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RESUME OF THE REGIONAL GEOLOGY OF THE GRAND COULEE AREA, WASHINGTON-

By 

M. H. Staatz and R. H. Morris 
U.S. Geological Survey 

Denver, Colorado 

Introduction 

The following is a resume of the geology of central eastern 

Washington. It has been written mainly to summarize current knowledge 

of the regional geology of the Grand Coulee damsite. Staatz, who has 

mapped one of the principal structures near the dam, is the principal 

author; - Morris has also prepared some sections and has combined the 

various parts into a single document. 

Report was written in 1973. 



Physiography 

Grand Coulee Dam lies on the boundary between two physiographic 

provinces: the Columbia Plateau to the south and the Okanogan Highlands 

to the north. The Columbia and Spokane Rivers originally excised their 

channels along the northern margin of the Columbia River lava flows, 

which mantle the plateau. Twenty-some miles northeast of Grand Coulee 

Dam the Columbia River re-cut its channel through the Columbia River 

lava flows when its original channel was dammed by ice in Pleistocene 

time. The old channel is now in part filled with glacial debris and 

contains Goose Lake, Omak Lake, and the lower part of the Okanogan River. 

The Columbia Plateau is a vast treeless area that has a very gentle 

slope to the southwest. In detail, it consists of small undulating 

hills cut here and there by shallow south- and southwest-trending val-

leys. This area owes its topographic character to being underlain by a 

thick sequence of layered basaltic flows, which, near the center_ of the _,-

plateau, are as much as 5,000 feet thick. These rocks taper to zero 

thickness on the older rocks near the margins of the plateau (Newcomb, 

1961, p. A2). The tops of the flows give the principal form to the pla-

teau. The flows are for the most part covered with dunes of windblown 

loess. 

Large wheat farms cover much of this loess. During glacial times 

the ice-dammed Columbia River overflowed its southern bank in many 

places, cutting through the loess and forming shallow valleys or coulees 

in the underlying basalt. 

The Okanogan Highlands is a jumble of mountains having no particular 

trend. The moderately undulating upland surfaces are cut by deep valleys. 
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The upland surfaces are commonly well rounded and represent a fairly 

mature stage of erosion; the major stream valleys are steep sided and 

represent a youthful stage of erosion. The land has been elevated 

since the more mature highlands were eroded, and a second cycle of 

erosion has started with the cutting of deep valleys. The western part 

of the area is not as rugged as the central and eastern parts, and has 

broader valleys and gently sloped hills. Local relief is as much as 

5,700 feet (Pardee, 1918, p. 14). Except for the glacial deposits, 

rocks underlying the Okanogan Highlands are older than the basalts of 

the Columbia Plateau. They are also more diverse in character and are 

more complicated structurally. 

Geologic history 

The geologic history of this area is best seen in the Okanogan 

Highlands, because the Columbia River basalts conceal most of the under-

lying rocks in the Columbia Plateau.. The oldest rock unit found within 

40 miles of Grand Coulee Dam is a sequence of metasedimentary rocks and 

greenstone, which Pardee (1918, p. 20) called the Covada Group. In the 

Bald Knob quadrangle, 22 to 37 miles north of the dam, the following 

metasedimentary rocks were noted: phyllite, quartzite, graywacke, shale, 

limestone, and mica-quartz schist (Staatz, 1964, p. F8). Farther north, 

near the town of Republic, chert, conglomerate, and marble were also 

reported (Muessig, 1967, p. 24-26). Fossils collected from these 

marbles were Permian in age (Muessig, 1967, p. 21-24). The Covada Group 

has been intruded by several large igneous bodies and covered by at 

least one major extrusion. Hence, exposures of the Covada Group rocks 

are widely scattered. Outcrops of this group decrease southward and 
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westward, and it is probable that the Covada is not exposed within 

S miles of the dam. 

The oldest major intrusive is diorite, a large body of which is 

exposed 10 to 20 miles northeast of Coulee Dam on either side of the 

Sanpoil River. This rock consists principally of plagioclase, horn-

blende, and biotite. In places it grades into a quartz diorite. The 

rock is intruded by dikes of Tertiary volcanics and by Cretaceous quartz 

monzonite (Staatz, 1964, p. F23). 

The most widespread rock types are massive intrusives that range 
• 

in composition from quartz monzonite to quartz diorite. These rocks 

cover a large area, and extend to within 6 miles of the Canadian border 

(Parker and Calkins, 1964, pl.,1). These are the rocks which Pardee 

(1918, p. 30) called the Colville granite_batholith, and they are 

exposed over at least 1,000 square miles in the Colville Indian Reserva-

tion. They are of importance not_only because- of the large area in_ 

which they occur, but also they are the rocks that form the foundation 

of Grand Coulee Dam. These rocks were all originally considered to be 

Cretaceous in age by Pardee (1918, p. 33-34), but more recent work north 

of Republic, Washington, by Muessig (1967, pl. 1)- and by Parker and --

Calkins (1964, p. 41, 59-60) has shown that some of the granitic rocks 

are of Cretaceous and some are of Tertiary age. The rocks of the two 

ages are identical in hand specimen, and thus distinguishing the two 

intrusives is difficult. Dikes of Tertiary rhyodacite are older than 

the quartz monzonite of Tertiary age, and therefore, if a quartz monzo-

nite is intruded by rhyodacite, the monzonite is probably Cretaceous in 

age. A small quartz monzonite body of definite Tertiary age occurs in 
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the old Park City mining district, about 25 miles north of the dath. 

This pluton metamorphoses the adjacent Tertiary volcanics. Two ages 

of intrusive granitic rock also occur in the Nespelem mining district, 

15 miles north of the dam (Pardee, 1918, p. 61), and in the foundation 

of the dam itself (Irwin, 1938, p. 1632), where dikes of a fine-grained 

porphyritic granodioritic rock, as much as several hundred feet thick, 

intrude a coarse-grained quartz monzonite. The greater part of the 

granitic rocks is of Cretaceous age, but here and there dikes and 

plutons of similar rocks of Tertiary age occur. 

