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ENGINEERING GEOLOGY OF THE LA GRANPE AREA 
UNION COUNTY, OREGON 

By Herbert G, Schlicker and Robert J .  Deacon 

Vast sums of money ore tost throughout the country each year because of undetected 
ground conditions prior to construction of buildings, primarily houses. Today large construc- 
tion projects ore generally preceded by extensive investigations of foundotion soils, 
involving engineering and geologic studies. But, unfortunately, the small structures, such 
as houses, are usuully built without the benefit of such investigations. 

Lo Grande i s  expanding and this growth i s  extending into areas having various geo- 
logic and soil conditions that pose problems for construction. An understanding of these 
problems i s  basic to satisfactory [and use, 

Minor landslide movement i s  a constant problem i n  the area within and adjacent to 
the west and south part of the c i i y  . Slope movement has affected water and sewer lines, has 
dislocated sidewalks and curbs, and has caused cracks nnd dislocations i n  basement walls and 
floors. The new hospital, which began to suffer damage soon after construction, has required 
extensive slope treatment. 

Although landslides hove not been catastrophic in the history of La Grande; geologic 
evidence indicates that prehistoric landslides were common. The stability of these old land- 
slide masses i s  questionable. In other ports of the La Grande area there are slopes which 
have experienced no detectable landslide movement, but which are potentially vulnerable. 
Use of such areas for building purposes wi l l  require preliminary geologic and engineering 
studies followed by appropriate construction and development practices. 

Purpose and scope of report 

This investigation was undertaken at the request of Union County and the city of 
La Grande to provide information on the geologic conditions that are specifically related to 
residential areas and possible new development sites in and near La Gronde. 

The report describes the maior problem areas, including those with unstable slopes, 
high groundwater levels, and poor foundation soils. I t  also suggests certain types of areas 
suitable for development. The report provides information that should be helpful in locating 
rock quarries and gravel pits, and i t  presents information an ground water availability. 



Accompanying the report i s  a pologic map that shows the location of the various geologic 
units, the geologic structures, the landslide areas, and the depth to the unconfined water 
table. 
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Method of investiaation 

Four days were spent in field niappi ng an area of about 70 square miles, The area 
included the west end of the volley from Ladd Canyon north past Island City to about 4 miles 
west of Lo Grande in mountainous 'terrain. The area was inspected on foot; by outornobile, 
and from a light aircraft. Engineering reports and published geologic literature* were also 
used i n  the study. U . S. Geological Survey topographic quadrangle maps published on a 
scale of 1:24,000 were employed in the field as a base for mapping and publishing, and 
aerial photographs were helpful in mapping geologic structures. 

GENERAL DESCRIPTSON OF AREA 

La Grande, a city of about 10,000 people, i s  located ot the western edge of the 
Grande Ronde Valley, in the central part of Union County, in northeastern Oregon. La 

Grande i s  52 miles east of Pendletan on U. S .  Highway 30 and 44 miles north of Baker, 
Oregon. 

The area studied encompasses the western part (20 s q .  miles) of the Gronde Ronde 
Val ley and the adjacent mountains to the west (50 sq . miles). 

The major stream, the Grande Ronde River, runs eastward from the Blue Mountains, 
through La Grande and Island City, then northward to Indian Valley. The Grande Ronde 
Val ley i s  relatively flat and featureless, and slopes eastward at about 20 feet per mile; in 
the mapped area the elevation of the valley floor ranges from 2700 to 2855 feet above sea 
level. West of La Grande the mountains rise abruptly from the volley floor to an average 

*Geology and ground-water resources of the upper Grande Ronde River basin, Union County, 
m, by E. A. Hampton and 5 .  G. Brown, U. 5. Geological Survey Water Supply Paper 
No. 1597, 1964. 





Recent a1 luvium 

Recent alluvium occurs in the stream bed and adjacent ta the streoms along the modern 
floodplain. In the channel and river bars the ulluvium consists of grovel and sand. Outside 
of  the channel the alluvium is mainly a thin layer of flood-deposited sand, silt, and clay 
deposited over the fan gravel. 

Old landslides 

Landslides are partly responsible for the topographic development along the margins 
of the Grande Ronde Valley. When the valley was Formed by dawn-faulting, the resulting 
scarp walls, weakened by exposure to weathering and by addition of moisture, were too steep 
1.0 stand. Thus landslides occurred along the margins of the valley. A number of the old 
landslides are easily recognizable; others have been so modified that the landslide features 
have been mostly obliterated. The characteristics af old landslide area are u hummucky 
topography, disrupted surface and subsurface drainage, and unstable or nearly unstable slope 
conditions. Characteristic of the more recent landslides are tilted trees and bent tree trunks. 

