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125° 124° 123° 1220 121° 120° 119° 118° 1170 116° 115° 114° 113° 1120 1110 INTRODUCTION Accuracy of the‘inte‘rpretive maps is dependent not oply on reliable l?ecause of t}le uncertainty Qf our present aquifer ident}ﬁcation system, The Saddle 'Mou.ntains Basalt i§ thg least extensive and n_lost fiiverse of Basalt. A éiarhk'- f{o n;ec}lilu{n-dar}(-ltl:ollc)rqd, lusuallly" extrusive, igngou.f) (ocllc Farooqui, S. M., Beaulieu, J. 1.3., Bunker, R. C., Stensland, D E., and Thom§,
49° T T T T T T T T T T T T T identification of geologic units but also on the accurate determination of land- the major subdivisions of the aquifer system defined here will be referred to the basalt formations in the Columbia River Basalt Group and is estimated to composed chielly of calcium-rich plagioclase, clinopyroxene and minerals R. E., 1981, Dalles Gfoup. Neogene formations overlying the Columbia
< —_—————— - - CANADA o — = e b surface position of the wells and on the land-surface altitude at each site. as hydrogeologic units in the discussions that follow. From oldest to youngest, represent less than 1 percent of the total volume (Swanson and others,1979a). _high in iron and magnesium. . . River Basalt Group in north-central Oregon: Oregon Department of
(_) N - T | UﬁiTED—ST ATES ) In October 1982, a 4-year study 'Of t!le Columbia R“’:i’ Basg%t regional In general, it is believed that the well locations are within 300 feet of their the hydrogeologic units are the Grande Ronde, the Wanapum, the Saddle Long periods of time between extrusion of the major basalt members of the lenke"- Rough, jagged rock fragrne{lt_s forme:d by volcanic exPI.OSIQHS- ] Geology and Mineral Industries, Oregon Geology, v. 43, no. 10, p.131-140.
T < g | : aquifer system was begun. The Columbia River Basalt regional aquifer system actual position and that the recorded land-surface altitude is within 20 feet of Mountains and the overburden aquifer. The equivalent basalt stratigraphic Saddle Mountains Basalt allowed development of relatively thick sedimentary Clinopyroxene. A group of dark silicate n}l:nqrals generally high in c_al‘:&‘l",“ Fenneman, N. M., 1931, Physiography of western United States: McGraw-
NN ) § I | EXPLANATION 3 gnecof ﬁ-)ggil:ﬁlosn:lrvt:luf:r;z:tteg}s il?’smligilcl):ac} S}::Lﬁ:’g‘ﬁ;gﬂfﬁ:ﬁ;gg the actual altitude. units are the Grande Ronde Basalt, Wanapum Basalt and Saddle Mountains interbeds locally. Each member of the Sa(fildle Mountains Basalt may consist ?r;ds tgllaéc.;iiltuli?e’ iron, or aluminum, and having a similar symmetry in their Hill, New York, New York, 534 p.
S ] . Leo s . I, ively. i its incl imentary i d of a single flow or of only a few individual flows, and some members are ve . : | . . i i
I WASHINGTON § Choms § ! I (RASA) program. The purpose of these studies is to provide information on The maps compiled in this report, except for one area, were initially 3;?:;;;‘;3’:5;‘:3%0 Tu:iishl?ggr)g::ll;r)?:tl}ll??a;;lli ﬁ:hﬁdtﬂegoi};nﬁ:egiiei limzilt::j giln exxntr o arey ab:ev;t. Ties: i i thn; Saddie Mountai;}; Dip. The angle that a structural surface makes with the horizontal measured Ho%:rslis:nérg}.ol:: ’1}986%;);;001'?:3STr(iegr;))VuaI;gr-vszgglyo{’ at::r 11J6n;2(l)t111;l6§1;er
& i ' [ ] Columbia River Basalt Group the geohydrology and geochemistry of the regional aquifer systems that will ~ prepared at a scale of 1:250,000, starting generally with the uppermost : . . : br: Eavi, sl e 4 Alyacas Froms € 600 perpendicular to the trend of the structure. by, oragon. LLa. gl y Warer-supply » “9é D
