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SURFACE GEOLOGY

INTRODUCTION ‘ . e

+ L

This report is one in a series resulting from the U.S. +f «
Geological Survey's Snake River Plain RASA (Regional Aquifer b
System Analysis) study that was initiated in October 1979. S aat s s

As stated by Lindholm (1981), the purpose of the study /fa}e‘f

was to (1) refine knowledge of the regional ground-water
flow system, (2) determine effects of conjunctive use of
ground and surface water, and (3) describe water chemistry.

5 gl
o B1s

The purpose of this report is to summarize knowledge -
concerning the geohydrologic framework of the Snake River
Plain. Definition of the framework is based on preexisting
geologic and hydrologic data and new data collected during
this study.
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THE SNAKE RIVER PLAIN IS AN ARCUATE AREA OF ABOUT
15,600 SQUARE MILES THAT EXTENDS ACROSS SOUTHERN IDAHO INTO
EASTERN OREGON. The plain ranges from about 30 to 70 mi in
width and from 2,100 to 6,000 ft in altitude above sea
level. Its relatively flat surface slopes generally west-
ward and is surrounded by high mountains. Mountains in the
69,200-mi ° Snake River drainage basin above Weiser, Idaho,
range from about 7,000 to 12,000 ft in altitude. The Snake
River is one of North America's steepest large rivers
(Malde, 1968, p. 6) and in some reaches is entrenched as
much as 700 ft below the plain. K
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Agriculture and its related activities dominate the
economy of the plain. More than 3 million acres were
irrigated in 1980, of which nearly 1 million were supplied
by ground water (Lindholm, 1981). Ground water is also the
source for most municipal, industrial, and domestic needs.
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The areal extent of the Snake River Plain, as defined
in this study, is based on geology and topography. Gener-
ally, the plain's boundary is the contact between Quaternary
sedimentary and volcanic rocks and the surrounding Tertiary
and older rocks. Where rocks equivalent in age to those in
the plain extend beyond the plain's boundary (for example,
where the boundary crosses the mouth of a tributary valley),
a topogravhic contour was chosen to arbitrarily define the
boundary.

The Snake River Plain is best studied and discussed in

two parts, herein referred to as the eastern plain and the
Rock unit and Greatest known

