is, with the
exception of scattered proves in the deeper canyons, without trees.
The mountains northwest of Burns and Harney are sufficiently lofty
to reach above the lower limit of timber growth or the dry timber line,
and on their higher portions are completely forest clothed, but do not
have bare peaks rising above the cold timber line. Stein Mountain
is bare at the summit on account of severe climatic conditions,
and the region from which it rises is so arid that the dry timber line
meets the cold timber line, and even an encireling belt of forest is ab-

aThere is another condition which at times becomes dominant in limiting the distribution of
trees, namely, excess of humidity, as on the borders of swamps, lakes, etc., and it may be found
convenient to recognize a ‘‘ wet timber line * in addition to those referred to above.
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sent. On Stein Mountain a few pines, firs, junipers, and cottonwoods
grow in the deep canyons on its western slope, and at a few localities
along the border of the small streams which descend its precipitous
eastern escarpment. In each of these instances the elevation is well
below that of the cold timber line, and water for natural irrigation is
supplied by streams. :

The snow line on mountains, or the lower limit of perennial snow,
like the upper and lower limits of arboreal vegetation, is determined
by climatic conditions, mainly temperature. The snow line marks
- approximately the elevation at which the mean annual temperature

is at the freezing point, namely, 32° F. The snow line, like the cold
timber line, is high above the sea in equatorial regions, and declines
toward the poles. In the Andes, near the equator, the snow line has
an elevation of about 17,000 feet; in the high sierra of California, it
is at an altitude of about 14,000 feet; on the southern slope of Mount
St. Elias it has an elevation of 2,500 feet; and in the Arctic-Archi-
pelago it reaches sea level. The snow line is higher than the cold
‘timber line, and between the two lies the belt of alpine flowers.

In southwestern Idaho and adjacent portions of Oregon none of the
mountains are sufficiently lofty to reach the snow line, although Stein
_Mountain, the highest and finest range of the region, makes a near

approach to the necessary height, and, as already stated, snow banks
are found on its higher portion throughout the summer, but for the -
most part only in the noontide shadow of northward-facing precipices.

TOPOGRAPHY.

The portions of Idaho and Oregon under consideration have broad
and, in general, flat-bottomed valleys, separated by abrupt and deeply
sculptured hills and mountains. The valleys so situated that the -
streams formed in or traversing them can discharge into lower valleys
or join Snake River are usually trenched by stream channels and
canyons, but the valleys from which there is no escape of the surface
water are level floored and either contain lakes or the desiccated
beds of transient water bodies. The valleys for the most part owe
their existence to the upraising of the bordering hills anid mountains.
Their generally flat bottoms are due to the breadth of the folds or
irregular dome-like elevations and depressions resulting from move-
ments in the rocks and to the partial filling of the depressions by
lacustral and stream-deposited débris.

The greatest valley of the region is the one through which Snake
River flows. This, as was described in a previous report,® extends
from east to west across the entire width of southern Idaho, and
includes an area of about 1,200 square miles in Malheur County, Oreg.
This valley, known also as the Snake River Plains, is underlain by
lacustral and stream deposits and by extensive sheets of basaltic

aBull. U. 8. Geol. Survey No. 199.
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lava. The fine, light-colored sediments, mostly of Tertiary age, are
best developed in southwestern Idaho and the adjacent portion of
Oregon, while the associated lava sheets are more continuous and
apparently more numerous in southern Idaho east of Ada County.
This difference in the rocks is accompanied by marked contrasts in
the topography. The vast smooth plain through which the Snake
River flows has been deeply trenched by that river from American
Falls westward, and where the walls of its canyon are of basalt they
stand in bold cliffs, and if sedimentary beds are present beneath a
surface sheet of basalt, there occurs along the borders of the plateaus
a characteristic feature common in many areas in Oregon. The sheets
of resistant material, with weak strata beneath, give origin fo rim
rocks, as they are locally termed; that is, precipitous and frequently
vertical escarpments, surmounting more gentle slopeks which are
sheathed with débris derived from the crumbling margin of the pro-
tecting layer (Pl. XVI). The details in the valley sides present great
variety, dependent on the number of alternating strong and weak beds,
and their variations in thickness. Where the strong, resistant rocks
greatly predominate, the valley sides due to erosion are bold, and if
canyons have been excavated they are characteristically narrow, with
nearly vertical walls. Where weak, easily eroded rocks predominate,
other conditions being the same, the valleys are wide and have flaring
sides, perhaps with a few vertical steps, marking the positions of
resistant beds, and narrow canyons with vertical walls are absent.
Where all the rocks cut through in the excavation of a canyon or
valley are soft or weak, as for example where lava sheets are absent,
and only lacustral beds, stream deposits, or beds of volecanic dust and
lapilli are present, the valleys have widely flaring sides which are
sculptured into a great variety of details, owing to the action of rain,
rills, and usually ephemeral streams. The results just indicated,
which depend mainly on rock texture and composition, or perhaps
more strictly on the varying degree of resistance rocks offer to
mechanical and chemical ervosion; are modified, as is well known, by
differences in the way the earth’s surface is being sculptured,
dependent on climatic conditions, elevation above -sea level or the
base-level of erosion. In the portions of Idaho and Oregon under
consideration the climatic conditions are essentially the same through-
out, but the elevation and the position of the rocks are markedly
different from locality to locality. )

