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Purpose and History of the Investigation
The project of studying the

eo1ogy of the Umatilla

River basin area was assigned to the author in 1951 by the
Portland, Oregon, office of the Ground Water Branch of the
United States Geological Survey while the author was an
employee of that office,

The geology and the ground-

water hydrology were to be studied in preparation for a
report to be entitled "GEOLOGY AND GROUND-WATER RESOURCES
OF THE TJMkTILLA RIVER BASIN AREA," which now is in
preparation.

The project was interrupted by military duty

in 1951 but was resumed in December 1952.

With the

consent of his supervisors, the author made arrangements
with the faculty of Oregon State College to use the geology
section of the work as a thesis in partial completion of
the requirements of a master's degree in geology from that
institution,

Field work for the project was accomplished in the
eleven months from December 1952 to November 1953.

The

project included making a reconnaissance study of the
geology of the area.

Base maps for the project include standard thirtyminute U.S.G.S. topographic maps of the Blalock Island,
Umatllla, and Pendleton quadrangles (see p1. 3), a Forest
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Service planlmetric map of the Pendleton Ranger district of

the tlmatilla National Forest (p1. 4), and, in the area
south of the Willamette Base Line and west of longitude
118°30', a planimetric map which was compiled by the author
from air photos, Forest Service maps, and field
reconnaissance (p1. 2).
Previous Work in the Area

The Thnatilla River basin area has excited interest
among geologists for one reason or another for a number of
years. In the late 1920's . Harlan Bretz (3, pp. 92_931)
presented a series of papers reporting field evidence and
advancing a theory to explain the origin of the soablands
and glaciofluviatile deposits bordering the Columbia River.
In 1931, Hodgo (11, pp. 985-1010) published a paper
reporting "xeeptional morainelike deposits in Oregon",
again involving the glacial outwash material, In 1933,
Allison (2, pp. 675-722) published a paper advancing a new,
and to the present writer more 1o9ioa1, theory explaining

the relation of the origin of the seablands to the
glaciofluviatile deposits.
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This report is concerned with that portion of tatilla
and Morrow Counties in northeastern Oregon that is drained

by the UnatiUa River and several smaller streams as
shown on plate 1.

The area is roughly oval in shape and

covers about 2,700 square miles.

Among the cities and towns within the area are
Pendleton, Hermiston, Umatilla, Pilot Rook, Stanfield,
Athena, Echo, Helix, Adams, Meacham, Rieth, and Karnela,

listed in order of decreasing size,

The city of Pendleton,

centrally located within the area, is a main railroad,
highway, and airline station,
The area. is well served by roads and highways with

the exception of the Blue Mountains region, most of which
is accessible by forest roads only in fair weather.

Major industries within the area are agriculture and
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youthfully to maturely eroded by consequent streams which
have produced rictny steep-walled canyons.

In the more

maturely dissected regions that lie near the edges of the
highland area the canyons are separated by sharp razorbacked ridges and narrow remnants of the original lava
surface.

In the less maturely eroded portions that lie

near the summit of the Blue Mountains the deep, narrow
canyons are separated by fingers of the broad, relatively
flat plateau which comprises the Blue Mountain highland.

The elevation of the Blue Mountain highland ranges from
3,500 feet at Cabbage Hill to more than 5,000 feet at
Huckleberry Mountain.

The highlands have an annual precipitation slightly in
excess of 35 inches (17, p. 203), and a large volume of
surface runoff.

The resulting streams have produced a

well-developed consequent rectangular and dendritic stream
pattern.

In that portion of the area northeast of Meacham

and Kamela the drainage pattern is mainly rectangular and
is controlled primarily by the fracture pattern existing in
the bedrock.

In the remainder of the area the stream

pattern is dendritie and follows down the dip slope of the
old lava surface,

In many instances the streams merge before crossing
onto the northwest dipping basalts of the monocline which
preêuees the Blue Mountain slope.

For example, Squaw

Creek, Meachain. Creek, Ryan Creek and the forks of the

Umatilla River all join the main Umatilla River in that
portion of its channel between Bingbain Springs and Gibbon
(see p1. 4.).

Here the river flows almost parallel to the

strike of the basalt before it crosses the monooline west
of Gibbon.

Similarly, the tributaries of Butter Creek

merge before crossing a low, gentle monocline at Pine City.
The Blue Mountain slope is a gentle, raniplike, maturely

dissected declivity descending from the relatively flat
Blue Mountain highlands to the lowlands of the North
Central Oregon district,

The slope occupies a northeast-

southwest belt that is 15 miles wide east of Athena.

narrows to a width of about five miles northwest of

It
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Walla Walla basin. The southern portion of the Pendleton

plains area consists of a youthfully dissected piedmont
alluvial plain, the uneroded surfaces of which slope very
gently from all directions toward the vicinity of the
Presbyterian Mission four miles southeast of Pendleton.
All the streams traversing the Pendleton plains are
consequent, although the Umatilla River is antecedent in
its relation to Rieth Ridge.
The Pendleton plains are separated from the Uatilla
lowlands farther west by the north-south crest of Rieth
Ridge. This ridge is a broad upland extending northnortheast from the Blue Mountain slope to the Horse Heaven
Hills. The Uxnatilla River cross-outs the ridge in a sharp
canyon just below Pendleton.
The tJmatilla lowland comprises the remainder of the
area. It is a youthfully dissected surface of gently

rolling topography rising from an altitude of about 2.00 feet
at Irrigon south to the foot of the Blue Mountain slope and
east to the crests of Rieth Ridge and the Horse Heaven Hills.
The Umatilla lowland is divided into three areas which
are differentiated by altitude. These are the soabland
topography below an altitude of 750 feet, the dissected
glacial-lake-bed zone between altitudes of 750 feet and
1,150 feet, and the loose-covered, youthfully dissected
rolling plains above 1,150 feet.