In the La Grande area, landslides are of two types: 1)  those that have occurred in 
the steep hillsides bordering the valley in the units of the Columbia River Basalt, and 2) those 
that have occurred in the col luvium. The landslide areos are shown on the geologic map. 

A major landslide area i s  present in the slopes bordering the city an the west and on 
the south i n  portions of sections 6,  7, 17, 18, and 19, T. 3 S., R .  38 E, Its terminus can be 
recognized by a break in the topography at the contact between a flat surface of the terrace 

and the irregular surface of the landslide moss (Figure 2). This landslide area 
actually contains two entirely different tandsl ides--one in the Columbia River Basalt and the 
other i n  the col luvium. 

Another landslide area immediately north of the c i t y  in sec. 30, T. 2 5 ., R. 38 E., 
i s  entire1 i n  Columbia River Basalt. 

Landslides in Columbia River Basalt: The prime example of this type of landslide in 
the La Grande area i s  i n  the vicinity of the old reservoir south of the city shown in the photo- 
graph, figure 3. The slide originated as a mudflow and i s  composed of basalt and tuff. The 
tuff i s  weathered i n  part to bentonitic clay, which i s  particularly susceptible to shrink and 
swell caused by variations in moisture. 

The topography of this slide i s  highly irregular, with ridges and swales; one large 
swale contains a shallow lake about 1,000 feet wide and 2,000 feet long. Two circular water 
reservoirs built by the city of La Grande some 40 years ago are located in this landslide orea. 

A similar but smaller mudflaw type landslide i s  present in the lands1 ide area north of 
La Grande (sec. 30, f . 2 S., R .  38 E.) This was apparently a faster moving, more liquid 
flaw which terminated in a fanshaped deposit, shown i n  the photogroph, Figure 4. 

Landslide i n  col luvium: This type of landslide borders the c i ty on the west and in th,e 
most northerly part of the landslide orea adjacent to the city of La Grande. The landslide i s  
within thecolluvial deposits composedof angular basalt fragmentsmixed with soil. The 



Figure 1 .  Road cut in  col luvium on U. S .  Highway 30 at the 
north edge of La Grande. Note the angular rock 
fragments up to 2 feet across scattered in  a finer 
granular and clayey matrix. This composition is 
typical of the landslide colluvium west of the city. 

Figure 2. View looking west from U. S. Highway 30 at the west 
edge of La Grande city limits.  ands slide cal luviurn at 
base of fault scarp overrides h e  flat surface of the grav- 
el  terrace. 



Recent a1 luvium 

Recent alluvium occurs in the stream bed and adjacent to the streams along the modern 
floodplain. In the channel and river bars the al lvvium consists of gravel and sand. Outside 
of  the channel the alluvium i s  mainly o thin layer of flood-deposited sand, silt, and clay 
deposited over the fan gravel . 
Old landslides 

Landslides are partly responsible for the topographic development along the margins 
of the Grande Ronde Val ley. When the vul ley was formed by down-faulting, the resulting 
scarp walls, weakened by exposure to weathering and by addition of moisture, were too steep 
to st-and. Thus landslides occurred along the margins of the valley. A number of  the old 
landslides are easily recognizable; others have been so modified that the landslide features 
have been mostly obliterated. The characteristics of old landslide areas are a hummucky 
topography, disrupted surface and subsurface drainage, ond unstable or nearly unstable s l o p  
conditions. Characteristic of the more recent landslides are ti1 ted frees and bent tree trunks. 

In the La Grande area, landslides are of two types: 1 )  those that have occurred in 
the steep hillsides bordering the valley i n  the units of the Columbia River ~asalt, and 2) those 
that have occurred in the colluvium. The landslide areas are shown on the geologic map. 

A major landslide area i s  present in the slopes bordering the city on the west and on 
the south i n  portions of sections 6, 7, 17, 18, and 19, T, 3 S,, R. 38 E. Its terminus can be 
recognized by a break in the topography at the contact between a flat surface of the terrace 
gravels and the irregular surface of the landslide mass (Figure 2). This landslide area 
actually contains two entirely different landsl ides--one in the Columbia River Basalt and the 
other i n  the colluvium. 