N

MOUNTAINS.

The entire region here considered may be designated as mountain-
ous, and although at present not enough is known of the underlying
structure to permit a detailed description of the manner in which even
the more prominent elevations were produced, it is apparent that two
types of mountains are present.
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The Owyhee Mountains, in southwestern Idaho and the adjacent
portion of Oregon, consist of a broad dome-shaped mass, composed of
sheets of igneous rock and thick deposits of Tertiary lake and stream
sediments, but as indicated by the débris in the stream beds leading
away from the central part of the extensive uplift, quartzite and
granitic rocks are present in its higher portion. The great dome,
from a cursory examination of a part of its bordering slopes, has been
deeply dissected by streams and given a rough surface.

Similar to the Owyhee Mountains in their general features are the
mountains of the northern portion of Malheur and Farney counties,
but too little is known of that region to permit one to speak with con-
fidence, even of the larger features in the structure. It is evident,
however, that great erosion has taken place, and that all the second-
ary features, or those which give diversity and picturesqueness to
the scenery, are due to the weathering of the uplifted rocks and the
erosive work of streams. ,

Mahogany Mountain, in the east-central portion of Malheur County,
Oreg., is a long, narrow, sharp-crested ridge, trending northeast and
southwest, and presenting a bold escarpment to the northwest and a
much more gentle, but still steep slope to the southeast. The rocks
of which it is composed are to a considerable extent, at least, rhyolitic
tuffs, which occur in well-stratified beds and are resistant to the
agencies of erosion.” Beneath the beds of tuff there are probably soft
Tertiary lacustral and stream deposits, and the entire series isinclined
downward to the southeast at angles varying from perhaps 10° to 15°.
In short, this uplift has the characteristics of the Basin ranges of Utah
and Nevada, and, as appears from the evidence in hand, may be con-
sidered as aridge produced by the upheaval and tilting of the rockson
one side of a break; that is, the mountain is due to the tilting toward
the southeast of an elevated fault block. Erosion has roughened the
slopes of the mountain, but not enough to conceal the leading features
due to uplift. It is clothed with picturesque groves of mountain
mahogany, whence its name.

The most prominent mountain in eastern Oregon, and by far the
most conspicuous of all the elevations of a region embracing many
thousands of square miles in Idaho, Oregon, and Nevada, is Stein
Mountain, in the southeastein portion of Harney County. This con-
spicuous uplift rises to a height of about 9,000 feet above the sea,
by aneroid measure, and about 5,000 feet above the desert plajn in
Alvord Valley at its east base. It is a long, narrow range, trending
in general about northeast and southwest, but its crest line is some-
what curved. On the east, in its highest and most characteristic
portion, it presents a remarkably bold escarpment, and on the west
it slopes gradually down to the valley in which Harney and Malheur
lakes ave situated. The crest line of the uplift is near its eastern
border, the descent on the east- being precipitous and seemingly

-
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almost vertical, while the west slope, from 20 to 30 miles in length,
has an inclination varying fromr about 3° at the crest line of the
mountain to less than 1° at a distance of 15 miles, and continuing to
decrease still farther westward. Southwest of the highest portion of
the uplift the rocks of which it is composed are bent into a broad,
gentle syncline that widens out to the northwest and passes beneath
Harney and Malheur lakes. The longer axis of this synclinal trough
pitches to the northwest and the-inclined basin produced by the
faulting and folding is drained by Donner and Blitzen River.

