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" GEOLOGY ‘AND GROUND-WATHR RESOURCES OF m WATILIA
S e prvem mASTH AREK, ORBOON
. o | B”y*ﬁ; " Ho'géixson G
. ) Assch o

The Umtilla River 13 a tributary of ‘the Golumbia River nnd draina .
abont 2,700 squa.re miles of the Golumbia Platean physiographic prov:lnca dn
“r__zgrfhea_ajbernpregon. lfhe gouthern and eastern parts of the basin lie in .
the highlands of the Blue Mountains, These highlands, which reach a general
altitude of about 5,000 feet, are separated from the lower land in the north-
\:estem part of the area by the ramplike Blue Mountain slopes.. .. <. .. .. o

The climate of the Umatilla River basin area renges from mild.snd semi-:.
arid in the Umatilla lowlands to cool and temperate in.the Blue Mountain
highlands. . Average smnpal precipitation increases with.altitude from about
8 inches at Umatilla to about 35 inches in the highlandse  ...... ., ....
| N me oldest rocks of the Umatilla River basin area are ‘pre-Tertiaxy in

age and consist of schisis and gnelsses of the amphibolite facles which were. .

intryded by & composite igneous body of nowite and quarts diorite.. This pre-..
Tertiary matérial is ov;erlain unconformably by.a fairly thick deposit of. lavas
acldio to. .%ntem‘?iate ﬁomposiﬁm.._,aed the aedimntsare sandatm,mt,
shale, some of which are highly carbonacecus. The pre-Tertiary. rocks and
the Clarpo formption crop out.only in.the Blue Mountsin highlands and the

higher parts of the Blue Mountain slope,. - ... = . . ..
#0T ippukidshed records subject to revisior
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The Eocene rocks, in turn, are overlain by the Columbia River basalt of
Miocene age. On the basls of extent, thickness, and structural control of
the topography, this thick series of accordantly layered basaltic lava flows
is the most important rock unit in the basin,

The basalt is overlain by Pive typés of terrestrial sediments. The oldest
of these 1s fanglomerate containing lenses of sand and silt, The éravelé of
this fanglomerate are composéd of basalt pebbles, cobbles, and boulders. The
fanglomerate was deposited during Pliocene time after deformation of the basalt
had started. | o | *'

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 ‘glaciofluviatile deposits. |

All ‘of the pre-Pleistocens rock units of the area are mantled 1n places
by a venser of loess which was derived, in part at least, from the glaeial '
lake~bed deposits, ' ‘

Thin ribbons of Recent alluvium border the larger streams, These alluvial
deposits are composed mostly of basaltic gravels in the Blue Mountaine and of'
reworked loess in the lowland districts. In some places, small deposits of -
white volcanic ash are found in the alluviume Co

The major topographic features in the area are controlled by structural
units in the Golumbia River basalt. The area, as a whole, is a westward
plunging synclinorium bounded on ‘the southeast by the northeasterly-trending
crest of the Blue Mountains and on the northeast by the northwesterly tféhding
crest of the Horse Heaven anticlinal ridge. These major structures are come
plicated by lesser structures such as the transverse Rieth anticlinal ridge,
which trends northeasterly and separates the Pendleton plains on the east from

Unpublished records subject to revision
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the Umatilla lowland on the west. The ridge formed by the Service anticline
has been mc;stly removed bjr ero.sion but é #estigial row of but';;es trends noithw
erly from Se;'vice Buttes to Sillusi Butte. The axis of the Agency syncline
extends norbheé.sierly from the city of Pilot Rock to Athena beneé.th tﬁe |
topographically low area which served as a depository for part of the Pliocene
fanglomerate, -‘ .

The Columbia River basalt is the most productive and widespread aquifer
in the Umatilla River basin area.\ Ti:e fractured scoﬁacé@s éqn_'es at ih'e 'tops
of many of the flows are porous ;nd permeable but Athe more compact ceﬁtral and
lower parts of most flows are relatively mi:ermeable. The ground water lies
mostly in tabular bodies confined within these scorlaceous zones. Where the
lava beds are tilted, the parts that lie down dip at lower elevations may
contain water under artesian pressure. Recharge to these ground-water bodies
ocours where the beds are tilied and the upturned edges of the scoriaceous
zones are exposed in slopes and stream valleys, as in the Blue Mountain slope
and the west limb of the Rieth anticline., Large quantities of ground water are
available in the basalt at places where structural conditions are favorable
and recharge is avallable, as in the lower parts of the Blue Mountain slope and
the Agency syncline and in most of the Umatilla lowlands. In less favored
areas, such as the higher parts of the Blue Mountalns and the Rieth and Horse
Heaven anticlines, ground water is available only in limited quantities from
small zones of perched water.

Moderate quantities of ground water are present under water~-table con-
ditions in parts of the glaciofluviatile deposits where these are thick enoﬁgh
to provide an adequate storage reservoir. Within these deposits layers of
coarse, well sorted sand transmit water readily, The glacilofluviatile deposits
lie in an area of low annual precipitation and probably receive most.of their .

Unpublished records subject to revision



recharge from water spread for irrigation and from stree.ms which croas

the depoaits.
The gravelly ée}:osits of the Recent alluvium in and near the Blue |
Mountains transmit water readily. In most places the ground water in this
alluvium is in hydraulic contiﬁuity with the nearby streams.
With Pew exceptions, the quality of the ground water in 'bhe Umatilla
River bagin is eiéellent. In general, the water rangea from soft to moderately
ha.rd, has s moderate minera.l con'bent, a.nd does not contain significant

concentrations of objectionable constituents.

ci
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P | GEOLOGY AND GROUND-WATER RESOURCES OF THE UMATILLA
. RIVER BASIN AREA, OREGON |

. INTRODUUTION S
P_g_zggse and His&m cof the Inveatigatio

The atudy of the geology and ground-water resources of the Umatilla
River basin ares was begun in 1951. Plans called for a reconnaissance study
of the geology of the area, & well inven‘bory and water~use survey, and com=-
pilation of a report listing and interpreting the data obtained.

The project was interrupted by assigmnent of the author to military
duty in 1951, but was resuted in December 1952, Field work for the project
was accomplished mainly in the 11 monthe from December 1952 to November 1953,
In June 1955 the geologic section of the report was released to the open file,

Base maps for the project include standard thirty-minute United States
Geological Survey topographic maps:of theé Blalock Isl;ai'xd, " Umaﬁiila, and |
Pendleton quadrangles (see pl. 2B), a Forest Service planimetric map of the
Pendleton Ranger district of the Umatilla National Forest (pl. 20"), ‘and "-- in
the area south of the Willametté Baseline and west of iongitude 113*’30' -

a planimetric mep which was compiled by the author from air photoé, Forest
Service maps, and field reconnaissance (pl. 2A). '.

The investigation has been made in 1arge part under the nonaooperative |
Federal program of the Geological Survey, and in part as a portion o.f;‘ the
Statewide investigation in ‘cooperation--with “the State Engineer of Orggon. '

Previous Worle inlthe,Area '
The Unatilla River basin avea has received intermittent and limited
‘ attention of geologists during the last 30 years or more. In the 1920*5 _
Unpublished records subject to revision



J. Harlan Brets (1920, 1923, 1925, 1942, 1930) pi¢stnted a series of papers
reporting field evidence and advancing a theéry to explain the”origin of the
scablands and glaciofluviatile deposit.s bordering the Columbia River, In 1931
Hodge (1931, p. 985-1010) published a paper reporting "E:meptional morainelike
deposits in Oregon" involving the- glaciofluﬁatile deposita. In 1933, Allison
(1933, p. 675-722) published & peper advancing a new theory to eotplain the

relation of the scablands farther north to glaciofluviatila deposits of which

a part occurs in the lower 1im1ts of the Umatilla ‘basin.

In 1937, Thomas I-Iite compiled a rough reconnaiseénce geologic map of '
Umatilla County for the Soil’ Gonserva‘bion Service of the Deparbment of
Agriculture. In 1949, Hite!s ma.p was publishad by Wagner (19119, D b) in
a report for the Oregon Department of Geology and M:lneral Industries.

, ) A ledgments .

Valuable professional assistance was given by Roland W,.Brown and .
Mrs. Jean Hough, paleobotanist and vertebrate paleontologist, .respectively,
of the United States Geological Survey, -

W. D, Wilkinson and William Taubeneck, professors of the Department of-
Geology of Oregon State College, offered much technival assistance and many
helpful suggestions.

Local citizens, city and county officials, and people .comnected with
the construction gdd operation of water wells were.cooperative and helpful.
Commercial well drillers who.contributed well logs -and other information
include Bert Gladney of Pendlston, Oregon' Harold Yager, A. A, Durand and Son,
the firm of Moor and Anderson, and D, K, Snd:th, bf Walla Walla, Wa.sh., A. M,
Jannsen of Readville, Oregon; R.’ J. Strasser and Sons of Portla.nd, Oregon; and
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4“' A. M, Edwards of Lexington, Oregon.: Well information was given by officers of
the Walla Walla District of the Corps of Engineers on welle at the McNary
damsite and by officers of the Umatilla Ordnance Depot,

The U, S, Soil Conseivation Service at Pendleton furnished aerial
photographs and valuable information concerning .the soil types and their
distribution within the area« U. S. Forest Service officials furnished some
of the base maps that were -used.

~ Location Symbols

Wbllsﬂané;springg_in this_repo?t are désignatediby symbols which indicate
their 1ocatioﬁ éécordiné t§ the official rectangular survef of theApublic land,
An example is well 2N/32-10Fl, The number and letter forming the numerator of
the fraction designate the township northy(or:south, if the letter S is used)
of the Willamette baseline, The denominator of the fraction indicates the
range east of the Willamotte meridian, The number following the hyphen is
the section ntmbeér- (sec. 10). The letter following it designates a particular
LO-acre tract within the section, according to the diagram below, and the final
number is a serial number of this well with respect to the other wells and
springs scheduled within that LO-acre tract.

"Unpublished records subject to revision



' Thus, the example aboveé indicsted that the'well 18 ldcated in the SE} :
of the MWk of sec. 10, T, 2 Ni, R."32B., and that this well is the first’
that is scheduled in this hO-acrie’ tfact, | A

In the tables, well and spring rumbérs afé"é:ﬁr#nged aéca:;ding-to their
location in townsliips wiich ‘are listed succéssively from south to north,
starting with those in T, 5 S. and erding with -those in T, 6 Nj and within

ranges which are arrenged in order of increasing numbers, 'In tables 1 and 2,7

these location symbols are not given in full for each well, They are arranged
by township and range, under appropria‘be subheads, and each well or spring is
designated only by that part of the symbol which indicates section number,
hO-acre tract, and serial nunbers

Location and Description of thé Area’
Geography .

This report is concerned with that portion of Umatilla and Morrow .Counties -
in northeastern Oregon that is drained by the Umatilla Fiver and several smaller-

streams as shown on plate-l. The area 1is roughly oval and covers about 2,700 -
aquare miles, "

Among the cities and towns withirm the area are Pendleton, Hermiston,
Umatilla, Pilot Rock, Stanfield, Athena, Echo, :Hg;i;c,. Adams, Meacham, Rieth,
and Kamela, listed in order of decreasing size. . The odty of Pendleton
(population 12,291), centrally located within the area, is a main railroad,
highway, and airline station. e e e

The area is well served by roa,dé and highways, élfhough most of the Blue
Mountains region is accessible by goz;;sf roads onlyhi“nfair weather,

H e N te e e
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- Major mdnstries within the area are agrimﬂ.tura and lunﬂ:ering Dominant
agricultural produc!;s are amll grains, peas, and cat.tle. Sumills in ?endletoué
Pilot Rock, and some smaller places produce lumber tmm the pine nnd fir foreats
of the Blue Mountain highlands.

Topogiaphy and Drainage -

General subdivisions:~ The Umatilla River basin lies entirely within
the ms:lographieprovince desoribed by Penneman (193]f, p. -237) ae the
Colunbia Platesu, ‘Two 'of Fenneman's subdivisions ave vepresented: - These are -
the Blue Mountain section and the North Oentrsl Oregon district of the Walla
Walla section. In this report, Fenneman's Blue Mountain section i& divided '
into ‘btioma;)or components, the upland plateau of the Blue Mountain highland ~~
and the ramplike slope descending northwestward from the Blue Mountain highland,
This feature 1s referred to as the'Blus Mountain slope in this ppers .

"' Blue Mountain highland.~ The highlands of the Blue Mountain'section have:
been eroded to & youthfil to mature stage by consequent streams which have
produdeé,fmahjr steep~welled canyons. In the more maturely disgected’ reglofis,
which lie near the edges of ‘the highlend area, the can;yfon‘a: are separated by
sharp resorbicked ridges and narvow remnsnts of the older surface on the
bedrock lavas. In the less maturely eroded portions, which lie near the
summit of the Blue Mountains, the desp, narrow canyons are sepeiated by fingers.
of the broc&, relatively flat platean which comprises thie Blue Mountsin .
highla:id.wf The elevation of the Blue Mountain highland vanges from 3,500 feet -
at Cabﬁhée 111 to more than 5,000 feet’at Huckleberry Mountain.

" The highlands receive precipitatish slightly in excess of 35 inches : :
annually and have & large volume of surface runoff. ‘The streams have produced
a well developed eonsequant aystem within’ wh'lch both rectangular and dendritic:
patterns occur. Nor‘theaat of Meachém ard Kanela the drainage pettern 1s:

mainly regtangular and is controlled chieﬂar ‘by ‘the pattern of fracturing dn & .
Unpublished records subject to revision
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the bedrock, In_thé r;es:b of ihg highlaﬁd area the pattern 'isv-denc'llritic and the '
gtreams flow mainly in the direé‘bion of the dip on the ‘slopes ofl‘the old |
surface &f the lava bedrocke | | ‘ ‘ | |

Branches of several of the larger streams are confluent ‘sou;bh of the
northwest dipping basalt layers in the monoclines which underlie the Blue
Mountain slope. For example, Squaw Oreek, Meacham Creek, Ryan:Creeck, and
the forks of the Umatilla River all join the Umatilla River between Bingham
Springs and Gibbon (see pl. 2C). - There the river flows almost parallel to
the strike of the basalt but just downstream it flows across the monocline -
west of Gibbon. Similarly, the tributaries of McKay Creek and upper East
Birch Creek merge above monoclinal slopes which the creeks eross near Pilot Rock.

-Blue Mountain slope.- The descent from the Blue Mountain higlilands to
the lowlands of the North Central Oregon district is a gentle, ramplike,
maturely dissected declivity. The slope occupies»a- northeast-southwest belt
that is 15 miles wide east of Athena., Northwest of Emigrant Hill it narrows
to a width of about 5 miles and maintains this dimension southwest to Battle:
Mountain. West of Pilot Rock and Battle Mountain the Blue Mountain skope
broadens :into a much gentler slope which extends about 25 miles south  from
the edge of the lowlands at Pine City to the summit of the Blue Mountains at
Arbuckle Mountain,

North~-central Oregon districti- The remainder of the Umatilla River basin
area lies within the North-central Oregon district and consists of a broad,
general east-west topographic and structural trough lying between the Blue
Mountain slope and the relatively low Horse Heaven Hills on the north. Ihis
general trough is divided in Range 31 East by the northerly trending crest of
Rieth Ridge. In this report that portion of the lowland which lies east of : ‘
Rieth Ridge is called the Pendleton plains and that portion west of -thé ridge
Unpubliiahied records subject to revision -



’ 1,150 feete.