1 L ) . ¢ it and ing d d to successively deeper (older) Basalt Group or to the sedimentary interbeds which collectively are part of hydrogeologic unit, with its included interbeds, ranges from O to over 1 . MacNish, R. D. and Barker, R. A., 1976, Digital simulation of a basalt aquifer
Coutes \ aid in the effective management of these systems (Bennett, 1979). Regional (youngest) unit and progressing downwar fccth S sh(;II the Ellensburg Formation. Specifically, sedimentary interbeds enclosed by feet. The thickest sections probably underlie the area near Boardman and Sokien. Mariue I tue wind. el " system. Walla Walls River basin Was’hington-Ore on: Washington Depart-
Seattle M 777/) Study area aquifer systems commonly extend across State boundaries and are extremely ~ units. This was a logical sequence because data for the uppermost shallow basalt flows belonging to the Grande Ronde Basalt are considered part of the ~ the summits of the Blue Mountains in Wallowa and Union counties. The Fruglomerate. A sedimentary rock consisting of slightly waterworn fragments. i Sulleti e
; %, y i i hich # i units were much more abundant. ging : e P : ; oy = of all sizes, originally deposited in an alluvial fan and subsequently ment of Ecology Water-Supply Bulletin 44, 51 p.
. Y important natural resources for the regions which they underlie. Grande Ronde unit; the Grande Ronde unit also includes the Imnaha and Umatilla Member of the Saddle Mountains Basalt has a distinct chemistry and : !
s . ; ; sl : b ki cemented into a firm rock. McKee, E. H., Swanson, D. A., and Wright, T. L., 1977, Duration and volume
G e . ; bed in thi eait irst, the geologic and structure ma were : ; i - i of the Col a ) ' Wl L ;
arE 2 \\ The regional aquifer system described in this report consists of a gr First, the geologic and structure maps (sheets 1 and 2) simplified  pictyre Gorge Basalts. The interbed between the Grande Ronde Basalt and is consistently finer grained than all other flows of the Columbia River Basalt Phole, & surface of Zons of sock fuact along which this todks on oppodits of Columbia River basalt volcanism ’Washmgton Oregon, and Idaho:
OOLYMPIA N . B thickness of basalt made up of numerous individual basalt lava flows belonging and compiled from existing sources (Swanson and others, 1981). Next, maps Wanapum Basalt, where present, is included in the Wanapum unit; the inter-  Group. The Pomona Member is sparsely phyric and the Elephant Mountain Si ; ; . ) X ! = '
o d for thi ; : sides have moved relative to each other. A thrust (or reverse) fault is one Geological Society of America Abstracts with Programs, v. 9, no. 4,
‘ o i N to the Miocene Columbia River Basalt Group, of Miocene sediments inter- ~ Of the top of basalt bedrock were prepared for those areas covered by over- bed between the Wanapum Basalt and the overlying Saddle Mountains Basalt ~ Member is generally fine-grained and aphyric. The chemistry of each member in which the upper material has moved upward relative to the lower p. 463464
5 i , 2 bedded with the basalt and collectively assigned to the Ellensburg Formation, burden; then maps of the tops of the Wanapum Basalt aqd the Grande Ronde is included with the Saddle Mountains unit; and sedimentary interbeds within is distinctive. The Pomona-Umatilla interbed ranges from 0 to over 300 feet material. M ) W. Price. S. M.. 1979. Geologi dies of the Columbi
o , Hanfordd ' o, 1 and of undifferentiated overlying Miocene to Holocene sediments. The area Basalt were prepared. From these maps and from thickness data at data the Saddle Mountains Basalt are part of the Saddle Mountains hy drogeologic and is thickest in the Arlington-Boardman area. The Elephant Mountain- ; T eyers, C. W. and Price, S. M., » (seologic studies of the Columbia