western plain. The line separating the two parts follows a
drainage divide from the northern boundary of the plain to map symbol Physical characteristics and areal distribution Water-ylelding characteristics thickness (ft)
the Snake River at King Hill, follows the Snake River to R
Salmon Falls Creek, and follows Salmon Falls Creek to the Alluvium Chiefly flood-plain deposits. May contain some Hydraulic conductivity variable, <250 (?)
southern boundary of the plain. Distinct changes in geology R Qa [~ g}achllg:pout; and coiluvl:mb:nlghe uplands. moderately high in coarse-grained
and hydrology that occur along the dividing line make a ey .oﬁé : 4 { “nu'_ g;." é 3" : e::i :ncon- fep‘,’“"; lgandydand Ll Al
b e tenl Aivieion Eaneinie LT ated to well compacted; unstrat ed to uvium yields moderate to large
geohy . LS well stratified. Alluvium floors the tributary quantities of water to wells.
: . : A L ); S sy ; Clean o valleys and flood plains of the main streams Specific capacities commonly range
A geologic reconnaissance in part of the Snake River S < R e 441 . % z”oéo‘r & oa 7> and forms fans at mouths of some valleys. from 20 to 100 (gal/min)/ft. An
basin was first made by Hayden (1883). The first informa- YA SRS e P ey S important aquifer.
A 3 Y S «‘?B’S;N 7~ ®
tion on ground water was reported by Lindgren (1898), % 7 WY 3 8 4 e S
followed by Russell (1902, 1903), and Lindgren and Drake T&‘[ g' S A 0 :lndb}mm Chiefly windblown deposits, include some lake Generally above the water table. <100 (?)
(19042, 1904b). Additional ground-water studies of the el ) and glec sl S oo N
A . e o| Qw lowland areas; include active sand dunes in
Snake River Plain were made by Piper (1923, 1924, 1925); Sz I
15 g A places, generally in northern Owyhee County and
Mansfield (1920, 1927, 1929); Stearns and Bryan (1925); S in northern part of eastern plain
Stearns, Bryan, and Crandall (1939); Stearns, Crandall, and lEd > >
Steward (1938); and Mundorff, Crosthwaite, and Kilburn 5 Younger Olivine basalt, dense to vesicular, aphanitic HAydraulic conductivity variable but >4,000
(1964). Numerous local studies have been conducted in parts 2 BEfaLE to porphyritic) irregular to columnar jointing) extremely high in places; formational Includes QTb
of the plain, most of which are listed in the references on : . o LN g thickness of individual flows variable, but conductivity high because of jointing below
aheet 3. ; . D : i I.LI‘ rasy averages about 20-25 ft (Mundorff and others, and rubbly contacts between numerous
' & A : (X4 :964, p.bll;:”. Includes beds of basaltic cin- flows; rock conductivity low. OUnit
: ers, ru y basalt, and interflow sedimentary constitutes the Snake Plain aquifer
=] | rocks. Chiefly roci'u of the Snake River Group. east of King Hill (Mundorff and
o ! Crops out in much of Snake River Plain; mantled others, 1964, p. 8). Specific capac-
| in many places with alluvium, terrace gravel, ities of 500-1,000 (gal/min)/ft are
. and windblown deposits. common. Transmissivity determined
: . 2 0 ® from pumping tests in the eastern 5
s 3 BIEYS Shcnsorts e sehces, ived,
i Ak 1nbu 61k’ g o undorff and others, .
T oL = o p. 159)
= ﬂKDYI'n\ B - . .
1 e < qesv 2
llalr o e b GENERALIZED STRATIGRAPHY OF THE SNAKE RIVER BASIN £ Younger Rhyolitic ash-flow tuff, occurs as thick flows Hydraulic conductivity generally un- >3,000
: AN ."—N(( z ® WEST TO CENTRAL CENTRAL TO EAST silicic and blankets of welded tuff with associated known but may be high as indicated
. 170 G s ~ - volcanic fine- to coarse-grained ash and pumice beds. by rapid percolation of surface run-
u : < >| o : Eockl Include rocks of upper part of the Yellowstone off (Whitehead 1978, p. 10). Tightly
- J _A ; E % R : AL SFTCATIS A HEY Qv G:oup ‘(,Il’l:teauinhyol::e).t Nantletmughbofivellow- w:lded in p}aceui Spggificljaga;:};
