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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,
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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
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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 -
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