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ENVIRONMENTAL GEOLOGY OF WESTERN LINN COUNTY, OREGON

INTRODUCTION

Purpose

As development continues, private citizens, engineers, developers, planners, county, and state
officials are recognizing the need for information about geologic hazards. A knowledge of geologic
hazards promotes safe, economical decisions and efficient planning, both of which pay long-range divi-
dends. It is the purpose of this study to delineate and evaluate the geologic hazards of western Linn
County. |t is the further purpose of this study to place the hazards into proper perspective so that knowl-
edge of them may better serve the planning process.

Senate Bill 100, passed in 1973 by the Oregon Legislature, creates a Department of Land Conser-
vation and Development for the purposes of implementing state-wide planning goals and adopting compre -
hensive plans for zoning and subdivision. The bill also makes each county responsible for coordinating
all planning activities affecting land uses within the county. This bulletin will be a valuable aid to Linn
County personnel in responding realistically to this and similar directives.

Legal trends in recent years have been toward the courts placing increasing responsibilities on permit
granting agencies. In California recently, a county road project initiated a landslide and a county-
approved subdivision later adversely affected neighboring property. In both cases, liability was placed
upon the county (Schlicker and others, 1973). The information provided in this bulletin will enable Linn
County personnel to avoid such difficulties by evaluating and planning future development more accurately.

Previous Work

Earlier geologic studies in western Linn County include geologic investigations along the North
Santiam River (Thayer, 1936, 1939), in the Lebanon quadrangle (Felts, 1936; Allison and Felts, 1956),
in the Stayton quadrangle (O'Neill, 1939), in the Albany quadrangle (Allison, 1953), the northwest
Marcola quadrangle (Bristow, 1959), in the southwest quarter of the Brownsville quadrangle (Hauck, 1962),
and in western Detroit Reservoir area (Pungrassami, 1969). Peck and others (1964) included the foothills
of western Linn County in a regional geology study of the Western Cascades of Oregon.

Mineral resource studies include a general survey of mining activities by the Oregon Department of
Geology and Mineral Industries (1951), ground water investigations by Piper (1942) and Helm (1968), and
a study of subsurface geology and vil-producing potential by Newton (1969).

Soil investigations include those by Kocher and others (1924) and Balster and Parsons (1969). Geo-
physical studies include a gravity study for the State of Oregon (Thiruvathukal and others, 1970) and an
aeromagnetic study of the Lebanon quadrangle (Bromery, 1962). Topical studies include investigations
of ice-rafted erratics in thé Willamette Valley (Allison, 1935), fossil leaves near Scio (Sanborn, 1947),
and fossil wood near Holley (Gregory, 1968).

Various governmental agencies in the County continue to produce data pertinent to environmental
and hazards investigations. These include the U, S. Army Corps of Engineers (stream-bank erosion and
flooding), the U. S. Soils Conservation Service, the State Engineer (ground water), the State Highway
Department (engineering data) and the U, S. Geological Survey (ground water).
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Implementation

The recommended use of this bulletin by the planner or other persons in the planning process is
outlined in Figure 1. The planner must first clearly define the problem and determine its precise location.
This involves accurately locating the site of proposed construction or outlining a larger area for general
study and listing the physical requirements of the proposed project or plan.

The planner must then consult the geologic map, the hazards map, and, where appropriate, the
soils map (Willamette Valley area) to determine the rock unit, the geologic hazards, and the soil conditions.
These features are briefly discussed in the map legends and are treated in more detail in the text. To
assist the planner, the text emphasizes the recognition, impact, and treatment of hazards and is thoroughly
cross-referenced. For areas in which no hazard is specifically indicated, it is suggested that the hazards
of surrounding areas of similar character be studied to fully assess the potential problems.

After studying the maps and reading the appropriate parts of the text, the planner must assess the
overall impact of geology on the proposed development or plan. Where appropriate he must also consider
the influence of development on local geologic processes. Both may involve requests for more geologic
input from appropriate personnel (developers, County road builders, State and Federal agencies) or the
use of sophisticated planning techniques (overlay maps).

Finally, the planner must integrate the knowledge of geologic impact with input from other disci-
plines and with broad community goals and guidelines to arrive at a final decision. This may include a
commitment to preserve mineral resources or to protect ground water from contamination or overuse.
Therefore, natural resources are also discussed in the text.

This study is reconnaissance in nature; boundaries on the maps are approximate and conclusions in
the text are general. For final decisions regarding the precise impact of geologic hazards on specific
areas, on-site investigations are necessary. This bulletin is a planning tool and should not be regarded
as the final word in individual problems. Thus, the problem-solving process (Figure 1) may involve requests
for more information as discussed above.

Acknowledgements
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.determine hazards
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.determine bedrock capabilities
and limitations
.determine soils capabilities
and limitations

Geologic Hazards Text: Natural Resources Text:
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Figure 1. Implementation flow chart showing how the various parts of this bulletin should be used

in the planning process.
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Figure 2.
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GEOGRAPHY

Location and Extent of Area

Linn County extends from the center of the Willamette Valley eastward to the crest of the Cascade
Range. The Santiam and North Santiam Rivers constitute the northern boundary and the Willamette River
makes up the western boundary. Bordering counties are Marion County on the north, Benton County on
the west, Lane County on the south, and Deschutes County on the east.

The study area (Figure 2) includes the Willamette Valley and the foothills of the Western Cascades
eastward to an irregular boundary defined on the basis of National Forest landholdings, river valleys, and
access. The area of investigation covers approximately 1,300 square miles and includes all the land to
which the County planning process must address itself. Some small areas of National Forest land lie within
the boundaries of the study area. Thirteen topographic quadrangles are involved (see Figure 2).

Several thousand miles of access road are present in the study area. They include Interstate 5, U. S.
Highway 99 East, and numerous County and private roads in the Willamette Valley. U. S. Highway 20,
State Highway 226, and State Highway 228 provide access along the South Santiam, North Santiom, and
lower Calapooia Rivers respectively. Numerous other unnumbered roads extend up all the major valleys,
and private roads and logging roads provide access to the more remote areas of the foothills.

Climate and Vegetation

The climate of western Linn County is temperate owing to strong marine influences and is characterized
by dry warm summers and mild wet winters. Towards the east, in the foothills of the Western Cascades,
more extreme conditions prevail.

Temperatures typically vary between 20° and 100° during the year. The record high was 104° in
1926 and the record low was -15° in 1919, The January and July average temperatures for Albany are
39° and 67° respectively.

Annual precipitation varies from 40 inches in the central parts of the Willamette Valley to 80 inches
at the higher elevations and in the eastern extremities of the interior valleys. Precipitation for most of
the foothills area is between 40 and 60 inches annually. Average annual precipitation at Albany is 39
inches.

The seasonal variation of precipitation and potential evaporation is shown in Figure 3. Moisture
surpluses during the winter months promote flooding and ponding in flatland areas. The overall warm
moist conditions promote deep chemical weathering, a process which favors the development of thick,
clay-rich soils. The warm dry summers are partly responsible for the extensive red coloration of the soils.

Land cover of western Linn County is characterized by timber of the Douglas-fir association in the
uplands and farming in the lowlands and the Willamette Valley. The Douglas-fir association consists of
Douglas-fir with subordinate Western hemlock, Western redcedar, and Grand fir. Also present are Bigleaf
and Vine maple.

Willamette Valley crops include rye grass, wheat, barley, oats, corn, and hay. Poorly drained and
easily flooded areas are devoted largely to grazing.

Topography

The landforms of western Linn County include the Willamette Valley, the foothills and mountains
of the Western Cascades, and the numerous stream and river valleys which cut into the Western Cascades.
The shape and characteristics of each are products of the rocks that underlie them and the processes that
are acting upon them.
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Figure 3. Average precipitation and evaporation at Albany, Oregon. A moisture surplus
is indicated for winter months.

Figure 4. Looking souihwest from Green Peter Mountain across moderately hilly
terrain underlain by mid-Tertiary tuffs and breccias; Foster Reservoir in middle
distance.
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The Willamette Valley in western Linn County is 10 to 15 miles wide and varies in elevation from
approximately 190 feet on the flood plains north of Albany to 350 feet on gently sloping valley deposits
along the Lane-Linn County line to the south. The valley is extremely flat and was formed by the
Willamette River as it meandered back and forth over its ever enlarging flood plain. Other rivers and
creeks in the valley include the North and South Santiam Rivers, Lake Creek, Muddy Creek, Oak Creek,
and the Calapooia River.

The hills and mountains which make up the foothills of the Western Cascades have diverse origins.
Snow Peak is the highest mountain (4,298 feet) and is the eroded remnant of a Plio~Pleistocene volcano.
At slightly lower elevations, Green Peter (3,977 feet), High Deck (3,566 feet), and Farmers Butte
(3,610 feet) are erosional remnants of a once extensive sheet of Pliocene volcanic flow rock. The flow
rock caps a lower, more gentle terrain composed of more easily eroded mid-Tertiary tuffs and breccias
(Little Butte Formation) (see Figure 4). Basaltic intrusions and flows interbedded with the tuffs form local
peaks at Shot Pouch Butte, Moss Butte, Washburn Butte, Lone Pine Butte, and Peterson Butte. A short
distance to the west where erosion has completely removed the softer tuffs the remaining basaltic rock
forms prominent isolated buttes (i. e., Saddle Butte and Ward Butte) in the Willamette Valley. In northern
Linn County, resistant middle Miocene flow rock (Columbia River Basalt) caps numerous ridges underlain
by less resistant bedrock.

The major streams of the foothills, including the North and South Santiam Rivers, Thomas Creek,
Crabtree Creek and the Calapooia River, in their lower reaches cross flat=lying valley alluvium. Regional
uplift and concurrent downcutting have produced a series of terraces in the alluvium in the northern part
of the County. Farther east toward their headwaters, the streams are more youthful and no flood plains
are present. Instead, the valleys are characterized by steep narrow canyons.

Population

The 1970 population of Linn County was 71,194 persons according to the 1970 census. The popula-
tion of Albany, the major urban center, was 18,181. The populations of the eleven largest communities
from 1900 through 1970 are shown on Table 1. Albany, Harrisburg, Lebanon, and Sweet Home have shown
the most rapid population growth over the years. Albany, with its centralized location in the Willamette
Valley and its continually diversifying economic base, will exert growing influence on the surrounding
Valley in future years.

The District 4 Council of Governments (1973) presents two sets of projections for future populations
in Linn County. The maximum population projection (Figure 5) is obtained by extending historical growth
on a logarithmic rate of increase. Using this method, the population of Linn County is shown to increase
by almost 80 percent to 128,000 by the year 2000. This is an annual growth rate of almost 2 percent.

More conservative estimates are obtained by integrating recent population growth trends into the
calculations. Assuming that after 1975 the rate of population growth decreases by 0.1 percent per year
until an average growth rate of 1 percent is achieved, the projections shown on Figure 6 are obtained.

By the year 2000, the population of Linn County will increase from the present population of 71,914 to
106,000. This represents an average annual growth rate of 1.6 percent.

Urban areas will grow more rapidly according to the projections. On themedian growth curve
(Figure 6) Albany will grow to a population of 37,900, an average annual growth rate of 3.6 percent.

In view of national population trends in recent years (rate of growth in 1973 was 0.7%) and the
likelihood of economic slowdown in future years, the conservative projection (Figure 6) of future pop-
ulation growth is probably more accurate. Data such as that provided by Figure 6 are useful for estimating
the demand for nontransportable resources (ground water) and resources of low transportability (gravel, sand,
and crushed rock).