The "soablands" referred to above lie below the 750foot contour and consist of a sreani-ohannelled area of
water-scoured, relatively horizontal basaltic bedrock
covered In places by glaeiofiuv1atIle deposits that roach
a maximum depth of 150 feet. This material is easily
eroded by the wind. The deposIts are therefore dotted by
many blowouts and the area Is taversed by numerous

longitudinal sand dunes orlente4 parallel with the
direction of the prevailing win4. The soablands have an
Interesting genesis which has boon adequately treated by
Bretz (3, pp. 92-93), AllIson (, pp. 675-722), and others.
The dissected glacial lake beds, lying between
altitudes of 750 feet and 1,150 feet, are so badly eroded
by wind and water that only a fw renmants of the old lakebed surface remains. These arelong, low terraces lying at
altitudes of 1,000 feet to 1,150 feet in T. 3 and 4 N.,
R. 30 E. The terraces are underlaIn by thick deposits of

crudely stratified lacustrine slit with a little erratic
ice-rafted sand, gravel and boutders. The silt has been
much reworked by wind and such Zeworked material is partly

indistinguishable train the loes that lies at higher

altitudes,
The bess, derived in part: frorri. the glacial-lake
silts, forms a veneer over most of the pro-Pleistocene
rocks of the Uuatil1a River bas.n, In the southern part

of the area it is a fairly thIn deposit not exceeding

10 feet in thickness, and it grows thinner with increasing
distance south.

The bess was deposited by predominantly

southwesterly winds, and in the district around Hoidman,

Helix, and Adams, which lies northeast of the old glacial

lake, the bess deposits range up to 50 foot in thickness,
The Uinatilla River is a consequent stream. for most of

its course across the Pendleton plains and the Umatilla
lowland.

Where it crosses Rieth Ridge, however, its course

appears to be antecedent,

The river flows through a broad,

shallow canyon where it traverses the lowlrnds east of
Pendleton.

The river's course crosses Rieth Ridge between

Pendleton and Echo.

Here the canyon is narrow and steep

walled and reaches a maximum depth of about 70 feet.

wo

miles north of Eoio, the river enters the lowland area
covered by the glacial outwash.

From there to the mouth of

Butter Creek its valley is broad and shallow.

West of its

confluence with Butter Creek, the Uxnatilla River turns

northward and flows through a shallow, narrow canyon to the
Columbia River.
Cl irnate

The climate of the Uxnatifla River basin area ranges

from a mild, semiarid temperate climate in the Umatilia
lowland to a cool temperate climate in the Blue Mountains
highlands.

The total annual precipitation (17, p. 203)
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increases progressively with the altitude from about eight
inches at Umatilla to about 35 inches in the higher portions
of the Blue Mountains.
months4

It tails mostly in the winter

The prevailing wind is from the southwest.

The oldest rocks of the Umatilla River basin area are
pre-Tertiary in age and are composed of a metamorphic mass
that was intruded by a large composite igneous body of
norite and quartz diorite.

This pre-Pertiary material is

unoonformably overlain by a fairly thick deposit of Iocene
volcanios and terrestrial sediments which are of comparable
age and analogous lithology to the Swauk formation (14, p.1)

of south-central Washington and of comparable age to the
Clarno formation of northeastern Oregon.

The outcrops of

these pre-Miocono rocks are shown on plate 2.

The Bocene rocks are, in turn, overlain by the
Columbta River basalt of Mioceno age.

This basalt is the

most important rook unit in the area as to areal extent,
thickness, and structural control of the topography.

The basalt is overlain by five types of terrestrial
sediments.

The oldest of these is a fanglomerate formation

composed of silts and basaltic conglomerate.

This fanglom-

orate was deposited during Pliocene or early Pleistocene

time after mild deformation of the Columbia River basalt.
It was derived from the basalt at higher elevations and
deposited upon it at lower elevations.

Below an altitude of 1,150 feet the basalt (and in
places the Pliocene fanglomerate) is overlain by
Pleistocene glacial lake beds and, below 750 feet, by

J glaclo-fluviatile deposits,
All the, rook units in the area are overlain by a veneer

of bess,

These Pleistocene to Recent silts were derived at

least partly by wind action on the glacial-lake beds
previously mentioned.

The youngest materials in the area are the thin,
shallow ribbons of Recent alluvium which borders the
streams.

This alluvium is coip,osed mostly of basaltic

gravels in the Blue Mountains district and of reworked

boss in the lowlands districts.
In some places small amounts of white volcanic ash are
found in the alluvium, forming minor local terraces along
the edges of the canyon bottoms and on the adjacent slopes.

Each of these rock units is discussed in more detail
below.

Pro-Tertiary Rocks

Metamorbio ooip1ex.- Metamorphic rooks are exposed
in the southwest portion of the area in the region
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previously described as the Blue Mountain slope.

The

topography of this region is mature and the deep canyons
in places have been cut through the Columbia River basalt
into the underlying rocks.

The metamorphic rocks are now

exposed in a total area of slightly less than 15 square
miles (see p1. 2).

These rocks have undergone a rather

high degree of metamorphism and are ;nembers of the

amohibolite fades (16, p. 61).
The metamorphic rocks consist of a fairly thick
series of gneisses and schists out by small bodies of
granite pogmatite and ultra basic rocks.

A broad zone

of migniatite is exposed in Bear Creek canyon near the

contact of the metamorphic rocks and the quartz diorite
intrusive mass,

In this zone the schists and gneisses are

cut by many nearly vertical dikes of rock similar in
appearance to the quartz diorite intrtisive.

These dikes,

ranging from a few inches to several feet in thickness,
parallel the foliation of the metamorphic rocks.

The sohists are amphibolite or amphibolite-epidote
schists.

Some of them contain appreciable quantities of

calcite in distinct, though anhedral, crystals.

The gneisses are composed almost entirely of
alternating layers of hornblende and plagioclase, usually
andesine.

Some of them contain minor amounts of calcite

and epidote.

The hornblende and pla9ioolase layers range
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sometimes located at some distance from the exposures of
the quartz diorite body.

In the NE

sec. 4, T. 3 S.,

R. 32 E., a mass of hornblendite and of pegmatite lIe with-

in a few feet of each other more than three miles from the
nearest exposure of quartz diorite,
garnet, schorlite, and
feldspar and quartz.

The pegmatite eontain8

muscovite in a ground mass of potash

The hornblendlte is composed almost

entirely of hornblende,

The hornblendite body lies

parallel to the foliation of the hornblende-plagioolase
gnelss surrounding it but the pegmatite body is not
oriented with that foliation.

Similar pegmatite bodies occur near the center of
sec. 33, T. 3 5,, R. 30 E., near the center of sec. 8,

T. 3 S., R. 32 L, and elsewhere.
Intrusive rooks,- The metaiorphic rooks are in contact
with a large composite igneous Intrusive mass.

This

material is exposed over about eight square miles in the
vicinity of Battle Mountain State Park.

The intrusive mass

consists of a large quartz diorite body and a smallei'

norite body whose exposed area is nearly surrounded by
exposures of quartz diorite.