Another landslide area immediately north of the city in sec. 30, T.  2 S . ,  R. 38 E., 
i s  entirely i n  Columbia River Basalt. 

Landslides i n  Columbia River Basalt: The prime example of this type: of landslide i n  
the La Grande orea i s  in the vicinity of the old reservoir south of the city shown in the photo- 
graph, figure 3. The slide originated as a mudflow and i s  composed of basalt and tuff. The 
tuff i s  weathered in part to bentonitic clay, which is ~ a r t i c u l a r l ~  susceptible to shrink ond 
swell caused by variations in moisture. 

The topography of this slide i s  highly irregular, with ridges and swoles; one large 
.swale contains a shallow Ioke about 1,000 feet wide and 2,000 feet long. Two circular water 
reservoirs built by the city of La Grande some 40 years ago are located i n  this landsl ide area. 

A similar but smaller mudflow type landsl ide i s  present in the landslide area north of 
La Gronde (sec. 30, T. 2 S . , R. 38 E .) This was apparently a faster moving, more liquid 
flow which terminated in a fanshaped deposit, shown in the photograph, Figure 4. 

Landslide in colluvium: Th is  type of landslide borders the city on the west and i n  th.e 
most norther1 y part of the landslide area adjacent to the city of La Grande. The landslide i s  
within the colluviol deposits composed of angular basalt fragments mixed with soil. The 
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Figure 3. View of southwest part of La Grande and f h e  "older" reservoirs. Note the contrast 
between the hummocky landslide topography in the reservoir area and the flat terrace- 
gravel surface in the foreground. (Photo by Gary Eisler, The Observer) 



topography consists of low humps and swales. Where streets and houses cover the slide, the 
topography has been greatly modified. 

The photograph in Figure 2 shows typical topography of the coC luvium lands1 ide. 
This slide probably developed slowly as the result of excess water concentration at the foot 
of the slope. Minor movement i s  s t i !  1 occurring in local areas today. 

The lecafian and surface distribution of the geologic units fogether with the landslide 
areas are shown on the geologic: map. A geologic cross secfion indicates the thickness and 
distribution of the units in the subsurface. 

AREAS OF GEOLOGlC HAZARDS 

There are three general types of areas in  and around to Gronde thot could present 
serious problems for construction. They are: I) unstobIe basalt slopes, 2) areas of unstable 
col luvium, and 3) vall ley areas with a high water table. It i s  possible that certain types of 
development con proceed satisfoctori l y in these areas, but the inherent geologic and engi- 
neering characteristics that create the problems must first be recognized and considered in 
the development plans. 

BusaI t slopes 

The steep slopes above the valley sides are composed of basaltic lava f l o w s  
but some areas have interbeds of tuff or volcanic ash. Just west of La Grande alternating 
tuff beds and lavas are exposed. The slope stands steeply in places but it has failed in others, 
resulting in large landslides. In most cases the place of failure in the slope can be troced fo 
Failure of an underlying layer of tuff. I t  must be concluded, therefore, that the tuff beds 
greatly reduce the slope stability and that areas of steep slope and thick tuff beds should be 
considered as potential slide areas. If these oreas are developed, cu% and fills made during 
road construction or lot leveling and increased moisture, as the result of disruption of drain- 
age, wi l l  make the areas even more unsafe. Roadside water, water from roof drains, dry wells, 
and septic tanks turned loose on o hi! lside, and heavy watering of lawns during the summer 
months wi l l  a l l  combine fa maintain o high water table, the major cause of slope movement. 

Geologic evidence indicates fhat some of the prehistoric landslides related to the 
tuff interbeds in the basalt occurred as rapidly moving mudflows. I f  this type of landslide 
were to occur today, i t  would likely obliterate structures on i t s  surfoce or in its path. Many 
lives could be lost, even on the valley floor where a mudflow would final ly terminate. Pre- 
historic landslides of this type have occurred in the area of the old reservoirs south of La 
Grande and also north of La Grande at the west side of Owsley Canyon, Figures 3 and 4. 
The surface of many old mudflows wil l  continue to shift for years and, therefore, should be 
avoided for development i f  possible. 