= . 6 e G | T i i i h den, the Saddle Mount it and th P Ui i ; Fluvial. Produced by the action of moving water. Plateau, a status report: Rockwell International, Rockwell-Hanford
. ) & =5 .\ o - 100 MILES underlain by these rocks in Oregon, Washington, Idaho, and the area in points, thickness maps for the overburden, the Saddle Mountains unit and the unit. All sediments that overlay the Columbia River Basalt Group are con- Pomona interbed is also present in the Arlington-Boardman area; generally it Fold. A curve or bend in rock strata, usually a product of deformation. 5 eau, Wli ay ,
s : = | veRYT APesco RV f S g . Oregon covered by this report are shown in figure 1. The study area in Wanapum unit were prepared in that order. Finally the maps of the sediment-  §igereq as overburden and are undifferentiated. Use of these groupings is thin and unsaturated. Geophysical log, A record of some physical property of the rock material or perations RHO-BWI-ST4.
£ s ) 0 50 100 KILOMETERS ; irel ithin the Deschutes-Umatilla Plateau and the Blue ary interbeds were compiled from thickness data for each unit. ; b ial ch in th it f eeologi t th . gl : i3 1 Newcomb, R. C., 1961, Storage of ground water behind subsurface dams in
f v, : egsz‘};., — b, Oregon is entirely wi e schutes-Umatilla : requires no substantial change in the positions of geologic contacts on the The youngest hydrogeologic unit is referred to as the overburden unit fluid in a well. the Columbis B Basal Washi 0 d Tdaho: US
> b ’ s Yy A Mountains physiographic regions (fig. 2) of Oregon (Dicken, 1965). These The above compilation sequence was modified slightly for the  published geologic maps used to prepare this report. ani constats aE uadiffersnitiated uiiconsolidsted tosmiconsoliiated sedimenis Graben. An elongate, depressed part of the earth’s crust that is bounded by e Columbia River Basalt, ~Washington, Oregon, an o: US.
s Wl A : § hysiographic regions are part of the much broader Columbia Plateau physio- Hermiston-Ordnance area, where data are more abundant. In that area, data o . . ; . . - ; faults on its long sides. Geological Survey Professional Paper 383-A, 15 p.
g / ndieton e / W& Nt physiograp glons ; . ; The Grande Ronde unit is the thickest and most extensive of the ranging from Miocene to Holocene in age. It includes all of the sedimentary ; L . . ! : :
o 2 R L \ graphic province described by Fenneman (1931); this province also includes maps were first compiled at 1:24,000 scale from field located wells, and these htlpaeclople units, and it ymieflies el afl oF Hhe axes andarishe by fhe units overlying the Columbia River Basalt Group. In places this may include Glaciofluvial. Formed by the action of glaciers and moving water. 1965, Geology and ground-water resources of the Walla Walla River
o ydarog gl y y
' R, / 7 28 / 2 B all of the area in Washington and Idaho underlain by the Columbia River data were supplemented by data from less accurately located wells to guide 1 pia River Basalt Group shown in figure 1. In the report area, the beds of undifferentiated Miocene sediments belonging to the Ellensburg For- Holocene. A period of geologic time extending from about 10,000 years ago basin, Washington-Oregon: Washington Division of Water Resources Water-
% X %) - " R o e = . > s
l",%‘,//};‘"’"" ? [¢) MONTANA \ Basalt Group (fig. 1), as well as the High Lava Pla‘ms, t.he Owyhee Uplands in the positioning of the contours. Grande Ronde unit crops out along a wide band in the east and south, along mation; Pliocene fanglomerate, tuff, sand, gravel, clay, claystone, siltstone, I to the pri{sen; d by solidification fi I tiall " Supply Bulletin, no. 21, _15 Lp. )