The quartz diorite is composed of about 38 percent
andesine, 30 percent quartz, 28 percent hornblende, and
4 percent biotite, with traces of aphene, apatite, and
iron ore.

Xenoliths of darker, finer-grained quartz

diorite are present and many small dikes cut the rook,
These dikes range up to three inches in width and are
composed of leucocratic quartz diorite.

Most of the con-

tacts between the dikes and the country rook are fairly
sharp but in some places they are gradational.
The quartz diorite at the surface is badly disirite-

grated end is readily eroded,

Its exposures are usually

found in steep-walled valleys with basalt-capped dividing
ridges.

The norite is composed of approximately 63 percent
labradorite, 16 percent bypersthene, 21 percent hornblonde,

with accessory aphene, apatite, and iron ore.

Some of the

bornblende crystals contain small cores of augite,

A small igneous body of quartz diorite is exposed in
Pearson Creek Canyon in the NE

see. 9, T. 3 S., R. 34 E.

This exposure is less than one-fourt:
extent,

square mile in areal

It lies more than ten miles from the larger quartz

diorite body and is richer in quartz than the larger mass,
This smaller body may therefore be a separate intrusive,
although it is possible that it is a part of the larger
body.

Clarno formation.- Approximately l3 square miles of
Eocene volcanics and terrestrial sediments are exposed in
P. 4. S., R. 29 E., in the extreme southerly portion of the

Umatilla River basin.

Twenty miles to the northeast of

this exposure, in P. 2 S., R. 32 and 33 1., scattered outcrops of this same material total approximately two square
miles.

The lower part of this formation consists of sandstones, micaceous shales, and siltstones.

The sandstones

make up the bulk of the material and are composed mostly
of clean, well-sorted massive quartz sand with some
feldspar, white mica, and rook fragments in varying
proportions.

The cementing material is predominantly

calcium carbonate.
fairly fresh.

The feldspars, mostly andesine, are

The mineral grains are angular to subangular.

The shales are made up mostly of clay, very fine grains
of quartz, and white mica,

Some of the beds contain much

carbonaceous material,

The upper part of the formation contains several lava
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or dense groundmass,

Quartz phenoorysts are present in

many of the flows,

A microscopic examination of a sample from a
representative flow was made and the lava was found to be
a dacite porphyry.

Phenocrysts of quartz and andesine

constItuted more than 50 percent of the rock and were set
in a dense

roundmass.

Mica phenocrysts made up about

5 percent of the rock and were altered to chlorite and
iron ore.

Another sample, of a different flow, proved to be a
porphyritio andesite with phenoorysts of andesine, augite,
and hornbiende in a dense groundmass.

Both samples were

badly weathered.

Many of the shales, mentioned above, contain much
carbonaceous matter, some of which has been altered to
lignite or bituminous coal.
contain much "bone."

The coal beds are thin and

Plant fossils from several of these

carbonaceous seams were studied by floland W, Brown of the
U. S. G. S.

He established the Eooene age of the formation

on the basis of the following fossil identifications,
listed by their locations:

NWSW soc. 12, P. 2 S., R. 32 B.

Fossils taken
from a shale bed in the north wall of East Birch
Creek canyon:

A11antod1osis erosa (Lesquereux) Knowlton
and Maxon
Latrea t.tsoberi Hoer
Equisetum sp.
G1yitostrobu.s 4kotensis Brown
Saba1ies ap,
sp.

banksigefolia Newborry
s1Ther diootyleelcnous leaves,

WN see, l, P. 2 S., R. 33 B. Fossils taken
from shale bed on the west bank of Pearson Creek:
Anemia sp.
Lastreà fisoheri Heer
Iyptotrobtis akotens1s Brown
Numerous dicotyl edonôusleave s.
sec. 20, P. 4 5., R. 9 B. Fossils taken from
a shale bed underlying a massive sandstone bed which
forms a ridge top:
sp.
SPI

anksiaefoiia Newberry
sp.

s verrucosus Lesquereux
s dicotyledonous leaves,
This fornation has been referred to as the Clarno
formation by Mendenball (13, pp. 406-408).

unoonformably overlain by the Columbia River basalt,

This

formation is by far the most extensive rook unit in the
Umatilla River area, as in the rest of the Columbia
plateau.

In all but a few of the 2,700 square miles within

the area of this project, the basalt either crops out or
underlies the surface at relatively shallow depths.

According to Fenneman (9, p. 225), the basalt covers about
100,000 square miles of Oregon, Washington, and Idaho to
depths, in some places, in excess of 4,000 feet.
The maximum thickness of the basalt in the Umatilla
RIver basin area has not been determined but is known to be
more than 2,500 feet. Water wells have been drilled in
the vicinity of Pendleton, :Echo, Umatilla, and Athena that
penetrate more than 1,000 feet of basalt without reaching
the bottom. The canyon of the Umatilla River near Gibbon

cuts a total of 2,500 feet of basalt without exposing its
base. Only In the southern part of the drainage basin,
where the basalt thins over the older rocks, is the bottom
of the Columbia River basalt exposed.
This Miocone volcanic composite consists of a series
of basaltic lava flows lying accordantly one above the
other. The individual flows range in thickness from ten

to 100 feet and In lateral extent from less than one to
more than ten miles,
The bottom few Inches of each lava flow generally

consists of fine-gralned, glazsy, fractured rock grading
upward into a coarser-grained rock which Is separated Into
polygonal, usually hexagonal, columns by roughly vertical
cooling-contraction joints. These columns may be a few

inches to several feet In diameter in the bottom half of
the flow but become progressively smaller and more perfectly
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formed in the upper portion,

The upper few feet of the

flow is cononly finer grained and vesicular or scoriaceous.
Variations of this structure are common, dependent upon the
chemical composition of the lava, the temperature at which
it was extruded, its rate of cooling, and the amount of
movement that took place during cooling.

Some flows are

composed almost entirely of blocky, columnar basalt while
others have in their upper parts thick zones of greatly
inflated honeycomb lava.

Mount

One flow, at Eagle Rock near

mi1y, is slightly less than 100 feet thIck and com-

posed almost entirely of a volcanic breccia, the larger
fragments of which are basaltic and apparently pyroolastlo
in origin.

Weathered soil zones are comparatively rare between
the lava flows, although the upper portions of some flaws
wore weathered to a reddish-brown color to a depth of one
or two feet prior to burial by the next flow,

Apparently,

most of the flows were exposed for only a brief time before
being buried by subsequent flows.