The first volcanic rocks deposited in this area_ lie in a northeast--- — 

erly trending belt extending from 3 miles north of the town of Curlew 

to south of Owhi- Lake; a distance_ exceeding- 53 miles. A smaller north-

south belt, some 10 miles long, occurs along the Sanpoil- River near 

Keller. These rocks were deposited in Eocene(?) to Oligocene time and 

consist- of- a basal tuffaceous unit;-which is in part water laid -

(O'Brien Creek Formation), overlain by a thick sequence of rhyodacite 

and quartz latite flows with some interbedded. tuffs (Sanpoil Volcanics). 

Many dikes and small intrusives of rhyodacite and quartz latite (Scatter 

Creek Rhyodacite) were intruded at the same time. These rocks were 

formed earlier, were of a different composition, and came from a differ-

ent source than the basalts that underlie the Columbia Plateau. The 

Columbia Plateau rocks are a thick sequence of layered lava flows of 

basalt and basic andesite, ranging -in thickness north of the Columbia 

River from about 1,000 feet to less than 50 feet. They thin out north-

ward as successively higher beds overlap one another. South of the 
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river they thicken to more than 5,000 feet, toward the center of the 

basin. The Columbia River basalts were extruded in Miocene and 

Pliocene(?) time. 

During the Pliocene and continuing with probably decreasing 

intensity into the Pleistocene, the Columbia River basalts were folded 

and faulted along generally northwest-trending structural axes. The 

Pasco Basin, formed during this interval, was partly filled with gravel 

and sand of the early to middle Pleistocene Ringold Formation. 
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During Wisconsin time, giant piedmont glaciers covered the greater 

part of the Okanogan Highlands (Flint, 1935, p. 171-173). The ice 

front in the central Okanogan Highlands was irregularly lobate; one 

lobe lay across the Columbia River west of the present Coulee Dam 

(Flint, 1935,• p. 189), and another lobe extended down the valley of the 

Sanpoil River to a little north of Keifer (Pardee, 1918, p. 52). The 

ice front between these two lobes is imperfiCtly known but was probably 

very irregular. The ice covered not only the valleys but also most of 

the higher peaks. The area covered by ice was blanketed by a layer of 

glacial till. This till has been stripped off the steeper slopes by 

subsequent erosion, but most of the valleys and many of the flatter 

ridge tops are still covered. South of the glacier, many areas, and 

especially the valley of the Columbia River, received thick deposits of 

glacial outwash. The damming of the Columbia River west of Coulee Dam 

formedd-a large lake- Silt,.-sand, and clay formed thick deposits in the 

lake. The ice dam slowly melted in stages, and as the lake level low-

ered each stage was marked by a deposit of silt. Four prominent levels 

of terraces along the edge of the Columbia River mark the four principal 

levels of the old lake. 

These silty terraces are particularly susceptible to landsliding. 

Jones (1961) has described many slides and relates most of them to the 

initial filling of the reservoir after construction; others have occurred 

since, during drawdown or refilling. No direct correlation of landslide 

occurrence was made to earthquakes. In the area downstream from Grand 

Coulee Dam, landsliding was more frequent after a large reduction in 

riverflow or after unusually long periods of above-normal precipitation. 
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Structure 

Two large grabens, the Republic and the Chiwaukum, bounded by 

major faults, occur in eastern and central Washington. The proximity 

and trend of the Republic graben with respect to the Grand Coulee Dam 

make the consideration of the bounding faults pertinent to any discus-

sion of the regional geology. 

Republic graben 

The Republic graben, which has been described in a brief summary 

article by Staatz (1960), is a large north-northeast-trending structure 

that has been mapped in considerable detail for 52 miles, from near the 

Canadian border to the south end of the Bald Knob quadrangle. The 

extent of the graben south of the Bald Knob quadrangle is not known. 

The graben, which is from 4 to 10.5 miles wide, is bounded by faults 

whose apparent displacement ranges from a few hundred feet or less to 

over 17,000 feet. Although the graben is a major geologic feature, it 

has remarkably little topographic expression. The Republic graben, due 

to its lack of topographic expression, its great breadth, and the thick 

cover of forest and glacial till, is an unimpressive feature when 

observed in the field. Hence, it was not recognized until the geology 

of the region was mapped in detail. The graben was discovered during 

the course of mapping three 15-minute quadrangles and parts of two 

others between 1956 and 1959. It was outlined by Parker and Calkins 

(1964, pl. 1) in the Curlew quadrangle, by Muessig (1967,, pl. 1) in the 

Republic and Wauconda quadrangles, and by Staatz (1964, pl. 1; 1960, 

fig. 141.1) in the Bald Knob and Seventeenmile Mountain quadrangles. 
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The Republic graben is bounded on the northwest by the Scatter 

Creek fault zone and the Bacon Creek fault and on the southeast by the 

Sherman and several smaller unnamed faults. The Bacon Creek fault 

bounds the northwest side of the graben, from near the Canadian border 

to west of the town of Republic, where it joins the Scatter Creek fault 

zone, which extends to the south and consists of several faults having 

a braided pattern. Most of the faults are nearly vertical, but two of 

the faults in the Scatter Creek fault zone in the southern part of the 

mapped area dip from 35° to 70° to the southeast--toward the center of 

the graben. Movement along the faults is mainly dip slip, although a 

little strike slip has been noted. Movement along the Bacon Creek 

fault diminishes north of the Kettle River, and this fault terminates 

near the international border. 

The history of formation of the Republic graben is closely tied to 

the eruption of the Eocene(?)-Oligocene-volcanics„and-hence-the-history------

of the graben is also that of these early volcanic rocks. The graben 

probably started to form in Eocene time with the development of small 

rifts. From these rifts were erupted pyroclastics that formed the 

O'Brien Creek Formation in the northern and central parts of the graben. 

Some of these rifts probably correspond to the position of later faults, 

but others near the center of the graben probably had little later 

movement. The number of rifts probably was greatest in the central part 

of the graben, because the Eocene(?) rocks are thickest here. The 

O'Brien Creek Formation thins to the south and disappears in the south-

ern half of the Bald Knob quadrangle; this thinning suggests that volcan-

ism started farther north. Soon after the O'Brien Creek strata were 
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laid down, the first rhyodacite flows of the Sanpoil were extruded. 

