PLATE 2

orized by Congress in 1945,

Introduction

The development of the lower Snake River in southeastern 'lashington by the U, S,
Army Corps of Engineers in the interests of navigation, irrigation, and power was auth-

The law approved the

plan of development whereby such

dams as are necessary to provide slack-water navigation and irrigation would be con-

structed,

area

mapped,
Both dams will

Two of the four dams proposed for the lower Snake River are within the

These are Dam No., 2, Lower lionumental, at river mile 44,7: and Dam Yo, 3
Little Goose, at river mile 72.2.
embankment tyve construction,
gererating installations and fishways.

be a combination of concrete and

Fach will include single lift navig-tion locks, power
Construction of the dams will require the re-

location of approximately 65 miles of railroad and many miles of state and county

roads within the mapped area,

cess

engineering sites,

roads will be necessary.

In addition, the construction of several miles of ac-

The engineering geology of the lower Snake itiver canyon, as presented in the
following text, is confined to generalities only and is without reference to specific

For more detailed information

pertaining to the geology of specific

engineering sites on the Snake River, the reader is referred to the special reports
and investigations prepared by the Sections of Geology and Fxploration, Corps of
Engineers, i’alla i/alla District, Walla \ialla, fashington, and Portland District, Port-

land,

Oregon,
The geologic map is the base of the renort,

The map explanation includes a de-

scription of the material found in the various deposits along with the distinctive

topographic and lithologic characteristics.
tabular form to facilitate the selection of

iost

specific kinds of information,

of the engineering geology text is in
The more

detailed general geology report accompanies the map and engineering geology text in
manuscript form.

dams

»

Geologic Feasibility of Ingineering Developments
Geologically the lower Snake River canyon in many ways is ideally suited for the
construction of dams, cither as presently conceived for navigation purposes, or larger

for power,

Excellent foundation material and copious quantities of easily exca-

vated construct:cn materials occur at many places throughout the length of the canyon.

General Engineering Geology of Part of the Lower Snake River Canyon, Washington
by H. H. Waldron and L. M. Gard, Jr.

- Geologic structures are simple, and no seismic activity has been recorded in the area,

slopes are relatively stable, and no evidence was secen of large landslides..

The Snake River has cut a deep canyon into the Columbia River Plateau in southeastern Jash-
The canyon is nearly 1,500 feet deep at the eastern edge of the area mapped, decreasing
The canyon walls are generally steep and rugged and
The bottom of the canyon, in most places, is considerably wider than
the river channel and the inside of every curve is occupied by a large terrace, the surface of

ington.

to about 1,000 feet at the western edge.

have good rock exposures,

Topography

which is 30 to 250 feet or more above the river,

General Foundation Conditions

Nearly flat-lying basalt flows, comprise the fetindation rocks within the area mapped.
dividual flows range in thickness from 15 to over 150 feet but may vary considerably in thick-
The rock is generslly hard and strong and will provide an excellent foundation
In some places interbedded sedimentary or pyroclastic material occurs between

These are composed of gravel, sandy-silt, clay-like material or volcanic ash,
In nost places the beds are thin, but
Zones of vesiculation and brecciation, usually ac-
companied by some alteration, are common at contacts between flows and may be as much as 30
where these contact zones or interbedded materials occur at critical elevations in
the foundation area, additional excavations to sound rock may be necessary,

ness laterally.
in most plzces,
the basalt flows,

in places soft and in other places compacted or baked,
locally may be as thick as 30 feet or more.

feet thick.

zones at other elevations also may be required,

No major faults were observed, but small faults and sheared and brecciated zones occur
These sheared and brecciated zones range in width
from a few inches to 30 feet or more and in most cases show no measurable vertical displacement.
Tension joints and other minor fractures occur almost everywhere throughout the lava,

Although iidividual flows vary considerably in permeability, a series of flows generally is
considered to be pervious and capable of absorbiig considerable water at the surface and trans-
The depth to the water table depends on the extent
to which the lava is drained by deep canyons and the existence of less pervious material, such

scattered throughout the basalt formations.

mitting it readily in the zone of saturation.