A few tuffaceous lacustrine interbeds lie between the
flows in some parts of the area.

Apparently these were

deposited during relatively brief intervals when the lava
flows disrupted the drainage,

Within the Columbia Plateau

province, the largest of these interbeds is called the
Ellensburg formation from its type locality near Ellensburg,
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Washington.

The Ellensburg formation is not known to crop

out in the Umatilla River basin but has been reported in
the Umatilla-Echo area by water-well drillers.
approximate extent is delineated on plate 3.

Its

Another of

these interbeds, of uncertain extent and identity, was
reported by well drillers to have been encountered in wells
near Athena,

Only one sedimentary interbed was found to crop out
in this area.

This outcrop is in sac, 19, T. 2 S.,

R. 33 L, at the bottom of the east wall of Pearson Creek
canyon.

The outcrop is about 600 feet long and consists of

about 60 feet of tuffaceous, slightly sandy, sMie,
Individual beds range from one-sixteenth inch to three
inches in thickness and their composition ranges from very
fine sandstone to clay,

Numerous poorly preserved leaf

fossils are present and on the basis of these the Miocene
age of the lava rock series is confirmed,

Fossil

determinations were made by Roland W. Brown and a list of
his findings follows:

Querous p!eudolyrata Lesquereux
Zéloova oregoniaiia (Knowlton) Brown
dr
eraformis (Berry) Brown
The shale is soft and incompetent.

Consequently, huge

blocks of the overlying basalt have broken loose and
slumped down, slightly deforining the outcrop and obscuring

its northern and southern ends4

The presence of similar

slump blocks up the slope to the east indicates that this
shale bed extends eastward under the basalt ridge at least
a mile from the outcrop.

The fact that none of this shale

was found on the west side of the canyon indicates that
the canyon may follow a fault line along which the west
side is down-dropped.

The basalt overlying the shale dips

about three degrees northwest and the Clarno formation crops
out about two miles south in this same canyon,

Therefore

this shale bed is fairly low in the Columbia River basalt
of the Blue Mountain slope.

That the basalt issued quietly from fissures or low
shield volcanoes is generally accepted.

Since single flows

are seldom traceable for more than ten miles, large numbers
of fissures must have once existed over the entire area and
one would expect the lava flows to be cut by many small
dikes.

However, such dikes are rarely observed.

Only one

basalt dike was recognized in the 2,500 square miles
covered by the Columbia River basalt.
mapped on plate 4. in T. 2 N., H. 37 E.

This one dike is
Its trend is

arcuately northeast to southwest, concave southeasterly.

Such a trend does not conform to the main regional
northwest-southeast faulting and fracturing pattern.

Black Mountain, two miles southwest of this dike, has
the shape of a shield volcano and may have been a source of
some of the basalt,
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Pliooeno fanglonterate,- Two large units of Plioceno

fang1oerate immediately overlie the Columbia River
basalt at low a1titude.

otb these units are characterized

by subangular to well-rounded basaltic conglomerate
ranging in particle size from grit to boulders, with thick
silt lenses,

The formations are quite impermeable, the

interstices having been almost completely filled by silt
and clay during deposition,

Most of the gravels range in size from pebbles to
cobbles and all are composed of basalt derived from nearby
basaltic highlands.

In all the gravels observed, only one

particle was seen which was not composed of basalt,

This

one cobble was a piece of brown, waxy chert, a secondary
material commonly found in the basalt.
The bedding structure of the fanglomerate is crude,
nearly horizontal, with torrential crossbedding fairly
common.

In most places it dips slightly in a northerly

direction.

One of the larger areas of tan1omerate gravel lies

The so-called McKay beds are composed of Pliocene

fanglomerate nmterial deposited in the northeast-trending
trough of the Agency synoline lying at the northwest toe
of the Blue Mountain slope, The beds occupy about 50
square miles in a roughly triangular area whose points are
at Pendleton, Pilot Rock, and Blakely,
The McKay beds are conposed of basaltic pebble and

cobble conglomerate with silt-filled interstices, There
are many silt lenses, some of which are several hundred
feet long and as much as 40 feet thick, but most of the
silt lenses are sorewhat smaller, The material has been
fairly well indurated by compaction and cementation with
carbonate material. It is capable of standing in vertical

cliffs for several years,
The structure of the McKay beds Is essentially
horizontal with some local crosabedding that clips northwesterly. The size of the gravel particles ranges from
angular boulders at the foot of the Blue Mountain slope,.
to well-rounded grit, pebbles, arid cobbles near Pendleton,
The Plioceno age of the McKay beds is established by
Its stratigraphic position (overlying the Miocene Columbia
River basalt and underlying the Quaternary bess) and by
fossil evidence. Fossils taken by the author from a silt
lens on the east bank of McKay reservoir were Identified by

determinations follows:
Dipoides sp.

Castor s,

Ae----'liocene

Age----Pliocene to Recent

The gravels of the lower part of the Shutler formation

of Hodge (12, p. 19) lie west of Butter Creek north of the
Willamette Base Line and above the 750-foot contour. Their

attitude, composition, and structure are very similar to
those of the McKay beds. They were derived from the basalts
of the Blue Mountains to the south and were deposited on the

nearly horizontal basalts of the Columbia lowland, The
maximum thickness of the gravels is about 100 feet. They
are slightly thinner than the McKay beds but are laterally
much more extensive,

They extend westward beyond the

Tjmatilla River basin.

are represented in this area, One is a lacustrine sediment
deposit of glaciofluviatile type.
The glacial-lake deposits lie mostly between the
1,150-foot contour and the 750-foot contour on plate 3,

and consist of a layer of poorly stratified silts with
local inclusions of gravel and scattered ice-rafted
erratic pebbles, cobbles, and boulders. The silts are less

than 80 feet thick and rest upon the basalts and Pliocene
fanglomerate. The erratics range in size from sand grains
up to boulders weighing several tons1

The glaclofluviatile deposits are scattered over the
"scebland" area bordering the Columbia River. Their upper
limit approximates the 750-root contour line. The outwash

deposits consist of rather clean sands and fine gravels
with some large boulders and local silt lenses. TheIr
thickness is quite variable, ranging up to 100 feet,
Locally they may rest upon Plioceno gravels but in most of
the area they rest directly upon the Columbia River basalt,

The outwash material is very crudely stratified, with
croasbedding of torrential-current type, The material is
permeable end surface drainage has not developed.