8 ENVIRONMENTAL GEOLOGY OF WESTERN LINN COUNTY
Table 1. Population of major communities of Linn County
1900 to 1970
1900 1910 1920 1930 1940 1950 1960 1970

Albany 3,149 4,275 4,840 5,325 5,654 10,115 12,926 18,181
Brownsville 698 919 763 746 784 1,175 875 1,034
Halsey 294 337 339 300 305 388 404 467
Harrisburg 502 453 573 575 622 862 939 1,311
lebanon 922 1,820 1,805 1,851 2,729 5,873 5,858 6,636
Lyons -—-- -——— -—-- - -—-- ——— 463 645
Mill City - -—— e -— -—— -—— 1,792 1,289 1,451
Scio 346 295 300 258 351 448 441 447
Sodaville 178 110 72 77 99 157 145 125
Sweet Home -—-- 202 175 189 1,090 3,603 3,353 3,799
Waterloo 59 83 82 -— -_— -— 151 186
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Figure 5. Maximum population projections
for Linn County and Albany. High esti-
mates of population growth obtained by
extending historical growth on a loga-
rithmic rate of increase (data from Dis-
trict 4 Council of Governments, 1973).

Year

Figure 6. Median population projections

for Linn County and Albany. Median
estimates of population growth obtained
by assuming that a trend to a 1 percent
growth rate will be achieved gradually
after 1975 (data from District 4 Coun-
cil of Governments, 1973),
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Geologic Units
Summary

Bedrock geologic units in western Linn County total approximately 15,000 feet in composite thickness
and include (Figure 7) 10,000 feet of Oligocene to early Miocene dacitic to andesitic breccias and tuffs
and associated basaltic accumulations (Little Butte Formation, Tolb), several hundred feet of middle
Miocene flow=-on=flow basalt (Columbia River Basalt, Tcr), 1,500 feet of late Miocene to early Pliocene
massive to platy hypersthene andesite flow rock and breccia (Sardine Formation, Tps), and up to 3,000
feet of late Pliocene to Pleistocene andesite flow rock and breccias (Cascades Formation, Qtv). Thick
sequences of Oligocene marine sandstone of the Eugene Formation are present in the subsurface of the
Willamette Valley . Where interbeds of marine sandstone are present in the Little Butte Formation, the
symbol Tlbe is used in this study.

Five surficial geologic deposits of Pleistocene age mantle the bedrock units in the Willamette
Valley and adjoining valley and foothill areas. In order of decreasing age, they are upper, middle, and
lower terraces (Qtu, Qtm, Qtl), lacustrine silts and clays (Willamette Silt, Qws) and Quaternary alluvium
(Qal).

Intrusive rocks (Ti) include basaltic feeder dikes and plugs for parts of the Little Butte Formation
and a plug for accumulations of Cascades Formation andesite and basalt at Snow Peak.

Little Butte Formation (Tolb, Tlbe)

The Little Butte Volcanic Series was defined by Wells (1956) in the Medford quadrangle and was
later extended to include all the Oligocene to early Miocene volcanic rocks of the Western Cascades
by Peck and others (1964). |n western Linn County, the unit includes the Mehama volcanics of Thayer
(1939) and the Berlin volcanics of Felts (1936). As mapped in this study, the formation also includes
interbeds of marine sandstone equivalent to the Eugene Formation of Smith (1924).

The Little Butte Formation is the most extensive bedrock unit in the study area. It is exposed
throughout the foothills of the Western Cascades in central Linn County with the exception of parts of
the North Santiam, Thomas Creek, and Crabtree Creek drainages, where it is buried under younger vol~
canic strata. The marine equivalent of the lower and middle Little Butte Formation underlies Quaternary
alluvial fill in the Willamette Valley.

Present mapping in the Sweet Home quadrangle represents a significant revision of the work of Peck
and others (1964). Terrain mapped as Sardine Formation by them along ridge crests overlooking the
Calapooia River and surrounding Green Peter Mountain is here included in the Little Butte Formation
because of the abundance of tuffs, dark basalts, and clay soils on gentle slopes.

The Little Butte Formation is an association of dacitic to andesitic pyroclastic rocks and dense,
dark basaltic flow rock having an approximate maximum thickness of 10,000 feet. The pyroclastic rocks
include coarse greenish to buff breccias in the Middle Santiam, South Santiam, and Calapooia drainages,
and a variety of finer grained lapilli tuffs, ash deposits (Figures 8-11), and continental volcaniclastic
sandstone toward the west away from the axis of volcanism.

Bordering the Willamette Valley, beds of quartzo~feldspathic marine sandstone (Figure 12) equiva-
lent to the Eugene Formation are interbedded with the lower and middle parts of the Little Butte Formation.
Areas in which these interbeds are known to occur are mapped as Tlbe.

The basalts of the Little Butte Formation represent local volcanic accumulations, intracanyon flows,
dikes, and sills contemporaneous with the more silicic volcanism which produced the tuffs and breccias.
The basalt is dark, dense, and zeolitic and displays columnar (Figure 13), blocky, and occasionally
platy jointing (Figure 14). It is fine- to very coarse-grained and phenocrysts of pyroxene are common.
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Figure 8. Andesitic tuffs and breccias of the Little Butte Formation exposed on the
lower slopes of Shot Pouch Butte (eastern Sweet Home quadrangle).

Figure 9. Well-indurated tuffs of the Little Butte Formation exposed on the south
slope of Moss Butte (eastern Sweet Home quadrangle).
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Figure 10. Tuffs of the Little Butte For-
mation are composed of innumerable
smoll fragments that were blasted
into the air by volcanic activity.

Figure 11. Varicolored fine-grained tuffs
and ash of the Little Butte Formation
are well-exposed on the Brush Creek
Road south of Crawfordsville (south-
ern Brownsville quadrangle) .
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Figure 12. Massive beds of marine sandstone ore exposed ot an elevation of 1,000
feet on the southeast slope of Washburn Butte (western Brownsville quadrangle).

Poor exposures preclude the differentiation of intrusive and extrusive rocks and the differentiction of
baosaltic flow rock and pyroclostic rock.

Differential erosion has produced numerous residual basaltic buttes along the eastern edge of the
Willomette Valley by removal of the softer enclosing tuffs and sediments (Figure 15). Characteristically
the buttes consist of o poorly defined core of dike rock flonked with softer flow rock and bosaltic tuffs
ond breccios (Figure 16). Peterson Butte, Lone Pine Butte, Washburn Butte and Indian Head are resistant
basaltic knobs that hove yet to be totally isolated from the foothills by erosion.

Accumulotions of capping flow rock ot Bald Mountain, Cougar Ridge, and Horse Mountain ore
bosaltic to andesitic in composition and represent a relatively late stoge of Little Butte volconism. Dense,
dork bosalt near Foster Reservoir was mopped as Columbia River Basalt by Peck and others (1964) but is
here included in the Little Butte Formation on the basis of [ithologic, stratigraphic, ond geochemical
dotao (see Columbia River Basalt).

The Little Butte Formation is assigned on early Oligocene through early Miocene age on the basis
of stratigraphic position and fossil leaves by Peck and others (1964). The unit overlies Eocene volcanic
rock to the south and is unconformoble beneoth the middle Miocene Columbia River Basalt. Fossil leaves
collected from the unit include middle Oligocene leaves at Knox Butte, late Oligocene to early Miocene
leaves at Franklin Butte (Scio flora of Sanborn, 1947), and numerous other mid-Tertiary collections (Peck
ond others, 1964). Molluscan fossils recovered from marine interbeds indicate o middle Oligocene age
ot Peterson Butte (Allison and Felts, 1956), and an Oligocene age ot the juncture of the South ond the
North Sontiom Rivers (Allison, 1953).

Weathering of the Little Butte Formation produces rubbly looms over the basaltic rocks ond deep clay
soils over the tuffs on gentle slopes. Deep soil and bedrock failures typify much of the breccio and tuff.

Columbia River Basalt (Tcr)

Russell (1893) first used the term Columbic lave in central Washington and modified the term
to Columbia River lava in o later study in Idoho (Russell, 1901). The unit was restricted to lovas of



Figure 13. Columnar jointing is well developed in the
dense basalts of the Little Butte Formation along

Wiley Creek (east central Sweet Home quadrangle).
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Figure 15. Ward Butte is one of many
resistant accumulations of basaltic
flow and vent rock along the east-
ern edge of the Willomette Volley
(northeastern Halsey quadrangle).

Figure 16. The quairy at Saddle Butte
exposes basaltic dike rock, flow rock,
and breccia (northeastern Holsey
quodrongle).
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post-John Day and pre-Mascall (late Miocene) age in central Oregon by Merriam (1901). Waters (1961)
subdivided the unit into two formations, the Picture Gorge Formation and the Yakima Basalt. Peck and
others (1964) traced the Yakima Basalt into western Oregon and mapped exposures of the unit in parts of
the Western Cascades, including Linn County.

The Columbia River Basalt forms gently sloping flat-topped ridges along the North Santiam River
and Thomas Creek (Figure 17) in northern Linn County and occurs as several resistant, low-lying hills
immediately northeast of Albany (Figure 18). In addition, a thick, elongate intracanyon flow of dense
basalt at Marks Ridge immediately north of Sweet Home (Figure 19) is also assigned to the unit.

The Columbia River Basalt is a dense, dark gray to black, tholeiitic basalt. Small scattered pheno-
crysts of plagioclase and olivine are present in places, but phenocrysts of pyroxene are very rare. Columnar
jointing is well developed locally (Figure 19). At Knox Butte, phenocrysts of plagioclase are particularly
large, approaching 5mm in length.

Numerous basaltic exposures in the Sweet Home area mapped as Columbia River Basalt by Peck and
others (1964) are here included in the Little Butte Formation. They contain abundant pyroxene phenocrysts
and occur stratigraphically below dacitic tuffs assigned to the Little Butte. Geochemical analysis of the
trace element composition of the prominent roadside outcrop on Route 20 south of Foster Reservoir shows
the basalt to be quite distinct from any of the Columbia River types east of the Cascades (Nathan and
Fruchter, 1974).

The Columbia River Basalt is unconformable above the Little Butte Formation and occurs stratigraphi-
cally beneath the Sardine Formation. Radiometric age determinations from elsewhere in the state indicate
an age of approximately 15 million years (middle Miocene) for the Yakima Basalt Formation of the Columbia
River Basalt Group.

The Columbia River Basalt weathers to reddish-brown rubbly loam soils in the North Santiam drainage.
At Marks Ridge weathering is variable. In places, the basalt is leached to a depth of 20 feet to produce
a light-gray crumbly regolith with scattered spheroids of more resistant bedrock; elsewhere fresh bedrock
is exposed at the surface.

Sardine Formation (Tps)

As defined by Peck and others (1964), the Sardine Formation includes all the volcanic and volcani-
clastic units of post-Columbia River and pre-Cascades Formation age in the Western Cascades of Oregon.
The formation is not to be confused with the Sardine Series of Thayer (1936) which was a generalized term
applied to what are now parts of the Little Butte Formation as well as the Sardine Formation.

The Sardine Formation is a thick remnant caprock on the higher ridges of south central Linn County
at Farmers Butte, High Deck, and Green Peter Mountain. The most extensive exposures form uniform
slopes and steep ridges extending from the north side of Snow Peak northeastward along the North Santiam
River to Detroit Dam (Figure 20).