DESCRIPTICN OF ROCK UNITS

Grouting of contact

Existing as the massive dense sections of individual flows, dikes, or sills, and interstrati-
fied layers of tuff, clay, or soil, Factors affecting permeability of basalts, in
a probable decreasing order of importance, are as follows: (1) scoriaceous and
fragmental zones at the tops and bottoms of successive flows; (2) large open spaces
at the contact of one flow with another; (3) open joints, formed by shrinkage dur-
ing cooling; (4) caverns formed in flows by the draining away of subsurface streams
of liquid lava from beneath hardened crusts; (5) vesicles and cavities resulting
from the expansion and escape of gases during cooling; and (6) fissures produced by
faulting and fracturing after the flows have cooled, Minor leakage through the ba-
salt members along reservoir walls can be expected, but should not be serious enough
to endanger safety or feasibility of the proposed engineering structures.
In- Construction laterials

With the exception of clay, construction materials are abundant throughout the
canyon, Some of the materials, however, may be in deficient quantities at a specif-
ic construction site., An unlimited quantity of basalt is available for crushed
rock and riprap of nearly all sizes. The numerous joints and fractures in the ba-
salt facilitate blasting and crushing, The large unconsolidated fluvio-glacial and
alluvial deposits insurc adequate quantities of sand and gravel of nearly all sizes
Screening and washing will probably be necessary for most of the deposits. Dele-
terious material may be present in some rlaces. Unlimited quantities of silt are
available for impervious fill, however, moisture control and the addition of other
materials may be reguired for proper compacticn.

Stability of Slopes in Dam Site and HKeservoir Areas

Present slopes appear to be stable, and no evidence was observed of landslides
in the area. Recent talus deposits, mantle benches and the lower slopes of the
cliffs nearly everywhere throughout the canyon, but they are relatively small in
magnitude by comparison with similar deposits flanking the Columbia River, and con-
sequently will not present the problems that have been encountered there., Vhere
unconsolidated materials, either talus accumulations or sand and gravel banks, com-
prise the reservoir walls, some failure and slumping will probably result from sat-
uration and erosion by the reservoir waters, but is not expected to be serious.

:

sub-angular to rounded pebbles and cobbles
of basalt in a matrix of sandy-silt., !G-
‘nor amounts of interbedded sand and silt
and many ansular basaltic boulders up to