These flows rose along the marginal rifts of the graben. The magma 

chamber from which the first flows and pyroclastics came probably 

underlay the central part of the graben, as this part of the graben 

was downwarped early in its history. As a result of the central down— 

warping, most of the flows extruded along the boundary faults flowed 

toward the center of the graben. As material from beneath the graben 

was extruded, the central graben block slowly sank. Flows interspersed 

with thin irregular layers of pyrociastics indicate a continued 

history of alternating quiescence and eruption. The volcanics are 

thickest in the central part of the graben and as much as 1,600 feet 

of rhyodacite has been exposed along the Sanpoil River. The boundary 

faults also in part served as conduits, and in places there are feeder 

dikes of rhyodacite. As noted previously, this volcanism ceased in 

Oligocene time. Movement on the faults may have continued after that 

time. Later erosion has beveled the horsts, and the volcanics are-

preserved only within the graben. 

The graben faults have not been mapped south of the southern 

boundary of the Bald Knob Quadrangle. The throw on the Sherman fault 

at its southern boundary, where the fault separates diorite from 

volcanics, may be well over 1,000 feet. The volcanics which fill the 

graben-are exposed for 11 miles along the southern boundary of the 

quadrangle. Thus, the graben must extend well beyond the southern 

boundary of the quadrangle. Along the Columbia River, however, and for 

at least 5 miles to the north, the older volcanics are not 

present, although the faults may extend well beyond the 

present exposures of the older volcanics. 
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The Sherman fault, if projected along its line of strike in the Bald 

Knob quadrangle, would cross the Columbia River in the vicinity of 

Grand Coulee Dam. Thus, the chance that movement might have occurred 

along this fault in recent time is of considerable importance. As 

the geologic evidence indicates, the Sherman fault formed during a 

period of early Tertiary volcanic activity, and volcanism was 

directly responsible for much of its movement. This volcanism ceased 

in Oligocene time. Plots of earthquake epicenters since 1841 (John A. 

Blume and Associates, 1972), on fairly meager evidence, indicate little 

activity in this general area; except in the vicinity of Grand Coulee, 

none of the epicenters fall on- the Sherman fault. 

Methow River graben 

A major structure in north-central Washington ds a large graben 

whose center, for the greater part of its length, is occupied by the 

Methow River. The southeastern exposed end of this graben is 45 miles 

west of Grand Coulee Dam. From here it can be traced for at least 

70 miles northwest- to the Canadian border. The rocks within the graben 

for the most part are a thick sequence of interbedded plagioclase 

arkose and argillite of early Jurassic to Early Cretaceous age._ This 

sequence is underlain by basaltic and andesitic volcanics (Staatz and 

others, 1971, p. 21-26). In the southeastern end of the graben occur 

gneisses and igneous rocks of probable Precambrian age. These rocks 

have been intruded by a number of quartz diorite, quartz monzonite, and 

granite plutons ranging in age from 86 to 46 million years (Tabor and 

others, 1968, p. C48). Rocks outside the graben are mainly igneous or 

metamorphosed igneous rocks of Jurassic or Cretaceous age (Staatz and 

others,'1971, p. 12-16). 
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The graben is bounded on the northeast by the Eightmile Creek 

fault and on the southwest by faults of the Ross Lake fault zone. Both 

faults have large throws. The Eightmile Creek fault has been traced in 

the United States for at least 50 miles. Movement on this fault prob-

ably started in the Upper Cretaceous and continued into the Tertiary. 

Near Island Mountain, along the northwestern part of this fault, an 

oval area of volcanic rocks overlies this fault with no apparent offset 

(Staatz and others, 1971, pl. 1). These volcanics are probably late 

Tertiary in age, and indicate that at least most of the movement on 

this part of the fault had ceased by the time the volcanics were 

deposited. 

The Ross Lake fault zone has been traced in the United States for 

about 85 miles (Misch, 1966, p. 134). Two plutons, the Black Peak and 

Golden Horn batholiths, have been intruded in part along this fault zone. 

The youngest of these, the Golden Horn, has an age of about 46 million 

years (Tabor and others, 1968, p. C48). The trace of the Ross Lake 

fault zone has been found on either side of these plutons but has not 

been traced through them. Although this is suggestive that movement 

along these faults ceased prior to the intrusion of the igneous rocks, 

the evidence is not conclusive due to the difficulty in tracing faults 

through homogeneous igneous rocks. 

Several faults have been mapped within the southeastern part of the 

graben (Huntting, 1961). Scattered earthquake epicenters reported in the 

1930's, 1940's, and 1950's indicate some strain release either on these 

subsidiary faults or possibly on the boundary faults of the graben. 
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thiwaukum graben 

The Chiwaukum graben lies in central Washington on the east flank 

of the Cascade Mountains. It lies southwest of Lake Chelan, and its 

southeast corner is about 70 miles west-southwest of Grand Coulee Dam. 

This graben has a northwest trend and a maximum width of 13 niles. ' It 

has been traced for 52 miles, the northwestern part by Cater and Crowder 

(1967) and the rest by Willis 1(1953, fig. 1). 

Most of the rocks in the floor of the graben are of the Swauk 

Formation. These rocks consist of 13,000 feet of interlayered arkose, -

shale, and conglomerate of Paleocene and Upper Cretaceous age (Willis, 

1953, p. 791). Some older gneisses and schists and some Tertiary plu-

tons are exposed in the northwestern part of the graben. The rocks 

bounding the graben on either side are mainly various types of schists, 

gneisses, and peridotite. At least some of these rocks are Precambrian 

in age. These older rocks have been intruded on the west side of the 

Chiwaukum graben by several quartz diorite plutons, ranging in age from 

Early Cretaceous to Tertiary. 

The Chiwaukum graben is bounded on the northeast by the Entiat 

fault and on the west by the Leavenworth fault._ Several major and minor 

structures lie within the graben; the most important are the Eagle Creek 

anticline and the associated Eagle Creek fault. The Entiat fault trends 

northwestward from the city of Wenatchee on the Columbia River. The 

scarp of ,this fault defines the- west side of the Entiat Mountains, and 

has a maximum height of approximately 3,000 feet. The vertical displece-

ment along this fault must exceed 16,000 feet (Willis, 1953, p. 792). 

The Leavenworth fault has a sinuous northwest to northerly trend. This 
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fault is commonly marked by a well-developed breccia zone and drag 

folding in the adjacent Swauk Formation. Its attitude is near vertical. 