The Sardine Formation in the study area consists of @ maximum of approximately 1,500 to 2,000 feet
of hypersthene andesite flow rock and minor andesitic breccias. At Farmers Butte, thick massive flows of
porphyritic andesite are hard and form steep cliffs (Figure 21). At High Deck, the formation consists of
porphyritic andesite flow rock near the base, platy andesite in the middle, and very fine-grained andesite
and minor basalt near the top. Exposures at Green Peter Mountain consist of andesitic and basaltic flow
rock and represent the southernmost tip of a much larger exposure extending northeastward out of the
mapped area.

In the drainage of the North Santiam River, the Sardine Formation is dominated by steep slopes of
andesitic flow rock, but also includes tuffs and breccias. Pungrassami (1969) recognizes a lower tuff
and flow unit, a middle breccia unit, and an upper platy andesite flow unit in the Detroit Dam area.
Farther north, breccias are more abundant in the Sardine Formation (Peck and others, 1964).

The Sardine Formation overlies the Columbia River Basalt and underlies the Cascades Formation.
Late Miocene to early Pliocene leaves have been recovered from rocks assigned to the unit about the
periphery of the Western Cascades north of Linn County (Peck and others, 1964). No leaf fossils have
been recovered from the unit in the interior of the range (Wheeler and Mallory, 1970).

A lead-alpha age determination on zircon recovered from a diorite intrusion at Detroit Dam indicated
an age of 25t 10 million years (Peck and others, 1964). Jaffe and others (1959) report a lead-alpha age
of 23 million years for zircon recovered from "late Miocene rocks" in Marion County 8 miles north of
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Figure 17. Flat-topped ridges of Columbia River Basalt overlook lower
terrace deposits northeast of Scio (northeastern Lebanon quadrangle).

Figure 18. Extensive quarry operations at Hole Butte indicate that the hill is
composed largely of Columbia River Basalt (northern Albany quadrangle).
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Figure 19. Thick flow of Columbia River
Basalt at Marks Ridge displays classic
thin columnar jointing in the entab-
lature (upper zone) and thicker
columnar jointing in the colonnade
(lower zone) (northwestern Sweet
Home quadrangle).

Figure 20. Exposures of Sardine Formation
along the North Santiam River form
steep slopes with a thin soil cover
(nhortheastern Quartzville quadrangle).
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Figure 21. Massive ondesitic flow rock of the Sardine Formation forms steep cliffs
on the northwestern side of Green Mountain (Formers Butte) in the southern
Sweet Home quadrangle.

Figure 22. The bose of the Cascades Formation on the south slopes of Snow Peak
includes thin flows of light-gray massive flow rock and intercalated fine-
grained tuffs and breccias (central Snow Peak quadrangle).
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Detroit Dam. The accepted late Miocene to Pliocene age of the stratigraphic units involved suggests
that the absolute ages provided by the lead-alpha methods are in error. The great half-life of the lead
isotope involved and the small amounts of lead in the samples may be sources of error. Jaffe (written
communication, 1973) maintains, however, that the ages are correct.

Recently McBirney and Sutter (1974) released potassium argon dates of 15.5, 15.9, and 16.7
million years for andesite flow rock, andesite dike rock, and basaltic flow rock respectively in rocks
mapped as Sardine Formation north of Detroit Reservoir. These ages lie midway between the age of the
base of the Sardine Formation and the age of the top of the Little Butte Formation as presented by Peck
and others (1964). Clearly, the stratigraphy of the interior of the Western Cascades is poorly understood.

Rocks of the Sardine Formation characteristically form steep slopes. Hazards include flash flooding
and steep-slope failure. On ridge crests and other gentle slopes, thin rubbly reddish-brown silty loam
soils are common.

Cascades Formation (Qtr)

The Cascades Formation was defined near the Columbia River Gorge by Williams (1916). Subsequently,
equivalent rocks to the south have been referred to as Cascade Andesite, Cascan Formation, Cascade
Formation, High Cascades Lavas and Plio-Pleistocene lavas by numerous writers. Recent studies have
shown the Cascades Formation of parts of the Western Cascades to be considerably older than the prominent
vents of the High Cascades (Wise, 1969).

At Snow Peak the Cascades Formation consists of up to 3,000 feet of massive, light- to medium-gray
andesite flow rock and breccia with minor basalt (Figure 22). A deep canyon carved in the north side of
Snow Peak exposes the feeder plugs and numerous smaller dikes of the ancient volcano (Figure 23).

Farther to the east, massive light-gray andesite flows form a protective caprock on the ridge between
Quartzville Creek and the Middle Santiam River. The accumulation is interpreted as a series of intra=
canyon flows which have become a ridge top as the rapidly downcutting streams have removed the softer
tuffs and breccias which surround them. A rubbly regolith with large andesite boulders typifies much of
the upper surface of the flows. Much of the andesite is coarsely porphyritic and vesicular, and in places
closely resembles Cascades Formation flow rock near the base of Mount Hood, situated 75 miles to the
northeast (Figure 24).

The Cascades Formation is unconformable over the Sardine Formation and is deeply dissected. A
late Pliocene to Pleistocene age is assigned to the unit. Hazards include rockfall and flash flooding in
the steeper canyons. At Rocky Top, massive bedrock failures in the underlying Little Butte Formation are
undercutting the Cascades Formation on steep slopes.

Tertiary intrusive rock (Ti)

Tertiary intrusive rock includes numerous basaltic plugs and dikes of Oligocene to early Miocene
age which fed the basaltic vents of the Little Butte Formation and the late Pliocene to Pleistocene plug
which fed the Cascades Formation at Snow Peak. Within Little Butte terrain only the largest intrusions
are mapped. These include those at Washburn Butte, Lone Pine Butte, and Shot Pouch Butte (Figure 25).
The presence of innumerable smaller intrusions within parts of the Little Butte Formation is indicated by
the irregular, lumpy topography south of Lebanon, the riffles in the South Santiam River east of Lebanon,
and the dike rock in the cores of the buttes located in the eastern part of the Willamette Valley.

The plug at Snow Peak consists of massive andesite and basalt. The texture of the basalt shows
many resorption features, which probably were formed through recrystallization brought about by repeated
passage of lava through the vent (Peck and others, 1964). A diorite intrusion at Detroit Dam (Figure 26),
immediately east of the study area on the North Santiam River, penetrates the Sardine Formation and is
probably Pliocene in age (see Sardine Formation). Nowhere in western Linn County are feeder dikes
exposed for the Columbia River Basalt.
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Figure 23. A steep canyon on the north side of Snow Peak exposes the core of the
ancient volcano; steep slopes on the right and in the center background ore
intrusive plugs (central Snow Peak quadrangle).

Figure 24. Lorge boulder of porphyritic andesite assigned to the Cascades Formation;
the hand specimen recovered from the Cascades Formation near Mount Hoad is
remarkably similar (southern Quortzville quadrangle).
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Figure 25. Coarsely jointed columnar basalt forms a large pluglike intrusion into
the Little Butte Formation at Shot Pouch Butte (eastern Sweet Home quadrangle).

Figure 26. The radiometric age of the large diorite intrusion at Detroit Dam is

inconsistent with the identity of the stratigraphic units involved (see Sardine
Formation in text).
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Quaternary upper terrace (Qtu)

The Quaternary upper terrace deposits consist of a deeply dissected, elevated gravel fan in the
east central Lebanon and the west central Snow Peak quadrangles, and an elevated terrace surface
immediately southeast of Hardscrabble Mountain northeast of Albany. The terrace unit is equivalent to
the Lacomb gravels of Allison (1953) and Allison and Felts (1956).

The upper terrace lies 100 to 200 feet above the level of nearby alluvial stream valleys and has a
maximum elevation of 864 feet east of Lacomb. It consists of very coarse to pebbly fluvial gravels, sands,
and silts. Boulders up to 2 feet in diameter are common at the eastern apex of the fan. The deposit mantles
bedrock units and probably does not exceed 100 to 150 feet in thickness.

The elevated topographic position, advanced degree of dissection, and deep weathering suggest an
early Pleistocene age for the unit (Allison and Felts, 1956). Soils include clay loams in the west and
silty clay loams in the east.

Quaternary middle terrace (Qtm)

The Quaternary middle terrace deposits consist of flat-lying, moderately elevated pebble gravels,
sands, and silts of fluvial origin which lie below the upper terraces (Qtu) and which lie above the lower-
most terrace level (Qtl). They include the Leffler gravels of Thayer (1939) near Stayton and equivalent
terrace levels farther upstream along the North Santiam River. Also included are the Leffler gravels of
Allison (1953) in the Albany quadrangle and the Leffler gravels of Allison and Felts (1956) in the Lebanon
quadrangle.

Elevation of the terrace gravels varies from 300 feet in the west to 500 feet locally in the east.
Thickness seldom exceeds 20 to 30 feet. The deposits consist of moderately to deeply weathered gravels,
sands, and silts.

In well-drained regions, reddish-brown silty loam soils up to several feet thick are developed on
the middle terrace gravels. In areas of exceptionally flat terrain and poor drainage, clay-rich soils
develop. North of Scio, coarse gravels are weathered to soft clay soils to a depth of 10 to 20 feet.
Individual boulders are distinguishable on the basis of color, but are as soft as the surrounding matrix
and can be easily cut with a knife.

The middle terrace deposits are intermediate in elevation and in degree of stream dissection between
the lower and upper terrace deposits, A middle Pleistocene age is inferred. Thayer (1939) correlates his
Leffler gravels in the North Santiam basin (Qmt of this report) with poorly sorted gravels, which he terms
the Mill City Glacial Moraine. He infers a Kansan age for the moraine.

Quaternary lower terrace (Qtl)

The Quaternary lower terrace consists of low-lying fluvial gravels overlooking Quaternary alluvium
along the lower reaches of the North and South Santiam Rivers. The unit also includes all the subsurface
gravels of the Willamette Valley which are overlain by Willamette Silt (Qws) and isolated patches of low=
lying terrace gravel along many of the foothill streams (Figure 27). The unit includes the Linn gravels of
Allison (1953) in the Albany quadrangle and of Allison and Felts (1956) in the Lebanon quadrangle.

The lower terrace lies above the level of flooding and is characterized by numerous subdued meander
scars unlike the smoother areas underlain by Willamette Silt. In places distinction of this unit is difficult
and must be based on subtle drainage patterns or soil type. Between Lebanon and Albany, topographic
contours on the Willamette Silt are inflected toward the northeast as they enter lower terrace terrain.

In addition, stream channels in the lower terrace gravel between Albany and Lebanon trend northwest,
whereas streams in the Willamette Silt to the west trend in a more westerly direction. Soils developed

on the lower terrace surface are dominated by sands and gravels unlike the silt and clays of the Willamette
Silt.

The lower terrace deposits consist of moderately to well-rounded granule pebble gravels and sands
of fluvial origin. Average thickness in the east appears to be 20 to 30 feet, primarily on the basis of
topographic expression (Allison, 1953). To the west in the more central portions of the valley, average
thickness of the alluvial fill including the overlying Willamette Silt is approximately 70 feet (Piper, 1942).
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Fi gure 27. Low-lying terraces in the middle reaches of Thomas Creek are assigned
to the Quaternary lower terrace unit (northern Snow Peak quadrangle).