SNAKE RIVER GRAVEL

DISTRIBUTIUN TEHEATN AND CRAIN i
UNITS CHARACTZER AND_THICKNEGS NATURAL SLOPES PEﬁiﬁﬁggL%¥g EXCAVATION STABILITY POSSIBLE USE ORIGIN OF DEPOSIT
& gzgonzziiga::idsziza;iiipozizi oga:?igfngu- Sov?ri Snake Rlygf Cfny?? and tribu- Valleys characteri§tically elqnggte, Dra%ngge g?od gnd per-| Easily worked with power|Generally saturated. Low Suitable, with screening, for Stream transported products of
e B q s Wi altic ary loors to highest uu?er level, flat-floored and sinuous, llajority [meability high in gra- |equipment except below angle slopes necessary in base course and road metal; can (mechanical and chemical ero-
= i+ | rubble, and well-rounded gravel of nearly | Thickness: trace to a maximum of of streams intermittent. INatural wels: lees ee in silts e L - aaaieny ol d e ; t :
58 lequal amounts of basalt and pre-Tertiary probably 50 feet ns 1nters L. lNa 5 S i «|water table. cuts. Poor foundation ma be used for concrete aggregate. |sion.
tf;g igneous and metamorohic rocks. d iiﬁﬁzsufigf Eg gentle; steep where erial for heavy loads. Some d:letgrloui'materla% may be
3 Rl present and washing may be nec-
lessary,
beposits of buff-colored, massive, uncon- |A blanket of recent eolian silt covers| Silt dercsits of uneven terrain, con-| Silt and ash deposits Al are easily worked Low strength when dry; very |In general, deposits are too Silts derived from deflation of
solidated silt, lithologically indistin- |most of the area., Dune sands occur |trolled by the underlying Slope;' unconsolidated to with hand tools, weak when saturated, Low small to be of much value, Dune [the Palouse formation and silty
% guishable from the Palouse formation; dune |locally on many of the Snake River SNPPEEES satetitan il e e i s slightly compacted; angle slopes necessary in sand fair for use as blending glacial deposits. Dune sands
& sands of well-sorted, unconsolid=ted angu- |terraces. Small volcanic ash deposits fairly steep. Dune sands character= drainage poor. and per- cuts, Soil stabilization sand but washing may be necessary|derived from wind erosion of al-
e lar g?ains of quartz with some admixed silt|occur scattered throughout the canyon;| ized by uneven terrain including low | meability low, Dune necessary to retard drifting |may also te used as pervious fillgluvial and glacial deposits, Ash
= and‘dlrty flou{y ash deposits, composed of |usually on the lee or northeastern elongate ridges, rounded mounds, de- | sands have moderate to by winds, Ash deposits probably too smal} deposits in part y1nd-blown and
£ ¢ | a mixture of fine, aphular, cellular frag- [side of a hill or bluff, and espe- pressions and blowouts; naturel high permeability and for source of pozzelanic materiall in part wgter—lald, presumably
g5 & | ments of glass and silt, cially ot the lower extremities of slopes gentle to steep on lee slopes, | good drainage. 0ilt probebly not suitable as from eruptions of Cascade vol-
g small gulches, Thlgkn?ss: trace to Ash derosits hove small terrace form 1mperv1?us £i11 because of poor canoes.,
3% Mo Sanin, and 6 fastlor s | S EEee L S
Devosits of buff and tan silt, with some Discontinuous rcmnants throughout the | Uneven terrain characterized Ly rol- | llaterial loose to Easily worked with Low strength when dry, very |iuay be suitable for impervious [Mixture of glacial rock flour
. small bas:lt pebbles and angular grains area capping canycn and tributary ling low mounds, Slopes very gentle | slightly compacted; hand tools. weak when saturated., Sta- fill or aggregate filler, and reworked Pglouse for@atlon.
O ¢ | of coarse bas:ltic sand scattered through- |terraces. Thickness: trace to to fairly steep. interbedded fine sands bility poor because of basal Partly lacustrine, alluvial,
&5 | out the mass., Pulk of the material is naximwn of zbout 25 feet, at base of deposit. sands which promote islumping. and eolian,
§303 massive, but co;ﬁonlytstrazifieg gearfthe Dgainage poor; perme- f
hase, shovdi: : nlbernating thin beds o ability low.
silt and cuarts sande
Deposits ;f light tan to gray unconsoli- Occurs chiefly as terrace remnants or | Uneven terrain,.characterized by Ma@erial loose to Fasily worked with hand |row strength when dry; very |[The numerous included pebbles, Deposited on vallgy floors and
¥, ¢y | dated silt, numerous included angular ba- [veneer on tributary valley floors and | smooth rounded 1rregularly'shaped sllghtly compacted, tools, weak when saturated., ill o?ca31onal boylders, and smal} walls by pro-glacial floodwaters|
q 5 | salt pebbles, berg-rafted erratics and walls upstream from Lyons Ferry. mounds or terrace forms. Natural Drainage poor; perme- stand at high slopes but size of deposits preclude their [later reworked by slope wash,
& = | small lenses of sand and rubble, Laterial |Thickness: trace to generally less slopes gentle to moderate. ability low. subject to slumping and being of much use; however, they
o " | generally poorly stratified and poorly than 10 feet, but locally as much as gullying. may find limited use as imper-
sorted, 20 feet, vious fill or aggregate filler,
sltic i { ST Upper: Comprises fill remnants in Upper: Gently undulating surfaces, Material loose and por-|Difficult to work with |Low to high strength depend- |Source of sand and grave} for Glacial debris deposited by gla-
2§E§Si;;igii§i§ Zilazgz;igtcgi?eiiffoiiough giotectegpplaces on canyon walls up | some low elongate ridges. Seldom ous to slightly com~ hand tools because of ing on material., Cuts of 13 concrete aggregate, pervious fill cial meltwater streams.
irresular, decrease vértically upward in to elevation Of.l,BOO feet, Thick- flat with sloping sides up to 35 de- |pacted., Upper probably|abundant cobbles and to } necessary in upper de- |and h}ghway materlgl. Agg?ega ed
avergge grain size., Caliche coating com— |R€SS: from a thin veneer to several grees. y ; more permeable than boulders? sore more-than|{posits. Lower deposits gen- materlél will require washing an
9 | mon on pebbles and cobbles near surface., hundred feet. Lower: Uneven terrain characterized |lower deposits., Drain-|10 feet in diameter. erally stable at 1:1, and screening, Cobble and boulder
H ﬁpper- Predominantly coarse basaltic sand Lowers Comprises large canyon ter-— by gently undulating surface, a few |age good to excellent, |Easily worked with light|oil-sprayed railroad cuts gravel,‘after screening and wash-
S | and fine gravel, lesser amounts of inter- |races dovnstream from Riparia, up to | broad shallow depressions and gentle machinery, but boulders |stable at slopes of 1/3:1. ing, suitable for crushed rock
& | bedded silt, fine sand, coarse gravel, and |5 miles in length, Thickness: from [ to steeply sloping sides up to 35 de- may require special and riprap. Some deleterious
= | passltic rubble, Material nearly all sub- |a few feet to 250 feet, grees. handling, Over-burden material may be present,
? angular to subrounded, unconsolidated and generglly thin but loweﬁ
3 well-bedded in thin lenticular forsets, depgglgs ?ayfh:vea?.muc
g Lover: Poorly sorted and poorly bedded 2§1t oreZO geeteg§dgine 3