Col luvium slo~es 

The colluvium i s  hazardous from a stability standpoint. I t  i s  relatively porous ond i s  
emily infiltrated by runoff from fhe higher slopes. The contained water issues from numerous 
springs on the slopes of the co!luvium adiacent to the valley floor. Because of wetness, the 



Figure 4.  Mudflow type of landslide north of La Grande and west of Owsley Canyon. The 
irregular surface of the mass i s  typical of londsl ide topography. (Photo by Gary 
Eisler, The Observer) 



colfuvial slopes are unstable, and construction and development i n  these areos frequently 
sustain damage frorn slope movement. Movement of the slopes may not be observable until 
some structures are built, The usual extent of the problem i s  cracking of basement walls 
and floors, uneven floors, cracking of sidewalks, uneven settlement, and smal l displacement 
of curbs. Isolated cases can be much more severe. The breaking of sewer and water lines 
can saturate the soil and add instability to the slopes. 

Not all of the area of colluvial soils west and south of La Grande adjacent to the 
steep mountain slopes has been cornpleteljr developed. ks housing density increases, how- 
ever, the problems of slope stability i n  these depositswill mast l ikely increase. Persons 
intending to build i n  this area should be made aware of the problems. Design and construc- 
tion shau Id reflect knowledge of the conditions present. 

Valley areas with high water table 

Unconfined groundwater is a potential hazard in the Grande Ronde Val ley. Uncon- 
fined groundwater i s  that wafer which i s  under atmospheric pressure and i s  free to rise and 
fa1 l in response to recharge and withdrerwal frorn the water M y .  Confined groundwater, on 
the other hand, i s  water under pressure beneath the surface of the ground which cannot m i -  
grate upward because of an impermeable stratum above i t .  Water in a well drilled into this 
zone of confined water wi l l  rise, and i f  the pressure is great enough, i t  wi l l  rise to the top 
of h e  well and Flow out on the surface of the ground. 

It i s  important to recognize that a near-surface, unconfined water table i s  a hazord 
to construction. In certain areas the water table w i  l l stand within several feet of he sur- 
face of the ground. Excavations below this level wi l l  quickly f i l l  wi th water. Houses ean- 
not have basements in these areos unless a sump pump i s  installed. Buried fuel and storage 
funks, i f  less than ful l ,  can float upwards and break through to the surface. Basement floors 
and swimming pools can be broken by water pressure. 

In the Grande R~nde Valley near Island City, the water table would normally stand 
at or obove the surface of the ground during winter except for the drainage ditches in the 
area. Nevertheless, the water table wi l l  be near the ground surface during periods when 
the ditches run full or flood following excessive rainfall or snow melt. Areas where he warer 
table i s  less than 10 feet from the ground surface are considered hazardous and a higher water 
table would cause greater problems. 

AREAS OF STABLE SOIL AND BEDROCK 

The areas that wi l l  present the fewest construction in future development of 
La Grande and i t s  environs are those with stable soil and bedrock conditions, i . e., those 
having good foundation characteristics and not subject to londsliding. These locations are: 
I) areas underlain by terrace gravels; 2) basalt surfaces with gentle slopes; and 3) valley 
areas where the water table remains at least 10 or 12 feet below ground surface at all times. 
The three areas are discussed in more detail as follows: 

I )  Terrace gravels occur in a strip half a mile wide and about I$ miles long with about 
a third of the area lying in the southeast part of the c i ty  ond the remaining two thirds along 
the foothills southeast of the city limits. The unit i s  also present along he north edge OF the 
valley 1 to 2 miles north of La Grande. Areas underlain by terrace gravel are shown on the 
geologic map. 



Figure 5. View of basalt-capped hill north of Mi. Glenn Road about 1 mile north of Pa Gmnde. 
Basalt surface i s  suitable for heavy foundation Toads, but would require blasting. (Photo 
by Gary Eisler, The Observer) 



2) The valley area considered satisfactory for land development i s  shown on the geo- 
logic map as having perched water at 10 or more feet below the ground surface. This urea 
lies generally west of a line running north-south through Island City and outside of a line 
surrounding Island City, Light loads in this area would present normal foundation problems, 
but moderate to heavy foundation loads wil l  require special soils engineering and foundation 
design. 

3) Flat or gently sloping basalt surfaces, such as at Morgan Lake or in section 29 
one mile north of La Grande, would be ideal far heavy foundation loads. A photograph of 
the hi1 l north of La Grande appeors in Figure 5 .  Excavation i n  these areas for ut i l l  ties, 
basements, and roadways would require extensive blasting. On a single-lot or smal l -tract 
basis, blasting would cause problems and cost would be excessive. Sewers would be required 
since septic tank drainage wou Id either contaminate the ground water or the effluent would 
possibly exit at he surface downslope from the developed area. TOPSO; I would have to be 
imported for lawns and gardens. 