The

surface water percolates quickly downward into the outwash

The finer portions of
this material are readily susceptible to wind erosion and
and escapes by subsurface flow,

many small dunes and deflation basins occur irregularly
over the area.

The Pleistocene deposits are correlative with the
Touchet beds of flint (10, pp. 461-523), The Pleistocene
material of the whole Columbia basin has been described in
some detail by Bretz (7, pp. 617-649; and 8, pp. 97-115,
236-239), Allison (2, pp. 675-722), and others.

and two minor deposits of this age. The major deposit is
volcanic ash and Recent alluvium.
The Palouse formation is a widely spread veneer of

windblown loossial silt derived in part from the glaciallake-bed silts previously mentioned, The bees occurs
widely spread throughout the tjrnatilla River basin in depths
which range from one or two feet on the surriit of the Blue
Mountains to more than 50 feet in the Horse Heaven Hills
country around Holdian and Helix. The prevailing wind
which deDosited this bees was from the southwest, so the

bees is thickest and ooarsest in the area northeast of the
original lake. As a result, there are several hundred
square miles of northeast-trending dunelike ridges of bass
in the area around Hoidman (see p1. 3). Almost all the area

U i.
is covered with several feet of bess,
Although the bees ranges in age from Pleistocene to

Recent, it is quite probable that the bulk of the eollan
erosion and redeposition took place very shortly after the
drainage of the glacial lake, and that both the bees and
the glacial-lake silts were rather quickly stabilized by a
cover of prairie vegetation.

The bees consists of a sandy silt near the lake beds
but with greater distance becomes a very

fine powder.

As

it is quite permeable and the annual precipitation is low,
much of the rainfall percolates into it rather than
running off, Minor drainage patterns, once obscured by the
shifting bess, do not readily re-establish themselves,
A few small patches of volcanic ash occur in talus
slopes and beneath small minor terraces along the edges of
streams. The ash is white, fine gralned, and uniformly
textured. It commonly shows some thick stratification,
indicating that it has been reworked by water, Beds are
seldom over four feet thick and are of small areal extent.
It is usually both underlain and overlain by Recent
alluvium, most of which was derived from the bess,
The tributary streams of the Umatilla River have steep
gradients and flow swiftly through narrow, steep-walled
canyons with only very small flood plains. Consequently
the Recent alluvium is represented by very narrow ribbons
of river-washed gravel and reworked bees and volcanic ash
bordering the streams,

As

there is a high ratio of silts

to gravel-sized particles, the alluvium is not very
permeable. In the area covered by glacial outwash, the
Recent alluvium is largely indistinguishable from the
outwash material,

Structure of the Rook Units
General Character
The Umatilia River basin area consists of a large
westerly plunging synclinal structure between two large
antlolines.

The antloline to the south is the northeast-

trending structure which forms the Blue Mountains,

Its

axis lies close to the south edge of the Umatilla River
basin.

The one to the north is the south-southeast-

trending structure which has formed the Horse Heaven Ellis,
The axis of the Horse Heaven anticlino merges with the
flank of the Blue Mountain antioline just east of Athena.

The synolinal structure is crossed by several smaller
structures including the Rieth anticline, Agency syncline,

and Service anticline, but its generalized axis plunges
westerly from. the vicinity of Athena and It parallels the

course of the Columbia River downstream from Irrigon.

Each of these features will be discussed in more detail in

the section on the structure of the Columbia River bslt.
The tectonic structures of the bedrock units of the
Umatilla River basin area are dominated br those of the
Miocene Columbia River basalt,

For this reason, it Is

convenient to discuss the structural geology in three
phases; the structure of the pre-Miocene material, the
structure of the Columbia River basalt, and the structure
of the post-Miocene material.

Structure of the Pre-Miocene Rocks
The geologic map (p1. 2) shows the pre-Miocone rooks
exposed in a narrow belt extending almost 40 miles south-v

west from East Birch Creek to Arbuckle Mountain.

The

Eooene Clarno formation is exposed at the northeastern end
of this belt, where it dips northeasterly, and at the
southwest end, where it dips westerly.

The Intrusive

quartz diorite lies in the center of the belt, and the
metamorphic rooks occupy an area between the quartz diorite
and the Clarno formation,

Therefore the regional structure

of the pre-Miocene material seems to be a broad, gentle
upwarp with its apex in the region of the quartz diorite,

Structure of the Columbia River Basalt
General character of the basalt detormatlon.- The
topography of the Umatilla River basin area is largely a
result of the tectonic structure imposed upon the Columbia
River basalt.

Therefore, in general, the topographic units

coincide with structural units In the

basalt1

The Blue

Mountain slope Is underlain by the northwest limb of the
Blue Mountain anticline, but for the purposes of this
report it may be regarded as a monocline dipping northwesterly down from the Blue Mountain upland to the
relatively horizontal basalt flows of the Columbia lowlands.

Deformation of the basalt of most of the area was
accomplished by folding or warping of the beds with
associated fracturing and minor faulting,

However, in

that portion of the Blue Mountain upland east of longitude

lU°3O', much of the deformation has been taken up by
movement along faults.

The structure of the basalt of the Blue Mountain
pland.- The Blue Mountain upland is a broad aritioline with

a nearly horizontal, platformlike crest,

The axis of this

axitioline is fairly distinct eastward from Arbuokie

Mountain in T. 4 S., R. 2

E., to the vicinity of Kemela,

The basalt on either side of ta1s axis dips gently away at
inclinations of mostly less than three degrees4

Northeast

of Meaoharn. a subordinate anticlinal axis borders the

upland area and forms Emigrant Hill.

East of Meacham and Kamela (see p1. 4) the anticlinal
axis is interrupted by a faulted transverse synoline
followed by Meacham Greek.

This synoline is a northwesterly

trending trough produced by gentle warping of the basalt
and by movement along faults and minor fractures,

It is

bounded by a fault which runs along Ryan Creek, Camp Creek,

and the main branch of Meacham Creek to the northeast and
by a fractured downwarp which passes through the towns of
Meacham and Kamela on the southwest,

32

East of the Meacham Creek trough the Blue Mountain
highland is a large upraised block of nearly horizontal
basalt flows.

Locally there is considerable topographic

relief produced by movements along a northwest-southeast
fracture pattern.

This portion of the Blue Mountain highland Is bounded
on the east by the Mount Emily fault zone,

The individual

fractures of that fault zone trend slightly west of due
north but the zone as a whole has a northerly trend which
becomes more easterly farther north.