Figure 28. The Willamette Silts overlie most of the floor of the Willamette Valley
(looking north from Powell Hills at Saddle Butte on the left and Ward Butte on
the right, northeast Halsey quadrangle).
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The Porter No. 1 well near Halsey penetrated 80 feet of alluvial fill before reaching bedrock (Newton,
1969). Approximately 200 to 230 feet of alluvial fill is present near Junction City, and similar thick-
nesses are present at other localized areas (Frank, oral communication, 1974), but these appear to
exceed the thickness found in most of the valley (Piper, 1942). Piper (1942) points out that the elevation
of the upper surface of bedrock near Junction City is 40 feet lower than the elevation of bedrock in parts
of the Albany area, a feature which suggests irregular variations in the alluvial thicknesses of the valley
and which supports the concept of continuing deformation in the valley.

On the basis of relative topographic position, degree of dissection, elevation, and stratigraphic
position beneath the Willamette Silt, a late Pleistocene (possibly early Wisconsin or Illinoian) age is
postulated for the lower terrace gravels (Allison and Felts, 1956).

Willamette Silts (Qws)

In 1935, Allison described numerous ice-rafted erratics in the Willamette Valley, and in 1953 he
proposed the name Willamette Silts for all "the parallel-bedded sheets of silt and associated materials
that cover the greater part of the Willamette Valley lowland." Subsequently, Baldwin (1964) assigned
the lower silts to his late Pleistocene lakebeds for which he inferred an eustatic origin. For the surficial
veneer of silts and erratics, he inferred a glacial meltwater origin. Glenn (1965) described numerous
soil horizons within the Willamette Silts of the northern Willamette Valley and postulated a series of at
least 40 floods resulting from glacial melting to account for the deposition of the silts as discussed below.

In Linn County, the Willamette Silts are located on the flat-lying floor (Figure 28) of the Willamette
Valley west of the South Santiam River. At least 27 localities of glacial erratics have been reported in
the County (Allison, 1935). Maximum elevation of the deposit is 350 feet, although the distribution of
erratics throughout the valley shows that lake elevation at times of maximum flooding approached 400 feet
(Allison and Felts, 1956). East of the South Santiam River, Allison and Felts (1956) mapped Willamette
Silts on lower terrace levels (their Linn gravels and Qtl of this study). In this study, the silty veneer is
regarded as too thin and patchy to be mapped. In addition, Balster and Parsons (1969) note that many of
the soils overlying the terraces are too coarse to be regarded as Willamette Silts.

At Irish Bend along the Willamette River west of Halsey, the type section of the Willamette Silts
consists of massive to thinly bedded admixtures of silt and clay. Between 6 and 13 feet below the surface
the sediment is a micaceous, quartz and feldspar-rich silt that isfaintly bedded. Overlying the silt and
separated from it by a soil horizon is a é-foot layer of gray silt and clay. Although Balster and Parsons
(1969) do not consider the upper silts and clays to be part of the Willamette Silts, they are here considered
to be part of that unit. The erratics which typify the concept of Willamette Silts in Linn County occur at
or near the ground surface in Linn County.

The Willamette Silts range from O to approximately 30 feet in thickness. In the northern part of
the County, numerous stream valleys with a relief of 15 feet do not penetrate to the base of the unit. In
the southern half of the County, lower terrace gravels are within 5 to 10 feet of the surface. Samples
taken from scattered hand auger holes by Balster and Parsons (1969) indicate an average thickness of
approximately 15 to 20 feet. The total thickness at Irish Bend is 13 feet.

The number and thickness of beds in the Willamette Silts increases northward toward Albany (Balster
and Parsons, 1969). At Albany the unit thins markedly. Farther north between Albany and Portland, the
Willamette Silts approach 100 feet in thickness and include rippled and cross-bedded sands in addition to
silts and clays (Glenn, 1965). Heavy-mineral studies in the northern Willamette Vally (Glenn, 1965)
and the composition of erratics throughout the Willamette Valley (Allison, 1935, 1953) indicate a
Columbia River source for the sediments.

The Willamette Silts vary in age from approximately 18,000 years to 100,000 years. Peat deposits
overlying the Willamette Silt in the Labish Channel north of the study area have been dated at 11,000%
230 years, and alluvial gravels beneath the silts are older than the age range of the carbon-14 dating
method (greater than 37,000 years) (Glenn, 1965). The Willamette Silts of the northern Willamette
Valley overlie a terrace along Mill Creek in the North Santiam drainage which is equivalent to the lower
terrace (Qtl) of this report and the Linn gravels of Allison (1953). This is the same stratigraphic position
as is occupied by the Willamette Silts of Linn County; the two deposits are stratigraphically equivalent
and inferences regarding the origin of one can be applied to the other.
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Allison (1953) and Glenn (1965) state that glacial meltwater cascading down the Columbia River
was temporarily ponded in the Willamette Valley, where it deposited silt and erratics upon the alluvial
fill. On the basis of numerous soil horizons within the Willamette Silts, Glenn (1965) postulates that at
least 40 floods were involved in the deposition of the silts., The absence of shoreline deltas, beaches,
and locally derived sediments implies rapid deposition over a short period of time. Ice age floods which
could have delivered the sediments are described by Bretz (1969). The oldest occurred about 100,000
years ago (Bretz, 1969), and the most recent about 18,000 to 20,000 years ago (Richmond and others,
1965). The last flood (Spokane Flood) was the largest.

Baldwin (1964) postulates that the lower parts of the Willamette Silts were laid down in lakebeds
generated during the last interglacial rise of sea level. The speed of deposition as inferred from the lack
of shoreline features, the high elevation of much of the silt, and the presence of erratics as much as 30
feet below the surface (Allison, 1935) do not appear to be compatible with this theory.

Quaternary alluvium (Qal)

Unconsolidated deposits of poorly sorted gravel, sand, silt, and clay which occupy the flood plains
of the major streams are assigned to the Quaternary alluvium. Exposures along the Willamette River are
several miles wide southwest of Albany and are dominated by lenticular gravels and sands. Silt mantles
much of the flood plain away from the main channel. Thickness of the Quaternary alluvium varies from
a feather edge to approximately 30 feet. A maximum thickness of 42 feet of alluvium is present in a
well near Corvallis (Piper, 1942).

The flood plains of the North and South Santiom Rivers are floored with gravel, sand, and silt.
Farther east in the foothills, the major valley floors are mantled with coarse cobble gravels and sands,
and organic fine-grained soils are present in the marshy areas of poor drainage.

Muddy Creek, the Calapooia River, and numerous smaller creeks of the Willamette Valley are
lined with alluvium consisting primarily of silt and clay. These deposits are generally thin, probably
not exceeding 5 to 10 feet.

The Quaternary alluvium occupies stream valleys which are undercutting deposits of Willamette
Silts (Qws), and the alluvium clearly postdates that unit. An age of less than 20,000 years is assigned
to the Quaternary alluvium.

Geologic processes associated with the Quaternary alluvium include flooding and stream-bank
erosion. Ground-water production is good except in areas of high silt or clay content.

Geologic Structure

Interpretations of the geologic structure of western Linn County are based on published maps,
reconnaissance mapping, regional gravity data, limited aeromagnetic data, and the logs of four deep
exploratory oil wells. The structure is that of a regional east-dipping monocline modified locally by
gentle folds and by numerous possible faults.

Marine sedimentary rock of Eocene through middle Oligocene age is present in the subsurface of
the Willamette Valley and nonmarine strata of Oligocene to Pleistocene age are present in the Western
Cascades. Dips are gentle to the east; the base of the Oligocene section dives to relatively great depths
in that direction (Figure 29). Consistent with this structural interpretation, gravity decreases uniformly

from west to east, indicating greater crustal thicknesses under the Cascades (Berg and Thiruvathukal,
1967).

Faults

A fault is a surface or zone of rock fracture along which there has been displacement. In recon-
naissance mapping, large faults are determined on the basis of recognizable rock displacement,significant
topographic lineations, and shear zones. Using these criteria, no definite faults were mapped in this
study. No shear zones were seen; topographic lineations were attributed to phenomena other than fault-
ing, and apparent local offsets of rock units were interpreted in terms of the irregularities of continental
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Figure 29. Subsurface geologic map of western Linn County.

deposition on irregular terrain. In addition, thick vegetative cover, extensive alluvial fill, and deep
weathering in many areas preclude the recognition of faults.

Although no definite faults are recognized in this study, it should not be concluded that there are
no faults. Seismic data reveals at least three earthquake epicenters in the County (see Geologic Hazards:
Seismicity). More detailed study in the future may show many of the lineations within the County to be
faults. Several of the more significant possible faults described in the literature are discussed below .

"Willamette Valley fault": Lewis (1950) described the mid-Tertiary rocks of the Eugene quadrangle
and noted that the persistent easterly dips indicated an unusually thick section. To account for the great
apparent thickness, he postulated that a prominent north-trending fault along the east side of the Willam-
ette Valley had upthrown rocks to the east. No direct field evidence for the fault was described.

In western Linn County, persistent easterly dips also suggest a very thick column of Eocene to early
Miocene rocks. It is doubtful, however, that a major north-trending fault is present in the subsurface of
the eastern edge of the Willamette Valley. Well data show that the upper surface of the Eocene rocks
dives uniformly to the east at least as far east as Lebanon (Newton, 1969),several miles beyond the most
likely positions of the hypothetical fault. Aeromagnetic data (Bromery, 1962) and gravity data (Berg
and Thiruvathukal, 1967) show no evidence for a major fault. Although part of the eastern margin of the
Coast Range is recognized as a fault (Bromery and Snavely, 1964), there are no gravity anomalies uniquely
associated with the rest of the Willamette Valley (Thiruvathukal and others, 1970).

The great apparent thickness of the Oligocene section in western Oregon (8,000 feet of Eugene
Formation and 10,000 feet of Little Butte Formation) can be explained in terms of a broad regional down-
warp along the axis of the Cascade Range. This interpretation is consistent with present geophysical
data and deep-well information. It is concluded that there is no major faulting along the eastern edge
of the Willamette Valley.

Other faults: On the state map of western Oregon (Wells and Peck, 1961), six northerly trending
faults are shown in western Linn County. Two major colinear faults 5 miles west of Sweet Home are mapped
on the basis of topographic lineations and the abrupt termination of the Columbia River Basalt unit. Re-
mapping reveals the basalt to be Little Butte rather than Columbia River Basalt. Lineations alone are not
regarded as sufficient evidence to define faults, and they are not shown on the geologic map.
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The other four faults shown on the state map of western Oregon (Wells and Peck, 1961) are south of
Sodaville in a north-trending valley and at Indian Head (eastern Halsey and western Brownsville quadrangles).
No evidence was acquired in this study to either support or refute the presence of these faults. |f the
faults are present, they are probably local features of little significance in terms of hazards to most types
of development.

A northwest-trending magnetic anomaly northeast of Lebanon near Golden Valley School is described
by Bromery (1962). The anomaly passes southeastward along the steep hillside slope and is colinear with
the valley of Hamilton Creek. Bramery postulates a fault along the anomaly. It seems likely, however,
that the steep topography of the hillside best explains the aeromagnetic patterns. Magnetic isapleths
along Hamilton Creek trend north easterly in marked contrast with those to be expected from the proposed
fault. Colinearity of the Hamilton Creek Valley and the steep slope to the northwest is probably coinci-
dental.