‘extendifig north-northeast from the Blue Mountain slope to'‘the Horse. Heaven

R

18 ca¥led ‘the natlila Lowland, "' =~ ot

* The Pendleton plains forn's' foughly triangular ares which is' boimdéd on
the southeast by the Blue Mountain slope; on the northeast by the crest of
the Horse Heiven Hills, and on i West by the orest of Rieth Ridge,  The <
northern’ part of the Pendleton pléirs consists of a gently rolling loess~
covered ‘surface which slopes gently southiard from the brest of the Horse -
Heavefi Hills., These hi¥ls ‘trénd ‘east-southeast and rise to & maxisim altitude
of 2,100 feet just north of Helix; Their 'gentle southerly &lope into ‘the
Unatilla valley contrests with & much steeper descert into the Walla Walls
basin on the north. The Southérn porticn' of the Pendlebon plains ares is =

" a slightly dissected piediont alluvial plain sloping gently sway ‘from the Blue

Mounteln elopes ALl the stresms traversing the Pendleton plairie are consequent,
although the Unatills River is antecedent in its relation to Rieth Ridge which
bounds the Pendleton plains on the west. The Rieth Ridge is a broad upland '

RS

Hills. The Umatilla River cross-cuts the ridge in a sharp' caiyon' Just below. -

Pendletor. Co R -
“The’ Umatilla’ Towland comprises the remainder of thé arvea. ' it'isa '

s11ghtly dissected’ sirfacsd of Fently: rolling topography #ising Proi an altitude

"bf about: 200° feet at Litigon southward’ fo the foot'of thé Blue Mountain slops’
“ and eamtward to the crésts of Rieth Fidge'dind the Hores Heaven Hills, ~It-is-

divided into three areas which have different altitudes and’ surface charéctei-
1stics,’ ‘These-are the: rﬁe;—scm:red' topography below an’ altitude of 750 feet,
the dissected glacial lake-bed zone betwéen altitudes of 750 Fest and 1,150 -
feet, and the loess-covered, youthfully dissected and rolling plains above

Unpublished recérds subjest to revision
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The scablands consist of a stream-channelled area of water-scoured;
relatively horizontal basaltic bedrock. . In places the basalt has been covered'
by glaciofluviat:lle deposits that reach a meximum. depth- of 150 Teets . The
glaciofluviat;le deposits are easily eroded by the wind and are therefore
dotted by many blowouts. The ares is ti‘averspd by numerous longitudinal gand -
dunes oriented generally parallel with the direction.of the prevailing wind.
The interesting genesis of the scablands has been treated adequately by B,ne,tzf
(1930, p. 92-93), Allison (1933, p. 675-722), and others.

fl"he 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 few. remants, of
the old lakebed surface remain, = These are long, low terraces lying at altitudes
of 1,000 feet to 1,150 feet in Tps. 3.and 4 N., R, 30 E, The terraces ave
undeﬂain by thick deposits of crudely stratified lacustrine silt with a little
erratic ice-rafted sand, gravel, and boulders. In places the silt has been. ...
‘much reworked by wind. These reworked materials are similar. to. the.loess that
lies at higher altitudes, .

The loess, derived in part from the glacial-lake silts, forms a venser.
over most of those pre-P;Leg.stocene rocks that lie above an altitude of 750
feet. South of the Umatilla River it is a fairly thin deposit generally:not
exceeqing:J,O feet in thickness, and it becomes thinner with increasing distance
south, The loess hills have an overall southwest-northeast alignment indicating
the material was depeosited by.predominantly southwesterly winds. It ranges
up to 50 feet in thickness in the district around Holdman, Helix, and Adams
northeast of the old glacia_l lake site.

Unpublished records subject to revision
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The Unatilla. River is a consequent stream in most of its oourse across
the Pendleton plaine and the Umatilla .lowlgnq. - Where it crosses Rieth.Ridge,
hmver, ths, river qeeﬁs.ﬁo be antecedent,. ,‘It ;f'lows through a shallow canyon
where it traversea the lowlands eut of ‘Pendleton, then crosses Rieth. Ridge in -
a aha:p canym between Pendleton and Echo, . The cany,qn s narrow. and. steep
walled and reaches a maximum dgpth of about 750 feet. Two miles north of Echo
the river reaches the lowland a:bx_ea covered by the glaciofluviatile deposits,. .
From there to the mouth of Butter Creek its valley is broad and shallow. . West.
of the mouth of Butter Creek, the Umatilla River turns northward and flows ..
through a shallow, narrow canyon to the Columbia ERiver,

“A)ll the st;-eams tributary to the Umatilla River are consequent.  Ryan
Creek, Meacham éraek, Squaw Creek, and several smaller streams drain the Blue ..
Mountain highland a.nd ;join the Umatilla River in the highland area. Wildhorse: -
Creek drains part of the. Blue Mountain alope and the south flank of the Horse -
Heaven Hille and enters the Umatilla River :ln the Pendleton plains. McKay .
and Birch Creeks dmin par'b ‘of ‘the Blue Mountein highlands and ‘the~Blue’ muntain
slope, They also flow into the Umatilla River in the Pendjleton plains, . Butter,
Creek dra:Lns that part of the Blue Mountain slope west of R:I.eth Ridga and Joinah‘
Unatilla River :ln ‘the Umatilla. lowlands. '

Hyérographs ‘of the. discharge of some of these streams'are shown on
plates_ 3 'bo 8, Nearly 81l the summer runoi't g:t ‘hha ihatills River is.used.:
for irrigation-or the publie supply of -the city’of Péndléton. Winter rumoff
in McKsy Creek, Cokd Springs Ganyom, and. part of that in the Umetills River is
stored behind dams for release to: frrigation projects during the-swmier. =~

Unpublished records subject to revision .
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- Climate

- The climate of the Umatilla-River basin ranges from a mild, semiarid
temperate climate in the Umatilla lowland to a cool temperate climate in the
Blue Mountains highlands. In the weather summations given below, all -data are
taken from records of the U, S. Weather Bureau. The total annual precipitation
increases progressively with the altitude from sbout 8 inches at Umatilla to
about 35 inches in the higher portion of the Blue Mountains, It falls mostly -
in the winter months, as may be seen illustrated on plate 9. The precipitation
falls mostly as rain in the lower parts of the mountains and as rain and snow
on the upland.

The relationship of altitude to average annual temperature, length of

growing season (in which air cireulation also is a factor), and average -
amnual precipitation is shown by the following lists

Average  Average rFrost~ Average

. Averagé highest lowest free annual
Station . Altitude: annual annual period precip.
temp, (°F) temp.(OF) temp )°F) (daxg[ (inches |
Umatilla 285 5h.2 102 0 173 '
Hermiston 62\ T 52,7 103 - -5 158 8.2L
Pendlwton Airport 1,L92 52,7 100 1 18 12.9
Pilot Rock 1,697 52.1 102 -3 152 13,29
Meacham L.050 L6.3 92 -3 115 34.69

For this table the average highest and lowest annual temperatures are based on
records for the period 1945-5kL, and the average annual frost-free period on
records for 1948-5L. Average annual temperature and precipitation are based

on the entire period of record up to 1954 for each station,

Unpublished records subject to revision
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LA evaporstion measuremsits made 45 a sunken pan 2h-inches in
depth and & feet in diameter, have been kept at. Hermiston for the years 19T~ ..
5L, exclusive of t«ha winter months, Evaporation during. the winter months is. .
assuned to be amall, not exseeding & total ‘of b inches per year. Theresulting
figures indfcate an’ aversge amual evaporation from. the: parused of, abbut 5.
inchea for the Hermisbon area, Average mthlw‘ mponﬁion ﬁgma are-indicated
on plate 9. ST R DI
Wind-velocity ;eqéigds}'iiéi'e képt. at hermiéten for nearly sll months of . - °
the Period 1951~5L4, They indicate an average wind velocity of 3.L5 miles per
hour. The windiast month of the average year is May, with an-average of L.8
miles per hour, and the month with the least wind is November, with an.average
wind velocity of 1.8 miles per hour, This is not consistent every years .. ...
although May l:i“aa the highest average wind velocity for the four years, it does '
not have the highest in every year. TFor aingiev.mpﬂla,‘__,mrr~bad ‘the , 7
highest average velocity in 195_1',' Ms‘rch in"1952 and 1953, 'and Juns in 196k

Coever,t

_ GEOLOGIOFTHEAREA _
' General Gharacter and ‘frelationa ‘of the ‘Rock Un-.m

The oldest rocks in ﬁxe Umatilla Rivar basin are pre-Ter'biary 1n age a.nd
consist of a metamorphic mass tha.t was intruded by a large composi‘be igneoua
body of norite and quartz diori‘be. This pre-afrerthry materiai 1is overlain
meonfnrmbly by a fair‘ly thiek deposit or Eoeene volcanios and téma‘hﬁll
sediments (Clarno formaﬁ.on) which are of conq:arable ag@ and aomewhat anaJ.Ogous

in lithology to the Swauk formation (Smith, G. O., 1904, p. 1) of central
Washington. The outcrops of these pre-Miocene rocks are shown on plate 2A.

- - - v,
PO PR

Unpublished records subject to revision
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“The Bocené rocks; in bturn, are overlain by the Colunbis River basalt
of Miocene age. This basalt is the most important rock wnit in the area ‘
‘a8 to areal extent, ‘thickness, and ‘stidétural control of the ‘topography.

" “fhe'basalt is overlain by five types of terrestrial sediments. The
oldest of ‘these is a fanglomerate composed of silts and béSéltic‘d%ﬁgioﬁer&té;;“
This fanglonerate was ‘deposited during Pliocene and possibly -éai-iy Pleistocens "
time after mild deformation of the Columbia River basalt. It was derived by °
erosion of the basalt at higher elevations and deposition of the debris upon
the basalt at lower elevations, <~ ’

“Below an altitude of’ 1,'150' feet the basalt (and ir 'piaces the Pliocene
fanglomerate) is overlain by Pleistocene glacial-lake beds and, below 750 feet,
by glaciofluviatileé deposits. ' N

“1p11 pre-Pleistocene rock units in the area are 'oférlifn’*bi a Venesr
of loess. This silt deposit of Fleistocene age wab derived,at least part&y by '
wind. aetion on the glacial-lake beds previously mentioned. ; S

The youngest materials in. the area are the narrow, shallow deposits
of Recent alluvium which border the gtreams‘ This allnminm is composed mostly
of basaltic gravels in the Blue Moun‘bains district and of reworked logss in.
the lowlands districts. L . . L

In some places small amounts of white volcanic ash ocqur 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-move... -
detail below,

Unpublished records subject to revision
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'Geologic Wilts
-‘Pré=Tertiary Rocks
- Metamorphic complex.~ Metamorphic rocks are exposed in the southwest
part of ‘thé area in the region pPreviously described ss the Blue Hmmtnin :
slopé, ‘The topogrephy of this 'region is mature arid in places the deep  * -
canyons 'have been cut threugh the Colunbis River basalt shd Glarno formatiod™
into the underlying rocks, The metamorphic rocks are now exposed in’s’ total -
area of almost 15 square hiles (Im pl. 21), These rocks are rather highly
metamorphosed and are members of the amphibolite facies . (Turher, 1948, p. 6I).
The metamorphic rocks consist of s fairly thiok series of gneisses and
echists intruded by mall todies of granite peghatite and ultra-basic rocks.’
A broad sone of migmstite is exposed in Bear Creek canyon nesr the.contact
of the metaméorrhic rocks and the intrusive maes of quarts diorite. In this-
gsone the schists and gneisses are cut by ‘any nearly vertichl dikes of ‘rock’
similar in appearance to the diarts diorite intrusive. These dikes, rénging -
from a few inches to severdl’ feet in'thickress, pirsXlel the folistion of ' '~
the-matemorphic ocke. Tk ek e
The schilsts are of the anphibolite”dr amptiibolite-epidote ‘type. ‘Some "
of them contain appretiatle: qmmtities ‘of ‘caleite in’ distinct) “though B
arhodral, crystals, - et e e s e
The gnéisses are composed almost entirely of altéiriating layers of
hornblende and plagioclase, usually dndesine, Some of tiem contain minor”
amounts of caleite and épldote.  The hornblende and plagioclase layers range -
up to’'5 millimeters in thickness, " With’ doomseingrainaiuandphgiochn
content, the gneisses grede into the schists, ' '

Unpblistied records subject to revislen:
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The bodies of granite-pegmatite and. hornblende in places are some
distance from the exposures of the quarts. dior:l.te. In the NEI sece Ly T. 3 S.,
Re 32 Eey & mass of hornblendite and. one of pegmatite ;.j:e wi’gh;? 8 ﬁf{w feet
of each other more than 3 miles from the nearest .exposure of q:nrts diorite.
The pegmatite contains garnet, -schorlite »and muscovite in a ground mass of. -
potash feldspar and quartz. - The. hornblendite is composed almost entirely of
hornblende. The hornblendite body lies parallel to the foliation of the
hornbleride*Plagioclase gneiss surrounding it but the pegmatite body is not
oriented with that foliatdion.

~ Other pegmatite bodies occur.near the center of sec. 33, T. 3 S.,

R. 30 E., near the center of sec, 8, T» 3 S., R, 32 E,, and elsewhere.

- Intrusive rocks.= The metamorphic rocks are in contact with a large
composite igneous intrusive mass.  This material is exposed over abont;&mi'e
miles in the vicinity of Batile Mountain State Parke The intrusive mass . .
consists of a large quartz,diorite body and a smaller morite body. The norite
is nearly surrounded.by exposures of the:quartz digrite.

The quartz diorite is composed of about 38 percent andesine,. 30 percent.
quartz,. 28 percent hornblende,:and L percent biotite, with traces.of sphene,
apatite, and iron minerals. Xenoliths of darker.quarts diowite .
are present and many small dikes cut the rock. These dikes range in width up
to 3 inches and:are composed of leucocratic. quarts. diorite. Most of
the contacts: between the dikes and the country rock are fairly sha.rp but An. |
some places they are gradational.. The quartz a,io'riteAat the ‘s_u:lrface is badly
disintegrated and is readily-eroded.. Its exposures occur: mainly in steep-.
walled valleys beneath basalt~capped ridges. .

Unpublished records subject to revigion
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“Ths norite 1s eomposed of ‘hprckinately 63 percent Labrédorite, 16
percan€ hypersthens, and 21 péroeht Korriblende; ‘With accessory -sphene, apetite,
and iron minérels, Some of ‘the- horribléntde érystéls - contain: small: cores of
a.ugite. T T LTI :

A emall igrieous body' of quirts dierite is exposed’ in Peatson. Creek
Canyon in the NE% sec. 9, T. 3 S., R,'3l E, This exposure is less than one=-
fourth square mile in areal extent, It lies mb're’ thah’10' miles" from' the
larger quartz ‘dtordte’ ‘body and is richer in- quartz than the larger mass.’
This emaller body therefors may be a separate intrusive, although it is ::.
poasiﬁié’that'it is a part of the larger body. -

Tertiary Rocks )
ggg Lo gggtion.- Approximately 18 squara miles of volcanics and )

terrestrial sediments of Eocene age are visible in T. b 8., E 29 E.,
the extreme southerly portion of the Uhatilla River baain. Thenty miles -
northeast of this exposure, scattered outcrops of this same material total
approximately 2 .equare, miles in T 2 S., R. 32 and 33 E- ' _ o

The lower part of the Clarno formation consists of sandstones, micaceoua
shales, and siltstones, . The sandatones make up the bulk of the material .
and are composed mostly of massive quartz sand with some feldspar, white ﬁica,
and rock fragmenta in varying prqportions. The cementing material is |
predominantly calcium carbonste. “The: graine of feldspar, mostly andeaine,
are fairly f%ésh. ‘The mineral grains are aﬁgular b qﬁb&ngular. The shales
are made up mostly of clay, very fine grains of qu&rtz, and white mica.

'\{‘\ s ey

Some of the beds contain much carbonaceous material

Unprubl fihed ‘revords “subjéct -to- revision
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The upper part of the formation contains seversl.lava flows of a light-
brown to gray color, in addition 1o the shales snd sandstones previously
described,” The individual lava flows are of limited areal extent; ‘although
some of them are more than 100 feet thick., The rock is characterized by
phenocrysts of feldspar in a fine-grained and dense groundmass. Quartsz
Phenocrysts are present in many of the flows. - v

A semple from & representstive lava flow is found to be a dacite
porphyry. in which phenocrysts of quartz and andesine constitute more than 50
percent of the rock and are set in a dense groundmess. Mica phenocrysts &mke
up about 5 percent of the rock and are partly altered to chlorite and iyon . °
oxide. »

Another sample /from a different fiow is porphyritic andesite with A
phenocrysts o:t‘ andesine, augite, and hornblende in a dense groﬁndmatﬂ Both

samples were highly weathered.