The vertical displacement is not known, but, must exceed 10,000 feet. 

The Eagle Creek anticline, which lies within the graben, can be traced 

from southeast of the city of Wenatchee. for 34 miles to the northwest. 

It is;an_ asymmetrical open fold involVing some 13,000 feet Of Swauk . 

strata. In three places along the crest of the anticline, older schists 

are exposed. The Eagle Creek fault lies along the northeast side of 

the anticline, where it bounds one side of the largest schist inlier. 

The Eagle Creek fault is parallel to both the Entiat fault and the 

Eagle Creek anticline and appears genetically related to the latter. 

The faults and folds of the Chiwaukum graben are post-Swauk . 

(Paleocene and Upper Cretaceous) and pre-Teanaway basalt (Lower to 

Middle Eocene) (Willis, 1953, p. 795-796). In the southwest corner of 

the graben, diabase dikes and sills cut the Swauk Formation, and diabase_ 

dikes_occur in fault zones along the west border of the graben. South 

of the area, diabase dikes pass upward into flows of the Teanawar 

Basalts, which rest unconformably upon folded strata of the Swauk Forma-

tion. -Although this evidence might suggest an end to movement on these --

structures, further deformation took place in Late Tertiary time along 

northwest-trending structures. A prominent uplift, the Badger Mountain 

syncline, and the adjacent Waterville syncline lie southeast of the 

Entiat Mountains; another northwesterly trending uplift, the Table 

Mountain anticline, lies southeast of the west side of the graben. These 

flexures are in the Columbia River Basalt, and indicate that movement 

continued along the southeast extension of the Chiwaukum graben after 
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the major downfaulting to the northeast had largely subsided. Further-

more, numerous recorded earthquake epicenters with intensities of from 

III to VI northeast of Wenatchee suggest that strain-release along the 

Badger Mountain anticline and Waterville syncline is still continuing. 

Monoclines 

South and west of Grand Coulee Dam, two monoclines are shown on the 

structure map of the Columbia River basalt compiled by- Newcomb (1970). 

The two are the Coulee and the Barker Canyon monoclines. The Coulee, 

which has a southwest trend, has been traced from just south of the 

Columbia River, about 9 miles east of Grand Coulee Dam, for 40 miles 

to a point about 9 miles east-southeast of Coulee City. The northeast-

ern part of this structure is shown as an anticline. The Barker mono-

cline starts- with a southerly trend and- then gradually changes to a 

southwesterly trend. This monocline, which has been noted (Newcomb, 

1970) as far north as a point 3 miles south of the Columbia River and 

12 miles northwest of Grand Coulee Dam, joins the Coulee monocline 

4 miles northwest of Coulee City. Southwestward, the Coulee monocline 

apparently becomes the Beezley Hills anticline. The Coulee and Barker 

Canyon monoclines lie along the projection of the Republic graben. The 

trend of these monoclines, however, indicates that the projection of 

the graben's boundary faults would cut across these flexures, and hence the 

-- two are- probably not related. To- the south and west flexures and small 

faults are much more abundant in the Columbia Plateau (Newcomb, 1970). 

Grolier and Bingham (1971) mapped several faults and tightly folded, 

and in places faulted, anticlines in the central part of the Columbia 

Plateau. Farther south in the exposures of Columbia basalt bordering 
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the Pasco Basin, anticlines are overturned and many are faulted along 

axial planes. This southward increase in structural complexity of the 

Columbia River basalts contrasts with the more subtle Barker Canyon and 

Coulee monoclines to the north. Recent microseismic monitoring has 

recorded many 'shallow moderate earthquakes in the Pasco Basin, which 

suggests that north—trending compressional forces are still active 

(M. Pitt, U.S. Geol. Survey, oral commun., 1973). 
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Lineation 

Lineations, as seen in the field and on aerial photographs are 

due to differential erosion along faults and joints. Several sets of 

joints and small faults are known The most prominent set has a 

north-northeast to northeast trend and a steep to vertical dip. This 

set of joints 'is regional, being found from near Republic, TJashington, 

to Grand Coulee Dam. This fracture direction is parallel or subparallel , 

to the direction of movement in the large ice sheets that covered at 

least the northern three quarters of the area north of the dam. The 

glacial action helped excavate fractured rock along the joints and 

make them more obvious than they would have been if they__. were at a 

moderate angle to the glacier movement. These joints are common both 

in the granitic rocks and the older volcanics and may have a topographic 

expression visible on the 15-•minute topographic sheets. Irwin (1938) 

reports them in the foundation of the Grand Coulee dam, where he notes that 

there has been slight movement on these joints. This movement is mainly 

horizontal with the east side moving south relative to the west side. 

A second set of joints with a strike of west-northwest is well-

developed near the dam site (Irwin, 1953, p. 1643), but is not so 

apparent farther north. The joints of this set dip 60° to 90° to the 

northeast, are generally shorter and less numerous than those with a 

northeasterly trend. The west-northwest trending fractures commonly 

have a little gouge along them and their relative movement is with 

the north side upward and to the east. In the dam foundation one 
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of these fractures offsets a small basalt dike about 7 feet, and 

Irwin (1953, p. 1643-1644) believes that most movement along these 

fractures is post-Columbia River basalt (post-Miocene). 

A third set of joints also occurs in the vicinity of Grand Coulee 

Dam. These joints are nearly flat lying and dip 5° to 15° to the 

south and southwest. They are undulatory and seldom extend for more 

than 20 feet. Near the surface they are spaced from 6 inches to 3 feet 

apart. Drilling to a depth of as much as 800 feet has indicated that 

these joints decrease in size and number with depth. Irwin (1953, 

p. 1645) believes that they are at least in part due to static relief 

of vertical pressure owing to the unroofing of the batholithic rocks by 

prebasalt erosion. Thus, their origin differs from that of the two 

sets of steeply dipping joints, which were caused by regional movements. 
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U.S. Geological Survey investigations 

in central Washington 

The U.S. Geological Survey has recently published two geologic 

maps of the Columbia Plateau. Miscellaneous Geologic Investigations 

Map 1-587, by Newcomb (1970), is a regional map, while map 1-589, by 

Grolier and Bingham (1971), covers the central part of the•Columbia 

Plateau in greater detail. Index maps showing these areas are included 

at the end of the report. In addition to these completed projects, the 

USGS has several studies in progress. M. Pitt is studying the micro-

seismicity of the Pasco Basin, D. Swanson is Project Chief of the-

Columbia River basalt petrology investigations, J. Savage and 

W. Kinoshita are doing laser beam trilateration surveys in the Pasco 

Basin, and regional tilt in the Pasco Basin is being analyzed by NCER. 