sand,

10 feet or more in diameter occur,

Poorly consolidated, generally well strat-
ified silts, sands, and silty stream grav-
els, Gravels generally poorly sorted,
well rounded, and range in composition
from 4O to 60‘basalt; remainder largely in-
trusive and metamorphic rocks., Interbed-
ded sand and silt is moderately well-sort-
ed, angular basalt and/or quartz fragments.
Boulders as large as 3 feet or more in dia-
_meter are common.

‘of Riparia,

Terrace remnants a few hundred feet
to about 6% miles in length occur-
ring inside of river bends in Snake
Rtiver canyon, upstream from vicinity
Thickness: from a feu
feet to a maximun of about 150 feet.

Deposits characterized by gentle un-
dulating surface and gentle to steep
silleNsllones;

iaterial lcose and po=
rous to slightly com-
pacted, Permeability
and draira-e mostly
good excent wiere
thick silt lenses en=-
countered. iells gen-
erally very productive

Tasily excavated with
light machinery, but
locally boulders may be
large and abundant e-
nough to require spe-
cial handling. Over-
burden generally thin,
but locally there may
be as much as 4O feet
of dune sand or 25 feet
of terrace silt,

Cource of sand and gravel for
concrete aggregate, pervious fill
and highway material, I!laterial
for aggregate will probably re-
guire washing and screening.

Some deleterious material may be
present, Cobble and boulder gra-
vels, after screening, suitable
for crushed rock or riprap.

Low to high strength depena-
ing on material, Cuts gen-

erally stable at 1:1, and in
places as high as 2/3:1.