Many of the shales, as mentio,ried above, contain rrmch carbonaceous mé;oter-h

some of which haé been altered to lignite or bituminous coal. The coal beds
are thin and contain much "bone." FPlant fossils from' sever;ai of tli:ese
carbonaceous seams wWere studisd:by Roland W. Brown of the ‘U.ﬁ s, Ge,’ologicalw
Survey.' He determined the Eocene age of the formation from hislfm'ss;ll |
identifications, listed by their locations: - o

NWiSW} sec. 12, T. 2 S., R, 32 E, Fossils from shale bed in
the north wall of East Birch Creek canyons .

Allaﬁtodiogsé.g erosa (Lesquereux) Knowlton and Maxon
astrea fischeri Heer .
Setum 8P ' ! e

§§ -’E-ogrobus dakotensis Brown
Sabalites SPs.

BeEEIa SPe
Quercus banksiaefolia Newberry
erous other dicotyledonous leaves.

Unpublished records subject to reviaion



N#3NE} sec. 31, T. 2 S,, R, 33 E. Fossils from shale bed
on west bank of Pearson Greek:

Ane . L e a Lt e
B fischeri Heer ., . e

gtrobus otensis Brown
TOUS other Gigotyledonous leaves. -

NE‘}NW} sec, 20, T. 4 So’ R. 9 E, Fossils taken from shale .

bt:g underlying massive sandstone bed which forms a ridge

N % robus < A - Ty 1 ey
i1y strobua dakotensis Brovm )

.,An outcrop of. these.rocks in Willow Creek Canyon, southwest of the = .. -
Umatilla.River basin area was referred to the Clarno formation byMsndanhall
(1909, p..L406-L08). i g

Columbia River basalt.~ The Clarno formation is unconformably overla.:.n
by the Columbia River basalt, The basalt is by far the .most extensive rock .
unit. in- the Umatilla.River area, as it is in the rest of the Columbia = .
Plateau Province, In-all but a few of the 2,700 square miles within the . = .
Umatilla River basin,.the basalt either crops out or underlies the anx'{a,gg_ -
at relatively shallow depths.. Accopding to Fenneman (1931, p. 25), the
basalt oovere about. 100,000 aquare miles of Oregon, Washington, and Idaho
to depths, in some places,. in excess of 4,000 feet. .

R

ﬁnpuﬁlished yecords subjéct %o r&isfon

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. In.the
vicinity.of Pendleton, Echo, Umatilla, and Athena, waber wells have.. =
penetrated more. than 1,000. feet of. basalt without.reaching the bottom. , .
The canyon of the: Umptilla River near Bibbon cuts through a. total of 2,500
feet of basalt without exposing its base. Only in the. south;rn part of t‘fl?‘f

drainage basin, where the basalt thins over. the older rocks, 1s the botiom
of the Columbia River basalt exposed. '
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This Mlocene volcanic composite consists of a thick ‘aequencé'or basaltic
lava flows lying accordantly one above the other, Thje-- mdivichxal flows range
in thickness from 10 to 100 feet and in lateral extent :t‘rom leas than 1 to
more than 10 nﬂ.les.

The bottom few :.nches of each lava flow generally consists of fine-
grained, glassy, fractured rock grading upward into a coarm-trained, but
still dense, rock which is separated into polygonal, usually hmgonal,
columns by sets of roughly vertical cooling-contractiﬁn ;wint«s. ‘These columns
may be a few inches to several feet in diamater in the bottom half of the
flow but become progressively smaller and more perféctly formed in the upper
portion of most flows, The upper few feet of the flow is commoniy finer
grained but vesicular or scoriaceous. Variations of this structure are
common, dependent upon the chemical composition of the lava, the tempemture
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, colummar basalt while others have in their upper parts thitk Zzohes ..
of gre'étly inflated honeycomb lava, One flow, at Eagle Rock nesdr Mount - -
Emily, is slightly less than 100 feet thick and composed mosbly of .a’volcanic
breccia -- the larger fragmesnts of which are basaltic and apparently _
pyroclastic in origin -- resting in a matrix of fine-graihed lava-or welded
tuff,

Weathered soil Zones are comparatively rare between the lava flows,. .
although the upper portions of some flows were weathered a reddish-brown:
color to a depth of a foot or two feet prior to burial by the next flow. .
Appé.t‘én’c.ly, nost of the flows were exposed for only a short time before
| being buried by subsequent flows,'

: Unp'ﬁbli’éhed records subject to revision



‘) A few tuffaceous lacistiine irterbeds 1ie between the fiows in some
parts of the area. Apparently these were deposited when the liva flows -
disrupted the drainage, Within the Columbia Platesu province, particularly
farther northwest, the largest of these interbeds is called ‘thé lower part '
of the Ellensturg formation from its type locality near Ellensburg, Wash. -

The lower part of the Ellensburg formation 418 not known to orop out in the ' -
Umatilla River basin biut does occur a few miles farther northiwest in the
escarpment north of the Columbia River and has been encountered by water-well
drillers in the Umatilla-Echo area. The approximated extent of its occurrence
1s delineated on plate 2B, Anotheér of these interbeds, of uncertain extemt
and identity, was reported by well drillers to Lave been encountered tm:'* *. s’
wells near Athena. ) | '

Only one sedimentary interbed was found cropping out.: Thé oubcrop is:
in sec. 19, T. 2 8., R, 33 E., at the bottom of the east wall of Pearson : .~
Creek canyon, Thé expostire‘is about 600 feet long and consists of ‘about 60 .
feet of tuffaceous, slightly sandy shale. - Individual beds range ‘from one- " '
sixteenth inch to three inches in’ thickness and their composition ‘ranges from
fine-grained sandstone to claystone. Numerous poorly preserved lesf :fossils -
are present, and, on the basis of' these, the Miocene age of the Coluhbia
River basalt at that place is confirmed. Fossil determinations weré:msde by -
Roland W, ‘Bivin and a 11st of his findings followst . |

o (208 ~‘;‘: . :‘;5' . &‘mrws.:.-seudo :,ta Leaque . TR
o ,_..ZeIEova‘%ﬁ {knowlton) Brown
STt Cedrela pteraformie (Berry) Brown
The shale is soft and incompetent., Gonsequently, huge blocks of the over~
lying basslt have brokeh lovse and- slumped dbwn, slightly deforming the: -
‘ outcrop and obscuring its northern and southern ends, The presence of .
Unpublished’ records’ subjéct to revieion :
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similar slump blocks up the slope to the east indlcates that this. .ghale bed
extends eastward under the basalt ridge at least a mile from the oui:crbip.v ,
The fact that none -of this shale was found on the west side of tﬁe canybn
indicates that the canyon may follow a fanlt line along which the west éidg g
is downdropped, The basalt overlying the shale dips aﬁout 3 degrpes no'z;‘bht:vea'l';
and the Clarno formation crops out about 2 miles farther south mhﬁhis same‘
canyon,: Thérefore, this shale deposit is stratigraphically low in the o
Columbia River basalt of the Blue Mountain slope. A

'That the basalt issued quietly from fissures or low shield voloanoes
is the generally accepted belief. As single flows are seldom traceable for
more than 10 miles, large numbers of fissures must ha§e once' exist;ed oirér '
most of the basin area, and one would expect the lower lava flows to be cut
by many emall 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. That dike is mapped.on plate 2C in T. 2 N. s R. 37 E. It.s
trend is arcuately north-south, concave easterly. Such a trend does not
conform to the main regional northwest-southeast faulting and 3oinf:.ing‘ o
pattern now present in the basalt.. o _ | ‘ “

Black Mountain, 2 miles southwest of this dike, has the shape of
a shield volcano and may have been a source of some of the basalt. ‘
Fanglomerate of Pliocene age.~- Two 1arge deposits of fanglomerabe of

Pliocene age 1nmediately overlie the Colnmbia River basalt at low altitude,
Both these units contain subangular to well-rounded baaal'hic conglomerate
particles ranging in size from grit to boulders. Thick silt.and sand lenses
are included. ' The deposits are rather impermeable, the intergfbices hav'ing '
been almost completely filled by silt and clay during deposit;ﬁn.
Unpublished ‘records subject to revision ' | |
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. Though -there is a.great variety-in.the sise of particles; most range
in size from: pebbles to cobbles, .Essentially all pebbles; ‘cobbles,.and:
boulders are of basalt derived from nearby basaltic highlandse, - In all the
gravels observed, only one cobble was .seen which was not composed of basalt.. .
This one was a piece of brown, waxy chert, a secondary materisl commonly .
found in.the basalt.

The. bedding structure of the fanglomerate is crude, nearly horizontal, .-
with some crossbedding of the type common to torrential deposition. In most. -
places the master bedding dips at low angles in a northerly direction. - - i::

One of the larger deposits of fanglomerate .gravel underlies the Pendleton:’
plains in the viecinity of McKay Reservoir (pl. 2B), and hns been referred to
informa.lly as the McKay beda. 'rhe other 1arge depoa:l.t l:les west of Butter
Creek and was designated by Hodge (19b2, P. ;9) as the 1ower part ot
the Shutler formation. | .

The so-called McKay beds are compoaed or Pliocene fanglomerate msterial .' .
deposited in the norﬂzeast-trending trough of the Agenoy syncline which 1iea .. |
at the foot of the Blue Hountain slope. The beds underlie about 50 square
miles in a roughly ‘briangular area whoae ppints are at Pendleton, P:l].ot |
Rock, and Blakely. . |

The so-ca.lled McKay beda are composed of baaaltic pebble and cobble ?
conglomerate with silt-filled interstices. There are many siltstone and
sandstone lenses, some of which are "several hundred feet long and as much
as L0 feet thick, but most of the lenses are somewhat amailer, The.materdal
has been.fairly well indurated by compaction:-and:cementation with carbomate = -
materigl. It ds sufficiently consolidated to stend intact for several years .-
in vertlcal cliffs,

Unpublished records subjeoct to revision .
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The structure:of the’so~called McKay beds is essentially horisorital, with
some local crosgbedding that dipe northwesterly. The size of the gravel '
particles ranges from.angular boulders, mostly located near the foot of the
Blue Mountain slope, to well-rounded grit, pebbles, and cobbles which are =
common near Pendleton..

The Pliocene age of the so-called McKay beds is established by its
stratigraphic position (overlying the Columbia River basalt of Midcene age
and underlying the Quaternary loess) and by fossil evidence, Vertebrate -
fossils from a sllt lens on the east bank of McKay reservoir were identified
by Jean Hough of ‘the National Museum as follows: - /

Di%dea 8P« - ' . Age = = = = Pligeerie “
__a_,_g_g_r &Ps Age ~ = = =« Pliocene to Recent

The gravels of the 1cwer part of the Shutler formaticn of Hodge (19&2,

Pe 19) are exposed west of Butter Creek north of the Willamette Basel:me and.
above the 750-foot eontour Their at‘bitude, composition, and struc'bure are
very similar to those of 'bhe so-called McKay beds. They were der:.ved from
the basalts of the Blue Moun'bains to the south and were deposi'bed on the .
nearly horizontal basalts of 'bhe Umatilla lowland. The mximum thickness .
of the gravels is about 100 feet. They are slightly thinner than the McKay
beds but are laterally much more e:gten‘sive. They extend westward beyond |
the Unatilla River basin, o

Quaternary Units
Pleistocene deposits.~ Two deposits of Pleistocene age are répresented - -

in this area. One is a lacustrine sediment deposited in a'lake of late-
glacial age. The other is & sand and gravel deposit of glaciofluviatile type. -

Unpublished records subject to revision
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(’ The glacial-lake deposits 1:|.e mostly between the 1,150-foot contour and
the 750-foot altitude (p1. 2B). They consist of poorly stratified |ilts and
sands with 1oca1 inclusions of gravel and scattered ice-rarted erratio sand,
pebbles, cobbles, and boulders. The beds are generally less than 80 feet 7 .'
thick and rest upon the basalts and Pliocene fanglomerate. In size the ‘
erratics range from sand grains up to boulders weighing several tons. . Co

The glaoiofluviatile deposite are scattered over the “scabland“ erea o
bordering the Columbia River. Their upper Lintt appraxinates the 750-foot
contour line in most places, although it ranges up to the 1,150~foot contoun ’
between Juniper and Cold Springe camrons Jjust southeast of Wallula Gap. -
The outwash deposits consiet of rather clean eand and fine gravel with some
large boulders and 1ocal silt 1enses. 'Iheir thickness is variable, ranging |
up to 200 feet. Locally they may rest upon Pliocene gravel but in most of
the area they rest direotly upon the Oolumbia River basalt. The outwash :
material is very crudely stratified, with crossbedding oi‘ torrent.tal-eunent !
type The material is permeable, and surfaoe drainage has not developed i
upon much of the area it underlies. Surface water percolatee quickly downward
into the outwaeh materials and escapes by subsurface f.l.ow. The finer'-grained
portions of this mater:nal are readlly susoeptible to wind erosion, and many &
small dunes and deflation basins ocour irregularly over the area.

The glacial-lake deposits are believed to be equivalent to the Touohet
beds of Flint (1938, Pe 461-523). The Pleistocene material of the whole
Columbia basin has been describsed in some detail by Bretz (192?, Pe. 617-6}495
and 1925, Pe 97-115, 236-239), Allison (1933, p. 675-722), and othera.

Pleistocene to Recent demsits. There are one major and two minor deposi't
of Pleistocene to Recent ages The ma;]or deposit is the 1oessia1 Palouse for-

’ mation of Plelstocene age, and the minor ones are voloanic ash and alluvium

of Recent age.
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The Palouse formation is a widely sprea.d veneer of windblown 1oessial
silt derived in part from the glacial-lake-bed silts previously mentioned. |
The loess occurs widely spread throughout the Umatilla River basin in depths
which range from 1l 02 feet on the summit of the Blue Mountains to more than
50 feet in the Horse Heaven Hills country around Holdman and Helix. The

prevailing wind which deposited this loess was from the southwest, so the '
loess 1s thickest and of coarsest grain gize in the area northeast of the

original lakes As a result, there are several huddred square miles of

northeast~trending dunelike ridges of loess in the area around Holdman (see 7
ple 2B). Above 750 feet almost all the area of the Pendleton Plain and the '

Umatilla lowland is covered with several feet. of loess,

In the authorts opinion the loess ranges in age from Pleistocene to
Recent. However, it is proba.ble that the bulk of the eolian erosion and
redeposition took place shortly after the drainage of the glacial lake, and
soon thereafter both the loess and the glaclal-lake silts were comparetively
stabilized by a cover of prairie vegetation, -

... Near the lake beds the 1oess consists of a sandy silt but at greater o
distance is @ fine powdery sofl, As it is Tather pemeable and the ammal
precipitation is 1ow, mich of the rainfall percolates into it rather than
rnnning off, In many places minor drainage patterns have not re-eatablishedb
themselves once 'hhey have been obscured by the shifting loess, 4

A few small patches of volcanic ash occur in talus slopes and beneath
terraces agleng the edges of streams. The ash is white, fine grained, and
uniformly textpred_.' Tt commonly shows some thick stratification, indicating
that it has been reworked by water. Most of the beds are less than four feet
thick and are of small areal extent. They are usually both underlain and
Unpublished records subject to revision
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overlain by Recent alluvium, most. of which was derived.from the loess. . .. .. °

The tributary streams of-the Umatilla River have steep gradiemnts and -
flow ewiftly through narrow, steep-walled canyons with only very small flood
plains. Consequently, the Recent alluvium is represented by narrow ribbona ;-
of river-washed gravel, reworked loess, and volecanic ash at the borders of
the streams. As there is a high ratio of silte to gravel-eized partd.cles,
the alluvium is not very pemeeble. In the area covered by glaoiofluviatile
depoaits, the Recent alluvium is largely indistinguishable from the outwesh
material,

- Structure of the Rock Units
General. Character

Structurally, ‘the Umatilla River besin consists of.a broad westerly.. . . .
plunging syneline between two anticlines, : The large anticline to the south . -
is the northeast~trending structure which forms the Blue Mounteins. - Its axis -
lies close to the sou’oh edge of the Umatilla River baein. The smaller anti-
cline to the norbh is the south-southeast-trending structure whioh has formed
the Horse Heaven H:Llla. The axis of thé Horse Heaven anticline merges w:l’th
the flank of the Blue Mountain anticline just east of Athena. The Unstiila
syncline ie crossed by severe.l smaller structures including the Rieth antieline,
Agency syncline, and Service anticline, 'but its generalized axis plunges )
weeterly from the vicmity of Athena and parallels the course of the Golunbia :
River downstrean from Trrigon. Each of these features will be discussed :m |
more detail in the section on the structure of the Oolnmbia River baselt.