The western block at

Mount Emily was u.pthrown more than 3,000 feet.

The

magnitude of the displacement decreases nortbwrd.
The structure of the basalt of the Blue Mountain
slope.- The basalt layers descend from the highlands of
the Blue Mountains northwesterly to the lower lands of the
Pendleton plains and the Columbia lowlands In a long,
gentle monocline, dipping from one to three degrees,

Their

otherwise fairly uniform angle of descent is interrupted by
several local stespenings where the dips range from three
to 30 degrees.

The structure of the basalt northwest of the Blue
Mountain slope,- The basalt flows beneath the Pendieton
plains and the Columbia lowland have a gentle northwesterly
regional dip,

This regional attitude is Interrupted by

several structures that are of minor magnitude as compared

1

to the Blue Mountsins but that are of considerable local
importance,

These are the Horse Heaven anticline, Pieth

anticlino, Agency syncline, and Service anticline,

The

Horse Heaven anticlino increases in importance and
magnitude to the northwest of the Umatilla River basin and
becomes a prominent feature in the State of Washington.

The antiolinos fo

topographic ridges which were mentioned

by corresponding names in the section on topography and
drainage,

Each of these structural features is discussed

in more detail below.

The axis of the Horse Heaven anticline trends northwesterly from Athena, along, the ridge between Vansycle

Canyon and Juniper Canyon, and beyond

llula Gap.

E3outh

of the axis the basalt dips less than one degree in a
southerly direction under the Umatilla Valley.

The north

limb breaks off rapidly in a series of northward-tilted
fault blocks into the Walla Walla Valley.

General dips in

this northerly limb are from two to five degrees.

The

echelon-type high-awle faults trend slightly mere
southerly than the axis of the anticline.

The axis of the Rieth auticline branches off the

northward diping Blue

ountain slope southwest of Pilot

Rock and trends northeasterly till it loses its identity
west of Helix in the rising slope of the Horse Heaven
anticline,

Dips on either side of the axis of Rieth

anticline are less than three degrees.
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The agency syncline was first named by Allen (1) in
unpublished records, and the name was formalized by Wagner

(1, p. 8).

It lies at the foot of the Blue Tountain

slope southeast of Pendleton along the structural sag
separating the Blue Mountain slope from Rieth and Horse
Heaven antiolines as shown on plate 34

Its axis trends

southwest from Athena to the vicinity of Pilot Rock,

This

syncline and the Rieth anticline are of special economic
importance because of their effect on the position of the
water table in the basalts beneath the valley areas,

The

basalt is overlain by the McKay beds of Pliocene
fangioiuerate in the lowlands produced by the Agency
sync I the.

The axis of the Service anticilne trends northerly
from Service Buttes, which are northeast of Pine City, to
Sillusi Buttes, which are in Washington across the
Columbia River from Umetilla, Or

on,

The topograthic

expression of this anticline has mostly been eroded away,

but remnants apear at Service Buttes, Emigrant Buttes,
Hermiston Buttes, and Umatilla Buttes,

The east 11mb of

this antloline dips more steeply than does the wectern one,
At Service Buttes the east limb dips 11 degrees and the
west limb only two degrees.

At Sillusi Butte the east

limb ixmnediately adjacent to the axis dips 12 degrees, the

west limb only six degrees.

The folding of this anticline

was quite sharp and the basalt flows were locally closely
jointed and faulted.

Questions that should be considered regarding the
earth movements that created the present large structures,
such as the Blue Lountain and Horse Heaven antielines,

concern the time or age of the movements and the question
of whether the dominant structural deformation was an
upliftIng of the Blue MountaIn district or a depressing of
the lower lands to the northwest.

The attitudes of the successive basalt flows in any
given section are remarkably concordant,

If the deformation

were concurrent with the extrusion of the basalt, Ofle would

expect apreciehle dIscordance in the attitudes of the
successive flows.

Since this discordance does not exist

on a large scale this writer believes that the warping did
not occur until after the extrusion of the basalt was
largely ooip1ete,

Another bit of evidence regarding the age of the
moveient is the position of the McKay beds.

This

fenglomerate lies upon the basalt in the lowland Of the

Agency syncline and obviously was derived from the higher
basalt of the Blue Mountain slope.

Inoe these Pliocene

gravels owe their orir!In and position to the structure they

therefore must postdate at least part of the movement.

Some of the stream canyons show two stages of erosion
in the glue Mountain slope district,

the south wall of East Mrcb Crce

This can be seen in

canyon seven miles

southeast of Pilot Rock and in te Urnetilla River valley
near Gibbon.

This indicates that there must have been at

least two stages of deformation.

The deformation that created the Horse Heaven anti-

dine has been dated by other workers from evidence
gathered outside the Urnatilla River basin area,

Warren

(19, pp. 2O9232) has found that the Columbia River was
brought into the Pasco basin north of Wallula Gap by the
uplift of the Horse Heaven Hills,

After entering the

Pasco basin the Columbia deposited fluviatile sediments
(the Ringold formation) which have been doted as

iddle to

late Pleistocene (Blanoan) age by Etrand (15, pp. 152-153)
and others,

Therefore, the age of deformation of the Horse

Heaven Hills is concluded to be middle to late Pleistocene
and the cutting of Wallula Gap by the Columbia River has
continued from the time of that deformation to the present,

The Canyon of the Umatilla River through Rieth Ridge shows
a degree of erosional maturity similar to that of Wallula
Gap, so the deformation that formed the Rieth anticline was
probably contemporaneous wIth that of the Horse Heaven
anticline,
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As to the nature of the dominant deformation, it is
significant that a section of basalt about 2,500 feet thick
is exposed in the canyon of the Umatilla River at Gibbcn in
the Blue Mountains,

The pre-erosion surface of the basalt

at Pendleton lies at an altitude of about 1,300 feet.
Therefore, if the movement consisted of uplifting the Blue
Mountains from the pre-deformation level of the Pondleton
area, the lowermost flows now exposed at Gibbon must have
been deposited at least 1,000 feet below sea level.

Since

these flows do not show any sign of the pillow structure,

zeolite mineralization, or interflow marine sediments that
one might expect under conditions of submarine extrusion,

the logical conclusion is that the basalt was deposited
above sea level and the subsequent deformation consisted of
depressing the lowland area.

In sumnary, the above evidence leads this writer to
the opinion that the deformation producing the present
structure of the basalt consisted of at least two major
stages of movement and that the movement started after the
extrusion of the basalt in late Miocene or early Pliocene
time and continued until middie-to-late Pleistocene time,

Most of the deformation forming the Horse Heaven antioline
and probably that forming the Blue Mountain antioline
occurred in the middle to late Pleistocene.