ENGINEERING STUDY REQUIREMENTS 

f ngineering studies for safe land dere topmen t should consider the following points: 
The natural drainage, amount of normal runoff, and amount of possible heavy runoff. 
Alterations hat wi l l  be made in natural droinage pattern and the design necessary to 
handle runoff. 
Instal lation of storm sewers and final disposition of the water. 
The effect removal and addition of vegetation wi l l  hove on slope stability. 
Height of groundwater table during the wettest months. 
The magnitude of proposed cuts and f i l l s ,  mefhods and degree of compaction required 
for soil types involved, and the maximum allowable safe height and slope angle of 
cuts and fi 11s. 
The feasibiliiy of using septic tank and the area required for drainfields. 
Density of allowable housing. 
Sources of water, whether domestic or municipal. 

GROUNDWATER AVAl PABl PITY 

Groundwater in the upper Grande Ronde Val ley l i e s  at shal low depth beneath the 
valley floor. Ingeneral i t  lies a t  orslightly abovethelevel of the major drainage 
(Hampton and Brown, 1964). The water table fluctuates searonally and is highest during 
the winter and early spring and i s  lowest in late summer and fall.  

The valley floor i n  the mapped urea i s  underlain for the most part by the alluvial fan 
gravels deposited from he Grande Ronde and Ladd Canyons, Wel I yields from this gravel 
average about 22 gpm but as much as 400 gpm i s  reported. Wel Is in the unit are shal low and 
the wafer i s  unconfined. 

Beneath the fan gravels and in areas outside of the fan grovels the valley f i l l  i s  a 
lacustrine (lakebed) deposit composed of medium-to-fine-grained sand mixed with silt and 
clay. The gravel Fans interfinger with the lakebed deposits along the outer exherni ties of' 
the fans. Water yield from the lakebed sediments i s  variable depending upon the presence 
of coarser, more permeable beds and lenses. Well yield ronges from 10 to 45 gprn. 



The co~luviurn i s  not a consistent producer of groundwater, Because i t  is poor1 strat- 
if ied and contains blocks of lava mixed with sand, clay, and volcanic ash, its permeability 
varies considerably. A1 though some water i s  present, i t  emerges from springs along the flanks 
of the hi I ls .  Well  average about 9 gpm and range from zero to 20 gpm . 

The Columbia River Basalt gives the highest yield of any aquifer in the region, and 
i n  locations fworable for water impoundment in the rock, the unit produces abundant ground- 
water. Water impoundment i s  limited to brecciuted infer-flow zones and i s  control led to a 
considerable extent by faulting and folding. In the Grande Ronde Val ley, where the basalt 
was faulted downwclrd as much as 3,000 feet and buried under several hundred feet af lake- 
bed and val ley fi l  I ,  groundwater i s  under high artesian pressure, and production ranges as 
high as 3,500 gpm. 

MATERIAL RESOURCES 

Gravel deposits 

The principal source of gravel aggregate for the region for the future i s  the fan gravel 
unit. In most areas the fan gavel has a soil- cover ranging from a few feet to about 10 feet, 
indicating that the gravels could be developed with l i t t le averburden removal. If areas away 
from the Grande Ronde River channel were to be developed as suitable aggregate deposits, 
the river bed and channel could be utilized more fully for fish spawning and could be land- 
scaped for recreation and aesthetic purposes. 

Within the map area, the largest gravel fan i s  that deposited by the ancient Grande 
Ronde River. The fan begins ot the river's entrance to the val ley and spreads out past lsland 
City. Another gravel fan covers about 2 quare miles at the mouth of Ladd Canyon. This 
latter gravel was apparent1 y used for road aggregate from time to t ime by the county and 
state, as i t  contains several presently abandoned pits. 

The Grande Ronde River has eroded i t s  channel across the old gravel fan, which now 
forms the bottom and banks of the river. The fan gravels appear to be the main source of 
gravels being extracted along with the small amount brought in annually by the river. 
Channel gravels in the bed of the river and adjacent fan y a w l s  have been mined out From 
lsland Ci ty  westward for about a mile. Further upstream the gravel deposits occur only us 
srnal l bars and stream-bed gravels. 