The tectonic s‘oruotures of the bedrock un:l.ts of the Umat:.lla River baeio
area are dominated by those visible in the Columbia River basalt, For this
reason, it is convenient to discuss the structural geology in three phasesj..-.
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the structure of the pre~Miocene material, the structure of the Columbia River-

basalt, and the structure of the post-Miocene material.
Locations of major structural features of the basalt are shown on
‘plate 11,

Structure of the Pfe-Miocene Rocks
The geologic map (pl. 24) shows the pre-Miocene rocks exposed in
a narrow belt extend:.ng almost LO miles southwes‘b from East Birch Creek 'bo

Arbuckle Mountain, The Cla.rno formation of Eocene age 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 rocks occupy an area between

the quartz diorite center and the Clarno formation on the flanks. Therefore,
the regional structure of the pre-Miocene material seems to be a broad, gemtle
upwarp with its apex in the region of the quartz diorite.

Structure of the Columbia River Basalt _
General character of the basalt deformation.- The topography of _thq

Umatilla River basin is largely a resultA of the teéi;,onic structure imposed
upon the Columbia 'River basalt, Therefore, in general, fhe topographic gnits
coincide with structural uhits in the basalt. The Blue Mountain slope is
underlain by the northwest linmb of the Blue Mountain anticline, but for the
purposeswof this report it may be regarded as a monocline dipping northwes-
terly down from the Blue Mountain upland to the relatively horizontal basalt
flows of the Umatilla lowlands and the Pendleton pla:!.ns.
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Deformation of the basalt in most of the area was dccomplished by
folding or warping of the beds and associated fracturing and minor faulting. -
However, in that portion .of the Blue: Mountain upland east. of longitude
118930!, much of the deformation was. by movement along faults. .

The structure of the basalt of the Blue Mountain upland,~ The Blue -
Mountain upland is a nearly horizontal, platformlike crest of a broad
anticline, The axis of this anticline is fairly distinct in T b S., R. 28 E.,
eastward from Arbuckle Mountain to the vicinity of Kamela. The basalt on..
either side of this axis dips gently away at inclinations which are mostly . - -
less than 3 degrees. Northwest of Meacham a subordinate anticlinal axis -
borders the upland area and forms Emigrant Hill,

East of Meacham and Kamela (see pl. 2C) the anticlinal axis is
interrupted by?broa.d trough trending north-northwesterly and produced by - -
gentle warping of the basalt and by movement along faults and minor fractures,:
The trough is bounded on the northeast by faults which run along Ryan Creek, . .
Camp Creek, and probably the main branch of Meacham Creek. It is bounded on. ..
the southwest by a fractured dowrmarp which passes through the towms of
Meatham and Kamela.

East of the Meacham Creek trough the Blue Mountain highland 1s a large -
upraised block of nearly horizontal basalt flows.- Locally there lis consid-
erable topographic relief produced by movements along a northwestesoutheast : .
fracture pattein,

"~ This portion of the Blue Mountain highland is bounded on the east by -
the Mount Emily fault zone. The individusl fractures.of that fault zone. .
trend slightly west of dus north but the zone as a whole has a northerly

trend which farther north becomes more easterly. The western block at Mount
Emily was upthrown more than 3,000 feet, but the magnitude of that displace- .

ment decreases to the north.
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The structure of the basalt of the Blue Mountain slope.~ In a long,

gentle monocline, dipping from 1 to 3 degrees, the basalt layers descend from
the highlands of the Blue Mountains northwesterly to the lower lands of the =
Pendleton plains and the Columbia lowlands. The otherwise fairly uniform -
angle of descent is interrupted by several local steepenings where the dips
range from 3 to 30 degrees.

The structrire of the basalt morthwest of the Blue Mountain slope.~ The .
basalt flows bsneath the Pendleton plains and the Umatilla lowland have a gentle
northwesterly regional dip. This regional attitude is interrupted by several
structures which are of minor magnitude as compared to the Blue Mountain anti-
cline, but which have considerable local importance. These are the Horse -
Heaven anticline, Rieth anticline, Agency syneline, and Service anticline.

The Horse Heaven anticline continues to the northwest of the Umatillae River
basin and becomes a prominent feature in the State of Washington. The antlclines
form 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 continues
beyond Wallula Gap through which the Columbia River crosses the structure.
South of the anticlinal axis the basalt dips less than 1 degree in a southerly
direction unter the Umatilla Valley, The north limb breaks off rapidly into
the Walla Walla Valley over a series of northwerd-tilted fault blocks, whose
echelon~-type high-angle faults trend slightly more southerly than the axis -
of the anticline, General dips in this northerly limb are from 2 to 5 degrees.
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The axis ‘of “the 'Rieth anticline ‘branches off the northwestward-dippitig
Blue ‘Mountain slope soiithwest of Pilot Rock and trends northeasterly until it -
lomes its identity west of Helix in the rising slope of the Horse Heaven - " .
anticline. Dips on either side 'of the sxis of the Ricth anticline are less” ™
than 3 degrees.

The Agency eyncline was first named by Allen (1939) in unpublishéd records,
and the hame was formalised by Wagner (1949, p. 8). ‘It lies at the fost of '
the Blue Mountain slope southeéast of Pendleton along the stiucturel ssg Bepéi~ -
ating the Blue Mountain elope from the Risth and Horse Heaven shticlines ds -
shown onh pldte 2B, Its axis trends southwest from Athena to the viciaityof -
Pi¥ot Rock. -This syncline and the Rieth anticline are of special’econoitfic:
importance because of their effect on the position of the water table in'.the "=
basalts beneath  the 'valley area. The basalt is overlain by the so=called =«
McKay beds of Pliocene fanglomerate in the sags produced by the Agency synolinss

" The #xis of the Service antdcline trends northerly firom Service Buttes, ™
northeast of Pine City, to Sillusi Butte, which is in Washington across- the -\ "
Columbia River from Umatills, Oregon. At one time, an anticlisal ridge probably
exténded between these butfés but,if so, it has been Hostly removed by sroston.
Remnants of this former- ridge appea? at Service Buttes, Emigrant Buttes, = = -
Hermiston Buttes, Umatilla Buttes, and Sillusi Butte. The east limb.uf this:
anticline dips more steeply thafi does the wastern one. - At Service Buttes
the east limb dips 11 degrees and~the west limb only 2 degrees. At Sillusi
Butte the’ east limb immédiatelyadjacent to the axis dips 12 degrees,.the west'
limb only 6 degrées, The folding:of this anticline was sharp and the basalt. -
flows were locally closely jointéd arid fatlted, - -
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Qgeatio;:s'that should be considered regarding the earth movemente that - ‘
create the present large structures, such as the Blue Mountain and Horse Heaven
anticlines, eoncern the time or age of the movements and the question.of whether
the dominaht structural deformation was én wplifting of the Blue Mowntain .
district or a depressing of the lower lands to the northwest.

The attitudes of the successive basalt flows in any given section are -
remaﬁcably concordant, If the deformation were concurrent with the extrusion -
of. the basalt; one would expect appreciable discordance in the attitudes of.
the successive flows., As this discordance does not ex:!.st on a large scale - -
this writer beiieves that the warping postd#tes the extrusion of the basalt.:

Another bit of evidence regarding the age of the movement is the position-
of the so~called McKay beds, This fanglomerate lies upon the basalt in the
lowland ‘of the Agency syncline and obviously was derived from the highexr- ‘basalt
of the Blue Mountain slope. As these Pliocene gravels owe their origin-and
position tn the strm’bure, they therefore must postdate at least part of the
' S'ome‘of ti:e -stream canyoné show two stages of erosion in the Blue Mountain ..
sidfa;féiétrict. This feature can be seen in the south wall of East Birch Creek.
near Gibbon, -,fIt :Iindipates that there must have been at least two stages of.
deformation. o A

The deformation that created the Horse Heaven anticline has been dated by
other workers from!evidence gathered outside the Umatilla River basin. Uarren
(1941, p. 209-232) has found that the Columbia River was brought into the Pasw
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 dated as middle to late Pleistocene age by
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Strand ‘and Hough (1952, p. 152~153), - Therefore, - the age-of deformatieri of -

the Horse Heaven Hills is middle to late Pléistocene and the cutting of Wallula

Gap by the Coliimbia River has continued from the time of that deformation to

the present. The canyon of the ﬁmatilla River through Rieth Ridge shows: a

degree of eros:lonal maturity s:l.nﬁlar to that of Wa.llula Gap, 8o the dafomt:lon

that formad the R:leth anticline possib]y was contamporaneoua with that of the
Horse I-Iee.ven anticline.

As to t.he natnre of the dominant deformtion, it is sigrﬂ.fiaant that
a sect:lon of basalt about 2,500 feet thick 1s exposed in the canyon of 'hhe o
Umatilla River at Gibbon in the Blue Mountains. The remant of 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~deféormation level of the Pendleton area, the lowermost flows now exposed
at Gibbon must héve been deposited at least 1,000 feet below ses level.s These
flows do riet show any sign of the pillow structure, zeolite mineralisation, or
interfY¥ow marine gediments that one might expect under conditions of submarine
extrusion; “terefore, the logical conclusion is that the bBasalt was deposited: -
above séa level and the subsequent deformation consisted, at least in part,
of "dépression of “the lowldnd area.

In suimary, the above evidence leads 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 exirueion.of the
basalt in late Miocene or .esrly Pliocene time and continued antil middle to
late Pléistocene time. Most of the ‘deformation which formed the Horse Heaven
anticline, and probably much of that which formed the Blue Mountain anticline,
occurred in middle to late Pleistocene time. The difference in altitude between
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the Blue Mowntains and the lower land to-the northwest was accomplished in part qd
by deprassion of the latter area, although the lesser structures faming the .
Horse Heaven Hills and Rieth Ridge were uplifted with respe_ct to the lowlands. .

‘Struoture of the Post-Micoene Material
As previously described, the post-Miocene material consists of Pliocené’ -
fanglomerate, Pleistocene glacial-lake beds and glaciofluviatile sedinxenﬁls;
and Pleistocene to Recent eolian and alluvial sedimeats. These materisls
disconformably and: unconformably overlie the Géiumbia River basalt. Their
crude, obscure primary structures are described in the sections on lithology.l'

They -have no discernible secondary structure.

eolgic Hig_‘bm

Little is known of the pre-Terb:Lary geolagic history of the area beyond o
the fac’o that old rocks of igneous and sedimentary origin were intmded by, -
and metamorphosed, in part, by the large compositequartz diori‘be—-norite mass»:‘_

Bur:l.ng the Eocene epoch, ‘the area had. fairly high relief and abundam
rainfall and a subtropical climates The old metamorphic and inmtrusive. mcks :
were béing eroded and the naterials were redeposited as alluvial sands and
silts. The Eocene was a time of vulcanism, and several acidic to intémedi@te- -
lava flows were extruded mpon the old land surface. These volcanic rocks
dammed the drainage system and created lakes and ponds which served as de- -
positories for micaceous and carbonaceous lacustrine silts and clays.

The Oligocene epoch apparently was a time of erosion in this area. While
the tuffs of the John Day formation were being deposited farther south, -this
area was uplifted and eroded,
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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. Thege flows first filled the valleys of the
youthful landscape and then. spread out over the uplands mtil.probably all but
the very highest portions of the ancestral Blus Mountains were covered by
basaltic lava. Short periods of time separated successive extr,qsiong._’: Only .
rarely was an appreclable soil zone developed on top of one flow bej_.fore it was
covered by the next, At times the drainage was dammed locally by the le.vg to
form lakes in which silts and clays were deposited. By the time the vulcanisn
ceased near the end of the Miocene or in early Fliocene time, at least 2_,500
feet of lava had been deposited upon the northern parts of this area.

.- The Pliocene epoch was a transitional period between the vulcanism of
the Miocene and the glaciation of the Pleistocene, The deformation that was
later to produce the Blue Mountains had started but. probably had not progressed
far.. After the deformation,‘ha@ b_egun, the fanglomerates were deposited in
the lower lands along the face of the growing Blue Mountains. 4 ‘

_The deformation of the basalt reached a climax during middle or late .
Pleistocene time when the Horse Heaven anticlinal ridge was formed, and the
ancestral Blue Mountain anticline was uplifted farther. The glacial _stages of
the Pleistocene are generally regarded as periods of goo?‘l.er,jel:!.majbg than 'oh_:e
present. - Toward the end of the Pleistoceme, coptinental and valley glaciers
existed. farther north in Washington and Canada in the Columbia bagin. Ice
blocks from those.glaciers were floating down the Columbia R:J.y_er and proba}bl'y‘
adding their mass to the ice from the annual treez‘e-up‘ 91’ the river i'_bself‘.: |
Many.of these ice blocks carried rock and soil f;'om ),x}p,‘river.. » Acco_rd:lng to
Allison (1933, p. 721), during Wisconsin time these ice blocks, supplemented .
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by ice from the ammual freeze-up of the river, were obstructed by a landslide
and formed an ice jam downstream in the vicinity of The Dalles. This ice jam
grew in height and extended itself upstream, damming the river and causing

a lake to form upstream from The Dalles. The waters of this lake quickly rose
to an altitude of about 1,150 feet and deposited stratified sands and silts.
Occasional pockets of erratic sand, gravel, and boulders mark the locations
where rock~laden ice blocks melted and dropped their loads. The lake surface
was constantly changing in elevation and failed to remain stationary long enough
to cut a prominent strand line,

Eventually the lake level reached its maximum elevation, then began to
lower as the ice jam melted and eroded. When the lake surface had lowered to -
an altitude of about 750 feet, the current in the Umatilla area was reestablished
and the stream stripped the basaltic bedrock of its cover of Pliocene gravels -
and lacustrine silts and even cut -deep chamnels in the basalt itself, thus
forming the chanmneled scablands on some of the bedrock benches along the river.

After the ice jam melted and the lake disappeared, the exposed lacustrine
silts were subjected to strong wind erosion by the variable but dominantly
southwesterly winds. A veneer of these silts was deposited by the wind over .
the entire Umatilla River basin area, and thicker deposits of sandy loess were
formed to the northeast of the lake beds.

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

There was one brief, though probably intense, fall of white pumiceous volcanic
ashs This ash apparently originated with volcanic action in some other area
and was borne into the Umatilla basin area by the winds. Initially it probably

covered the entire area to a depth of several inches but was eroded and, in
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placea, concentrated by wind and sh'eam qma@on. It exists now. only as minor
terrace depcsits in the upland stream valleys and as 1enses and acattered

[

inclusions in the loess and the Recent alluvium and colluvium,.

- GROUND-WATER RESOURCES
- ' 'Genetal Character of the Cround Water I D
Ground whter is ‘the most important economic minerel resource oHtained' =
from the rocks in the Umatilla River basin, However, it is not uniformly
distributed throughout the area. Because of ‘the topogrephic and structural
conditions;y ‘some ‘districts, such as the Umatilla lowland and parts of the
Pendletor plains, possees potentislly good economicel supplies of ground wated,
while otlier districts, such as the higher portions of the Horse Heaven Hills' . "
and the Rieth Ridge, have little ground water within economic reach,
The Columbia River basalt is the most widespread and productive aquifer- '
within the area, although the younger deposits are important in some places.

" -Grdund Water of the Pre-Miocene Rocks -

“'Th& older rocks, underlying the Columbia River basalt, dre exposed in .- '
the Blue Mowitain slope, This 45 a region of high topographic relief where = -
little arable land existsg consequently, very little ground-water development :.
has been attempted.” Within this region, surface streams supply most 6f the - - .
irrigation water heeded, and springs flowing from: the basalt, as well as from =
the soil zones overlying the consolidated rocks, supply most of the domsstic ™ -
and stock water.

" The ‘quartz diorite rocks originally were compact and possessed little
porosity. However, near the surfzce they are now badly disintegrated, and .-
weathering has produced sufficient secondary porosity to permit the rocks to

’ yield small amounts of water from son®s near present or former erosion surfacess..
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The norite is relatively fresh and is still firm and éofnpacx;. Little ground |

water can be expected from it except for small amounts from the joints and
other fractures. | - |

The metamorphic rocks have a wider range of textures than the igneous
rocks, but, where unweathered, are similgrly cqmpact and impermeable. A few
shallow wells dug into the soil ove'rlying the metamorphic rocks produce water
for the domestic use of 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 domestic shallow wells of small. yield -

are dug into the soil and alluvium overlying the Clarno. The most likely
aquifers in the Clarno formation are the .coarser sandstones, Microscopic:
examination shows even these to be rather tightly cemented with calciunm -
carbonate.