s & N Fa ! southeast Oregon (fig. 2), and the Sniake River Plain ad]aCfnt o s%t;thw%ste;n the John Day and Deschutes River valleys, along the Columbia River near the and sandstone belonging to the Dalles Group (Farooqui and others, 1981) m:t:f[‘es T R R AR R AR 2% ERERRR [ R e 1969, Effect of tectonic structure on the occurrence of ground water in
. 2 .,,\— e \\ Idaho (not shown here). Thle area uqderlmndby tl:e';lot umbia i Yerb adi . mouth of the John Day River, and west of The Dalles. Near the Hood River ~ and fluviolacustrine deposits; Pleistocene glaciofluvial deposits, loess, and Suint A Shacture o ook sexts wihout wny deplaotment: of s timwes. & the basalt of the Columbia River Group of The Dalles area, Oregon and
L Cad Grontp 5 deeisé by the Caimbis Nawer snd 1 ikl arl;es anwlshio . G OGIC MAP County-Wasco County line in the west, it is overlain by overburden and by =~ Holocene alluvium. Only a few of these units may be present at a given oy P s it . et ¥rctace, y Washington: U.S. Geological Survey Professional Paper 383-C, 33 p.
i § 0 '\ =) E?po%aphlc mud stroctal asie witly itk deepest point nearRuscn, Wadhingion EOLOG younger Cascade Range volcanic rocks. Thickness of the Grande Ronde Basalt locality. thoustrime. Fomed f & lake o 1978, Tecto‘r‘lllc ;tiruciture oof the mamdpzll{rit a}c:f theUbgsal(t; of1 thf: EIOISumbla
) 18- 1) . " : ] . ranges from a few feet, where it pinches out against older rocks, to 3,000 feet The thick f th d es from O to over 2.000 feet. The . ; 4 lver Group, Washington, Uregon an 0: U.s. Lseological Survey
& IDAHO ‘ This report describes the geologic framework of most of the Oregon The regional aquifer system underlying part of the Columbia Plateau in oF iists, Ons sxplotatory oll wellmeas Canilon (Siset 3) in, sontlesn Gillism _ The thickness of the overburden ranges from p A rll ; et. Y Lava. Molten extrusive material. j e ) Miscellaneous Ivnestigations Map I-587, 1 sheet. Scale 1:500,000.
| . : ast D d Whi Oregon consists of numerous basalt lava flows, some sedimentary interbeds, maximum thicknesses are found in the Grande Ronde Valley, the Milton Loess. Wide-spread material consisting chiefly of silt-sized rock particles 1972, Quality of the ground water in basalt of the Columbia River
K part of the regional aquifer system. A similar report by Drost and Whiteman and some overlying younger sediments. The basalt flows are part of the  CCUnLY penetrated 2,439 feet, presumably of Grande Ronde Basalt, before  Freewater area, and in Wasco County. The overburden exceeds 2,000 feet in thought to be windblown dust. Commonly is unstratified. p Rty OF 6B b . © .
Rivel § (1985) describes the geologic framework of the aquifer system beneat_h the Mi 1 4 % alt G ' d the interbed up Hval reaching lower Tertiary volcaniclastic rocks. The Imnaha Basalt and the the Grande Ronde Valley, 800 feet in the Milton-Freewater area,and 600 feet Mesozoic. An era of geologic time extending from about 225 million years Group, Washington, Oregon, and Idaho: U.S. Geological Survey Water-
aL & Columbia Plateau in Washington. The format of this report follows theirs. A as;(i)gcr?:; gotﬁ?:;?o(i:: rEII:rslsburgrggl;r}):gont(;w?n:;nea;dcgt}f:r;velg;g)e Picture Gorge Basalt are the oldest formations within the Columbia River in The Dalles area. Elsewhere it is generally less than 250 feet thick. ago to about 65 million years ago. Supply Paper 1999-N, 71 p.
B LS future report will describe the hydrology of the regional aquifer system. . . ; 2 : Basalt Group and they crop out extensively east and south, respectively, of ! . P I Metamorphosed. Process by which consolidated rocks are altered by heat and Shannon and Wilson, Inc., 1972, Geologic and subsurface investigation—