Eraion of the Grande Ronde fan in recent geologic times has left gravel terraces 
northwest of lsland City and another paralleling the foothil I s  south of La Grande for a dis- 
tance of 19 miles. The terrace and floodplain northwest of lsland City are essentially the 
same as those being removed in and adjacent to the channel of the Gronde Ronde River and 
can be considered a possible future gravel resource. 

Although the high terrace gravels south of La Gxande ore used for selected borrow 
material for freeway construction, they are not considered a resource for ather uses for the 
following reasons: 

1 . Part of the deposit in and near the c i t y  limits i 5  covered with housing at other uses 
incompatible with gravel production. 

2. Outside of the residential area the deposit i s  narrow and lies against the steep hiljside. 



3. The avai table quantities ore not large enough to supply the market. 
4. Much of the deposit contains an excessof clayey volcanic ash. 

Rock quarries 

The upland areas surrounding the valley are composed main1 y of basal tic lava with 
some tvffaceous interbeds. Basalt, although abundant in this oreo, i s  extremely variable i n  
value as a quarry rock. These differences are related to distance from the market, the qual- 
i ty of existing haul roads, the topography of the area, the texture, joint pattern, and degree 
of weathering of the rock, the thickness of the rock layer, and the amount of overburden. 

The quarry should be located within 15 miles of its market and have access to a good 
haul road. The building of roads in rough topography i s  difficult and expensive. Steep haul 
roads increase the cost; therefore, the grade of the haul rood i s  an important factor to con- 
sider. The rock should be relatively free of vesicles (bubble holes) and the joint pattern 
should be close so that the rockwil l  break in small pieces that can be easily handled and 
crushed after blasting. Weathering in seams and joints as well as on the exposed surface pro- 
duces waste which increases the cost and lowers the quality. The rock face should be high 
enough for at least one major lift. I f  i t  is higher than this, benching wi l l  be required. In 
very steep areas of high relief, the overburden may become too thick to be removed econom- 
ically . 

Figure 6. Quarry in Columbia River Basalt odiacent to 81. 5 .  
Highway 30 just north of La Grande. The basalt 
makes excellent aggregate. 



Figure 7. View of borrow pit  excavation north of La Grande. Basalt and tuff from pi t  i s  used for 
freeway construction. Smoke in upper center of picture identifies Iandfil I disposal site. 
Basalt quarry at left edge of picture i s  on Haywire Canyon. Note landslide topography 
in upper right corner of picture. (Photo by Gary Eisler, The Observer) 



It should be understood that quarry sites, even in an urea of basalt rock, may not be 
easy to develop. By applying the criteria previously described it i s  possible to reduce the 
size of the areas to prospect and then to eliminate the less desirable portions by inspection, 
Drilling and test pitting may be required ers a final step to evaluate overburden and rock 
quo1 i ty and q u a d  ty . 

Figure 6 i s  a photograph of the basalt quarry on Haywire Canyon north of La Grande 
This quarry i s  supplying goodquol i i y  aggregate for the freeway by-pass. 

Borrow material 

Tuff beds with minor amounts of basalt are currently being excuvoted from the hill- 
side north of the c i ty  for use as embankment material for the freeway (see Figure 7). The 
steep initial face of the excavation resulted in cracking of the upper slope, indicating the 
sensitive relationship of the slope angle to the slope stability. 

SUMMARY AND CONCLUSIONS 

This report describes the various geologic units i n  the La Grande area of Union 
County, Oregon, and the accompanying geologic map shows their distribution. The report 
explains the performance of each of the units in relation to various types of development, 
and makes special reference to areas of geologic hazard that might present serious problems 
for construction. With the knowledge that certain problems ore inherent in the ground, ap- 
propriate engineering methods can sometimes be employed that will overcome or, at least, 
reduce these difficulties. 

Areas of geologic hazard are outlined on the geologic map and described i n  some 
detail in the report. These areas are: 1) val ley areas where the water table rises to . less 
than 10 feet. from the surface of the ground; 2) colluviurn and old landslides along the mar- 
gin of the val ley that either are now moving slowly and intermittent1 y or can fail in the 
future under the pressure of development; and 3) the steep slopes composed of basalt and 
interbedded tuff which perform poorly for septic tank drainage and which could develop into 
landslides. 

Sand and gravel resources are available i n  the gravel fan at h e  moufh of the Grande 
Ronde canyon and in  the gravel terraces. Good crushed rock i s  produced from quarries in 
Columbia River Basalt adjacent tp the valley. 
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