Ground Watér of ‘the Cclumbia River Basalt

As stated above, the Columbia River basalt is the most productive and
widespread aquifer in thek Umatilla River basin area. The main permeable zones
are ‘(1) tabular bodies comprising the scoriaceous and fractured zones at the
tops of some lava flows, and (2) bodies of irregular form comprising the -
joints and other fractures within some of the lava fiows. In places sedimentary
beds are present betwpen the lava ﬂov{s,.- but most of them are silt and clay - -
and do not yield water readily, . The fractured and scoriaceous zones at the
tops of many of the flows are porous and permeable but the more compact center
parts of most flows are relatively. impermeable. Therefore, water can move with
relative ease and rapidity laterally parallel to the flows but does not readily
pass vertically throuvgh the denser parts of the flows, Each tabular porous
zone is at least partly limited in a vertical diregtion by the denser parts of
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the flows and, where the lava beds are tilted,’ the porous parts farther tiewndip . :.

at lower altitudes may contain water under relatively high artesian pressure. : .

Where. the sones are continuons through great horizontal distances, even minor - -

changes in the diredtidnvor angle-of ddpsof She basslt flows okm: produce mavked -

m u:;g :.Pete:f?tical position of the aquifers and in the pressurehead of - :.a
The tabular ground-water bodies generally are not perfectly continuous.

Each lava flow lenses out between the overlying -and underlying flows. Conseqmentiy

ite scoriaceous water-bearing sone may be cwt off or may merge with that of an:.

adjacent: flow, Sharp folding or warping of the beds may have caused flows to.:. .-

slide past each other, thereby. grinding up the weaker scoriaceous sone and. .- - :. .

partially destioying its permeability, PFurthermore, faults and other fractures . :

strongly influence the occurrence of ground water. Where mach movement has . "

taken place along a fault, the water-bearing zones may be offsst and may butt. . :

against impermeable zones. ' Fault gouge decomposes into clayey material which

may form a barrier to the movement of ground water, On the other hand,. if..

little movement has occurred along a fracture,the fracture may. be -a conduit -

for the percolation of water vertically across the less permeable sones. Many ...

. of the lava flows do not contain permesble zones. In some flows no such gones . -

were formed and in others they were aroded avay prior to the extrusion of
the aubaequent flows. .

Owing to the discontinuity of the ground-water bod:l.es and 1mperfect
hydraulic eonnections between water-bearing sones, 'bhe concept of the "water
t.able" or "piezometric surface" is not generally applicable, especially in
the upland areas. Rather, any"ene water-bearing zone ma.y have 1ts own water
table or piezometr.tc surface. Thus, it is common for the static wa.ter level i
in a well to rise or lower as different water-bearing gones are penetrat.ed
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during well-drilling operations. This situation is noted in tabtle 2 in the . ‘
logs of wells 15/32-9NL and -23J1, 2N/31-2B2, 2N/32<7BL and =1ON1, 3N/29-16G1, -
3N/3L-3CL, -3N/35-19L1y LN/27-27TR1, LN/28~27G1, and LN/34~=22Hl. More accurate
and complete drilling logs may in the future reflect this situation more
extensively. -
Most of the recharge to the ground water is accomplished at places where
‘the lava flows have been warped or deformed over & wide area and the tilted
beds reach the surface, where they receive infiltrating water directly ‘or. by
transfer from the surficial deposits. Thus, the Blue Mountain slope is.the
main recharge area for the water in the basalt beneath the Umatilla River
basin,’ ‘Lesser rechsrge areas probably exist; one in particular probably M
exists where the Umatilla River and smaller streams cross the west.limb of .
the Rieth anticline.
The lithology of the basalt is remarkably constant throughout the Umatilla
River basin, but its water-bearing characteristics are greatly influsnced by
the tectonic structures and vary from place to place. For this reason, it is
convenient to discuss by subordinate areas the ground water in the basalt.,
These areas are analogous to those designated in the section on structural geologye

Water in the Basalt of the Blue Mountain Upland

The highlands of the Blue Mountains are underlain by neaﬂy"horiiéntal'
basalt flows which in places have been deeply eroded by streams.” Because of
their horlzontal attitude, water does not enter the beds readiiy, and that which
does has a tendancy to drain out of them rather readily. Excepf. in’the ‘towns
of Meacham and Kamela, there is little demand in 'bhe highland distriot for
ground water in addition to that obtained from springs and shallow wells '
tapping the water perched in the soil on top of the basalt. . .
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Irregularities in the dip of the basalt flows cause the ground-water
situation to be favorable locally. The highland community of Meacham is
located on a slight eastward-dipping downwarp and has several drilled wells .
that are reliable sources of water.. One 278-foot drilled well in the basalt .
(15/35-10C1) flowed 25 gpm when first drilled and was test pumped at 31k gpm
with a drawdown of 2l feet. Severgl_ other drilled wells in the vicinity yidld
domestic'supplies reliably. Only about. 5 miles to the south, however, the =
community of Kamela lies near the crest of the Blue Mountain anticline. Here.

a 996-foot drilled well in the basalt (1S/35-36N1) was abandoned because of
low yield and. deep water level. :

Numerous springs of low yield occur at scattered localities in the highland.
districts. Most of these yield less than 2 gallons of water per minute and. are
located at or just below the rims of the upland plateaus. Most of them dis- -
charge water from the soil overlying the basalt. A few emerge from fractures
or scoria in the second or third lava flow below the rim. o '

Only one "hot" spring is known to exist in the area. This is Bingham -
Spring (3N/37-18H1), whose water has a temperature of 9L°F and issues from. =
a fractured zone in the lava in the south wall of the canyon of the Umatilla
River. This spring discharges about 80 gpm from three openings, two of which
are close to each other and about 50 feet above river level, while the third,
and smallest, is about 50 feet farther downstream and about 10 feet above river
level. The spring lies just west of the axis of the Blue Mountain anticline.

Water in the Basalt of the Blue Mountain Slope .
As the basalt layers in the Blue Mountain highland lie generally horizontal
and wgter has little opportunity to percolate into them, much of the annual . .

‘ precipitation must be disposed of by evapotranspiration and surface runoff.
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As the stréans flow northerly and westerly from the highlarnd area and cross

the beveled edges of the northwest-dipping basalts of the Blue Mountain slope,

the water has an opportunity to enter the scoriacecus interflow zoness From

there ‘it pércolates génerally northwestward under the Pendleton plains and
the Umatilla lowlands -

Wells in thé Blue Mountain slope encounter ground water under a variety

of conditions. In some places water is present in large quantities under
considerable pressure, Several strongly flowing artesian wells have been
drilled in the eanyon of the North Fork of Butter Creek east of Pine City.'

Well 1N/28-28D1, near the lower end of the monocline forming the Blue Mountain

slope, yields 1,300 gpm by free flow from a 12-inch hole penetrating 365 feet

of basalt, Well '1S/29-3A1, also near the foot of the slope, is a 5%-inch well

which perietrates 161 feet of basalt and flows at the rate of 550 gpm. " To the

south, higher on the slope, several reliable, though less specbacular, wells ~

furnish water for stock, domestic use, and limited irrigation.

Numerous small’ springs occur in the southerly walls of the east-west -

segments of the eanyons cut in the Blue Mountain slope. Most of these ave'of '
small yield, generally less than 3 or i gpm. Mny of thém nerely create damp
spots in the soil.- Such small springs supply domestic water for most of the

ranches of the slope. -

. Water in the Basalt of the Pendleton Plains
As was seen in the section on physiography, the land below and to the
northwest of the foot of the Blue Mountain slope is divided by the crest of
the Rieth Anticline into two sections, the eastern one being called the
Pendleton Plains. As seen in the structural-geology section, the main struc-

tural feature of the basalt within the plains area is the Agency symcline,
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the axis of which lies close along the foot of the Blue Mountain slopes .

A principal recharge area for the basalt of the Pendleton Plainq,}is?»in_ ‘
the Blue Mountain slope to the south and east.s The main ground-water movement.
is northwesterly through the Agency syncline, where it is under considerable .
arteslan pregsure, and part way through the limbs of the Horse Heaven and Rieth.
anticlines, Along the axis of the syncline and to the east of thi.s.axiy e ..
water is under sufficient pressure to pe:mit tpg yater to flow at th.g:.ﬂ,gur_ﬂf,gg;a:
from a belt of artesian wells which extend from Pilot Rock to Athena and .. .
include- the municipal wells of these two cities. Almost any well drilled |
sufficiently deep in this belt of confined ground water is likely to {yjald
flowing weter. . . o e L

The ‘artesian head decreases rapidly with distance northwest from the axis
of the syncline and static water levels in wells become progressively deeper
until, at Pendletom, the hydrostatic surface of the deeper water bodies is .
about 150 feet below the level of the Umatilla River. Some bodies of perched .
water-at shallower: depths have higher hydrostatic levels.

~ _  The-upper 700 feet of basalt in the Rieth a,nticl:lne is cut by the eanvon .

of the Umatilla River west cf Pendleton, The lava strata of this anticline dip
slightly to the north, and that portion of the anticline south of the Mtﬂh
River is largely drained to the 700-'-1‘6’01;. deptli, Wells south of the river
commonly penetrate only to perched water bodies in the basalt, These perched
bodies are discontinucus and for water supply depend upon local recharge.. The
annual ‘preéipitat.{on there is only about 12 inches and the resulting amnual
recharge" to the perched water bodles is small. Consequently, wells less than
700 feet deej; have small yields and slow recovery of water level after being
pumped. If wells located along this anticlinal crest can be drilled to a depth °
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that would penetrate atratigraphic horizors not ¢ut by the Umatilla River they |

might reach undrained zones below the regional water table.,

The drea north of the Unatilla River is an upland plain, uplifted by the -

movement that formed the Rieth and Horse Heaven anticlines. The shallower

water-bearing zones are cub and drained by the Unatilla River in its 'canydn S
through Rieth Ridge to the south and by ‘the Columbia River in Walluls Gap to '

the northwest, This northerly drainage of the shallower ground watef’is

probably facilitated by canyons trubutary to the’ Columbia, such as Cold springs,

Juniper, and Vansycle Canyonsg. The annpal precipitation here is abmrb 12 to
1k inches per year and the topography favors "absoi'ption of most of it by"th”é '

soil and later discharge from the soil by evapotranspiration, so local rechargs

must be negligible, The consequente of all these factors is that economical

ground-water development by means of wells becomes progressively more difficalt -

with distance northwest of the Agency symeline., In the broad upland ares -
between Despain Culch and the axis of the Horse Heaven anticline, northwest of '
the axis of the Rieth anticiine, wells are deep and have poor yields alfxd low :

static water level. Only one large producing well (LN/32-2ML) is known on “this

upland surface. Its yield reportedly is decreasing with use.

Water in the Basalt of the Uma'billa. Lowlands
- The west limb of the Rieth anticline slopes gently westward under the
Umatilla lowlands. The shallower zones of the nearly horizontal basalt of the

lowlands receive their principal recharge from three sources: Butter Creek and

many minor creeks where they cross thgz northerly dipping basalt of the Blue
Mountain slope above Pine City, the Umatilla River where it crosaeg t.l;a |
westerly dipping basalts of the west limb of the Rieth anticline, and, to

a lesser extent, the Columbia River and local intermittent creeks where they
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crose the southwesterly dipping basalts of the south limb.of the Horse Heaven .

- anticline. As the entry points for the water from Umatilla River and Butter

Creek are relatively high, a pressure gradient is established and.flowing. .
artesisn water is obtained from wells scattered throughout the.main part of -
the UGmatilla lowland in the Nolin and Hermiston areas, as well as near Pine.
Gity and Echo. In nearly all wells in basalt in this area, the water is - .- ..
confined under pressure and rises above the point where ;l.t enters the well, even .
if 1t doeé not flow at the surface. . L VN
Two structural variations from a uniform, even slope of the basalt
necessitate caution in locating water wells in the Umatilla lowlands. These
two structures are the Service anticline and the inferred Butter Creek fault,
The Service anticline trends diagonal to the northivesterly- direction of
ground-water movement and is a minor barrier to that movement. The anticline ’
1s low, sharply warped, and locally faulted. The permeability of the water-
bearing zones may have been partly destroyed by the grinding action of the 1ava“" )
beds sliding past each other during the folding, thus reducing the horizontai
permesbility within the narrow structurel flexure. Wells drilled within the
structivss would tap ¥ae zone of lowered permeability and would be gené'i'o?.liy ot
low yield 3 i‘urﬁ:rwrmore, it is commcnly dirricult. and expensive to drill wells e
in rock disturbed by fault.s. New Wells, therefore, ahould not be located
within the antiolinal area or close agains‘b the ‘axis shcwn on plate 2. The e
other variation to be considered is a presumed fault just west of and’ parallel
to Butter Creek north of Pine City and south of the confluence of Butter Creek-
and the Umtilla River. The existence of this fault is not oertain, but its
presence .ts indicated by the low, straight scarp forming the' west bank of

Butter Creek north of Pine'Giw; This scarp is comsed of graveI (Plioc'ehe
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fanglomerate) and does not exhibit the usual fault features such as slickensides, ‘

fault gouge, or fault-line springs, If a fault exists, however, one would -
expect it to impede the northwesterly flow of ground water in the basalt from
the Butter Creek recharge area. This effect does seem to exist, because wells
to the southeast, along Butter Creek, have notably large ylelds and high' ™~
static levels, whereas those to the northwest, such as well 2N/27-20J1, have
smaller yields and lower pressure, Farther north, in T, L N., R, 27 E., the
effects of this hypothetical fault seem to be neg‘ligible or nonexistent.

Aqui;f'ef' Gonstgnts of the Basalt
The permeability (see Brown, 1953, for definition of this term) of the
basalt differs both horizontally from place to place and vertically from flow

to flow. . The ground water is in a series of super-posed tabular bodies, each

of which differs from the others in permeability and porosity. Consequently,
reliable determinations of values for the permeability, transmissibility, angi |
storage coefficiclents‘of the baéalt would require a large amount of data whose_
collection is beyond the sco_;pe of- this investigation. However, some charac-
teristics have been determined which are of aid in planning wells in basalt.
Newcpmp (1951, p. 52)7 has found that the average yield of deep wells 12 inches
in diameter in basalt is at the approximate, rate of 1 gpm per foot of depth
below the static water level,  This estimate is based on a study. oi‘ several
hundred wells, each of which penetrated at least 300 feet of basalt below the
static wa'oer 1eve1 and were pumped with a drawdown of about 50 feet. In
favorable areas, such as that near the Agency syncline, the lower part of the
Blue Mountain slope near P:ine Ci-by, and the lower parts of the Columba.a lowland,
this estimate is valid, though for many wells it has proved to be conservative.
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Well 15/32-9Mi, near.the axis of the Agericy myncline, -extends to 6k9 féet below-
the busalt surfice. Thus, the Well penetrétes to a level 676 fost belew the .-
riezomstric surface of the ground.water. The well yields 650 gpm, or fust =~
slightly less than the estimate. Within half a mile of this well, 'another ~ ::

“(1S/32-9M1) yielded 1,500 gpm from a perietration 359 feet below the pissometric

surface, or about L times as much as the estimate, Of the wells in Pendleton;
two of the city wells (2N/32-2R1 and ~10F1) ‘and the Smith eannery well
(2N/32-10M1 )greatly exceed thiis average yield, while the State Hospital well
(28/32<9B1) equels it and the third city well (2N/32-10N1) falls far short of it.
On the other hand, in unfavorable areas such as the crests of the Rieth and:
Horse Heaven anticlines and in the Blue Mouritain highlands, the yield per foot -
of -depth’ is small. 'Well LN/32-2Ml, high on-the Ho'rge'Heavan" anticline, - ¢ -
penetrates 507 feet of basalt below the piezometric Surface and produces only .
115 gpm, or sbout 0,23 gpm per foot of penetration. Hven that yisld reportedly
is decreasing with use, and the well may ‘tap perched water rather than the:. . "'~
regional sone of saturation. This well is ‘the farthest northwest of any well "
of moderate yleld in the Pendleton plains area, - All other wells to tiie morth : °
and west either ‘are unsuccessful or yield only small quantities of water .1 . 'v
suiteble for’ domestic or stock needs, but not for large-scale irrigatioms : This
unfavorable sifuation in the. anticlinal mplands continues to the west for about -

1S miles to the Undtilla lowlands, where wells of large yield tap aquifeis dn- -

the synclinal situation. - : Co Y

. Some 'of the ‘general hydrolégic charactsristics of the bamilt can be inferred
from the drillers! logs in table 2., The vertical footage of basalt drilled
below the hirdrostatic-level and the amount of basalt reported by the driller to -
be water bearing were both totsled for 52 of ‘the most.reliable and Gomplste .