• 
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Areas of concern regarding Grand Coulee damsite 

Two major geologic structures are critical to the proper seismic 

analysis of Grand Coulee Dam: (1) the Sherman fault, and (2) the Coulee 

monocline. 

According to Staatz (1964, 1960), the most recent movement on the 

Sherman fault is interpreted to be Miocene. The Sherman fault trends 

toward Grand Coulee damsite, where the granitic bedrock has a prominent 

set of fractures parallel to the fault. South of the dam, granitic 

bedrock is flooded by Banks Lake or lies buried beneath the lavas of 
• 

the Columbia Plateau- The. continuation of the Sherman fault or at 

least a zone of fracturing parallel to and along the projected trend of 

the fault has not been recognized nor searched for in detail in the 

Banks Lake area. Structurally, Banks Lake probably occupies a very 

subdued synclinal low between the Barker Canyon and Coulee monoclines. 

—The glacial-lakewaters:may have breached the lava- plateau at this. point 

because of a coincidence- of a -topographic low with the synclinal low. 

It could be additionally inferred that a zone of weakness caused by a 

zone of northeast-trending fractures permitted rapid channel scour of 

Grand Coulee. Because of the lack of detailed geologic mapping in-the 

area, extending from Bald Knob south to and including Banks Lake, no 

definite correlation of this apparent structural relationship can be 

made. Seismic records also are meager in this area, but one earthquake 

was reported at Electric City in 1956 and, if of shallow depth, could be 

related to this structure. 
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The major limitations of the available data the interval 

from Miocene to the present. There is insufficient knowledge of 

Pleistocene and Holocene deposits and their relationship to faults 

to dispell doubts of recent tectonic activity. 

_ - • 
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Geology in the Curlew quadrangle by Calkins. Parker. and
Disbrow (1959); in the RetiubtsC ann Waucanda Quad-
rangles by Muessig and Quinlan (1959); and in the Bald 
Knob quadrangle by M. H. Staatt 

litawas 7.—Generalised geologic map of the Republic; graben. 

Figure 1.--Generalized geologic map of the Republic graben, from 
. U.S. Geological Survey Bulletin 1161-F. 
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Figure 2.--Geologic structures of Northeastern Washington 
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Index map of Columbia Plateau showing references to geologic reports (from Newcomb 1970) 

Figure 4.--Index map of Columbia Plateau, from U.S. Geological Survey Miscellaneous 
Geological Investigations Map 1-587. 
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sources of information. Limits of areas are not shown 
where they follow state boundaries or major rivers 

SOURCES OF PUBLISHED DATA 

\1._ Bingham, J. W., and Grolier, M. J., 1965, Geologic map and 
sections of parts of Grant, Adams, and Franklin Counties, 
Washington: U.S. Geol. Survey open-file rent. Map, scale 
1:60,000.

2.Bond,-j. G., 1963,: Geology of the Clearwater embayment: 
Idaho Bur. Mines and Geology Paraph. 128, 83 p., 30 
illus., map, scale 1:250,000. 

3. Brown, C. E., and Thayer, T.' P., 1966, Geologic map of the 
Canyon City quadrangle, northeastern Oregon: U.S. GeoL 
Survey Misc. Geol. Inv. Map 1-447. 

"4. Calkins, F. C., 1905, Geology and water resources of a portion 
of east-central Washington: U.S. Geol. Survey Water-
Supply Paper 118, 96 p., 17 figs. 

Capps. S. R.,1941. Faulting in western Idaho and its relation.- -
to the high placer deposits: Idaho Bur. Mines and Geology- -
Pamph. 56, 20 p. 

6. Collier, 1914, The geology and mineral resources of the 
John Day region: Oregon Bur. Mines and Geology, v. 1, 

. _ - -no. 3, 47 pa_map, scale 1:500,000. _ 
Fisher, R. V., 1967, Early Tertiary deformation in north-

central Oregon: Am. Assoc. Petroleum Geologists Baal,. 
51, no. 1, p. 111-123, 6 figs. 

8. Fitzsimmons, T. P., 1949, Petrology of the southwest quarter 
of the Pine quadrangle, Oregon: Univ. of Washington 
(Seattle), Ph.D. thesis. -

9. Foxworthy, B. L., 1962, Geology and ground-water resources 
of the Ahtanum Valley,-Yakima County, Washington: U.S. 
Geol. Survey Water-Supply Paper 1598, 97 p., 11 figs., 
map, scale 1:62,500. 

10. Gilluly, James, 1937, Geology and mineral resources of the 
Baker quadrangle, Oregon: U.S. Geol. Survey Bull. 879. 

11. Gilluly, James, Reed, J. C., and- Park, C. F., Jr., 1933, Some 
mining districts of eastern Oregon: U.S. Geol. Survey BulL 
846-A, 140 p., 29 figs. -

12. Graham, C. E., 1949, Structure of the western portion of the 
Lewiston downwarp in southeastern Washington: Wash. 
State Univ. (Pullman), Master's thesis, 56 p., 4 pls., 7 figs. 

'"e 13. Griggs, A. B., 1966, Reconnaissance geologic map of the west 
half of. the Spokane quadrangle, Washington and Idaho: 
U.S. Geol. Survey Misc. Geol. Inv. Map 1-464, scale 
1:125,000. 

14. Hamilton, Warren, 1962, Late Cenozoic structure of west-
central Idaho: Geol. Soc. Amerita Bull., v. 73, p. 511-
516, 1 fig. 

13. 1963, Metamorphism in the Iliggins region, western 
Idaho: U.S. Geol. Survey Prof. Paper 436, 95 p.. 3 pls., 
79 figs. 

16. 1963, Columbia River basalt in the Riggins quad-
rangle, western Idaho: U.S. Geol. Survey Bull. 1141-L. 
37 p., 9 figs., map. 