Linears: High altitude photography recently made available by the Earth Resources Technology
Satellite (ERTS) provides geologists with an additional tool useful in mapping faults. The synoptic views
provided by the imagery provide an excellent opportunity for selecting significant lineations of possible
fault origin on the earth's surface. Such lineations are called linears (Short and Lowman, 1973); on-the-
spot field checking is required to determine whether the linears are actual faults or if they represent man-
made objects, vegetation patterns, optical illusions, or spurious alignments of diverse ground features.

Brief preliminary investigation of small-scale imagery revealed 24 major linears in western Linn
County (Robert Lawrence, written communication, 1973). Field examination showed most of the linears
to be erosional escarpments along terraces and cliffs. Many others were relatively straight stretches
along mountain canyons. Although some of the linears may represent faults, no field evidence was gathered
in the course of this reconnaissance study to allow them to be mapped as faults. The value of high-altitude
imagery will no doubt increase in the future, however, and more detailed studies are needed.

Folds

Folds are generally recognized on the basis of measured attitudes and outcrop patterns. In this
study, measured attitudes are relatively scarce and random. Although they do indicate a regional easterly
dip throughout the County, they are not sufficient for the delination of more local structural features.
Outcrop patterns provide most of the basis for the folds recognized in this study.

The hills and buttes northeast of Albany are surrounded by surficial alluvial deposits suggesting
upwarp. Alternatively, the hills could be remnants left behind as the softer surrounding bedrock was
removed by river erosion. They are composed of Columbia River Basalt and are similar to Hungry Hill,
Franklin Butte, and Prospect Mountain to the east for which no folding is inferred.

South of Lebanon, the western edge of the Western Cascades is underlain by marine sandstone.
Ovutcrop patterns of the sandstone southward through Brownsville and Indian Head Mountain suggest an
anticline with a north=trending axis. An exploratory oil well (Esmond #1) on the extended axis of the
structure northeast of Lebanon had gas shows and oil fluorescence at depths between 2,780 and 3,990
feet. Alternatively, greater appreciation of facies changes and more detailed mapping could negate the
possibility of a fold.

Bald Mountain, Cougar Ridge, and Horse Rock in the southern Brownsville quadrangle are capped
with flow rock believed to be high in the Little Butte section. Towards the northeast an isolated exposure
of Columbia River Basalt is mapped at Marks Ridge north of Sweet Home, and a tongue of Sardine rocks
trending northeast out of the mapped area is exposed at Green Peter Mountain. Downwarp can account
for the local preservation of these relatively young exposures. A synclinal axis is indicated on the
geologic maps.

Minor folding may also occur within the Willamette Valley. Piper (1942) notes that the elevation
of the upper surface of bedrock is 40 feet lower at Junction City than where the Willamette narrows near
Albany. For the Willamette River to have maintained a northerly course, gentle basining and alluvia=
tion would have been required in the Junction City area during the Quaternary. In addition, the series
of terraces in northern Linn County suggest uplift in that area.
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ENGINEERING GEOLOGY

Engineering Characteristics of Geologic Units

The variety of rock types and the various degradational processes in western Linn County have
produced ground conditions displaying a wide range of engineering properties. |t is imperative that man's
activities be keyed to these engineering conditions as well as to the active geologic processes discussed
under Geologic Hazards.

The following discussion is regional in its approach and generalized in its conclusions. It is intended
for planning purposes and in no way supplants rigorous on-site investigations required for individual devel-
opments. Rather, it provides the planner with a guide to some of the problems to be considered in such
investigations and in the general planning process.

The engineering properties of the various rock units are summarized on Table 2. In the text,
various parts of the Geologic Hazards Section are referred to where appropriate. Following the discussion
of individual rock units is a more detailed discussion of soils of the Willamette Valley.

Little Butte Formation (Tolb, Tlbe)

The Little Butte Formation consists of 10,000 to 15,000 feet of continental volcanic and volcani-
clastic strata including flow basalt, breccias of basaltic and andesitic composition, tuff, ash, and tuff-
aceous sandstones. Along the ‘western margin of the foothills, interbeds of feldspathic marine sandstone
are interbedded with the more prevalent nonmarine strata. The Little Butte Formation underlies most of
the foothills area of western Linn County. Because the lithology of the unit is highly variable, its engi-
neering properties are very complex.

Basalts of the Little Butte Formation include flows and unmapped intrusions. The basalt is more
resistant to weathering than the surrounding tuffs and forms steep resistant ledges or localized knobs as
in the mountainous region north and east of Brownsville (Figure 30). Soils overlying the basalt are thin
and consist of rubbly loam. Land uses relying on moderate permeability for septic tanks and ground-water
production are not recommended in most regions of Little Butte basalt. Locally, however, deep weathering
on gentle slopes produces acceptable soil conditions. Foundation stability is generally very good, but
excavations into the bedrock require blasting.

The breccias and tuffs of the Little Butte Formation are weathered to thick clay loam and silty clay
loam soils in the gently to moderately sloping parts of most of the foothills, but they form steep fresh
exposures in the canyons of rapidly downcutting streams in the interior (e.g. upper Middle Santiam River).
Ground-water production data are incomplete, but low yields can be expected (see Natural Resources:
Ground Water). In addition, water quality is poor in places.

The tuffs and breccias of the Little Butte Formation are capable of supporting large structures if
properly engineered and located. Green Peter Dam is situated on tuffs and basalts of the Little Butte
Formation. In regions of very low slopes and deep weathering, however, the high clay content of the
thick soil profile poses severe engineering difficulties. On gently sloping terrain, moderately sized
structures such as houses generally show no foundation difficulties.

Special problems associated with the breccias and tuffs of the Little Butte Formation include the
possibi lity of landslides on gentle to moderate slopes (see Mass Movement: Mass Movement Topography),
caving in deep excavations, and rockfall and other types of steep-slope failure in the unweathered out-
crops. The pervasive jointing and local faulting of the tuffs contribute to the last hazard.

Other engineering difficulties include the extreme variability of rock types within the Little Butte
both laterally and with depth. Locally, runoff is irregular where ground water must pass over and around
resistant knobs of basalt and is temporarily impounded in regions of more gently sloping tuff. Here devel-
opment of thick clay soils and perched water produces severe engineering difficulties. As a general rule,
well-drained areas are characterized by red soils and orderly topography, whereas the poorly drained,
problem areas are characterized by variable slopes and locally by yellow or gray soils.



Table 2. Summary of engineering properties of geologic units

Estimated
Bedrock Degradational ground-water Foundation Special
units Rock type processes Soils production stability problems
Flow basalts Rock fall, erosion | Rubble, loam Probably low
(slow) Mass movement
Little Breccia and tuffs | Mass movement Clay loam Probably low Variable depending on | Steep slopes
Butte Chemical weath- Silty clay loam bedrock and topog- | Pervasive jointing
Formation ering raphy Extreme variability
(Tolb) Erosion Local ponding
Sandstone Erosion Sand and sandy | Very high locally
Mass movement clay variable quality

Columbia Flow~on-flow Chemical Rubbly loam Low to high Good Bedding and jointing
River Basalt basalt weathering Undercutting on
(Ter) steep slopes
Sardine Flow rock and Erosion (slow) Rubbly loam Low to moderate Good Jointing in places
Formation breccia Steep slopes
(Tps)
Cascades Flow rock Erosion (slow) Rubbly loam Probably low Fairto good Rugged topography
Formation Breccia Mass movement Rubbly loam Moderate to low Variability of inter-
(Qtv) bedded rock units
Upper Sand, gravel, Erosion and chem- | Gravel, sandy | Moderate Good Variable lithology
terrace and silt ical weathering loam
(Qtu)*
Middle Sand, gravel, Chemical weath- Loam, silty Moderate Poor to good Ponding locally,
terrace and silt ering loam variable lithology
(Qtm)*
Lower Gravel, sand Chemical weath- Loam, silty Moderate Poor to good Extreme variability
terrace and silt ering loam of rock types
(Qtl)*
Willamette Silty clay and Chemical weath- Loam, silty loam | Wells penetrate to | Poor to good Ponding, high ground

Silts (Qws)*

clayey silt

ering

clay loam

underlying units

water, poor drainage
Stream-bank erosion

Quaternary | Gravel, sand Erosion Gravel, silty High in gravels Poor to good Flooding

alluvium silt loam Compressible soils
(Qal)* Stream=bank erosion
Intrusive Dense basalt Steep slope failure | Rubble Very low Good Peripheral mass
rock (Ti) movement

*See Soils of the Willamette Valley, p. 34
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Figure 30. Soil overlying basaltic intrusions in the Little Butte Formation is very
thin; note_the gentie slopes developed on this particular intrusion (3 miles
northeast of Brownsville).

Figure 31. Differential settling has caused structural damage to the foundation of
this house; it is constructed partly on compressible soils.
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The marine sandstone interbeds in the westernmost exposures of the Little Butte Formation are gener-
ally well-sorted and clean. They are semi-consolidated over most of their extent and are generally covered
with vegetation. Sand weathered from them is present in recent roadcuts or is inferred on the basis of
abundant sand in gullies along logging roads. Stripping of vegetation in areas underlain by the marine
sandstone can lead to severe erosion in areas of gentle slopes and to erosion and mass movement in areas
of moderate to steep slopes. Ground-water production from the marine sandstone is very high in places
(see Natural Resources: Ground Water).

Columbia River Basalt (Tcr)

The Columbia River Basalt consists of numerous flows of dark, dense basalt. It caps many of the
ridges in the north-central part of the County and underlies several of the isolated hills northeast of
Albany, including Knox Butte, Hardscrabble Hill, and Hale Butte. In addition, Marks Ridge immediately
north of Sweet Home is interpreted to be underlain by Columbia River Basalt.

In most areas the upper surface of the Columbia River Basalt is relatively smooth and gently sloping.
Drainage is generally good and weathering produces reddish loam and rubbly loam soils. Locally, however,
as on parts of the north side of Marks Ridge, leaching proceeds to a depth of 20 feet or more, producing
a light-colored punky regolith. The Columbia River Basalt is characterized by moderate to high yields
of high-quality ground water (see Natural Resources: Ground Water).

The Columbia River Basalt provides a good foundation for most structures and is generally free of
hazards. Drainage is good, ponding is rare, and mass movement is minimal except in regions of under-
cutting (see Mass Movement: Mass Movement Topography). Soils and slopes are generally consistent with
septic tank use and drainfields. Locally, however, the soils are very thin and require alternative methods
of waste disposal. Because blasting is commonly required for excavation, development costs may be
prohibitive,’

Sardine Formation (Tps)

The Sardine Formation consists primarily of platy to massive andesite flow rock and forms resistant
ridges and upland areas in the interior of the foothills. Significant exposures include Farmers Ridge,
High Deck, much of the northern slope of Snow Peak, and the ridge crests overlooking the middle reaches
of the North Santiam River. Hard unweathered tuffs make up much of the unit in the Detroit Reservoir
area. The unit is characterized by moderate to steep bedrock slopes and thin rubbly soils. Little is known
of its ground-water potential, although it is probably low.

Much of the terrain underlain by the Sardine Formation is not suited to residential development.
Although the unit consists primarily of flow rock similar in many respects to the Columbia River Basalt,
the steep slopes and thin rubbly soils are prohibitive to development. Moderately sloping areas, such as
parts of the north side of Snow Peak, mdy offer some potential, however. Special problems associated
with the Sardine Formation include steep-slope failures, undercutting of slopes by mass movement within
the underlying Little Butte Formation, and thin soils.