o OREGON # Fommella \ These reports are a necessary first step in developing a conceptual model of ~ The sediments overlying the basalt range from Miocene to Holocene in age but the Blue Mountains anticline. Both formations are probably not extensive Within the major basalts, individual flows range in thickness from a few press;lr’e. ¥ ¥ Proposed mid-Columbia thermal powerplant sites, Morrow, Gilliam and
L i s B2 | the aquifer system and in quantifying the hydrologic properties of the system. have not been differentiated for this report. west of or north of the Blue Mountains anticline and, for this reason, both to a few hundred feet. The typical internal st1:ucture of an individual ﬂb(iw Miocene. An epoch of geologic time extending from about 23.5 million years Umatilla Counties, Oregon: Report to Portland General Electric Company,
| Eleven maps on 6 sheets are included. The Columbia River Basalt Group is a geologic unit made up of several formations have been included in the Grande Ronde hydrogeologic unit in consists (from the bottom up) of thﬁee selctlonz. the co'lonnafde, thle Epths :i ago to about 5.3 million years ago. Portland, Oregon.
\ basalt formations differentiated from each other by small variations in the this report. Sections of the Grande Ronde Basalt exposed in the Blue ture, and t}tfle flow top (ggd 4)'1 The cgjo}:lma . conslstst g fneta_r yd.vertlf Olivine. An olive-green, grayish-green, or brown silicate mineral composed 1973a, Geologic studies of Columbia River Basalt structures and age of
arl R Ll = a— chemical composition of the basalt layers or by their physical characteristics ~ Mountains are commonly about 2,000 feet thick (Swanson and others,  Prismatic ge;— to,el%ht'sihe ilo un;ns WICHAYSIR alou i 1;1 IPIEREL primarily of iron and magnesium. deformation, The Dalles-Umatilla region, Washington and Oregon Board-
CALFCBF\’WA_——___F___'__- || ____________‘-—————U_F AH \ SRt ER — and their time-stratigraphic relationships. The basalt flows were extruded 1979a). The Grande Ronde Basalt consists of fine-grained dense aphyric a‘;‘? a‘bct)ut 2 p) estin elng - T 5 c?tumns i iontu?ﬁ) ng' cros§r-(l:lut ytsglst:ms Overburden. As defined for this RASA project, referes to any rock materials man Nuclear Project: ~ Report to Portland General Electirc Company,
NEVADA from fissures in eastern Oregon and Washington between 16.5 and 6 million basalt, containing olivine as a groundmass constituent in small amounts (less ~ ©! JOINtS, and a vesicular zone is olten present at the base. 1he entaplature overlying basalt belonging to the Columbia River Basalt Group. In the Portland, Oregon.
| ' ' l ; ] years before present (Swanson and others, 1980). Each basalt formation than 0.5 percent). Sedimentary interbeds are thin and not extensive. Because consists of small-diameter (averaging less than a foot) columns in fan-shapgd study area these materials generally are sediments or volcaniclastic deposits. 1973b, Supplemental studies, Robison “fault” investigation, Boardman
| L L L L L 1 ! L 1 Geologic map of the north and northeastern consists of a few to tens of separate individual basalt flows; some formations of the absence of extensive interbeds, distinguishing lithologies, or physical arrangements. Hackly joints are common, and the upper portion of the Paleozoic. An era of geologic time extending from about 570 million years Xigles I;roject Morrow Count,y Oregon: Report to Portland General
FIGURE 1.— Generalized map of the extent of the Columbia River Basalt Group (Swanson and others, 1979) Columbia Plateau, Oregon contain a few to several members, some of which are local in extent. Figure 3 characteristics among flows within the Grande Ronde Basalt, it could not be entablature is s ften ve31‘cular. The flow “?P (so'met'lm‘es called the interflow) ago to about 225 million years ago. Electric Compar’ly Portland Oreg,on