Stein Mountain is thus a typical monoclinal block of large size.
The entire length of the uplift is in the neighborhood of 100 miles,
but its exﬁremities have not been closely examined. It is apparent
that the main part of the eastward-facing cliff, forming the highest
portion of the uplift for a distance of over 20 miles, is a fault scarp,
along the base of which recent movements have taken place, as is
indicated by the occurrence of hot springs and fresh breaks in alluvial
deposits. During a visit to this region in 1882 ¢ I believed this fault
to continue far to the north, but more detailed study must be made
before this can be considered as fully established. It may be that at
the north the Stein Mountain fault scarp merges with a similar
eastward-facing cliff, which may be interpreted as being due to the
erosion of an anticline. To the eastof the great line of cliffs referred
to there are other monoclinal ridges, which, so far as the evidence
now in hand is concerned, may be interpreted as remnants of a deeply
eroded anticline, instead of evidence of extensive faulting, as pre-
viously considered. '

The rocks of which Stein Mountain is composed are principally
basalt, in well-defined sheets. The basalt, as is well known, was
poured out in a molten condition, either from fisstures, forming what
are termed massive eruptions, or, what is ‘more probable, from well-
defined volcanic vents, as has happened in many instances in the same
general region in recent times. . The age of the Stein Mountain basalt
isprobable Middle Tertiary, and it seems to be a part of the great suec-
cession of widely extended lava flows, termed in a general way the
Columbia River lava. In the highest and grandest portion of the
mountain the layers of basalt are in many instances separated one from
another by layers of coarse yellowish sandstone, varying in thickness
from- 4 o1 5 to about 15 feet. In one section, obtained while climbing
the east face of the uplift, which overlooks Alvord Desert, seventeen
of the sheets of sandstone referred to were observed. The basaltic
layers average perhaps 60 to 75 feet in thickness, and a large number
are present. The entire thickness of the great pile of widely extended
sheets of basalt is about 5,000 feet.

On the west side of Alvord Desert, and for a distance of about 10

aRussell, I. C., A geological reconnaissance In southern Oregon: Fourth Ann. Rept. U. S.
Geol. Survey, 1884, pp. 431-464,
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miles along the east base of the highest portion of Stein Mountain,
there are fine exposures of sedimentary rock, mostly shale, beneath
the basalt composing the main mass of the mountain. These sedi-
ments have not, as yet, yielded fossils, but arve probably of early Ter-
tiary age. Their exposed thickness is over 1,000 feet. On the west
side of Stein Mountain, in the vicinity of the east borders of Malheur
and Harney lakes, there are, again, good exposures of sedimentary
rocks and of tuft, but these are younger than the Stein Mountain basalt.
A detaiied study of this region can not fail to furnish most instruec-
tive results as to the succession of rocks which underlie a great por-
tion of eastern Oregon and the neighboring parts ot Idaho and Nevada,
as well as typical illustrations of the manner in which the earth’s
crust throughout the same region have been bent and broken and
otherwise deformed.

Traversing the immensely thick suceession of basame sheets, in the
eastface of Stein Mountain, there is anumber of nearly vertical basaltic
dikes, ranging in thickness from about 15 to 60 feet. These dikes
are horizontally columnar in their central portion and are well exposed
in several instances for distances of a thousand feet or more in the
. -walls of nearly vertical cliffs. These dikes, as is well known, are due
to the filling of fissures with molten rock injected from below. The
slow cooling of -the intruded magma resulted in producing joints
which define the sides of the usually six-sided, horizontal columns,
which forms such a conspicuous feature of the parts of the dikes now
exposed. The horizontal columns appear not unlike the steps of
great stairways in the walls of the cliffs traversed by them, and a
person climbing the mountain finds it convenient to utilize them as
stepping stones, since in some instances they furnish the easiest means
of ascent.