. . e - . ; AR N A4 c U stone Plateau in northeastern part of basin. ties range from 2 to gal/min t.
N——\‘.\/ \1’ o M BS‘:Z:e clc:mpeﬂed frorr; ;JO(S) (()S(e)cci)logucol Survey é .L"L"."."’:"‘.‘ ; A BTN e i e An important aquifer locally.
; 4 3 & ; ase mops, I: ' b
) /( J 1 Lon\- ; Du—j .({)_r:n'qg‘ = \\" 7 '\" _—\ Basalt Olivine basalt similar to (b above. In- Hydraulic conductivity similar to Included with
) " o , 10 0 10 20 30 40 MILES < '\'ST'\—‘ - S/ ] QTb cluded as part of the Snake Plain aquifer. Qb above but decreases with age. Qb above
; Walker ’ it l S e berteliTaahe GoouDh e g Tentatively assigned to upper part of Idaho
- (197D ' ‘(’1952) i 1 'x'n'wh'n‘;l 3 | 1 | o ; ?B B St > | ® 2 Group. Bxposures generally have well
) - IDAHO E | | | [ | | | | d - oo = Em Se developed soil cover.
5 A 0 0 1B 20 39 4D 60 g = | =8
? gl b haong = : 50 KILOMETERS 4 ;; 0. @ | Older Subaerial and lake deposits of clay, silt, Hydraulic conductivity highly >5,500
= Bond ond © | ‘-/ 3 e 0'8 alluvium sand, and gravel. Compacted to poorly con- variable; generally contains water
g} £l 4 o mmﬁ :5< QTs solidated; poorly to well stratified; beds under confined conditions; ylelds
5 z .f\_ 1 N ; (== somewhat lenticular and intertongued; con- to wells range from a few gallons
I e A ‘, |) - — <A o2 tains beds of ash and intercalated basalt. per minute from clayey beds to
: /\I\_/ er pari of ldlhongvo;lp.‘ ad Dz % Widespread tuffaceous sedimentary rocks several hundred gallons per minute
b\. ' ; J(Banbury Basalt)< O< + and tuff in western part of basin. In- from sand and gravel. Specific capac-
- b2 o S ;-/- % o cludes Idaho Group and Payette and Salt ities range from 5 to 60 (gal/min)/ft.
NEVADA Lake Pormations and lower part of Yellow- In places, an important aquifer.
sk A e 5 lt:n.‘ Group. In places, underlies the
S i ’\\ / UTAH ° older basalt (Tb).
& g 5 N Stokes (1963) = = =
>|s i— Older Plood-type basalt, dense, columnar jointing Hydraulic conductivity variable, may >7,000 (The
v d basalt in many places; folded and faulted (except be high in places. Locally yields - Banbury Basalt
Geologic Map Index < - ™ [0 % for the Banbury Basalt); may include some lmanl;.o ?oder:te :mountatotlzater . 1: gosroxon;:;y
= — o hyolitic and andesitic rocks; some flows to wells from fractures, faults, an <1, . []
- ity B L : c Sl L
; some interbedded zones of sand and older basalt
GEOLOGY SHOWN ON THE MAP AT RIGHT IS MODIFIED FROM o5 nnamed group of rocks, undifferentiated (includes rhyolilte ‘L-';LGLOG!CAL Y 8¢ ?:‘\e::;ﬁ::;rxgi:‘fine-?::arlning:a::g:n; of silt y'i‘eld good supplies of water may be >7,000
MAPS REFERENCED ABOVE. THE SHRKE BIVER BRAIN IS BOUNDED LARGELY B RIGH-ANGLE ~|8 uffs, andesite, basalt, and sedimentary rocks. Also | D qEstoN, ¥ - 2 stream and lake dey sits. Includes basalt under confined or unconfined con- in the western .
FAULTS THAT ARE DOWNTHROWN PREDOMINANTLY ON THE VALLEY SIDE. ° Owyhee Basalt and so-called Sucker Creek Formation): : " = . % 1£4 iti lain) GEOLOG|CAL Si
) v I : B e : equivalent in aqe to the Columbia River from 3 to 900 (gal/mini/ft. An plain LS Sl URV
On the basis of geophysical studies, Hill (1963, p. 5810) S : > Basalt Group and the Banbury Basalt of the from 3 to 900 (gal/min)/ft. An N - STON, vq
and Wood and Anderson (1981, p. 14) described the western Q “RPR -&\J Idaho Group. important aquifer. s
plain as a graben. Wood and Anderson (1981) indicated A R e T R S PR T P IR G e R A R i e R ==
deep-seated faulting in the central part of the western s| {'v ‘:"",':"::':'_.3 LS L ’-’.A"< N r‘;',:“—"'—"'-"‘-"-f‘d"-l'u S Older Rhyolitic, latitic, and andesitic rocks, Hydraulic conductivity highly vari- >3,000 i‘.{ FEB 26 1985 5
plain, as well as along the boundaries (see section J-J°, Wla Bt g ote o ONENE VolegulEs Eabl S g Y '>'1:JJ;V:'":f" A / N @< silicle massive and dense; jointing ranges from sble. Jolnts and fault gones. 'n flows