. 7 oo et e
Looew et ‘ s
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of :these logss In individuals wells, the percentage of tdtal basalt-drilled. -
and -reported as water bearing ranges from 0.9 percent for well 3N§/29-11G2 to .
L8 percent for well 1N/32-3L4P1, The total footage of basalt drilled below
the hydrostatic ;level in all 36 wells was 15,675 feet, and 1,840 feety ior -
11.7 percent, was reported to be water bearing, Of these 52 wells, 21 pemetrated
more than 300 feet of basalt, of which 8 percent was reported to.be waten - - -
bearing, Certain hazards in recogniszing a water-bearing zone during-drilling -
in the basalt may render these perqentage figures too low. Few wells have .
been test pumped at more than one depth during the drilling. Drillers commonly
use changes in static water levels, change in drille-mud consistency,-and.
bailing testes as oriteria for recognizing water~bearing sones, aud, if these .-
changes are -not noticeable, a water-besring zone may not be recorded on the loga
For example, in-the log of well LN/34-2LJ1 in table 2, a total .of 5L feet was, -
reported as "water-bearing® material. . However, -below the first waber- -
encountered, at 182-193 feet, another 139 feet of material was .reporied as
"broken''and, therefore, potentizlly water bearing, If this 130 feet.is added
to the Sk .feet of reported water-bearing material, the percentage of basalt
that is water bearing would be-raised -from L.8 to 17.l.for. this well,  In other.
wells scoriaceous, broken, crevieed;:-honeycomb and fractured sones awe reporied,.
and, in-psrt, may have been water bearing, but were not detested. $o.be water
bearing by the noymal -drilling oriteria.. The estimated average;percentage of
basalt below the piezomet:igﬁ:;g capable of yielding water.may .be.somewheye . .-
between 20 percent.and the 1ll.7;percent. derived from the reports of the .drillers.
Some of the wells have been test pumped Ly the .drillers:or by pump. ssyvice
men, These tests are primarily machineyy and- short~term capmoity tests .which
are unsuitable for determining coeffiocients of permeability,-irensmissibility,
or stprag& Some of these tests are adequate to obtain the specific capacities
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(P of the individusl welle during short-tern:periods of pumpifgs The specific
capacity of a.well is the ratio of the yield of that well) ususlly-eipressed
in gpm, to the single unit of drawdown-in the uatar swrface, usually expressed. . .-
in units of 1 foot. The gpecific capacity of a given well varies with tnoreased -
pumping, changes in the diameter of the well, and changes in the drawdown.
Consequently, it cannot be-relied upon as: & constant quantitative character~ . =~
istic of the aquifer. However, it 1s useful for comparing, in a general way," ™"
similar wells withdrewing water from the same aquifer with the same general .
order of drawdown. For purposes of such comparison, the specific capacities: of .
53 wells, scattered.throughout the basin, were plotted against the total amount .-
of basalt penetrated below the hydrostatic surface obtained in each well, The .
results are given in plate 11, which is designed to show the effects of
structure on the water-bearing oharacteristics of the basalt. The gensral ares; -:
with respect to-structure, in which each well.is located is indicated by the
symbol with which--ite point is plotted. . The plate shows that, of the 1l wells -
located in the uplands of the Riet.h and Hcrae Heaven a.nticlinal ridgeS, only 2
have specific capacities greater than 3 gpm per "foot of drawdcwn. Theae ‘bwo
welle are numbers 2N/32-7L1 and -7N1 1n tabla 1, and owe their greater yield to
their position in the bot'bcm of the canyon cf ’che Ilnatilla Rivar through Rieth
Ridge. Although they are near the anticlinal axis, they penetrate lava flcws
that are not cut and drained by canycns. Further, the plate shcws tha.t, of
the 17 wells having specific ca.pacit.ies of 10 or great.er, 9 are :ln the Umatilla
lowlands and 5 are near the axis of the Agency syncline. Nevertheless, pl.ate 11
shows alsc that all fm:r areas are represented among those wells having apecific
capacities of less than 1. N
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The fanglomerate; glacial~-lake-bed sediments, and loess lie in arveas
having low annual precipitation, In large part, these deposits 'cap ﬂdges' |
and terraces and are out off from surface water of other ateas, Therefore,
what ground water they- contain is derived mostly from local precipitation and '
is "perched" above the basalt while in transit to deeper peroclation or to ™
the surface. - e ) R

Though the glaciofluviatile deposits and the Recent alluvium lie in a
low=precipitation area, unlike the bulk 'of ‘the fanglomerdte they lie mostly =
at lower olevations and their ground-water bodies are recharged partly by
percolation from streams, The ground water in all these deposits lies in thin o
sheets or layers, largely perched upon the surface of the underlying basalt.

The deposits:are less than 100 fest thiék at most places, and consequently, do

not contain thick zones of saturation, The temperature of the ground water in’ ’
these deposits 1s about the same as the mean annual air temperature, \

. Ground Water in the Fanglomerate of Pliocene Age o
As described in the geology section above, the fanglomerate of Pliocene .

age consiats of a heterogeneous mixture of poorly sorted, crudely stratified
gravel, silt, and clay. Silt lenses are conmon and the interstices in the
gravel are filled with silt and clay which is rather tightly cemented wiﬁh '

calcium car'bonate. Clean 1ayers of sand or gravel are rare. All these factors

cause the £anglomerate to be rather impermeable. )

' The lack of permeability, coupled with the location of 'bhe fanglomerate '
in an area of low precipitation and its position capping basal’c r:l.dges and . |
terraces which stand above nearby streams, render the fanglomerate rather |
unproductive of ground water, '
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Many ranches :and_;aside_xiceg,. however, rely upon ground water from the
r&glﬁmw, especi#ll& the so-cail_ed McKa,y b_eds, for domestic and stock-water
supply. Water is withdrawn from shallw dug or drilled wells, most of which ..
y:.eld less than 3 gallons of water per minute, The water levels in many. such - .
wella lower considerably after years of 1ess-than-average precipitation. . .. - . :

Ground Water in the Glacial Lake-Bed
Sediments and in the Locss

’I‘hese sedimentary units'are considered ‘together since they contain gimilar
mterials, silt with some sand, and have similar hydrolog:lc characteristics and:
situatione. . The lake sediments also contain eand and gravels, partly of ice~ ..
ratted origin, but these are not su’ ficient in quantity to affect the ground-....
we.ter situation. . T

The ground water within these silts 1:l.es in thin lenses or sheets perched ..
upon the pnderlying bas_a}.t. Most wells that are dug to the basalt have. less
than 6 feet of water. -W_here the silts are underlain by Fliocene fanglomerate, ..
they are 1arge1y- Pdevoid of usé.ble quantities of ground,wa’qer. As the silis are -
dmined by the streams, they are dependent entirely upon precipitation for..
rsoharge. In their localities the amnual precipitation is low, and evaporation
is hig!i; consequently, the gmund-water bodies in the silts receive little .
recharge.

In spite of the 1ack of recharge, the low permeability of the ailts,
and the limited amount of water available from them, bof-h the loess and the
lake sediments are widely used as sources of domestic and stock water, In
areas such as Rieth Ridge and the high plains north of ?gndleton, where surface
sources are limited gn_d water in the basalt is deep or of small quaptity,  many
ranches are partly.or entirely dependeni; Epon water from ghallow wells in

the loess.
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The water exists under perched or mconfined conditions in the silts and,
in general, tends to collect in low places in 'bhe sur:face of the underlying
basalt, Such hollows in the basalt’ generally occur beneath the carryons and sags
of the surface topography. Plate 2B shows that most of the successful wells |
in loess north of Pendleton are in minor valleya. Attemp‘os to develop water
from the loess on the ridges and knolls have generally failed.

Ground Water in thé Glaciofluviatile Deposits N

‘The glaciofluviatile deposits are compoeed of coarser particles than ‘the
loess and lake sediments and are cleaner and better sorted than fanglomerate. '
Therefore, they are more permeable and contain more storage space for ground |
water, However, these deposits also lie in an area of low annual prec:.p:_r.tef.ion
and contain appreciable amounts of ground water only in areas where they e;'e
recharged by streams or by irrigation. o B

“The area underlain by the glaciofluvia'bile deposits is divided :mto
an’ eastern and western part by the courses of Butter Creek and the 1ower 10
miles of the Umatilla River. ’ -

The eastern part lies about one-half below and ane=half abo;re the 750-
foot topographic oontour. Above 750 feet the glacioﬂuviatile deposits .halv‘e |
been reworked by the wind and in places ’overlie the loess and 1ake' sedimerits,
from which they are distinguishable by their coarser texture. At these higher
altitudes, the glaciofluviatile deposits have the ground-water characteristics
of the loess, as pre‘v:.ously described. ' .

Below theé T50-foot contour, the eastern pafﬁ of the area of' the glacio- )
fluviatile deposits is rather heavily popula‘bed and is traversed by numerous .
irrigation ditches, The ground water is perched upon the basalt and is
recharged largely by the Umatilla River, by seepage of irrigation water, and by
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discharge from-the intermittent streams that drain the higher lands farther.
st. -The glaciofluviatile sediments here range in thickness from less. than 10:
feet to about 100 feet. The water table lies within a few feet of the surface
in the lower areas, such as Fourmile Gap and the other abandoned river -channels .
east of Hermiston and Umatilla Buttes, These are the most heavily populated -
and irrigated areas, During the spring months and following irrigation seasons,.
the water sometimes rises above the surface of the ground locally. ' The .groumd: -
water has been developed mostly for domestic uses, as the people here rely upon: .
the Umatilla River and the Cold Springs reservoir for irrigation and stock waters
Most of the western part of the area of the glaciofluvliatile deposits is
occupled by a U. S, Army installation. Only a few wells in this area develop
water in the sedimentary deposits. Those wells are clustered 1n the south par'b
of T. h N., R. 27 E.; and their water levels, 60 to 65 feet below the 1and | '
surface, coincide roughly with the elevation of the Umatilla. River to the east. 'A
Fire-protection wells st the Army installation ave equipped with casing down o
into the basalt and therefore, do not draw water directly fron the overlying o
glacioﬂuviatile deposi’os. However, ‘the driners' repor'bs indicate that o

the deposits contain wa‘ber :Ln this area.

Wells hN/27-33H1 a.nd ~J2 are irrigation wells which were test.ed at 500 and-
750 gallons per minu'be, respectively, repor'bedly with "no" drawdown. Seemingly g
the drawdown 1s too small to be noticed by the owners after pumping ea.ch well R
at 520 gpm for 3 months. I such ground-water eonditions extend norbhward from
these wells as far as the Columbia River, this part of the glaciofluviat:lle B
deposits is a potentially important aquifer.

Recharge of this part of the glaciofluviatile deposits comes from the ‘
Umatilla River and Butter Creek to the east and from intermittent streams ‘
flowing across the fanglomerate farther south. It is to be no‘bed that surfaoe
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drainage-is well developed on the Pliocene fanglomerate but disappears entirely ‘

on the glaclofluviatile deposits. Some recharge water may- come to the glaclo-
fluviatile deposits} directly from the precipitation. This is likely to be

a very small amount, as the annual precipitation is small, only about 8 inches -
per year, and the gvaporation rate is large, more than LO inches per year.
Artificial recharge might be accomplished readily by ditch or pump diversion of .
excess flood waters from the Umatilla River or Butier Creek. Such water could .
be. recharged to the glaciofluviatile deposits by basin or ditch infiltration
.in the sandy depressions near the south border of T. L N., R. 27 E. .

| ‘Ground Water in the Alluvium of Recent Age

Tﬁe alluvium of Recent age, as has been noted previously, .ccnsists minly
of a 'bhin, narrow ribbon underlying the flood plains along the larger streams. ”
Where such streams traverse the Blue Mountain slope the alluvimn is composed i
of well-washed, fairly clean though poorly sorted gravel and sand which are .
capable of storing water to a relatively large percentage of their volume and
are capable of yielding it readily. However, the alluvium here is of such
sirall quantity that to withdraw water from it, as does the city of Pendl’eton," “
would have the same quantitative effect as to withdraw it diféctly from the stream.

Where these streams ti‘a.verse the Pendleton plains and the h‘igher parts of
the Umatilla lowland the deposits consist mostly of reworked material from
the loess and fanglomerate. Those reworked deposits are relatively tight and
impermeable. Even so, the alluvium there is widely used as a source of ground
water for domestié use at f.he ranches and dwellings bordering the streams.

Where the streams traverse the area underlain by glaciofluviatile deposits,
alluvium of Recent age is commonly lécking. Where it exists, it is nearly
indistinguishable from the glaciofluviatile deposits. Recent alluvium occurs
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| in three large aress; Ore 1s & broad flood Flain extending upstresit ¥ about
D 7 miles from Pendleton. The alluviun ihiere is compdsed mostly of gravel but

is less than L0 feet thi.ck, (nnd gro\md vater from it is ysed’ only mé eiomaatic
The seeond large area underlui.n by Recent lewh"*aﬂ ™

- ::“ﬂm plain bordering’ the, lowest 12 miles 6f Butter Creek. -.Thi‘.a -alluv‘lmi.-;alao
48 shallowy 4t 4s gomposed almost entively of reworked loess ‘and is thevetors

F——

rather impermeable, It oontains a fes scsttered lenses of fairly clean &

e
but the ground-water ylelds are aurficient only for domestic and stock water.
$nme of the rax;ohes are hav:lng dee,per wellg drilled to obtain water fyom the
under:,ymg basalt. e S
- thind, la:cget .depoeit o:r allnvimn of Rec,ent age underl:les me broad floed
plain,o.t the unatilla Rivar northwest from Echo to the oonﬂm,g@ with Butﬁﬁr
Creekg., 'rhe a.l].uv;!.mn there ig compcsed mostly of reworked glacio,flwﬁ.nmg. -

" material and is fairly coarse and pemeable. m depth 1s not lmowny 85,99
wells are known to penetrate 11; entiraly, but it is presumed to be shallow.
It is crossed and a.lmout oampletely ;:rrw;é;d‘l;;’in'igution ditches and is
crossed by the Umst:!lls. River. The water.tabie is within 6 feet of the surfage
over most of the area and rises to the surface over large preas during the
spring monthe‘. Drainage is a pmblem in thia am. The ground water in

the alluvium is developed only by' domestic and stock wella at the ranches,
The, wells are dug, bored, or driven and are punped at low rates, -

if"i

. With few emep’eione, the" qmlity of the ground water in the Unatiiia’River

bas.tn 4a s"u:cellent.' "In generb.l, ‘ﬂae'* water 'rdngbs from sbﬁﬁ to hodarutely haid,
A has a moderate mineral content, and does not contai.n aign:lticant comanmti'ons
“ of objectionable constituents.
prpgb}igheq records qub:loqy to revision
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:+ Satiples of: ‘water'from 2li;wells end springs within the ‘area were analysed
by the' Geologioal :Survey, - :Chemical "analyses of water samples from.6 wells

nd: springs were obtairied from other sources. In.addition, water samples
from 132 wells and springs were tested by f£ield methods for hardness and -;
chloridey  In -the'field deteriinations. staridard soap solution.was used. to
eBtimste hardness, and silver sitvate solutisn with potassium chiromste indicator
solution was ‘used to determine' chloride. " The results of these field tests are
shown on table 1, columms 16 and 17,-and table 3, column 1l.