i " - P g : shows the stratigraphy of the study area generalized from Swanson and others further subdivided using drillers’ well-log data. A zone of weathering or a generally consists of vesicular basalt and clinker; this interflow zone between Permeability. The measure of the relative ease with which water can move S D A W ’ T L’ Hoo : P. R.. and Bentley. R. D.. 1979
1981). The sedimentary interbeds were deposited on lava flows between  thin sedimentary interbed commonly marks the position of the top of the individual basalt flows is the principal water bearing zone in the basalt. Not through rock material. It is a property of the rock material dependent upon wanson, D. A., Wright, T. L., Hooper, P. R., and Bentley, R. D., ;
2 Structure map of the Oregon part of the (1981) Ty p di ry interbed y marks the p Iy ; ; - indivi R tratigraph lat f the Columbia River Basalt
Cholumibia Platssn periods of active lava extrusion. Generally the interbeds are thickest and most Grande Ronde Basalt. The sedimentary interbed is probably equivalent to all of the sections of structure described above are found in each individual the shape, size, and interconnection of the openings in the material. Gews“?nijlsn éeral 1ga:l é" nom];;‘ﬁ a.““l"4‘5)7 & °59° METER DL
extensive in the upper (younger) units of the basalt. Deposition of the inter- the Vantage Member of the Ellensburg Formation in Washington; in this flow. Phenocryst. A relatively large, conspicuous crystal in a fine-grained ground- S roup.D ) A wo‘oglc T quv ey d ZeFm I 19-79’b AP- . d
2 Structure contours on the Grande Ronde Basalt beds apparently took place in local depressions and in the larger structural report it is referred to as the Wanapum-Grande Ronde interbed. The top of {;’Latsis ?ﬁﬁ:f&g&;‘;ﬁ‘;ﬁ:téi;g;i%ofzﬁe‘/;?; grf:‘lz’ssundef magnification, w::(s)?:g,ic i'nte-r’prel;lagt}il(t),n o‘f tﬁea:lest z;:lzt’ral.’Colum,b i:g{;ﬁi‘}“&g}‘;ﬁ;‘;n
basins. the Grande Ronde Basalt is extremely difficult to define in drillers’ logs, R P T 8] — Veci : . Pk ’
GEOLO GY ST RU CTURE AND THICKNESS ) e ] =1 A € 3 ighe SO (13 ORARILY iy i ks S Flow top ',,b--ﬁ.?b-g: 0,08, Vesicular basalt Phyric. Fine-grained, containing phenocrysts. and adjacent Oregon: U.S. Geological Survey, Map GP-917. Scale
! 3 Thickness of the Wanapum-Grande Ronde The above geologic map is simplified from Swanson and others (1981) where either the weathered zone or the interbed are absent. DS e or clinker Tagiocime. A xilicate wmuterial compossd prinmrily of Aluminvm, sadiun 1:250.000
interbed and covers that part of northeastern Oregon east of the Cascade Range, west The Wanapum hydrogeologic unit overlies the Grande Ronde Basalt but == i et ’ ) Swanson, D. A., Wright, T. L., Camp, V. E .
2 s el . . 4 : ; ’ . 5 0 I o Lo Ly p, V. E., Gardner, J. N., Helz, R. T., Price,
OF SELE CTED HYDROGEOLOGIC UNI TS 5 fteustume sontours on ke Waiapuis Bl of the Snake Rlyer, and north_ of .the Blue Mountains antlchne. and the is much thinner and less extensive. It crops out in a band of varying width, \ Pleistocene. An epoch of geologic time covering the span of time between 2 S. M., Reidel, S. P., and Ross, M. E., 1980, Reconnaissance geologic map
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differentiated overlying sediments of Miocene to Holocene age. These rock
units have been subdivided along selected stratigraphic boundaries into four
major hydrogeologic units. These are, from oldest to youngest, the Grande
Ronde, the Wanapum and the Saddle Mountains units, and the overburden
aquifer.  Structure contour and thickness maps have been prepared for
these units and for selected interbeds in this study.