Since the upheaval of "Stein Mountain it has undelgone a large
amount of erosion, and deep canyons have been excavated in it,
especially on its western side.  From the head of Donner and
Blitzen River northward to Kieger Creek, a distance of about 25
miles, each of the principal westward-flowing streams, six in number,
_ is situated in a deep canyon of its own making. The boldest and
most characteristic of these excavations is the one occupied by Kieger
Creek. This creek has its ultimate source at the crest line of the
uplift, which, it will be remembed, is on the east margin of the tilted
block forming the mountain, and flows westward in a steep-sided
canyon that. for a distance of about 8 miles is over 2,000 feet deep.
The walls of this canyon, like all the other profound trenches cut in
the west slope of the mountain, have been excavated in gently dipping
beds of basalt. Nomne of the westward-flowing streams, however, so
far as known, has cut through the basalt so as to expose the rocks on
which it rests. The canyon of Kieger Creek exhibits well-marked
contrasts on its two sides. The north wall is a continuous and
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remarkably smooth escarpment of basalt, concealed in large part by
talus, while the south wall is broken by several deep alcoves or side
“canyons, between the mouths of which there are prominent and in some
instances remarkably picturesque pinnacles and buttresses of black
basalt. The scenery of the south wall is remarkably fine, and derives
its principal geological interest from the fact that the bottoms of the
side alcoves open out into the main canyon to which they are tribu-
tary, at a generally uniform horizon, at least 800 feet above its bottom.
To use a name recently introduced into geographical literature, the
alcoves referred to are hanging valleys, or valleys which have been
occupied by and owe their leading characteristics, as is now generally
conceded, to the work of small glaciers tributary to a much larger ice
stream. The main canyon of Kieger Creek is broad bottomed, with
a well-defined U-shape in cross section, due in part, however, to steep
talus slopes on its side. In brief, the shape of the canyon is such as

is usually attributed to the work of a stream-like glacier. There is
an absence of well-marked lateral moraines on the canyon’s sides, and
no polished or striated rock surfaces were observed. In spite of the
incompleteness of the records, however, it seems safer to conclude that
the canyon was occupied at one time by a small glacier of the alpine
type. Four or five small tributaries joined the main glacier on its
south side, each one being situated in a lateral alcove about 1 mile in
length. These lateral alcovés have the characteristic shapes of glacial
cirques, and at the head of each one snow banks at the present time are
found throughout the summer. With but a slight change of climate,
prolonging the winter conditions and increasing the snowfall, these
lateral alcoves would again be occupied by glaciers. There is an
absence of glacial records on the bold summit portion of the mountain
between the deep canyons trenching its gentle west slope, and it
appears that even during the Glacial epoch the balance of atmospheric
conditions was only favorable to the accumulation of snow to such an
extent as to supply small local glaciers in the deeper valleys. Evi-
~ dently the mountain was deeply trenched by the westward-flowing
streams before the Glacial epoch, and the canyons excavated at that
time were subsequently modified in a small way by glacial ice. None
of the canyons referred to, excepting the one excavated by Kieger
Creek, was closely examined, but from the descriptions given by resi-
dents of the region it seems that several of them, including the one
in which the principal tributary of Donner and Blitzen River rises,
may have been modified somewhat by glacial ice. Stein Mountain,
it will be remembered, is an isolated uplift, and the highest elevation
- in eastern Oregon or the neighboring portions of Idaho and Nevada.
It is also the only mountain in that great region, so far as we now
know, that bears evidence of having been formerly occupied by
glaciers. 4
Bull. 217—03——2
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VALLEYS.

The valleys of southern Idaho and southeastern Oregon are in gen-
eral broad with nearly flat bottoms and either trenched by stream
channels or smooth from side to side. The features due to stream
erosion are found in the valleys which have an avenue of escape for
their waters, such, for example, as discharge to Snake River, but some
of those which are not completely inclosed are, on account of the
aridity of the climate, not scored with stream-cut channels. The
smaller streams from the uplands, on entering a valley, flow less rap-
idly than in the upper portions of their courses owing to the flattening
of their channels. More than this, evaporation decreases the flow,
and furthermore, also, as the streams enter the arid valleys soil mois-
ture becomes less and there is percolation away from a stream chan-
nel instead of into it, as is normally the case in humid regions. For
these various reasons the streams drop a large part and in many
instances all of the material they bring from the uplands, and thus
broaden the valley bottoms and tend to give them even surfaces.
The material brought out of the usually narrow valleys and canyons
in the uplands and spread over.a wide area in the valleys ranges in
physical character from coarse gravel and even large stones and
bowlders to fine sand and the finest of silt. The coarser material is
deposited for the most part near the base of the bordering uplands,
but under exceptional conditions sometimes is carried far down the
stream channels, while the finer material, owing to the subdividing of
the streams in the valleys, and the presence of distributaries on allu-
vial cones, is spread out over a broad area. By this process deep
accumulations have been formed over the valley floors. It is to this
method of deposition that the richness of the soils in the valleys of
Idaho and Oregon, in common with nearly the entire arid region, is
due. The streams from the uplands which fail to reach through
drainage lines to the sea not only deposit their visible loads of sand,
silt, ete., but their invisible loads as well—that is, the material they
bring from the higher portions of their courses in solution. This
process is carrvied on not only by the ephemeral streams, but to a
considerable extent, as is well known, by the perennial streams, since
the latter, while flooded, in many instances widely overspread their
dry-season channels.