Cascades Formation (Qtv)

The Cascades Formation consists of massive flow rock and interbedded breccias. It makes up the
bulk of Snow Peak and caps Rocky Top and contiguous ridges in the upper reaches of the Middle Santiam
River in the interior. Terrain underlain by the Cascades Formation is generally rugged and associated
hazards include steep-slope failure, flash flooding, and undercutting by massive failures in the underlying
Little Butte Formation.

Weathering produces rubbly soils and loams. Soil types and thicknesses are highly variable, depending
upon parent bedrock and local topography. Little is known of the ground-water potential of the unit.

Tertiary intrusive rock (Ti)

Only the larger intrusions are shown on the geologic map; these include the dense basaltic intrusions
into the Little Butte Formation at Shot Pouch Butte, Washburn Butte, and Lone Pine Butte, and the basaltic
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and andesitic plug that makes up the core of Snow Peak and which fed the Cascades Formation. Innumer-
able smaller intrusions are present throughout the Little Butte Formation.

Hazardous conditions associated with the intrusions include steep-slope failures, rapid runoff,
peripheral landslides in regions of undercutting, and thin soils. In the Lone Pine Butte=Washburn Butte
area north of Brownsville, steep slopes and mass movement must be considered in future developments,
Elsewhere in the Little Butte Formation, the possible presence of thin soils and impermeable bedrock
associated with smaller unmapped intrusions must be considered in all planning.

Quaternary upper terrace (Qtu)

The upper terrace consists of a gently sloping fan of fluvial gravel, sand, and silt lapping against
the foothills of the Western Cascades in the Lacomb area, and of several scattered high terrace levels of
presumably similar age elsewhere in central Linn County. Boulders, gravel, and sand are most common
in the east, and sand and silt with occasional pebbles or gravel beds characterize deposits in the west.
Owing to their elevated position in the present landscape, the terraces are being rapidly eroded by streams.
This facilitates ground-water migration and produces well-drained soils. Ponding and high ground water
are rare.

Ground-water production is moderate and foundation stability is good. Mass movement, flooding,
and other geologic hazards are minimal except along some of the major streams. The unit is generally
well suited to most forms of development. Soils are thick and excavation is relatively easy. The uncon-
trolled proliferation of septic tanks in regions of ground-water recharge could contaminate ground water
in areas of high permeability. To date no hydrologic models and few chemical analyses of ground water
are available, Little is known of the subsurface aquifers.

Quaternary middle terrace (Qtm)

The middle terrace includes strips of flat=lying fluvial deposits along the edges of major stream
valleys overlooking lower terrace deposits in north=central Linn County. The deposits vary greatly in
composition both laterally and vertically and include gravel, sand, silt, and clay. Chemical weathering
proceeds to great depths in places to produce clays, loams, and silty loams (see Geology and Soils Maps).
In some areas drainage on the terraces is greatly impeded by the very low slopes, and ponding and high
water table are common during the wet season. Ground-water yield is moderate to good (see Natural
Resources: Ground Water) and foundation stability is variable, depending in large part on degree of
weathering.

The main problems to future residential development arise primarily from the poor drainage and
related phenomena of the middle terrace. Clay-rich soils produced by rapid chemical decay lead to
septic tank failures in many areas, and poor drainage produces many of the problems associated with
ponding (see Geologic Hazards: Ponding). In a broader sense the need to coordinate waste disposal (septic
tanks, landfills) with ground-water production requires detailed investigations, ground-water sampling
and monitoring, and solid policy decisions on the State and local level (see Soils of the Willamette Valley).

Quaternary lower terrace (Qtl)

The lower terrace includes broad lowland areas lying above the flood plain but not covered by the
Willamette Silts. The terrace material is of fluvial origin and varies greatly in composition both laterally
and vertically. It consists of lenticular bodies of sand, silt, and gravel (see Geology and Soils Maps)
and shows very little weathering owing to its relative youthfulness.

Hazards in the lower terrace level derive mainly from its topographic position and expression and
include ponding, high water table, and local flooding. The unit is a good water producer, is easily
excavated, and occupies regions for which extensive development in future years is anticipated. Problems
arising from conflicting land use are treated under Natural Resources (Sand and gravel, Ground Water)
and Soils of the Willamette Valley. To properly deal with these problems in critical areas, detailed soil
surveys, resource analyses, and hydrologic models are needed. Ground-water contamination through the
excessive use of septic tanks is a significant hazard.
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Willamette Silts (Qws)

The Willamette Silts consists of up to 30 feet of flat-lying silt and clay which mantle older fluvial
deposits in the Willamette Valley. The unit is a unique lacustrine deposit (see Geology) and should not
be viewed as typical alluvium in an engineering sense.

Dominant processes acting upon the Willamette Silts include ponding, slow circulation of high
ground water, and chemical weathering. The soils commonly are gray or black. Regionally they exhibit
a clay-rich horizon a few feet below the surface resulting from downward movement of soluble or suspended
material by ground-water percolation. Thus the extensive silty looms indicated on the soils maps are
somewhat misleading in that clay=rich soils are present at shallow depths (see Soils of the Willamette Valley).

Special problems associated with the Willamette Silts include those associated with ponding, high
ground water and poor drainage (see appropriate sections). Caving should be anticipated and guarded
against in all deep excavations. As with the middle terrace level, clay-rich horizons in the soil can
cause septic tank failures (see Soils of the Willamette Valley).

Ground-water wells in areas underlain by the Willamette Silts tap coarser fluvial deposits beneath
the Willamette Silts. The mantling silts and clays are characterized by perched water and poor drainage
during the winter months,

A special problem associated with the Willamette Silts is the loss of land along streams and rivers
through stream-bank erosion (see Geologic Hazards: Stream-bank Erosion). The volume of land lost by
stream-bank erosion in recent years is surprisingly high; the economic losses associated with the hazard
can be catastrophic for the individual landowner.

Quaternary alluvium (Qal)

Flood-plain deposits along rivers and major streams make up the Quaternary alluvium. It consists
of a maximum of a few tens of feet of gravel, sand, and silt along the major rivers and is dominated by
clay and clay-rich silts along the smaller streams which flow over the Willamette Silts and the various
surficial terrace deposits to the east (see Soils Map and Soils of the Willamette Valley).

The major hazards in the Quaternary alluvium include ponding, high ground-water table, flooding,
and stream-bank erosion (see appropriate sections). The unit is easily excavated. Ground-water production
is very good, especially in the gravels (see Natural Resources: Ground Water).

Special problems in the Quaternary alluvium derive primarily from its low topographic position and
variable lithology. Flooding and high ground water can cause septic tanks and landfills to fail. Under
extreme conditions, pollution of surface waters and streams is a potential hazard. The clay-rich soils
along the smaller streams and in the alluvium of the rivers and larger streams locally contain significant
amounts of organic material. Organic soils are compressible and are not suitable for supporting structural
foundations. Improper engineering of buildings in areas of organic soil will lead to differential settling
and considerable damage (Figure 31). Roads constructed over compressible soils settle unevenly to pro-
duce an unstable and often dangerously irregular grade.

Soils of the Willamette Valley

A soil can be defined as an unconsolidated mantle of earth material either derived from underlying
bedrock or transported to its present position by natural processes, The soils of the Willamette Valley are
river, lake, and possibly wind deposited and thus are transported soils. Although there is considerable
overlap between the concepts of soils and surficial geologic units as discussed above, in soils the emphasis
is on climate, topography, vegetation, and time, as well as parent material. Emphasis also is focused on
the uppermost few feet of the deposit where chemical and other changes induced by weathering are most
pronounced.

Information presented in this section and on the soils maps is intended for regional planning use
and for preliminary evaluations of specific sites. Rather than supplanting on-site investigations, the
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purpose of this section is to provide guidance concerning the types of soil conditions present and to point
out situations where more detailed studies should be made.

Soils classification

The U. S. Department of Agriculture system of soils classification adopted in this study (Figure 32)
is based on grain-size distribution. The textural soils in western Linn County include 1) clay and silty
clay, 2) clay loam and silty clay loam, 3) loam and silty loam, 4) sand and sandy loam, and 5) gravelly
loam. Suitability of the five soil types for various land uses is summarized in Table 3.

Also shown in Table 3, columns 2 and 3, are the corresponding designations of the soils classes
used in this report in two other more rigorous systems of classification, the Unified Soil Classification
(see Appendix A) and the American Association of State Highway Officials Soils Classification (AASHO)
(see Appendix B). The Unified Scale is employed by the U. S. Army Corps of Engineers, the U. S. Army,
the U. S. Bureau of Reclamation, and the Department of Interior.
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Figure 32. Guide for the textural classification of soils.
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Table 3. Soil use classification for the Willamette Valley of western Linn County

Topography

General
construction use

Waste disposal

Septic tank
leach fields

Sewage
lagoons

Sani tary
landfills

Comments

A-7

Generally occupies
depressions and
drainage ways

Not suitable for con-
struction due to poor
drainage, flooding,
compressible deposits,
moderate to high
shrink-swell potential

Not acceptable,
very low infiltration
rates, flooding
potential high

Not acceptable in
low areas where
flooding potential
and high ground
water exist

Not acceptablein
areas susceptible
to flooding

Undulating to level
bottom lands and
basinlike areas,
gentle sloping allu-
vial fans; in east-
ern Lebanon quad-
rangle occupies
large upland areas

Limited use to unac-
ceptable dependent
upon topographic
position, high water
table, shrink=swell
potential and mod-
erate to low shear
strength

Not acceptable in

areas subject to flood-

ing or high water
tables. Acceptable
in upland areas of
moderate infiltration
rates

Acceptable in soils
of low permeability
not in contact with
ground water and
not subject to flood-

ing

Acceptable in upland
areas in soi ls of low
permeability where
ground water pollu-
tion is not likely

Soil is prominent on
slopes and uplands
east of South Fork
of Santiam River and
adjacent to North
Fork of Santiam
River

Level, gently slop-
ing to concave sur-
faces. Primary soil
type of terrain be-
lween drainage ways

Poor surface drainage
and high water tables
in winter and spring
restrict use. In other
areas construction is
limited to acceptable

Unacceptable in low
permeability and high
water table areas.
Acceptable in other
areas

Restricted in perme-
able areas or where
in contact with water
table. Some slope
stability problems
when soil saturated

Limited due to high
water table and poor
surface drainage

The predominate soil
type in the valley
area. Primarily
located belween
drainage ways

A-1

thru

Found in drainage
ways and terrace
slopes, or on slopes
below bedrock
exposures

Acceptable on terrace
slopes and slopes be-
low bedrock outcrops.
Limited in areas prone
to flooding

Generally not
acceptable in areas
of rapid infiltration
where ground water
pollution is likely

Generally not
acceptable due to
rapid infiltration or
in areas of flooding
potential

Poor to not accept-
able due to flooding
or potential ground-
water pollution

Exception to rule in
topographic position
are linear, trending
gravel deposits be-

iween Lebanon and

Albany

Agriculture Unified*
lay and silty ~ MH or
clay CH
Clay loam and ML or
silty clay loam  C
Loam and silty ML or
loam C
Sand and sandy SM
loam
Gravelly loom GM
SM
GP
*See Table 4

**See Table 5
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Because the three soils classifications are based upon physical soil parameters pertinent to land use,
it is desirable that the planner have a general understanding of the relationships between them, The most
basic parameter is the grain-size distribution within the soil (texture). This parameter is of most interest
in regional investigations including most aspects of land use planning. Within the three systems of classi-
fication, the arbitrary boundary lines between respective textural classes are somewhat independent
(Appendix C). Subclasses are established within the Unified and AASHO Scales primarily on the basis of
the Atterburg limits, These include the liquid limit (water content needed to impart liquid behavior to
the soil) and plastic limit (water content needed to impart plastic behavior to the soil). Study of the two
systems (Appendices A and B) shows that arbitrary boundaries between subclasses in the two units differ.
Atterburg limits are of significance primarily to the engineering aspects of individual projects.