cline on the south and east toward the Dalles-Umatilla syncline, which
roughly parallels the Columbia River. The John Day and the Deschutes
Rivers each flow northward and are deeply entrenched in canyons in the
basalt in the southwestern part of the basin. Numerous secondary folds
parallel the east to northeast trends of the major structures; northwest
trending minor folds, faults and lineaments cut across these trends.

PREVIOUS STUDIES

The basis for Sheet 1 was a series of geologic reconnaissance maps by
Swanson and others (1981); these maps were the starting point for the

interpretations in this report. A report delineating the stratigraphic nomen-

clature of the Columbia River Basalt Group (Swanson and others, 1979a)

HYDROGEOLOGIC UNITS

The regional aquifer system can be logically subdivided along strati-
graphic boundaries into four principal hydrogeologic units (fig. 3).

will be referred to as the Umatilla-Wanapum interbed.

—Platy joints

33 —Vesicular base

s et e eate el

FIGURE 4.—Idealized basalt intraflow structures.

by the expansion of gases during the fluid stage of lava.
Volcaniclastic. Fragmented rock materials formed by volcanic explosion.

SELECTED REFERENCES

CONVERSION FACTORS

For use of readers who prefer to use International System (SI) units,
rather than the inch-pound terms used in this report, the following con-
version factors may be used:

The Grande Ronde is the thickest, most extensive hydrogeologic unit; The Blue Mountains in the eastern half of the study region are part of culminated the work of nuUmerous earlier investigators Of the geology and Subdivision of the system into hydrogeologic units is an important and Multiply By To obtain
each of the overlying younger units in turn covers less area and is less an uplifted. deeply dissected, gently folded plateau that is crossed by numer- hydrogeology of the Columbia Plateau. Some of the more important of these necessary first step in developing both a conceptual and a physical model of 5 Anderson, J. L., 1980, Pomona Member of the Columbia River Basalt Group: feet (£t) 03048  meters (m)
voluminous. Thickness of each of the 'units in the mapped area ranges from ous northwest trending lineaments and steeply dipping normal faults. Streams are included in the list of selected references. the system. However, there is considerable uncertainty as to whether each An intracanyon flow in the Columbia River Gorge, Oregon: Oregon swiiles (mi) 1.609 kilometers (km)
a minimum of 0 feet to a maximum of over 3,000 feet for the Grande Ronde, of the region have cut a network of rugged deep canyons into the basalt: hydrogeologic unit identified in this report is indeed a distinct aquifer unit. Department of Geology and Mineral Industries, Oregon Geology, v. 42, no. squste miles (mi®) 2590 sqvate Kilametes (D)

1,000 feet for the Wanapum, 600 feet for the Saddle Mountains, and 2,000
feet for the overburden aquifer unit in the Grande Ronde Valley. Elsewhere,
the overburden is much thinner.

these canyons disrupt the regional hydraulic continuity of the dissected
basalt units.

FIGURE 2.—Physiographic regions of Oregon (modified from Dicken, 1965).

METHODS OF INVESTIGATION
AND ACCURACY OF DATA

logs. Acquisition of these types of data will probably be gradual.

Therefore, as the study of the system progresses and as new data become
available, it is possible that changes may be required.

12, p. 195-199.
Barash, W., Bond, J. E., Kauffman, J. D., and Vekatakrishnan, R., 1980,
Geology of the La Grande area, Oregon: State of Oregon Department of
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