Reworked older alluvial gravels
and glacial meltwater debris,

Buff to light brown, massive, homogeneous,

llantles most of plateau upland sur-

Liaturely dissected terrain character-

Drainag: poor and per-

Easily excavated by

Low strength when dry; very |Source of fines. llay represent Wind-blown deposit derived from

faces and along joints.

S unconsolidated loessial silt., The materiall face. Thickness: from a few inches | ized by smooth-surfaced, gently rol- | meability low, hand tools, weak when saturated. Stable pgssible source of impervious deflation o? glacial oupwash,
& is extremely well-sorted, more than 90% of | to over 200 feet. vhere thin is dif-] ling to steep-sided hills. in road cuts at slopes as fill. Unsurfaced roads unstable;|or may be, in part, derived from
g it passing a No. 200 (U.S.) sieve. Predom~ ficult to separate from more recent high as 1/32%, ZPt mwf guﬁly. gﬁgiiryQﬁzﬁnwiEY5 plastic and Ringold formation,
€ | inantly angular quartz grains; lesser a- eolian deposits, 0{ :%fzgggd 5§?c§rnggsnwe€y’ v :
i | mounts of feldspar, mica and hornblende; pla v s
2 traces of other minerals, \leathering may
§ extend to depth of several feet, and ca-
5 | liche zones occur at depths of 18 inches to
e i d ally el Drai d. P Blasti ar, High st th., Stability of 1lent f hed k 5 ik
ly dense, fine Discontinuous, small remnants of old |Uneven, irregular and usually elon- rainage good. Perme- asting necessary. igh strength, ability Excellent source of crushed rock [Lava flows.
= o gréi'to blzcg;ei;nZ?aiaiin la;a ly’,lava-filled v;lleys scattered along |gated masses, Slopes very gentle to |ability variable, Broken rock and talus slopes controlled by local for concrete aggregate, pervious
E porphyritic, a? rized b-pgell-diveloped canyon walls, Thickness: maximum nearly vertical cliffs, may be removed by power |joint patterns, but general- |fill, and highway material,
= & flows, Chal.ﬁac eu]l_ ‘glumns about 100 feet. shovel., Overburden gen-|ly stable at slopes nearly Broken rock, talus, or crushed
L)g o i erally thin, vertical., rock suitable for riprap., Limit-
Ecﬁ ed use for masonry, where joint-
& ed so as to be quarried in large
blocks,
Dark gray to black where fresh, dark brown | Underlies surficial deposits and Upland surface generally flat to gent-| Permeability poor to Same as intracanyon High strength, Good fgunda- Same as 1ntra?anyon basalt. Del- |Lava flows.
wegthz;ed surfaces, Hard e;cept where forms canyon walls throughout mapped |ly undulating end covered by loess. high, Drainage gener-| basalt., Overburden, tion material, .Where low. eterlous-zeolttes, opal, etc.,
55 32athered or altered ‘and generally slight- | area, Thickness: individual flows Slopes in canyon walls flat on bench- | ally good. however, may be quite contacts! :reECQas, orlsedt— present in some flows.
9 ly vesicular. Most %lows aphanitic; some range in thickness from 15 to over es, steep on faces., Lower faces and thick in places, mentary }:‘erle i ari. o:ai
A oo 1t ; s total thickness of lavas arts of benches generally covered by ed at critical elevations in
A Iporphyritic with feldspar phenocrysts. 150 feety total thic p g ) e e ekl o
E Flow contact zones vesicular or scoriaceousy not known, but may exceed 5,000 feet,|talus. e
2 |commonly oxidized and unsound. Central and e S g
=~ |lower parts of flow are dense, w1th’ma551ve eme e
5 |columns. Composed of feldspar, augite, g SO T Sl I
% fﬂivine, agd.magnetiﬁe in a'glassyf@atgix. ol s v
3 |Rock well-jointed. uegtherlng confine e ke
9 |mostly to minor oxidation on exposed sur-

controlled by local joint
patterns, but generally
stable at slopes near verti-
cal,

# Not mapped