The difference

in altitude between the Blue Mountains and the lower land

Structure of the Post-Miocene Material
The post-Miocerte material consists, as previously

described, of Pliocone fanglomerate, Pleistocene glaciallake beds and glaclo-fluviatile sediments, and Pleistocene
to Reoertt eolian and alluvial sediments,

These materials

discontorniably and unconformabi,y overlie the Columbia

iver basalt,

Their crude, obscure primary structures are

described in the sections on litbology,

Geolqgio H1tory
Little is known of the pro-Tertiary geologic history
of the area beyond the fact that old igneous and sedimentary
rocks were intruded and metamorphosed by the large
composite quartz diorite-norlte mass,

During the Eacene epoch, the area bad fairly high
relief and abundant rainfall and a subtropical climate,

The old metamorphic and intrusive rocks were being eroded
and the materials were redeposited as alluvial sands and
silts,

The Eocene was a period of vulcanism, and several

acidic to intermediate lava flows were extruded upon the
old land surface,

These flows dammed the drainage system

and created lakes and ponds which served as depositories
for micaceous and carbonaceous lacustrine silts and clays.

The Oligocene eooh apparently was a period of erosion
in this area.

While the

ohn Day tuff a were being deposited

farther south, this area was uplifted and eroded into
youthful topography.

This period of erosion was interrupted during the
Miocene epoch when fissures opened and flow after flow of
very fluid black basaltic lava was extruded upon the
surface.

These flows first filled the valleys of the

youthful landscape and then spread out over the uplands
until probably all but the very highest portions of the
ancestral Blue Mountains were covered by basaltic lava.

Very short periods of time separated successive extrusions.
Only rarely

es an appreciable soil zone developed on top

of one flow before it was covered by the next.

At times

the drainage was dammed locally by the lava to form lakes
which served as depositories for silts and clays,

By the

time the vulcanism ceased near the end of the Miocene or in
early Pliocene time, at least 2,500 feet of lava bad been
deposited upon the northern parts of this area.

The Pliocene epoch was a transitional period between
the vuloanisni. of the Miocene and the glaciation of the

Pleistocene,

The deformation which was later to produce

the Blue Mountains had started but probably had not

progressed far,

After the deformation had begun, the

Pliocene fanglomerates were deposited in the lower lands
along the face of the growing Blue Mountains,

The deformation of the basalt reached a climax during
middle or late Pleistocene tIme when the Horse Heaven
anticlinal ridge was formed,

The glacial ages of the

Pleistocene are generally regarded as periods of cooler
climate than the present.

Continental and valley glaciers

existed farther north in Washington and Canada in the
Columbia basin.

Icebergs from these glaciers were floating

down the ColumbIa River and probably adding their mass to
the ice from the annual freeze-up of the river itself,
Many of these icebergs carried rock and soil from their
point of origin up river.

According to Allison (2, p. 721),

during the Wisconsin age these icebergs, supplemented by
ice from the annual freeze-up of the river, were obstructed
by a landslide and formed an ice jam downstream in the
vicinity of The Dallas.

This ice jam grew In height and

extended itself upstream, damming the river and causing a
lake to form upstream from The Dallas.

The waters of this

lake quickly rose to an altitude of about 1,150 feet and
deposited stratified sands and silts with an occasional
pocket of erratto sand, gravel, and boulders which mark the
locations where rock-laden Icebergs melted and dropped
their loads.

The lake surface was constantly changing in

out a prominent strand line.

Eventually the lake level reached its maximum
elevation, and then began to lower as the landslide and
ice jam were eroded.

When the lake, surface bad lowered to

elevation of about 750 feet, the current in the tTmatilla

area became stronger and the stream, in f1ndin

its way

around the ice Jam remaining in the maIn channel, stripped
the basaltic bedrock of Its cover of Pliocene gravels and
lactistrine silts and even out deep channels in the basalt

itself, thus forming the cbsnneiled scablands,

the exposed lacustrine silts were subjected to strong wind
erosion by the variable but dominantly southwesterly winds.

A thin veneer of these silts was deposited by the wind over
the entire Umatilla River basin area, and thicker deposits

of sandy bess were formed to the northeast of the lake
beds.

A vegetal cover ultimately formed over the lake-bed

silts and the bess; it retarded wind erosion until that
cover was recently removed for agricultural purposes.

The geologic history of the area since the close of
the Pleistocene epoch has been one of relative crustal
stability and of stream erosiona

There was one brief,

though probably intense, fall of white pumiceous volcanic
ash.

This ash apparently originated with volcanic action
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in some other area and was borne into the Um.atilla basin

area by the winds,

Initially it probably covered the

entire area to a de,th of several inches but was eroded

and, in places, concentrated by wind and stream erosion,
It exists now only as minor terrace deposits In the upland
stream valleys and as lenses and scattered inclusions in

the bess and the Recent alluvium and colluvium,

The several geologic resources which are currently
attracting economic interest In the basin, or which have

done so in the past, are
rock, and ground water,

coal, oIl, gravel and crushed

Each or these resources is

discussed below,

C oa].

The Eacene carbonaceous shales of the Clarno formation
contain several thin beds of coal.

These were explored

rather extensively by private individuals in the early
1900's.

The exposed beds are too thin, too limited in

extent, and contaminated with too much rook material or
"bone" to be of present coixneroial importance.

Economic

interest In the deposits has subsided and the exploratory
tunnels have caved in,

The coal prospects were reported

upon in more detail by Mendenhall (13, pp. 406-4.08),

1

There is considerable local interest in the possible
existence of oil reservoirs in or under the lavas of the
Columbia River basalt. Although favorable structures for
the accumulation of oil may exist in the Horse Heaven

antioline and the south end of the Rieth anticline, there
Is no !w.own rock

material present which would be likely to

be a source rock for petroleum,
Gravel and Crushed Rock

The glaciofiLiviatile material has provided gravel for
several large and many small gravel pits along the Coiwbia
River. Some of the gravel is used locally for road
construction. Some of it baa been used for fill and some
for concrete aggregate in struotures such as MoNary Dam,
The Columbia River basalt provides a widespread,

readily available source of rock. It has been obtained
from many small quarries scattered over the Columbia

plateau and used as road metal, railroad ballast, and
riprap, The coarsely columnar Jointed types are preferred
for riprap and the cubic or finely columnar typos, often
called "briokbats", are preferred for crushing to road
metal.