D R A L oo, . : . : o e

, . Hardness .
Hardness of water is caused eseentially by calcium and magneaium copmounds,

such as the carbone:bes, b!carhonetes, aulfe’oee, and ehloridea of theee 'mtals'
Herd water deposi‘hs scale when the water :ls heat.ed, a.ffects the use of deter-

gents and dyestu!fs, and consumes‘ eoap m 1aundry operations. Hardness, with
respect to use of the water, has been classified by the U. s. Geological |
L .
Snrvey (1953) according to the follow:lng scale:
N - R P TR

R Emness ‘&8 5m§ N
bs million) Class

0 - 60 S_oft
Al e s o0 63e 1200 . Moderately herd . 0 v ot
121 - 200 Hard
thos Jed - 20Qv= L. ¢} .Very hard-

.v. 1oy o v
it ":‘?ni’.’ :

Hardness determinations were made by ﬁ.eld methods for 10h 8prings and _
wells which draw we'.ber from the be.salt. The hardness as 0&603 in the sa@les
examined ranged from 15 %o’ 225 ppm and:avéreged 77 ppu, . Thus, the water from

*'the basalt. kay be soft. to. very hard and the aversge hardness is in ‘the moderately
- hard category.  Also, of -the (10 'samples, 22 were softy 59 were moderately hard,
+:. 21 were ‘hard, .and'.only-avwe:iefvery:ham, i i e

B U

3 . ) .
.’ .‘h .--Jv-/',' a7 ’£
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Field determinations of the hardness of water from' 97 wells and springs in
the basalt were grouped according ‘to the :depths of the socurces from which . - °
the water was obtained, ~Water from 20 springs, the weter: from-which prouny
never-had been more than 100 feet-below ‘the.land surface, had 'an- average
hardnése-of 42 ppm. The average hardmess of ‘water from 25 wells drilied less
than 200 feet into.the basalt was 90 ppm, thet for 20 wells. between 200 and 3

Feot deép was. 80-ppm, and ‘that for 31 wells more' than 300 feet desp was 7l ppm.

" Witer in:the sadimentary deposits overlying:the basslt renges in Hirdress:
from & minimm of 4O ppm in the Recent alluvium to a maximam 6f:3195 ppuis "
the loess, Average hardneas valnea and the num'ber of wells upon which the
valuea were. -establighed ror eaeh of the sedimentary units 15 as follawsa .

Pliocene, Anglogerate, 5 wel,ls, 93 ppm; lbsas, lh wella, 12h ppms glaciofluviat.ile
deposits, 6. wells, 101 ppOs. and Reomt alluvium, 9 wells, 97 gpm. ‘

- SN I R Wty .
e chlori.de éontent in'dny of’ the siupled water is not’ suffiaieht to be"

objectionable for ordinary uses. .The highest concentratioh of chloride wasé |
10l pphi 1ir water from s shaliow well in the lodss, The upper limit. of,soncen~
tration of. ehloride in domestic water recommended by the U, S. Public Health:
Service (19h6) is 250 ppm, and a concentration of 300 ppm or more ordinarily .
is neceeaary before the water tastes. noticeably saltye - v

" Water from the loess contains movre chloride than that from other rock units.
In samples of water from 1 wells in the loess the chloride content was found
to range-from 10 to 10l ppm and to sverage Ll ppm. - In the water withdrewn from
10l springs and wells in the basalt, the chloride content ranged from'l o 99
ppm and averaged 22 ppm, Water from 20 wells in the Pliocene fanglomerate,
glaciofluviatile deposits, and the Recent alluvium had chloride comcentyations

ranging from 6 to 70 ppm and averaging 21 ppm.
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Detailed chemical analyses of water from 25 springs and wells indicate ‘\
that the sulfdte and nitrate concentrations are not excessives The U,.S."
Public Health Service suggests a maximum permissible sulfatée-concentration of
250 ppm for ‘drinking water: “Thée ‘maximum concentration in thése ground waters
was 42 ppm, " The National Research ‘Gouncil (Maxcy, K, Fi, 1950) recommends: ::
a limdt ‘of L ppm of ‘nitrate in water for domestic mse. Only-one well [
(kN/33-29K1) 4n the Umatilla Basin exceeds this, with a-concentration of: 57 -ppm
of nitrate. The other waters tested have toncentrations ranging:from 0.1l ppm
to 11 ppm of ‘nitrate.

- M:Lnor Constituents of the Water _
Bor:m; In mll amounts, boron :ls easential to the grawth of practically
all plants. In only slightly greater amonnts, however, ﬁs 1s detrimental to 1
plant growth., Plants are rated (Wilcox, 19h8) as sensitive, semitolerant, T
and tolbrant according to their ability to withstand boron concentrations.
Irrigation waters are rated in five classifications--from Yexcellent® through
"unsuitable"--for each of these classes of plants. Water with- boron concenw::
trations of lebs than 0,33 ppm is regarded as’excéllent for:the.sensitive: ..
plants and water with more than 3,75 ppm of boronis regarded-as: unsuitable
even for the tolerant plants..

Nineteen of the chemical analyses of table 3 list: boron-concentrations:

* Of these, 18 have less than 0.33 ppm of boron and are, therefore, "excellent"
irrigation water in this réspect. Only one sample (3N/37-18HL), from. & .hot

"sﬁring, has an objectionable ampunt of boron (10 ppm). and is rated "unsuitable"
for even the most tolerant of plants.
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Fluoride.- A concentration of fluo;ide of gbout 1.0 ppR. in drinking or
culinary water. is considered beneficial to children's teeth (Dean, 1936,

P. 1269-1272). In hid:ercomen’brationa fluoride. mey: osuse & dental: defect . :
known. 88 mottled enamel, and socordinglyy the Puplic Health Service; respmmends
a maxiwwe 1init of 1.5 ppu in water to be used for drinking and cooking., ..

Determinations of fluoride were: made: on water from 22 springs und wells. .
Concentrgtion,s ‘ranged :from-0.2:to 0.9 ppm in most. of the waters. In the samplec
from wells LN/26-10P1 and 3N/37-18HL,; the fluoride concentretion wes 1.7.and 4.0
ppm,. respectively. Th:!.a mm source is-the same hot-epring mmr~@at .
contained 10 ppm of borom.-. . .. . .

Iron,~- Water containing more than about Q.3 ppm of. iron, or of iron.and .
mapgsnese togsther, mey stain fixtures, utensils, snd laundry. . W%??r..."tm”
from one well in the Joess and from one well in the Pliocene fanglomerate have
cppoegtretions. in excess of this amount, .. Ooe well. (35/30~29R2) that.draws .
water from the metamorphic rocks has g very. high, ooncentration of -iron. (h? ppm),
However,. in all: other. ‘samples; 20 in number, in which iron was: determined,
the cmcentz:ations were less than 0.3 ppm.

Gaseous constituents,~ Several of the wells and- springs disohnrging wa.ter
from the basalt have a noticesble odor of hydrogen sulfide. This condition
seems to be normal (especially in néwiy drilled wells) for water from the
basalt of the Pacific Northwgst. The gas, in part, may be released by the
decomposition of .iron sulfides in the lava. rock. ‘

Drilling operations in well 1N/30-2hE1 enconntered a small amo\mt of
combustible gas which ignited with a nmfﬂ.ed report when pieces of burning
paper were dropped into the well, The 8as, which probably was methane, .
appamtly cams . fram an interﬂw soil zone and probably was formed 'by ﬁxe
decomposition of organic matter in that zZone., ’

Gas can be easily removed from water by ‘aeration. "~~~ - i’ ‘
Unpublished records sub;)ect to reviaion
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Suitability of thie Water -for Irriga'bion

The U, S.: Departient of Agriculture (195&) ‘has’ mtad that' tite character=~ .
istics most -important ‘it deterviining the quality of an-irvigation witer are -
(1) total:concentration of soluble salts or salinity, (2) relative proportion
of sodium to the principal cations as a whole; and (3) cohcentration of boron
(which was disoussed previously) or other elements that may be toxics The

-concentration of ‘soluble salts in water can be'determined approximately by -

' measuring the electrical ‘conductivity of the water., This determination ean :
be made readily and is reasonably accurate for the purpose, Conduotivity is .
usually expressed in micromhos per centiméter and is & partial measure of the::
suitability of water for irrigation ‘use, .

“The sodium (alkali) hazard involved in the use of water for ‘irrigstion is
determined by the absolute and relative concentration of the catidnss -.If -
the proportion of sodium is high the alkali hasard is highj if the Galoium end

"mgnesium"lsié&cnﬁﬁ&te;-thehaza'rdfis Yow,. S P PR

A useful ‘index for designating the sodium hagard is the sodium-adsorption’
ratio (SAR), which is related to the absorption of sodium by the soil. ..The:.::
sodium-adsorption ratio may be cilculated from the formula = - - oo

SAR = = Na -

where all the cations are expressed in equivalents per million., The classifi-

.

cation of waters with respect ‘to SAR is based primarily on the effiect of
exchangeable aodium on the physical condi‘bion of the soil.:

A diagram used for the classification of irrigation watérs on the basis
of electrical conductivity and the sodium-adsorption ratio is reprodiced on
plate 13, This diagram classified irrigation waters iitoc 16 types ranging
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from low salinity (Cl) and low. sodium (S1) t6 high salinity (CL) and high
sodium- (Sh). - Water ‘classed as-Cl<Sl can be used on practically all soils

with little danger of harmful effects on the s0il or crops, whereas a water -
classified das Ch=Sk is not suitable for irtdgation of any type of cropé or ary
kind of soil except in very special situations, ‘ A

Of 19 waters, analyses of which give adequate informationy 15:f&ll-into-
class C2-Sl. ' Water of this class can be used for irrigation if a moderate’ :
amount of leaching occurs. Plants having moderate salt tolerance cam'be’ =
grown without special practices for salinity control, This type of water can
be used on-almost all soil& with little danger of developing harmful levels
of exchangeable sodium. - = SR W

Two of the waters. fell into class Cl-Slj this type of water can be used.for
irrigating most crops on most soils with little. likeliliood -that soil salinity
or harmful concentrations of sodium will develops

*.One sample’ (5N/32-31FL) was classed as C2-52, This water will not creats
a salinity hazard if: a moderate amount of leaching occurs but. will present *«
an sppreclable sodium hazard in fine-textured soils having hlgh cation~’
exchange capacity. It can be used on coarse~textured or organic soils of
good permeability.

The remaining sample is from a hot spring (.3N/37-18H1) and is classed as
C3-52, This has sodium~hazard characteristics similar to the sample just
discussed, With respect to salinity hazard, the water in the C3-52 class
may not be suitable for use on soils haﬁing restricted drainage. Even with
adequate drainage, if this water is used for irrigation, special management
for salinity control may be required and plants having good salt tolerance

may need be selected.
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‘a0 Temperatuve of the Ground Water 1 v T o ‘
The ‘average’ tempsrature of rocks lying at a depth of Less than about' 100
feet below the ground surface is comménly about the same as the mean annual -
‘temperature of the atmosphere at the ground surfaces Wells and springs that’
discharge water from the pre-Miocene rocks tap water bodies in the weathered
zones of thesé rocks, ‘These ground-water bodies lie within @ few feet of
the ground sarfice and hié water temperature approximates the mean annual
sir temperature;: © | e e S
- Simtlarly, the sedimefrtary depéeits overlying the basalt are commonly
shallow, the dépths §f'Wélls seldom excbeding 150 feet and being mostly less:
than 100 feet. The temperature of the water they contain also iz at about
7 iie Bame as thie mean: AnmUAl air temperature. '
17 Ground water from the basalt comes from porous sones which are tappéed °
by wells ranging in depth from about 100 ‘feét to more than 1,000 feet below -
the gromd surfece;’ Such watérs show a distinet, though irregular, increase
of Water temperature with'incredsing depth of the watér sources -

dywr S0
EEER A .
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- ‘The temperature of the water ‘and other' derived information for 26 wélls
in basalt are tabulated belows : -

— . Mean depth® = Temperature  .Mean anmnuall  lemperature Temperature
Well of aquifer of the water temg;ratnre difference increase

(in feet) (°F) . (OF) ... (OF/100. £%
of depth)
2S/27-8P1 221 56 L8 8 3.6
1S/27-18ML * - 126 S 55 . k8 7 = 5.6
1S/32-9L1 L65 66 52 1k 3.0
-ON1 ° 348 6h.5 - - 52 - - 12,5 . - - 3,6
-17F1 301 65 52 13 h.
15/32-19Q1 160 55 52 3 1.88
. =23J1 7% - 68 52 15 -7 2.1
1N/28-28D1 355 6k L8 16 k.5
1N/30~hﬁ1 . .o 65 .o 58 17 Girn e
2N/27-11H1 L27 61 L8 13 3.0
an/29-39m 59 62 L8 1L 23.8
~10N1 580 56 ) 7 1.21
-29D1 294 58 %) 9 v i 36
2N/33-21. 150 66 51 15 3.3
3N/29-1601 307 65 L8 17 5e5
LUN/27-27R1 - 54O B8 50 - 8 o 147
A hN/eB-mcl 187 62 60 12 7.6
‘ - =10PL 371 6 "~ 60 : 26 cae o ba®
~11N1 699 71 50 21 3,0
LiN/31-9P1 3| 61 50 11 3.5
ON/28-19A1 - 770 y ¢ SRR 50 : 2 KU 2.7
5N/29-13EL 272 63 50 13 L8
5N/32-38C1 : 61 50 o511 '

_S_Nggg-aul © 253 ge 50 8 29
a Mean depth of aquifer Taken as the eﬁ'ﬁh 6? 2 point haliway een

the top and bottom of the reported water~bearing sones, and for depths in.
which the water~bearing rock was not reported, it is taken as the depth of
a point halfway between the.static water level and the bottom of the well.:

b Mean annual temperature is estimated from the elevation of the well
site and the proximity of the site to temperature-recording stations at Echo,
Hermiston, McNary, Meacham, Pendleton, Pilot Rock, Ukiah, Umatilla, and
Weston, Mean annual temperatures for these stations weére computed from
weather records-for the years 19h5-5h. . .

B
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Of the temperatures recorded for the ground water in wells, the highest qd
was 76°F in well LN/28-10PL in the Umatilla lowland, ‘the “lowest was 51,5° F
in well 2N/32-10MJ. in the Pendleton plains, and the averaga ‘temperature for -
all 26 wélls was 62.2°F.

.The average rate of increase in temperature below the first 100 feet is
generally 1° to 2°F per hundred feet. The temperature of the 2irst 100 feet
of ciepth is usually expected to average about the same as the mean annual
t@mperature for that locality. This common assumption appareﬁtly is not
entirely valid for the Colwibia River basalt of the Unatilla Fiver basin, as
water from wells 2N/29-32HL and 5N/32-31F1 show greater-than—mean annual
temperature for aquifers whose mean depth is less than 100 feet. For this
rea‘aon, the thermal gradients in the foregoing teble were computed directly
from the earth's surface, ‘

" 0f the 2l wells for which data are complete, only L had temperature
grafn‘enta of less than 2° per hundred fest, Of these, 2 are in the Pendleton
pla.:hns area, 1 is in the Umatilla lowlands, and the remaining 1 is at the foot
of the Blue Mountai.n slope. .

Of the wells' 'bhat show unusually high thermsl gradients, more than- 5°F
per 100 feet of depth, nearly all are located in ‘areas that contain 41:_lnes of
significant tectonic deformation. Well 15/27-18ML is on the Blue Mountain
slope; LN/28-10CL and vlel- é.re near 'bhé axis of the Service"aﬁticline',“ and
5N/32-31F1 is high on thre ﬁorse »Heaven énticlm. '-Wells -214/29‘-3011 ‘and

3N/29-16G1 are in a trough between the Service and ‘Riei;h anticlines.
Possibly well 2N/29-30HL may be bridged or “6bqpructed in such a manner

that only part of the depth to its water-bearing zone could be measured; thus,
its erroneous depth measurement would account for its apparently very high

‘\

water temperature per measured depth.
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Near Pilot Rock, where the mean annual tempereture for the jyeers:19hSsSl
was 51.8°F, the water temperatures are from wells drewing water at differeat .. :
depths,  One well (15/32~19Q1) yields water at 55°F from an aquifer whose.mean .
depth is 160 feet, and another (-17F1) yields water at a temperature of-65°F
from an aquifer whose mean .depth is 301 feet. -4 third well (=9Ll) ylelds water
at a temperature of 66°F, mairly from an squifer whose mean depth-is 465 feet, .
and a iburth (-23J1) yields water at 68°F from an aquifer whose mean depth.is -
710 feet. These four wells would indicate a temperature gradient of 1°F per- 50.
feet of depth to 160 feet, 1°F per 1l feet of depth from 160 to 30} feet, 1°F .
per 16l feet of depth from 301 feet to 1;65 feet, 1°F per 122 feet of depth
from L6S feet to 710 feet, and an overall gradient of 1°F per 3.8 feet of .
depth from O to 710 feet. If these data were plotted, temperature against. .
depth, the result would not be a smooth -curve, The roughness of the curve. . . ...
seems to indicate that the ground water from the main producing zone of some -
wells-may be mixed with water from higher or lower water~bearing zones..