In southwestern Idaho and in the northern portion of Malheur
County, Oreg., the broader valleys are to a great extent floored with
fine, nearly white silt and volcanic dust—the sediment of Lakes Idaho
and Payette—deposited in Tertiary time, and in these instances it is
sometimes difficult to distinguish the older deposits from the stream-
deposited silts laid down on them at a later date. In fact, the mate-
rial in each instance, to a considerable extent, is esséntially the same,
since modern streams have eroded the Tertiary terranes and rede-
posited the loads thus acquired on adjacent surfaces.

Throughout many of the valleys of southeastern Oregon the under-
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lying formation is fine silt and volcanic dust, essentially the same as
the material just referred to as having been deposited in Lakes Idaho
and Payette. Conspicuous examples of such deposits occur in the
valley of the Owyhee where Jordan Creek enters it, about the eastern
and southern margins of Malheur and Harney lakes, and in many
other localities. The picturesque badland sculpturing of the lacus-
tral deposits in the valley of the Owyhee is represented on Pl. XVIII.

In general, as may be gathered from the statements just made, the
valleys of the region éxamined are floored with the deposits of Terti-
ary lakes and by modern alluvium washed in from the adjacent
uplands. Another process of filling is through the action of the wind.
Considerable removal and redeposition of fine material is now going
on, and in certain localities notable accumulations of sand and dust
can be easily traced to this cause. Still another process of valley
filling, which results in giving depressions remarkably level and con-.
spicuously persistent surfaces, is by the accumulation of rock frag-
ments, such as lapilli and volcanic dust blown out of volcanoes during
explosive erflp‘oions, and the overflow of highly liquid lava from vol-
canic vents, as will be explained later in describing some of the
recent volcanoes of the region under eonsideration.

The wide distribution of fine alluvium over valley floors by ephem-
eral streams necessitates a delicate adjustment of climatic and
topographic conditions such as is seldom seen except in regions of
small rainfall. Before man disturbed the balance of natural condi-
tions, many of the valleys of Idaho and Oregon became deeply filled
with fine, usnally yellowish or nearly white rock débris, and only faint
stream channels, if any at all, ¢could be distinguished on the surfaces
of the deposits during the seasons of extreme desiccation. The
uplands and valleys alike were clothed with an open growth of vege-
tation, consisting ‘largely of bunch grass. On the uplands and hill-
sides the grasses serve to bind the soil together, but less completely
and efficiently than is usually the case in humid regions where a con-
tinuous sod is-present. In the valleys, owing to the absence in many
instances of stream-channels in the deep alluvium, soil moisture was
held near the surface at least during a considerable part of the dry
season, and grasses, notably the coarse rye grass, grew luxuriantly.
This delicate balancing of conditions, a result of a long period of
adjustment, was seriously disturbed when stock was introduced and
grazing on the natural pastures was carried on extensively. The
introduction of large numbers of sheep, especially, has resulted in the
nearly complete destruction of the bunch grass over vast areas, and
in consequence the surface run-off from the uplands has been rendered
more rapid and rills have been formed where previously the rain
" water soaked into the ground and percolated slowly away. The
more rapid surface run-off has caused the hillsides to be deeply
gullied, much of the soil has been swept into the lowlands, and on
account of the increased strength of the surface streams the débris’
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taken in suspension and redeposited is coarse as well as more abund-
ant than formerly.. Destructive denudation is thus in process on the
hillsides and an equally destructive deposition taking place in the
valleys. - Owing'to overgrazing the grasses do not have an opportunity
to mature their seeds and scarcely to sprout from the old roots, and
the destruction of the natural pastures is thus for several reasons