; by tidb ok EEe £ R Goaniiyy Farite aue AOE B WALl : ‘44':A‘H & ‘,v"f::”:h»':;.r:" S e s :(-:Ja;-_‘_'""l;-_"i_':.ﬁ B R A R = < | o volcanic platy to columnar; occur ae thick flows and and welded tuff and interstices in :
defined in the eastern plain and therefore are not shown on Y Al LA A A S R A B o G e P R T R S LN D :ﬁ < 2| rocks blankets of welded tuff with associated coarse-grained ash, sand, agd 9""1’“ 4 ™
e A b PR < a) 4 J I < 4 e ) - -
CONVERSION FACTORS VOLCANIC ROCKS OF QUATERNARY AND TERTIARY AGE CHARAC- the map above. However, their presence is suggested from 2§ P oy 1.+ = ;1 c:» L i_. :z JJJJJJJJ:J_‘J:JJJ:JJJJJ‘J-{JJ SrS3 Ao Re = o gs Tsv !f,l;e to coa:ae grai:eg ;sh[:nd‘pumic:er) {::1: sr:;iﬁn:g :gd:::::,t;n“ﬁ:? y : ,
TERIZE THE SNAKE RIVER PLAIN. Rock types have varying seismic studies made by Braile and others (1981, abs.). Sl 6 % 2 B 8 % % b % e SR S o EE o et hana, nlidisear; locally Commonly contain thermal water under
; effects on water yield and on amounts and types of solutes They indicated that vertical displacement is greatest (at Sl+ + + + + + + + + + A Beavernead a2l s 2= folded u{éed and faultec. Minctude confined conditions. Specific capac-
in_water that recharges aquifers underlying the plain. For least 13,000 ft) along the northwestern boundary. According S| + + + + + 4+ + + o+ 44T EOJ";l}lgn_-'_,-‘_.“_,u-'_,-‘f_.-’j—'jJ:-‘:J ao ldavad; Volcanics. ities range from 1 to >2,000 (gal/min)/
For readers who prefer to use metric units, con- this reason, geology of that part of the Snake River drain- to Robertson, Schoen, and Barraclough (1974, p. 37), ver- L Ssme e Sl Sl S SR e R S N (D D e e D T e e e ft and are generally less than 400
\t:ell-'SIOH factors for terms used in this report are 1listed age contributing water to the plain is shown. tical displacement on faults bounding the eastern plain may +’§** lnlléu;lv%c..:hll'o.:'ly L J:J:J:Jj.l:.l:J:J:J:J:J:J:J:J:J:JjJJJ:J:J:“Jj_ (gal/min)/ft. An important aquifer.
elow: be from 10,000 to 33,000 ft. Faulting associated with the é aho vathe S R s o R s T =
; The eastern plain (10 : 800 miz ) ic Charaacterized by adjacent Basin and Range province may extend into the el + 5 + : * e + + + i + 5 + + + + * JJJJJ..J R I I e e ] '.l'i_l':.a':.l‘:.f:_o':_‘:_uj E. Volcanic Bxtrusive rocks range in composltlon from “Yd:a‘-‘llc conductivity gen":ilgl >5,000
Multiply By To obtain widespread occurrence of basaltic rocks, some of which have eastern plain (Runtz, 1978, p. 9). The Great Rift zone and & Ak N W A e e S URIRER RS T 0C N, @€ | rocks, undif- rhyolite to basalt; include welded tuff, 198 v/ REECIN REpERac Lo 0o e
R T little or no soil cover. Adjoining much of the eastern other rift zones shown on the maps above may be indicative = 2t AU A A G AP G s S J‘J‘J‘:gﬂu}g;n;"‘;‘.'::"%El'.Y"'y"::::J“J"J‘ 88< e By L " {ie:ds tc;tweli:éul:ayfgz ;gme:tlc
plain and structurally perpendicular to its axis are ranges of such deep-seated faulting. 1If so, most of the Rift.zone E I R e R S S i S e o2 e P 3“‘1’ neginenu:yltoc::. 0521::1105223:2 and g:f! ::oc:qgsef‘ A
;cre 5 4,047 square meter (m?) of pre-Cretaceous rocks (chiefly limestone, sandstone, and faults are approximately perpendicular to the boundary U W A I A S i i A o I e e D b i B e sl 8{ [ <~ fﬁoiﬂlf:'n::tﬁ Z‘fct_h: eastern plain; may
oot (ft) 0.3048 meter (m) shale) that are part of the Basin and Range physiographic . faults of the plain. t:ttftttttt‘\:t:tt‘\t:t:tittttt&f&tttIitttt:tt:tﬁit:ttttttt:tt: L‘_" e include some intrusive rocks.
gallon per minute 0.06309 cubic meter per second province (Fenneman, 1931). ::t:::::::::::::t::t:t:;“\S“q‘ ““\\\;\tttt\“““\““\\“\\\ et