17. Hampton, E. R., and Brown, S. G., 1964, Geology and 
ground-water resources of the upper Grande Ronde River 
basin, Union County, Oregon: U.S. Geol. Survey Water-
Supply Paper 1597. 

18. Hodge, E. T., 1931, Geologic map, Madras quadrangle, 
Oregon: Oregon ,State Univ. (Corvallis), scale 1:125,000. 

19. 1932, Geologic map, north-central Oregon: Univ. of 
Oregon (Eugene), Pub. Geology Ser., v. 1, no. 5, scale 
1:250.000. 

•••••••11.4 ••• 1.1•.% ••••••••It•IiLi la ,1•1•0‘44C •14A4la400tA713, asning-Lon:, Geol. Soc. America Bull., v. 77, no. 11, p. 1293-1314, 7 figs. 
1967, Yakima basalt of the Tieton River area, south-

central Washington: Geol. Soc. America Bull. 73, no. 9, 
p. 1077-1110, I ph, 3 figs. 

Taylor, E. M., 1960, Geology of the Clarno Basin, Mitchell 
quadrangle, Oregon-i Oregon State Univ. (Corvallis), Mas-
ters thesis, 173 p., 2 pis., 24 figs. 

11. Thayer, T. P.. 1957, Some relations of later Tertiary vol-
canolote and structure in eastern Oregon: Internat. Geol. 
Cong., 20th, Mexico,1956, Vulcanologia del Cenozoico, sec. *-
1, v. 1, p. 231-245. 

• 
27. Lupher, R. L., and Warren, W. C., 1942, The Asotin stage 

of the Snake River canyon near Lewiston, Idaho: Jour. 
Geology, v. 50, no. 7, p. 866-881, 4 figs. 

28. Lystrom, D. J., Nees, W. L., and Hampton, E. R., 1967, 
Ground water of Baker Valley, Baker County, Oregon: 
U.S. Geol. Survey Hydrol. Inv( `Atlas HA3-242. 

29. Malde, H. E., 1965. Guidebook for field conference E, north-
ern and middle Rocky Mountains: Internat. Assoc. Qua-
ternary Research, 7th Cong., map. 

30. Newcomb, R. C., 1965, Geology and ground-water resources 
of the Walla Walla River basin, -Washington-Oregon: 
Washington Div. Water Resources Water-Supply Bull. 21, 
151 p., 19 figs., map. _ 

31. 1.967._ The_ Dalles-Umatilla syncline, Oregon and 
Washington: U.S. GeoL Survey_ Prof. -Paper 575713, p. 
B88-B93, 3 figs. 

1969, Effect of tectonic structure on the occurrence of 
ground water in the basalt of the Columbia River Group 
of the Dalles area, Oregon and Washington:U.S.Geol.Sur 

- - vey Prof. Paper-383-C. -3-3 p.,18 figs., map, 
33. Newton, V. C., and Corcoran. R. E., 1963, Petroleum geology 

of the weetcrn Snake River Basin, Oregon-Idaho: Oregon 
Dept. Geology and Mineral Industries, Oil and Gas Inv.. 
no. 1, 67 p., 4 pls., 2 figs. 

34. Pardee, J. T., 1941, Preliminary geolegic map of the Sumpter 
quadrangle, Oregon: Oragon_Dept. Geology and Miners 
Industries. 7 

35. Patterson, P. V., 1966, Geologic map, in watershed wori 
plan, Wolf Creek, Union County, Oregon: U.S. Dept. o; 
Agriculture, Soil Conserv. Service. 

36. Pebbles, J. J., 1962, Engineering geology of the Carta right 
• Canyon quadrangle: Idaho Bur. Minas and Geoloc 

Pamph. 127, 69 p., 31 figs. 
37. Peck, D. L., 1964, Geologic reconnaissance of the Antelope-

Asivarood area, north-central Oregon: U.S. Geol. Starve! 
Bull. 1161-D, 26 p., 9 figs., map. 

38. Pigg, J. H.. Jr., 1961, The lower Tertiary sedimentary rock 
in the Pilot Rock and Heppner areas, Oregon: Univ. o 
Oregon (Eugene), Master's thesis, 67 p., 22 rigs. 

121' 



	

 

 

	

	  

	

	

	

	

15 

ampn. oo, p. 
6, Collier, A. J.. 1914, The geology and mineral resources of t1-

John 7 • region: Oregon Bur. Mines and Geology, v... 
no. 3,s. .)., map, scale 1:500,000. 

Fisher, R. V., 1967, Early Tertiary deformation in north-
central Oregon: Am. Assoc. Petroleum.Geologists Bull.,v. 
51, no. 1, p. 111-123, 6 figs. 

8. Fitzsimmons, T. P., 1949, Petrology of the southwest quarter 
of the Pine quadrangle, Oregon: Univ. of Washington 
(Seattle),Ph.D. thesis. 

9. Foxworth',, B. L., 1962, Geology and ground-water resources 
of the Alitanum Valley, Yakima County, Washington: U.S. 
Geol. Survey Water-Supply Paper 1598, 97 p., 11 figs., 
map, scale 1:62,500. 

10. Gilluly, James, 1937, Geology and mineral resources of the 
Baker quadrangle, Oregon: U.S. Geol. Survey Bull. 879. 

11. Gilluly, James, Reed, J. -C., and Park, C. F., Jr., 1933, Some 
mining districts of eastern Oregon: U.S. Geol. Survey Bull. 
846-A, 140 p., 29 figs. 

12. Graham, C. E., 1949, Structure of the western portion of the 
Lewiston downwarp in southeastern Washington: Wash. 
State Univ. (Pullman), Master's thesis, 56 p., 4 pls., 7 figs. 

13. Griggs, A. B_, 1966, Reconnaissance geologic map of the west 
half of the Spokane quadrangle, Washington and Idaho: 
U.S. GeoL Survey Misc. Geol. Inv. Map I-464, scale 
1:125,000. 

14. Hanulton, Warren, 1962, Late Cenozoic structure of west-
central Idaho: Geol. Soc. America Bull., v. 73, p. 511-
516,, 1 fig. 