- . going on at an accelerated rate. One result of the quicker transfer

of the surface waters from the upland to the valleys is the excavation
of channels, frequently from 5 to 20 feet deep, in valley floors, where,
previous to the change referred to, the water spread out over the sur-
face and deposited fine silt instead of eroding as at present. The
cutting of channels has, in many instances, resulted in a far more
complete subdrainage of the valleys, and in consequence has caused
the disappearance of the rye grass which formerly flourished in them
and its replacement by sagebrush.” A conspicuous illustration of the
process just outlined is furnished in the broad-bottomed valley of
Willow Creek, northwest of Vale, in the northern part of Malheur
County, Oreg. This valley, previous to the introductior of stock in
excessive numbers, is reported to have been without a dry-season
stream channel, and to have been clothed over great areas with a
luxuriant growth of rye grass, which was mowed each year for hay.
Now, owing to the more rapid escape of the rain water falling on the
upland, a stream channel 8 or 10 feet deep has been excavated for a
distance of a score of miles through the central part of the valley.
In summer this freshly cut channel is dry and contains only occa-
sional pools of water, and the rich land adjacent to it is so completely
subdrained that the me&dows of rye grass have dmappeared and been
replaced by sagebrush.

The cause for the reéent changes just referred to is, as stated, over-
.grazing. The lands that have suffered, but more particularly the
uplands, belong to the Federal Government, and are considered as
free pastures. The reason for the ruin that has been wrought is the
greed of the people owning stock. The remedy is the prohibition of
free grazing on public lands. Now that practically all the land which
can be irrigated, excepting through the use of artesian water and by
the construction of storage reservoirs, such as can only be built by
State or national aid, has passed to private owners, it seemsdesirable
that the remaining land, and especially the hills and mountains,
should be placed on the market at such a figure and under such con-
ditions that they can be acquired in large tracts and cared for as
private pastures. The beneficial influences of such a system are
already shown, although illegally and in defiance of Federal laws,
by the extensive tracts of Government land that have been inclosed
with fences by numerous individuals and stock companies. If the
grazing lands pass to private owners the interests of such owners
would be to decrease and otherwise regulate the degree to which
they are grazed, and to conserve and regenerate the rapidly vanishing
grass crop.
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HYDROGRAPHY.

DRAINAGE SLOPES.

In reference to drainage the portions of Idaho and Oregon traversed
during the reconnaissance of 1902 present two prinecipal divisions.
All of the part of Idaho visited, together with Malheur County and
the northeastern part of Harney County, Oreg., belong to the drain-
age system of Snake River, a branch of the Columbia, the waters of
which are discharged into the Pacific Ocean. This region is thus a
portion of the Pacific slope of North America. The.principal part of
Harney County, however, sends no water to the ocean, but is a part
of the great region of interior drainage termed the Great Basin. The
dividing line between these two great hydrographic provinces, in the
region under review, is indicated by a broken line on the map forming

Pl I

STREAMS.

The principal streams tributaryto Snake River are the Owyhee and
Malheur rivers. The Owyhee rises in the bold mountains of Owyhee
County, Idaho, and the adjacent region on the west which lies in
Oregon, and has the same general topography and climate. It flowsfor
the most part through a suceession of narrow defiles cut in resistant
igneous rocks, but at times its canyon opensout into park-like valleys
where soft lacustral sediment permitted easy exeavation. One of
these wide reaches eroded by the stream. is situated where Jordan
Creek joins it. Here there is a beautiful valley about 6 miles long
and 2 miles wide, the east and west borders of which are picturesque
cliffs. Therocks are principally evenly stratified lacustral sediments
of Tertiary age which are light colored and in part of a delicate-green
tint. Some idea of the marvelous rain and wind sculpture on the hold
wall of this little stream-eroded basin may be gathered from PL
XVIII. The bottom of the valley is sagebrush land, a small portion
of which is now under irrigation. At the lower end of the valley the
soft lacustral deposits are absent, and the river has cut a narrow can-
yon about 200 feet deep with vertical wall through dense igneous rock.
A favorable site is here furnished for a storage rveservoir, in which
the abundant winter waters of the Owyhee might be retained for use
on the parched plains near Snake River. = This site is certainly worth
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