44.

around Water
General character of the ground water.- Ground water

rook in the Uinatilla Iiver basin.

However, it is not

uniforxnly distributed throughout the area,

Some districts,

notably blessed with good supplies of ground water.

Other

districts, such as the higher portions of the Horse Heaven

deposits are thportant in sonie places,

Ground water of the pre-Miocene rooks.- The older

The quartz diorite intrusive rocks originally were
solid with little porosity.

However, they are badly

disintegrated, and weathering may have produced sufficient

secondary porosity to permit the rocks to yield small
amounts of water from zones near present or former erosion
surfaces,

The norite is relatively fresh and still firm

and compact,

Little ground water can be expected froi it

except for small amounts from the scattered fractures,

The metamorphic rooks have a wider range of textures
than the igneous rocks, but, whore unweatbered, are
similarly compact and impermeable.

A few shallow dug wells

in the soil overlying the metamorphic rocks produce water
for domestic use by several ranches in the vicinity of
Gurdane,

No wells are known to produce water from the Clarno
formation in the Umatilla River basin area, although some
shallow low-yield dug wells, in soil and alluvium overlying
the Clarno, produce water for domestic supply.

The most

favorable aquifers in the Clarno formation are the coarser
sandstones,

?icroscopic analysis shows even these to be

rather tightly cemented with calcium carbonate.

Ground water of the Columbia River basalt,- As the
author has stated earlier, the Columbia River basalt is the
most productive and widespread aquifer in the Umatilla
River basin area.,

The main permeable zones lie in tabular

sheets within the sooriaceous fractured zone at the top of
each lava flow and in irregular forms in the ,joints and

other fractures within the more solid parts of each flow,

In places sedimentary beds are present between the lava
flows, but they are usually composed at silt and clay end
do not yield water readily.

The fractured scoriaceou.s

zones at the top of many of the flows are very porous and
permeable but the more compact lower parts are relatively
impermeable.

Therefore water can move with relative ease

and rapidity laterally parallel to the flows but does not
readily pass vertically through the denser zones.

Each

tabular water body is confined within its sooriaceous zone
and, if the lava beds are tilted, the parts that lie down
dip at lower altitudes may be under high artesian pressure.
Even minor changes in the attitude of the basalt flows can
produce marked changes In the position and pressure of the
ground-water bodies over great horizontal distances,

The tabular ground-water bodies are not perfectly
continuous.

Each lava flow, with distance, will lens out

between the overlying and underlying flows.

Consequently

its scorlaceous water-bearing zone will be cut oft or will
merge with that of the underlying flow.

Sharp folding or

warping of the beds may have caused flows to slide past
each other, thereby grindIng up and partially destroying
the weaker scoriaceous water-bearing zones,

Furthermore,

faults and other fractures have an important influence on
the ground water,

If much movement has taken place along a

fault, the water-bearing, zones may be offset and may butt

against impermeable zones,

Fe tilt gouge decomposes Into
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clay which forms an almost impermeable barrier to the
movement of ground w.ter.

If not much movement has

occurred along a fracture, it can form a conduit which

permits the percolation of water vertically across the less
permeable zones

Many of the lava flows do not have

permeable zones,

In some cases such zones were never

formed and in others they wore eroded away prior to the
extrusion of subsequent

flows0

The highlands of the Blue Mountains are underlain by
nearly horizontal basalt f1O

deeply eroded by streams.

rater has a tendency to drain out of, rather than into,
the basalts of the Blue Mountain highlands,

Local

structural irregularities produce a more favorable groundwater situation in some places such as at Meachani, where a
railroad owns a strongly flowing well,

Little demand for

ground water exists in the Blue Mountain highland, and such
demand as does exist is usually satisfied by sprIngs and
shallow wells tapping the water perched in soil on the
basalt,

Since the basalt layers in the Blue Mountain highland
are horizontal and water has little tendency to run into
them, the author is of the opinion that most of the annual
precipitation of the highland leaves it through the evapotranspiration process or as surface runoff0

As the streams

flow northerly and westerly from the highland area and
cross the northwest-dipping basalts of the Blue Mountain

slope, the water enters the inclined sooriaceous zones
between the flows.

from hero it percolates generally

northwestward under the Pendleton plains and the Columbia
lowland.

Ground-water conditions under the Blue Mountain slope
are variable.

In some places water is present in large

quantities under considerable pressure.

Several strongly

flowing artesian wells have been drilled in the canyon of
the North Fork of Butter Creek east of Pine City,

Other

wells drilled higher on the slope have generally been less
successful.

Ground water is present under considerable pressure
under the Agency syncline.

A line of flowing wells exists

between the cities of Pilot Rook and Athena and include the
wells which supply water tar those two cities,

North and

west of the axis of the Agency synoline the piezometric
surface of the water declines until at Pendleton it is at
an altitude of about 900 feet or about 200 feet below the
level of the Um.atilla River.

The crests of the Horse

Heaven Hills and R.teth Ridge are high, and the piezometric

surface of the water in the basalt lies at considerable
depths beneath them.

This is accentuated by the fact that

the top 1,200 feet of the basalt of the Horse Heaven Hills
is out and presumably drained by the Columbia River at
Wallula Gap and the top 700 feet of the basalt underlying
Rieth Ridge is out and drained by the Umatilla River near

Urnatilla River and by drainage on that portion of the Blue
Mountain slope which lies west of the axis of the Rieth
anticline. Flowing wells are present at Noun, near Echo
and Hermiston, and in Butter Creek valley north of Pine
City.

around water in

the sediments overlying the basalt.-

The Pliocene fanglomerate and the lake-bed sediments are
rather impermeable and lie in an area of low annual
precipitation, They contain only siall amounts of water

perched on the basalt and do not yield it readily, Tho
bess has a comparatively high vertical permeability and
receives and stores precipitation well for plant use, but
it does not have good lateral permeability so tar as the
supply of water to wells is concerned. Many shallow wells,
however, tap this perched water for domestic supply.
The glaciofluviatile deposits are composed of coarser

fas.

and ranches many to water

stock and domestic stipplies also alluvium The

Hollow.

Thorn in River Umatilla the bordering galleries tion
infiltra- from water its of portion substantial a obtains

Pendleton of city the However,

permeable very not is and

clay and silt interstitial with gravels basaltic of mostly
composed is It

streams, larger the bordering ribbon
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