Clay and silty clay

The clays and silty clays of western Linn County occur almost exclusively in the drainageways and
depressions of smaller streams. The few minor exceptions where these deposits occur on alluvial terraces
or in gentle interfluves of the Willamette Valley involve low=energy environments of local ponding.
Clays and silty clays comprise approximately 15 percent of the surface soils in the valley areas of western
Linn County and are among the youngest soil groups.

The clay deposits are dark gray, bluish-gray, to dark brown and are commonly mottled yellow or
bluish-gray, reflecting reducing to alternating reducing and oxidizing conditions. As shown in Table 3,
Appendix A, and Appendix B, these soils are generally not suitable for building sites, waste disposal,
septic tanks, or general construction owing to high flood potential, high ground water, poor foundation
properties, and high clay content. Their use is limited primarily to agriculture.

Clay loam and silty clay loam

These soil types occur primarily as flat to undulating bottomlands of major drainageways, as linear
exposures on terraces between drainageways such as the lower terrace deposit (Qtl) between Lebanon
and Albany, and as residual mantle over Little Butte tuffs in the uplands. The soil is reddish-brown in the
well-drained uplands and yellowish-brown to brown in the lowlands. Mottling is generally absent, indi-
cating constancy of oxidizing conditions.

Between Albany and Lebanon, drainage of much of the clay loam and silty clay loam is poor. Over
a period of years the physical properties of this soil have changed where agricultural practices have pro-
moted the use of lime to improve its quality. Further, the use of agricultural drain tile has changed the
near-surface relationship between the water table and the soil; water tables are lower in tiled areas.

Loam and silty loam

Loam and silty loam make up 45 percent of all the soil types in the valley area and comprise the
largest soil unit. They are derived primarily from the Willamette Silts and form a dark-brown to gray
terrace mantle between drainageways. The topography is generally flat to slightly depressed and surface
drainage poor. Owing to the recency of deposition of the parent Willamette Silts, the soil is young; sur-
ficial loams indicated on the map are underlain by a clay-rich horizon a few feet beneath the surface.

Physical properties of loam and silty loam are summarized in Table 3 and under the appropriate head-
ings in Appendices A and B. Loam and silty loam form a fair subgrade and are subject to high water table
and ponding. Potential for waste disposal sites is limited. Septic tanks commonly fail owing to the poor
drainage and the shallow clay-rich horizons. Soil treatment and installation of drainage tiles are acceptable
engineering solutions in areas of appropriate topography .

Sand and sandy loam

Sand and sandy loam soils form discontinuous deposits along the undulating alluvial deposits of the
major streams including the Willamette, Calapooia, Santiam, North Santiam, and South Santiam Rivers.
The soils are dark in color and commonly are interbedded with beds of gravel.
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Physical properties of the sand and sandy loams are summarized in Table 3 and under the appropriate
headings in Appendices A and B. Foundation strength is generally good and permeability is voriable. In
areas of relatively rapid infiltration, ground water is threatened, and septic tanks, sewage lagoons and
sanitary landfills are generally not feasible or should be allowed only with appropriate restrictions based
upon adequate on=site investigations. Ground-water contamination through unwise land use should be
avoided (see Natural Resources: Ground Water). Associated hazards such as flooding should be considered
in all evaluations.

Gravelly loam

The gravelly loam soils occur as recent alluvial deposits, as discontinuous lenses in the lower terrace
unit (Qtl) between Lebanon and Albany, and as thin stony residuum surrounding isolated buttes and flanking
the foothills. Engineering properties are summarized in Table 3 and under the appropriate headings in
Appendices A and B.

Alluvial gravelly loams form good foundations, but are of restricted use owing to the relatively
high flood potential. Use for waste disposal is limited also because of flood potential and generally high
permeabilities. Gravelly loams in the lower terrace (Qtl) between Lebanon and Albany are well-suited
to development, but are also limited in their waste disposal capacities. Locally, however, high silt and
clay contents of the matrix produce relatively low permeabilities. Future potential for sand and gravel
production should be considered and land use planning should include reservation of high quality gravels
in the gravelly loam (see Natural Resources: Sand and gravel) to meet future construction needs.

Stony loams surrounding isolated buttes in the eastern Willamette Valley and situated along the
valley periphery are generally very thin and reflect the characteristics of the underlying bedrock. Founda-
tion strengths are generally high, but permeability and waste disposal potential are very low. The engi-
neering properties of residual stony loams should be evaluated largely on the basis of the underlying bed-
rock.
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GEOLOGIC HAZARDS

General Discussion

The geologic hazards of western Linn County include all the active natural processes which tend
to modify the landscape in a geologic sense and which pose problems of stability or safety from the stand-
point of development, In the low sloping areas of the Willamette Valley and its tributaries, the geologic
hazards are chiefly flooding, stream-bank erosion, high water table, and ponding (Table 4). Hazards in
the foothills areas are mass movement and flash flooding (Table 5). Volcanic activity and earthquake
potential are minimal, but require consideration under special conditions. Engineering conditions of the
ground also constitute geologic hazards if improperly handled; these are discussed under Engineering
Geology.

Locations of hazards indicated on the geologic maps should be regarded as approximate, and inter-
pretations presented in the text should be regarded as general. This is a reconnaissance study intended
for use as a planning tool and for pinpointing subjects of concern for more local studies. Individual on-
site investigations are required to determine the presence or absence of hazards on specific parcels of land.

Slope
The slope of the land represents nature's balanced response to the interaction of rock type, weath-
ering, mass movement, and erosion at a particular site. A consideration of slope (see Table 6) is very
important in the planning process because many geologic hazards are directly or indirectly related to

slope. Five classes of slope are depicted on the hazards map and are discussed below.

Class 1 slopes (0-10 percent)

Class 1 slopes are widespread throughout the Willamette Valley and larger flood plains leading into
the foothills of the Western Cascades. Class 1 slopes are also developed on older terraces and on flat
ridge crests overlying Columbia River Basalt in the north-central part of the County.

Natural processes dominant on Class 1 slopes include chemical weathering, flooding, ponding of
rainwater, and high water table. With the exception of chemical weathering, these are discussed in
detail under the appropriate headings in the Geologic Hazards section of this bulletin. Chemical weath-
ering produces a clay=rich soil horizon at shallow depth (see Engineering Geology: Willamette Silts).

In areas where flooding and related hazards are not a factor, Class 1 slopes are generally well-
suited to most forms of development. Such areas include many of the buttes, ridge crests, and broad
slopes underlain by Columbia River Basalt in the northern part of the County. Also included are large
parts of the various terraces with the exception of gentle depressions where ponding is a factor.

In the Willamette Valley and other areas of very low slope, significant drainage problems can
arise at large scale development sites. Where subdivisions, parking lots, and similar projects with exten=
sive impervious surfaces are anticipated, adequate provisions for greatly increased runoff should be required.
Much of the flooding difficulties experienced in urban areas not subject to stream overflow can be traced
to inadequate handling of runoff.

Class 2 slopes (>10-25 percent)

Class 2 slopes characterize parts of the older terraces, much of the Columbia River Basalt terrain
in northern Linn County, and scattered patches of the Little Butte Formation. Natural processes acting
upon the slopes include variable chemical weathering, erosion in unprotected areas, and mass movement
(see Geologic Hazards: Mass Movement Topography). Class 2 slopes are generally well drained except
for localized patches of lower slope too small to be shown on the hazards map.
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Table 4. Summary of lowland hazards

Impact

Preventive, remedial,
and planning measures

40
Hazard Characteristics
Determined by U.S. Army
1% flood Corps of Engineers on basis
Standard of probabilistic analysis of
project rainfall data, basin analy-
flood ses, and field survey includ-
ing assessments of local
topography and structures
Estimated Crude projections of 1%
flood area flood and STP floods based

primarily on topography

Damages resulting
from standing water,
current action and
siltation

Discourage future incompatible use
of flood plains through appropriate
zoning ordinances and public infor-
mation and education programs,
possibly including the placing of
warning signs; implementation of
the Federal flood-plain insurance
program; floodproofing of present
structures; construction of levees
and dikes in critical areas; close
coordination of flood forecasting,
flood fighting, and evacuation
services

Stream -bank
erosion

Location on outer bend of
curves, deep water near shore,
growing bar on opposite bank,
history of undercutting inferred
from older maps and aerial
photos; also inferred on basis
of stream plan and know ledge
of dynamics of stream mean-
dering

Total destruction
of structures and
loss of land
through under-
cutting and
erosion

Discourage future construction in
areas subject to stream-bank

erosion through appropriate zon-
ing ordinances or other restrictions;
construction of stream-bank pro-
tective structures such as revetments
in critical areas of active erosion
or where present structures or farm-
land are threatened (large-scale
correction of entire channels is not

feasible)

Revetment

Man-made erosion protective
devices

May direct erosion
to points farther
downstream

Proper engineering and planning
prior to construction; realization
that meandering often flanks
revetment structures

High water
table

Ground water at or near
ground surface, especially
during wet season; position
during dry season highly
misleading

Contamination from
septic tanks and
landfills; damage
to basements,
underground tanks,
and swimming pools

In areas of high water table,
restrict incompatible develop-
ments through appropriate zoning
ordinances and building regulations
or require adequate engineering
and construction, such as the
installation of drainage tile

Ponding of
rainwater

Low regionalslopesand gentle
localized depressions in areas
of low permeability (clay and
clay loam); depressions par-
ticularly evident in aerial
photographs

Localized flooding;
also polluted runoff
in areas of landfills
and septic tanks

Restrictions on construction; require
properly engineered terrain mod-
ifications such as the placing of
fill; on-site investigations required
to determine the potential for pond-
ing in specific areas

Adverse soil
conditions;
see Table 3

Clay-rich soils and compres-
sible soils high in organic
matter

Septic tank and
leach field failure

On-site soil investigations for
septic tanks, leach fields, and
large construction projects
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Class 2 slopes underlain by basaltic bedrock are well suited to most forms of development. The
Powell Hills area immediately northwest of Brownsville (Figure 33) and isolated small valley areas in the
interior (Figure 34) are included in this category. The elevated sloping nature of the ground surface
generally insures against flooding and other lowland hazards.

Hazards in Class 2 slope terrain generally involve regions underlain by tuffaceous bedrock or regions
of steeper slope in the Class 2 category (>15 percent). Where weathering has proceeded to depth in non-
basaltic bedrock, clay-rich soils are produced. Cuts in this material may lead to failure over large areas
Figure 35). Associated hazards may include low foundation strength, poor drainage, and low permeability.
To determine the suitability of Class 2 slopes to a particular form of development requires on=site evaluation.
To a large extent, the nature of the planned development determines the thoroughness of the evaluation.

An additional hazard in Class 2 slope terrain is the threat of erosion or gullying in areas stripped of
vegetation. Generally the threat is not great, but to avoid initiating erosion in areas of steeper slope,
care should be exercised in any logging, large scale development, or landscaping.