{931/“‘1") : (193/5) ; g : Basalts underlying the plain are highly fractured; 8 :::Q::::::::::};::::::Q\:'u,.;ﬁ.:f::.".:.'.?\-';'\:\:R:::::::R:::::t:: Sedimentary Undifferentiated shale, siltstone, sandstone, Hydraulic conductivity generally >10,000
gallon per minute per 0.2070 cubic meter per second The western plain (4,800 mi ) is characterized by however, few major faults are mapped because they are P-4 NN F N N N R R RN rocks, undif- and freshwater limestone of Tertiary and Cre- low. Little information ""él’bl'
_ foot [(gal/min)/ft] per meter [(m3/s)/m] unconsolidated rocks of fluvial and lucustrine origin, obscured by Holocene basalts and sedimentary rocks that N NN N N D R R RN SN g‘” Carsntisted taceous age. Younger rocks composed chiefly B YIREGS fove ) weathe;e_ i
inch (in.) 2.540 centimeter (cm) except in the eastern part where Holocene basalts common to mantle much of the plain. RO A VR S R R R L P e A O D M R R N Y (3 TRs(; of breccia, conglomerate, and sandstone. and fracture: may yleld mclaleruier i
mile (mi) ; 1.609 kilometer (km) the eastern plain are prevalent. Older volcanic rocks ““““““““““““zt:t:::p:::x::::::::::::::R::x:::ut 8 ? Jl Exposed in eastern part of basin., Hay in- qlxla?;it;:’ ge ::::in:g ‘L': pnce: .
pound per cubic foot 0.016 gram per cubic (chiefly Tertiary age) and granitic rocks of the Idaho Faults may provide avenues for vertical movement of A N N S N N R R NN >0 : clude a few small outcrops of Jurassic age. :.; Be anyimpo:tant local aquifer.
(1b/ft’) centimeter (g/cm®) batholith adjoin the western plain. Granitic rocks pre- water, as reported by Lewis and Young (1982, p. 22) and by e ;\‘I\“‘““A\““‘"l‘h‘A“““‘l s<<
SHuare Eoot per ay 0.09290  square meter per day dominate north of and crop out locally south of the plain. Chapman and Ralston (1970, p. 4). Faults also may impede or LR A ey = Intrusive Chiefly granitic rocks of the Idaho batho- Hydraulic conductivity generally Utiknown
(CEt /d? S (m2/d) : : ; change the direction of horizontal movement of ground water ch;' rocks 1ith; include older and younger crystalline low. FPaults, fractures, and
square mile (mi?®) 2.590 square kilometer (km?) Delineation of major rock types underlying the plain is (Lewis and Young, 1982, p. 6; Lewis and Goldstein, 1982, GENERALIZED STRATIGRAPHY OF THE SNAKE RIVER BASIN wo TRI[F rocks; crop out in a few places south of weathered zones may ylield small
shown in maps and geologic sections on sheet 2. p. 39). SHOWS RELATIONS OF SELECTED ROCK UNITS. = L Snake River in Idaho and northern Nevada. quantities of water to wells. Not
%’(.:,VD of 1929 (National Geodetic Vertical Datum of 1929): & an important aquifer.
e term "National Geodetic Vertical Datum of 1929" replaces E
the formerly used term "mean sea level" to descril‘f’e the 8 B Pre- Well-indurated sedimentary and metamorphic rocks Hydraulic conducgivlty <ll°'. Paults, >12,000
datum for altitude measurements. The geodetic datum is |.:.|'-“ Cretaceous that have been folded, faulted, anc: intruded by fi:fl:;u:;:ilagga::::?:;e“z:z::rm:g
. ; > s 8 as.
t?erxved from a_general ad]ustrpent of the first-order level- xc© Toeke, tnalt e °'°§ °‘;"o§"pzﬁ:?:: :ﬁg 'r:{:ulc zells- Little information available 5
ferentiated Include extrusive rock
ing ne'twork§ in 'both the United States and Canada. For 0-,,<_ PR [ST age in western part of basin. May include on yields to wells. Not an important
Sonvenxwence"m this report, the datum also is referred to as w A Cretaceous or younger sedimentary rocks. aquifer.
sea level. 5 N \

PHYSICAL CHARACTERISTICS OF ROCKS ARE SUCH THAT MUCH
OF THE SNAKE RIVER PLAIN IS A HIGHLY PRODUCTIVE SOURCE OF
GROUND WATER. Geologic units that have similar hydrologic

GEOHYDROLOGIC FRAMEWORK OF THE SNAKE RIVER PLAIN, IDAHO AND EASTERN OREGON s i T

Estimates of rock thickness are compiled from various
published reports, which are included in the references.
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