1963, Metamorphism in the Riggins region, western 
Idaho: U.S. Geol. Survey Prof. Paper 436, 95 p., 3 pls., 
79 figs. 

16. 1963, Columbia River basalt in the Riggins quad-
rangle, western Idaho: U.S. Geol. Survey Bull. 1141-L, 
37 p., 9 figs., map. 

17. Hampton, E_ R., and Brown, S. G., 1964, Geology and 
ground-water resources of the upper Grande Ronde River 
basin, Union County, Oregon: U.S. Geol. Survey Water-
Supply Paper 1597. 

18. Hodge, E. T., 1931, Geologic map, Madras quadrangle, 
Oregon: Oregon State Univ. (Corvallis), scale 1:125,000. 

19. 1932, Geologic map, north-central Oregon: Univ. of 
Oregon (Eugene), Pub. Geology Ser., v. 1, no. 5, scale 
1.250,000. 

20. Hogenson, G. M., 1964, Geology and ground water of the 
Umatilla River basin, Oregon: U.S. Geol. Survey Water-
Supply Paper 1620. 

21. Huntting, M. T., and others, 1961, Geologic map of Wash-
ington: Washington Div. Mines and Geology, scale 
1:500,000. 

22. Kinnison, IL B., and Sceva, J. E., 1963, Effects of hydraulic 
and geologic factors on streamflow of the Yakima River 
basin, Washington: U.S. Geol. Survey Water-Supply Paper 
1595. 

23. Kirkham, V. R. D., 1927, Orofino and Lapwai area: Idaho 
Bur_ Mines and Geology Pamph. 24. 

24. Laval, W. N., 1956, Stratigraphy and structural geology of 
portions of south-central Washington: Univ. of Washing-
ton (Seattle), Ph.D. thesis, 208 p. 

25. Libbey, F. W... 1943, Some mineral deposits in the area sur-
rounding the junction of the Snake and Imnaha Rivers in 
Oregon: Oregon Dept. Geology and Mineral Industries 
GNI' Short Paper 11, 17 p., 5 figs. 

26. Lukanuski, J. N., 1963, Geology of part of the Mitchell 
quadrangle. JeflerFon and Crook Counties, Oregon: Oregon 
State Univ. (Corvallis), Master's thesis, 90 p., 22 figs. 

B88-B93, 3 figs. 
"82. 1969, Effect of tectonic structure on the 

ground water in the basalt of the Column:: 
of the Dalles area, Oregon and Washington 
vey Prof. Paper 383-C. 33 p.,18 figs., map. 

33. Newton, V. C., and Corcoran, R. E., 1963, Petrc 
of the western Snake River Basin, Oregon-I-
Dept. Geology and Mineral Industries, Oil a 
no. 1, 67 p., 4 pls., 2 figs. 

34. Pardee, J. T., 1941; Preliminary geologic map of 
quadrangle, Oregon: Oregon Dept. Geology 
Industries. 

35. Patterson, P. V., 1966, Geologic map, in way 
plan, Wolf Creek, Union County, Oregon: 
Agriculture, Soil Conserv. Service. 

36. Pebbles, J. J., 1962, Engineering geology of th 
Canyon . quadrangle: Idaho Bur. Mines 
Pamph. 127, 69 p., 31 figs.. 

37. Peck, D. L., 1964, Geologic reconnaissance of t 
Ashwood area, north-central Oregon: U.S. ( 
Bull. 1161-D, 26 pi, 9 figs., map. 

38. Pigg, J. H., Jr., 1961, The lower Tertiary sedim 
in the Pilot Rock and Heppner areas, Oreg, 
Oregon (Eugene), Master's thesis, 67 p., 22 f 

; 

. 



	

 

	

	

	

	

	

	

	

	

 

	

	

	

	

	

	

 

 

 

	

a • 

• e 

• g, 

38. Prostka, H. J., -1962, Geology of the Sparta quadrangle, 
Oregon: Oregon Dept. Geology and Mineral Industries 
Geol. Map Ser. 1, scale 1:62,500. 

40.. 1967, Preliminary geologic map of the Durkee quad-
rangle, Oregon: Oregon Dept. Geology and Mineral Indus-
tries GeoL Map Ser. GM-53, scale 1:62,500, text. 

41. Ptacek, A. D., 19G5, Cenozoic geology of the Seven Devils 
Mountains, Idaho: Univ. of Washington (Seattle),Ph.D. 
thesis,:.96 p., 2 pls., 38 figs. • 

42. Robinson; J. W., and Price;Don, 1963, Ground water in the 
Prineville area, Crook County, Oregon: U.S. GeoL Survey 
Water-Supply Paper 1619-P.:43. 

Ross, C. P., 1938, The geology of the Wallowa Mountains: 
Oregon Dept Mines and Geology Bull. 3. 

44. Ross, C. P., and Forrester, J. D., 1959, Geologic map of the 
State of Idaho: U.S. GeoL Survey and Idaho Bur. Mines 
and Geology, scale 1:500,000. 

45. Russell, I. C., 1897, A reconnaissance in southeastern Wash-
ington: U.S. GeoL Survey Water-Supply Paper'4. 

16. 1901, Geology and water resources of Nez Perce 
County, Idaho, Part I: U.S. GeoL Survey Water-Supply 
Paper 53. 

47. 1901, Geology and water resources of Nez Puce 
County; Idaho, Part II:-U.S. GeoL Survey Water-Supply 
Paper 54. 

48. Savage, C. N., 1961, Geology and mineral resources of Gem 
- - and Payette Counties (Idaho) : Idaho = Bur. Mines and 

Geology County Rept. 4, 49 p., 13 figs. 
49. 1965, Economic geology of carbonate rocks adjacent, 

to the Snake River south of Lewiston, Idaho: Idaho Bur. 
Mines and Geology Mineral Resources Rept 10, 26 p., 
2 pis., 8 figs. 

Schmidt, D. L. 1964, Reconnaissance petrographic cross 
section of the Idaho batholith in Adams and ValleyCoun-

1. tiw, Idaho: U.S. Geol. Survey Bull. 1181-G. 
Sheppard, R. A.. 1967, Geology of the Simcoe 'Mountains 

volcanic area, Washington:. Washington Div. Mines and 
Geology Geol. Map GM-3, scale 1:250,000. 