The warmest ground water known in the Umatilla River basin area issues .,
from Bingham Spring (3N/37-18HL) in the canyon of the Umatilla River near
the crest of the Blue Mountain anticline. Hot A'springs are commonly considered
to represent water that has risen along faults or other conduits from deeper
strata. Using a temperature gradient of 1% for each 50 feet of depth and
starting from a mean annual tempera'hure of 50°F the 9h°F tempemture of the
spring wonld require that its water rise withant tempera‘bure loss from a depth;
of some 2,000 feet. However, the nearest recognizable fault 1s about half a
mile downstream from the spring, and the posit.ion of the spring near the crest
of the anticline makes it difficult to explain the source of sufficient
hydifaulic head to cause the wa'ber to rise in such volume from such & depth.
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The watér pdssibly céuld havereéached s depth:of 2;000 feet.in:its percolation ‘

to the springs if"i‘b‘?"cénai:"ﬁbm‘th@’m‘eh and passed under the.high mountain .-

mass south of thé epring - Fractures along the' crest of the anticline may be -

open slightly, thus creating a greater vertical permeability than is common, -

If Water was traveling in & straight Iine from the juriction of the’ south fork

of Umatilla River and’‘homas Creek (altitude about-3,500 feet) to Bingham Spring

(aitiwée-abbut 2,200 Teet) ‘the water would havé' to descend vertically 1,300

feet in the basalt and would pass under a mountain mass which reaches an elevition

ab"oﬁt 1,500 ‘feet above séa level, or 2,300 feet above Bingham Springs. . @ '
‘Another possible: sotirce. of ‘the heat is residual heat in an igneous intrusive

mass ‘neai ‘the ‘surface. However, ' this hypothesis is doubted, betauss cniy one

hot spfing is known and because 'ths ‘only other possible indication of the

presence of such a mase is the high concehtration of boron in the wabter from--.

this spring ‘thes ‘teble k). The poséibility exists that fault zones méy contain

abnormakYy Warm rock due to mechanical disruption of the rock during fault

movementé and may pass such héat on to’the circulating ground water.

N ‘ Use gwg Ground Wat.er .
; History of Grmmd-Water Development |

There have been three major periods of ground-water development in ‘bhe
Umatilla Basin area. Thgse cozjrp;gpopd tp‘. periods of general mcreaae in
population, agriculture, and ipdustry.

The ear],iest period of set‘t?.efnent in the area was largely devoid of ground-
water development. Prior to t.he termina'bion of the Indian wars in 185?, fhe
population was transient and consisted mostly o;r.' trappers, traders, small o
settlements of white stockmen and nﬂ.asionaries, a.nd Indians. Most of the |

aettlementa were of short dmtion and several were destroysd or the people ‘

N RIS .“‘.. o, N b
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were frightened away during the Indian wars. . Jn 1863, gold mining was started.
in the Um’oilla area _to&zfaise_ .cattle, sheep, ax_xd._fo,odstui'fs for the mtners..
During that time the ranches and settlements were widely- scattered, and relied..
mostly on surface or spring water for domestic.and stock use and upon surface
water for such irrigation as was accomplished, 1

_The switch of emphasis from stock to grain as & dominant sgriculture ..
Proflgzct took place between 1875 and 1900. By the end of .that period, most of
the Pendleton, plain and much of the Upatilla lowlands were under cultivation.
Many of the settlements and ranch hegdquarters were located on the narrow.
flqo@ plains of the larger .streams. The people there relied upon surface water
for irrigation and stock use.and upon shallow dug wells in the Racent alluyium.
for._d_omstic use. Ranches on the ‘terraces and plains.between the streans ?ggq.-
shallow dug wells in the loess or oﬁer sediments ove:g}yj.ng the Abasglt for.. ..
domestic and stock water and practiced dry farming. The first exploratory
wells into the basalt were drilled sbout the turn of the centuyy. Msny of
thesé ‘were shallow and were either failures or only moderately successful.

' TDuring the period 1912 to 1920, high wheat prices, 'stimuldted by the first
World War, caused many lands previously regarded as submsrginal to be brought’
under cultivation. Many drilled wells were developed during’ this perted-of
prosperity. The emphasis at ‘that time was on dry farming and the wells were ‘
needed ‘only for domestic and stock use. The wells were generslly small in
dia.meter-'-:é inches or less=- and in each cé.se dx;‘illing was discontinued as
soon as a small amount of water was obtained. With the decline in grain price"s:'
after the first World War, ‘miny 6f the poorer lands, such as those on the Rieth
anticline and the Blue Mountain' slope, reverted to ‘grazing use and many farm- .'
steads were abaridoned as the land was consolidated into larger units. Many of
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thé farmstead wells either fell into'disudé 6r served only for stock water.

A period of minor ground-water’ da%lopment occurred during the drought
of the 1930's, when the Government financed the ‘diilling of several low-
yield drought-refief wells, - |

The greatest period of ground-water development was from 1940 to the
present. This recent activity has been csused by three dominant factorss
first, ‘the general period of prosperity duting and after the second World War
has made it possible for pedple to firance gz‘-cmnd-water'developme’né'.{'aeoond,
theé Yooal people are finding that Yiirge ° quantities of ground ugter are avail~-
able under some parts of ‘the e.rea; and third, many of ‘thie ranchers dre turning
‘their attention to crops othés tha.n small grains, Some’ 6f those créps requ.ire
irrigation, “The second factor is probably the domirant one, and wella‘ h'ave
been, and &re now being,’ drilléd for domestic, indusbrial, and méipal use
as well as for irrigatioh, e a

e

» Present Use of Ground Water

A’c the present time ground water has been developed for rural domestic
.and stock supply, Airrigation, qul:lc supply, and industrial use; at one spring
it haa been developed for racreational use, ‘ , . -

Rural domesgic and stock water.- Most of the wella in the Umatills River

baain area are used for rural domee‘bic and stock snpply. TIn many places water
from Phege wells is used a;ao to irrigat{a small gardens or yards of generally
less than 1 acre, Aﬁout 609‘1_-epresentat;l_.v,e wells of this class are listed
in table 1, .

The population of Umatilla Gounty is h1,703, according to the 1950 census.,
If one subtracts ﬁfqtn this the 19,696 who live within incorporated towns having
municipal ﬁatar supplies and the estimated 5,500 people living in that part.of
the Walla Walla drainage basin which lies-within Umatilla County, a rural

population of approximately 15,900 is obtained for the Umatilla River basin,
Umpublished records subject to revision
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Per~capita water use for a rural population is commonly about the same as for
a small city without industry--about 50 gallons per day. Therefore, the rursl.
domestic use of water, all of which 1s withdrawn from wells or springs, is .
about 795,000 gpd, or about 890 acre~feet per year. Most of this water is
withdrawn from the basalt,

Zrrigation.- Quantities of water used for irrigation were estimated from
data available for individual wells. Most of the data was obtained from annual
reports of the well owners to the State Engineer of Oregon. Where such reports
were not made the total water use was derived from an estimated average use of
3 acre~fest per acre irrigated per year. Where the total acreage was not:
known, the estimate was based on the'reported yield of the well, in gpm,
extended over & 3-month irrigation season, .

The estimated total amount of ground water used for irrigation in the -
Umatilla River basin is 8,100 acre~feet per year. Of this amount, 6,350.acre=
feet 18 withdrewn from the basalt, 1,700 acre~feet from the glaciofluviatile
deposits, and the remainder from the fanglomerate and the alluvium,

Public-supply and industrial use.~ Some of the industries within the ares
obtain all or part of their water from public-supply sources, while others .
furnish water to public-supply agencies, especially during periods of water. .
shortage. For this reason, public-supply and industrial uses of ground water
are grouped in this report.

Water-use figures were obtained from city officials or the State Engineer
of Oregon where records were adequate, or were estimated for clties and
industries where records are inadequate. Such estimates are made by multiplying
the city population by 50 gallons per day per person for the domestic use, or
by comparing reported well yields against the work schedules of industrial

water users, oo '
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- Thé estimated total amount of ground water used for industrisl and public’
!upply is 7,100 acre-feet per year. ot this, 3,800 acre~feet is withdrawn

from wells in the basalt. The city of Pendleton obtains about 3,200 acre-fee-b

per year from infiltration galleries in the Recent alluvium under the flood
plain south of that part of the Umatilla River which lies in R, 35 E, The city
of Stanfield sbtains about 30 acré-feet per year from a well in the glacior
fluviatile deposits overlying the bs.salt, and the city of Helix gets about. ,
4O acre-feet per year from a dug well in the loess. The latter :ls the highest.
production rate (about 25 gpm) known for any well in the loess,
Totsl withdrawals of ground water.- From the foregoing paragraphs, it
can be seén that the total consumption of ground water for all purposes in

the Umatilla River basin area is about 16,100 acre-feet per year. Of this,
8,800 acre-feet per year is used for irrigation and seasonal industries and
its withdrawal is concentrated in the summer months. The remaindeér includes
usage for domestie and public supply and for nonseasonal industries. The
withdrewal of this 7,300 acre-feet of water is distributed fairly evenly over
the ‘year; with perhaps a slight increase during the summsr months when . »
irrigation’ cif yards and emall gardens and a slight rise in powlation dur:lng

the harvest season raises the rate of water use.
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Table l,~ @ggsentag._ve Well§

[Well locations

Topography where well is locatedt Apd, alluvial plain, dissected; Fp, flood
plain; Re, former river channel; S, slope to major valley; Sc, scablands
Ty terrace; U, uplands Uv, upland valley of minor stream.

Type of well construction: Bd, bored; Dg, dugs Dn, drivenj Dr, drilled.

Ground-water occurrence:s C, confineds P, perched; U, unconfined,

Water-level informationt Depths and water levels expressed in feet and
decimals were measured by the Geological Survey; those in whole feet

Chemical analyses listed in this table were determined by field methods

oD ~ | & Water~bearing zone
R o ~ of zones
LE PR BN
Eg L8 sl £1 % o]
. | Owner or on el 8! S 1R |¥ |character of
o occupant of 23 g g E & § « lo-|m | material
o, o o PPl o
o | Proeety (ERZ 8 5| B | o |oHE
C 28s 1B Bl & | B (B3
(1) (2) (3) 1) (5)] (6) | (1) |€6)I(9) (10)
T, 3 S’I R. 29 E,
7A1 Mrs. Ralph Jones Uy Dr 150 6 3L.5 Basalt
9B1 J. G. Barratt Uv Dr 208 8 22 160 L8 do.
10C1 Raymond French v Dr 150 8 50 135 15 do.
Te 3 S.a Re 20 E.
1F1l Joseph Pedro Uv Dr 1h9 6 19 19 do.
29R1 George Egg Uv Dg 15.2 U8 Metamorphic
vocks
2932 do. Uvr Dr 85.0 6 do.
33C1 Orville Carley Uv Dg 16,1 60
TQ :‘-3 S" R’ 39% ED
1Bl Joseph Pedro v Dr 99 6
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'm the Umetilla River B__a_ sin Area

" shiown on plat@s ZA, 28, 2] o AR SR "

were reported by the amer or the: driller, those with plus and minus s
were estimated mostly by the owner. "F" indica'bes well flowing at land

- surface.

‘I‘ype of pumps 'B, bucket; C, cantrifugal’ (wlute 'b;y;pe); Jy Jet; P piston
R, rotary; T, turbine~type centrifugal, ? . 5 ;
Use of water: Dy domestics Ind, indtxstrial; Irr, migatims N, none, ;

PS, public suppl.

by the field personnel. -

) 41 RR, railroad; Sg stock.

e s 456, *a ? - h..
Water level 9 & § . 8|
g n © ~ g‘
=1 o Q i
8ol .8 .| . = 8 :,-6'3 S8l o
m2§§ "Date A g |°8 [~5% é ‘Remarks -
Ak -t 8EE8 S o
e g o b oS B 18>.3 %3 £
2gletd B9 | 2.|E€5lhl &
RHE HE | 2158924 §
1| (12) | (3) | fb) [(a5) | (26) | 17|18 - (19)
C 5o J, 20 S Bailed 17 gpm for 17 min. with
: : 10 £t drawdowns see table 2 -
for log.
cC 50 T D, S | '
C F J D, S 65 8 Water 'brickles aver top of o
C - : ;‘: casing, RN
cC 20 D " Test pumped &t 410 gpm.
U 5.91 10/26/53 ¢ D 8 8
U 3.83 10/25/53 . P D .1l00 8 See table 3 for -chemical
analysis of water.
U 5.2 18/25/53 P N T e
" C 24,57 8/29{53 N N See plate 1k for wa’oer-level

- records . - .
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Table 1.~ RegresentatiVe Wells in the

@~ . n Water-bearing zone
1483 ~ 1 & or zones ‘
Iﬂﬁ 5 0 b0 .
TaT 8 o g 5 oy
o led w» | 1 o CETR PN
o | Owner or o O ‘%ﬁ e | A « §' <’ |‘Character
2 , By o g S m | of material
occupant of oa O {w ~ § e o~ ®
i . ®© b o] e} -Pé: 1]
~ property tb‘s o ol f : . g
s e B8 B | 8| % BT 3
Ehg A | & 8| E
(1) (2) (3) WG |6 | (D8] (9 (10)
. 2S.. R, 27 E,
5B1 Don Robinson Uv Dr 320 Basalt
8P1L Samuel Turner Uy Dr 256 6 60.
T, 2 S., Re 28 E. | |
12E1 W, E, Hughes Uy Dr 150 8 100 50  do.
1361 Randel Martin ~ U¢r ~ Dr 90 6
T, 2 5., R 30 E.
LlH1 Daniel Doherty v Dg 16 13
9L1 Joseph Doherty Uv Dr 117 8 246 110 7 do.
L2 - do. = Uv Dg 16 36 16
17F1 do. w Dg 9 60
28B1 Mary Pedro - - Uv Dr 100 10 370 30 doe
T, 2 S., R, 30% E.
13J1 Virgil Rhinhart U Dr 104 6 8y 20  do.
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ity
Umatilla River Basin Area = Continued
0 -~
@ o
Water level o S & 8
oy Q O ~f
g 4 4 g..
& a < e
o) ] oz P El—
% o 3 :1.3 S kit Bulo
2 Q :g L] gr—x ) od Mo g
ggﬂg Date Q?D = wg?wmp Remark
T o w a o~y ) oo wl = TKS
2804 8 Yol ° 12&OEEl 8
§o+’c+’ - 3 0 OO 0 @l 9
28lgs sadl 8 BEIEYS
(o] =y E > = ) o =)
1p (2) (13) (1k) (15)1(16) 117 1 18} (19)
c F Jy 10 S, Irr . Flowaatﬂ:erataof
- suplizs irtigdtion e m- for
L acres.
telet Yy ‘T'{.En .,?r;,”«.’-.’}
c 186 P S 56 14 56 ot e
dofen DR

¥
A e o-rﬁ.

G.,:r23.85 10/23/53 T  D,8 70 8 " See plate 15 for water-level

R record, v AR
R B S Y
ity J D, S' I R 71
N 4 - - LK
U 9,91 10/24/53 ¢ D, S S
o rmwamsm v s ke
u c. D *.. ..Affords insuffitient water
dmdrymw' '
U 9.12 10/24/53 ¢ S R

C 110  10/2L/53 L | Test pumped at 265 gpm.

-.-3"

P72 P, 2 D,S 65 U8 Reported2?fto£overbuvdan
.0 uoverlies the basalt.

[}
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