Smedes, H. W., 1959, Geology of part of the northern Wallowa 
Mountains: Univ. of Washington (Seattle),Ph. D. thesis. 

.i3' Smith, G. 0., 1901, Geology and water resources of a portion 
of Yakima County, Washington: U.S. GeoL Survey Water-
Supply Paper 55. 

1903, Geologic folio of the Ellensburg quadrangle, 
Washington: U.S. Geol. Survey GeoL Folio 56, 7 p., 3 
maps, scale 1:125,000. 

.55: Smith, W. D., and *Allen, J. E., 1941, Geology and physiog-
raphy of the northern Wallowa Mountains, Oregon: 
Oregon Dept. Geology and Mineral Industries Bull. 12, 
64 p., 16 figs. 

''. Stearns, H. T., and Anderson, A. L., 1966, Geology of the 
Oxbow and Snake River near Homestead, Oregon: Idaho 
Bur. Mines and Geology Pamph. 136, 23 p., 10 figs. 

7. Swanson, D. A., 1966, Tieton volcano, a Miocene eruptive 
• center in the southern Cascade Mountains, Washington: 
• GeoL Soc. America Bull., v. 77, no. 11, p. 1293-1314, 7 figs. 
I. 1967, Yakima basalt of the Tieton River area, south-

central Washington: Geol. Soc. America BuIL 73, no. 9, 
p. 1077-1110, I pl., 3 figs. 

t Taylor, E. M., 1960, Geology of the Clarno Basin, Mitchell 
• quadrangle, Oregon'i. Oregon State Univ. (Corvallis), Mao-

ter'e thesis, 173 p.. 2 pls., 24 figs. 
P. Thayer, T. P., 1957, Some relations of later Tertiary vol-

canology and structure in eastern Oregon: Internat. Geol. 

61. Trauger. F. D., 1950, Ground-water resources of*Baker Val-
ley, Baker County, Oregon: U.S. Geol. SurVey open-file 
rept., 100 p., 12 figs., 3 maps, scale 1:62,500. 

62. Vallier, T. L.. 1967, The geology of part of the Snake River 
• canyon and adjacent areas in northeastern Oregon and 

western Idaho: Oregon State Univ. (Coyvallis),Ph.D.theiis, 
267 p., 3 'pls.. 57 'figs: . • 

63. Wagner, N. S., 1958, Important rock units of northeastern 
Oregon: Oregon Dept. Geology and Mineral Industriek.The 
Ore Bin, v. 20, no. 7, p. 63-68, map. 

64. Wagner, W. R., 1945, A geologic reconnaissance between the 
Snake and Salmon Rivers north of Rigiins; Idaho: Idaho 
Bur. Mines and Geology Pamph. 74. . • 

65. Walcott, W. E., and Neff, G. E., 1950, Report'on the Sow 
structure of the basalt in the Coulee City-Long Lake-Soap 
Lake area, Columbia Basin project: U.S. Bur. Reclam-
ation Rept. duplicated,11 p.,21 illus., map, scale 1:36,000. 

--n66. 'Walters, K. L., and Grolier, M. J., 1960, Geology and ground-
water resources of the Columbia Basin project area, Wash-
ington, Volume I: Washington Div. Water Resources 
Water-Supply Bull. 8, 518-p.; 28 figs._ --

67. Waring, G: A., 1913, Geology and water resources of a portion 
of south-central 'Washington: U.S. Geol. Survey Water-
Supply Paper 316. 

68. Waters, A. C., 1965, Geomorphology of south-central Wash-
ington, illustrated by the Yakima East quadrangle: Geol. 

— Soc. America- p. 663-684, 2 pls.,- 3 figs., map, 
scale 1:62,500. 

• 

• 
0 

1. • 

120' 

T. 30 N. 
'••••••• • 

TpCr e 

48' 
11 

Cong., 20th, Mexico,1956, Vulca.nologia. del Cenozoico, sec. •-•- t 
1, v. 1, p. 231-245. 1 

• : I / 4/1 

I 

http:thesis,:.96


We1Ls, F. G., 1961, Geologic map of Oregon west of the 12Ist 
meridian: Oregon Dept. Geology and Mineral Industries, 
scale 1:500,000. 

Williams, Howe!, 1957, A geologic map of the Bend quad-
! tangle, Oregon (1:125,000) and a reconnaissance geologic 

map of the central portion of the high Cascade Mountains 
(1:250,000): Oregon Dept. Geology and Mineral Industries. 

SOURCES OF UNPUBLISHED DATA 

Bishop, Donald T., Northwestern Idaho. 
_-Brooks, Howard C., Mineral quadrangle, Oregon-Idaho. 
Deacon, Robert .1., Central Washington. 
Hamilton, Warren, West-central Idaho. 
Hampton, E. R., North-central Oregon. 
Hogenson, G. M., Yakima Valley. 

! Neff, George E., Central Washington. 
Norvitch, Ralph F., North-central Idaho. 

7Powers, Howard A., West-central Idaho. 
Robinson, Paul T., Ochoco Mountains area. 
Robison, James H., North-central Oregon. 
Ross, Sylvia H., Northwestern Idaho. 
Swanson, Donaid A., Central Oregon. 
Tagner, Norman S., Northeastern Oregon. 

R. 30 C.119* 

This map was compiled to show the areas in which geologic 
structure favors the accumulation and storage of ground 
water in the basalt of the Columbia River Group of Miocene 
and Pliocene age. Published and unpublished sources of data 
were used, supplemented in places by field reconnaissance. 
In addition to folds and faults in the basalt, the map includes 
a few structures in rocks older than the basalt, where those 
structures affect the position and water-bearing capabilities 
of the nearby basalt. 

Most of the known folds that show structural relief of 
more than 100 feet and faults that have more than 50 fees 
displacement are included. In zones of close and complex 
deformation, minor structures have been omitted for lack of 
space or have been generalized. Except in the area south of 
the Ochoco anticline, where faults and fractures were plotted 
from aerial photographs without ground checking, nonciis-
placement breaks of the extension-fracture type, sometimes 
called regional joints, have been omitted. 

The structures that displace the basalt are geologically 
youthful, Pliocene and Quaternary in age. Most of the 
anticlines are tectonic mountains, and the synclines are 
tectonic valleys. 
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