Table 5. Summary of upland hazards

' Potential Preventive, remedial,
Hazard Characteristics impact and planning measures
Irregular to hum- Structural damage  Require on-site investigation and/or
Mass mocky terrain, mod- through future detailed engineering investigations
movement erate slopes (Class 2 movement or un- prior to development; strict adherence
topography and 3), irregular even settling, to grading codes; limitations on exca-
drainage, sag ponds, caving in exca- vations, drainage alterations, removal
cracked ground, vations, poor of vegetation and septic tanks or drain
bowed trees drainage fields
Include rapid run- Rapid erosion, Require on=site investigation and/or
Steep slope off, rockslides, structural dam- detailed engineering investigations prior
failure rockfalls, debris age, road failure to development; strict adherence to
slides, mudflows, grading codes; preservation of natural
and earthflow on vegetation where possible
Class 4 and 5
slopes
Small to medium=~ Total destruction Prohibit construction at or near stream
Flash sized stream of structures; level in flash-flood channels; assure
flooding channels, moderate road washouts adequate engineering of all road and
to steep gradients path crossings
and side slopes, no
flood plain, coarse
stream-bed deposits,
thin soils, impervious
bedrock
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Figure 33. The Powell Hills immediately northwest of Brownsville are gently sloping
and wel! suited to many forms of development.

4
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Figure 34. Gently sloping terrain on basaltic bedrock in the uplands area is stable
(5 miles south of Brownsville).
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Class 3 slopes (>25-50 percent)

Class 3 slopes are restricted to the uplands and are developed on the Little Butte Formation, the
Sardine Formation, the Columbia River Basalt, and the Cascades Formation. Natural processes include
chemical weathering, erosion, and mass movement (see Geologic Hazards: Mass Movement Topography).
The relative significance of chemical weathering and erosion varies with topographic setting and rock
type. Tuffs of the Little Butte weather quickly to form thick clay soils, whereas volcanic flow rock
weathers very slowly to produce thin soils (Figure 36) threatened by rapid runoff.

Overloading and oversteepening slopes can initiate landslides in previously stable Class 3 slope
terrain (Figures 37 and 38). Deep roadcuts and other excavations are particularly susceptible to failure
in deeply weathered tuffs of the Little Butte Formation. Septic tank effluent may emerge at the surface
on hillsides if units are improperly placed with regard to terrain and soil permeability. Stripping of
natural vegetation can lead to severe gullying (see Geologic Hazards: Flash Flooding).

Under extreme conditions of rainfall or of freezing and thawing, steep Class 3 slopes assumed to be
stable can fail, producing rapid, deep, catastrophic landslides. An example is the Canyonville slide of
1974 which claimed nine lives in Douglas County. When slides occur, repair and maintenance operations
should not be initiated until the storm passes and until a qualified engineering geologist or soils engineer
outlines protective measures and pronounces the area safe.

Class 3 terrain is suited to open-space use, properly engineered road construction, and low-density
residential development in places. On-site evaluation should be required for all large developments.
Although proper engineering may offer solutions to most potential problems of stability, permeability,
runoff, and gullying, cost may be prohibitive.

Class 4 slopes (>50-75 percent)

Class 4 slopes are developed on exposures of unweathered resistant bedrock and are most common
along escarpments assigned to the Sardine Formation, in canyons carved into the Cascades Formation,
and along headscarps where Columbia River Basalt overlies softer bedrock of the Little Butte Formation.
Rapid runoff, erosion (see Geologic Hazards: Flash Flooding), rockslide and rockfall (see Geologic
Hazards: Failures on Steep Slopes) are the most common degradational processes.

Class 4 slopes are subject to shallow failures in areas of undercutting and to severe gullying in
regions stripped of vegetation (see Geologic Hazards: Flash Flooding). Septic tank effluent will surface
downslope and septic tanks are not recommended. Improperly engineered road fills commonly fail. Under
extreme weather conditions deep catastrophic slides or mudslides may occur (see Class 3 slopes).

Losses through natural hazards on Class 4 slopes can be minimized through restrictive zoning, pre-
liminary detailed on-site investigation, proper grading practices (e.g., those set forth in the Uniform
Building Code), and proper engineering of all developments.

Class 5 slopes (>75 percent)

Class 5 slopes are developed on exposures of unweathered, resistant bedrock, and their distribution
is similar to that of Class 4 slopes. Major hazards include gullying, flash flooding (see Geologic Hazards:
Flash Flooding), rockfall, and mudslides (see Geologic Hazards: Failure on Steep Slopes).

Class 5 slopes are ill-suited to most forms of development. Road fills commonly fail and most roads
are notched into the bedrock. Rapid runoff can easily lead to road washouts.
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Figure 35. Roodcuts in gently sloping weathered cloy soils of the Little Butte For-
motion ore prone to failure in places (Brush Creek Rood south of Crawfordsville).

Figure 36. Thin soils characterize Closs 3 slopes underlain by basaltic bedrock
(Horse Mountain area south of Brownsville).
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Table 6. Summary of slope hazards
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Remedial, preventive,

Slope Natural processes Potential disastrous impact and planning measures
Chemical weathering;  Poor drainage; ponding and high Promote developments compatible
1 no slope-initiated water table can cause flooding, with geologic conditions through
(0-10%) hazards; other hazards  septic tank failure, basement proper zoning ordinances; require
include flooding, cracking, floating of under- detailed geologic and engineer-
ponding, high water ground storage tanks and water  ing studies for developments in
table, and clay table pollution from waste dis-  areas of potential problems;
soi ls posal leachate; increased run-  require adequate solutions to
off in flat urbanized areas can anticipated hazards (i.e., fill,
cause flooding levees, proper drainage facilities)
Moderate chemical Initiation of slides through Promote developments compatible
2 weathering and slight  overloading and oversteepen- with geologic conditions through

(>10-25%)

erosion under natural
conditions; some mass
wasting on steeper
slopes

ing of slopes (especially in
areas of mass movement topog-
raphy); gullying in areas
stripped of natural vegetative
cover; structural damage in
areas of low foundation sta-
bility (see Landslides)

proper zoning ordinances; require
detailed geologic and engineer-
ing studies for large developments;
strict adherence to grading regu-
lations in the Uniform Building
Code

Chemical weathering

Initiation of slides through over-

Promote developments compatible

3 and erosion; also mass  loading and oversteepening of  with geologic conditions through
(>25-50%) wasting including slopes (see Mass movement’ proper zoning ordinances; require
earthflow, mudflow, topography); gullying on unpro- detailed geologic and engineering
and creep; gullying tected slopes; caving of exca-  studies for large developments;
in areas stripped of vations; emergence of septic advise all developers of potential
natural vegetation tank effluent, etc. on hillsides; hazards; strict adherence to grad-
road failure; structural damage  ing regulations in the Uniform
in places Building Code
Erosion, rapid runoff, Initiation of slides through Limit development through ade-
4 shallow slides, and overloading and oversteepen- quate zoning ordinances; strict

(>50-75%)

deep slides in bedrock
under extreme condi-
tions

ing of slopes; pronounced gully-
ing in areas unprotected by
vegetation; road washouts in
areas of flash floods and
improper engineering; emer-
gence of septic tank effluent

on hillsides; failure of improp-
erly placed fill

adherence to the grading regula-
tions in the Uniform Building Code;
engineering investigations for all
development; adequately sized

road culverts at stream crossings

(>75%)

Rapid runoff and ero-
sion; rockfall, rock
slide and mudflows

Initiation of slides through
undercutting or indiscriminant
blasting; extreme gullying in
unprotected areas; road wash-
outs in areas of flash floods and
improper engineering; emer-
gence of septic tank effluent;
failure of improperly placed fill

Restrictive zoning ordinances;
require appropriate engineering
studies for all types of develop-
ment; strict adherence to the
grading code; preserve natural
vegetation to greatest extent
possible; adequately sized
culverts
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Figure 37. Small slides are common along
roads cut into Class 3 slopes.

Figure 38. Scar of a recent landslide con-
trolled by jointing in partly weathered
tuffs of Little Butte Formation.
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Flooding
Definitions

The inundation of a region by flowing water derived from a stream or a river is a flood. Agencies
involved in rigorous flood delineation studies include the U, S. Army Corps of Engineers, the U. S,
Geological Survey, and the Oregon State Water Resources Board. Published reports of these agencies
(see Bibliography) were used in the construction of the maps.

The Intermediate Regional Flood (also referred to as the 100-year flood) is the flood having a 1 per-
cent probability of happening in any given year. The Standard Project Flood is the flood that would
occur under the most severe hydrologic and meteorologic conditions that reasonably can be expected.The
Standard Project Flood is larger than the Intermediate Regional Flood and represents the reasonable upper
limit of flooding.

In areas for which no information was available, a third flood designation, Estimated Flood Areq,
was interpreted on the basis of topography, geologic units, scattered aerial photographic coverage, and
extrapolation from known floods. Additional studies should be conducted to assess flood potential more
accurately in areas of estimated flooding. Such studies include a consideration of sounding data, photo-
grammetric interpretations, flow data, stream gradient, and channel roughness (Bailey and Ray, 1966).

Causes

Flooding in western Linn County is a result of high runoff from the upper Willamette Basin or from
Linn County watersheds brought about by intense cyclonic rain storms, rapid snow melt, or both. Also
contributing to flooding are low infiltration rates resulting from rock type, saturated soil, or frozen ground.
Locally, improper watershed management or land use practices can aggravate flooding. An additional
factor contributing to flooding in the Willamette Valley is the extremely low gradient of the streams there
as compared to typical gradients in the foothills and mountain watersheds.

Distribution

All rivers and major streams of lowland western Linn County undergo significant flooding. These
include the Willamette (Figure 39), Santiam, North Santiam, South Santiam (Figure 40), and Calapooia
(Figure 41) Rivers and Thomas, Crabtree, Beaver, Oak, Muddy, and Lake Creeks. Discharge data of the
major streams is summarized in Table 7. Flooding of the upland streams is discussed under "Flash Flooding"
(see Geologic Hazards: Flash Flooding).

Owing to the moderate climate, flooding is a winter occurrence restricted to the period from October
through April. December and January are the most critical months. Several floods can occur in any given
year,

Impact

Past flooding in Linn County has caused damage resulting in hundreds of thousands of dollars in
losses annually and total losses amounting to millions of dollars. Flooding destroys structures through
current action, siltation, and water damage (Figure 42). It inflicts losses on agriculture by scouring top-
soil, removing acreage through meanderings (see Geologic Hazards: Stream-bank Erosion), silting cropland
(Figure 43), and killing livestock. It threatens citizens by isolating dwellings, damaging property, dis-
rupting transportation (Figures 44 and 45), and polluting or disrupting water supplies. Flooding constitutes
the greatest geologic hazard in western Linn County.
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Figure 39. Aerial view 2miles west of Albany showing the distribution of the
1964 flood.

Figure 40. Flooding of central Lebanon during the flood of December 1964,
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Figure 41. Flooding of the Colopooio flood plain 3 miles northwest of Saddle Butte
in the Willomette Volley during the flood of December 1964 (dimensions of
area approximately 1 mile by 13 miles).
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Figure 42. Standing flood waters con cause considero ble damage to homes
and their contents (east of Highway 99E at Oak Creek, half o mile
south of Albany).
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Figure 43. Still water in the floodway fringe can cause considerable crop
damage through si{tation (looking northwest of Riverside Drive, 23 miles
southwest of Albany).

Figure 44. Flood waters of January 1974 immedictely east of Highway 99E
at Ock Creek, half a mile south of Albany.
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Planning measures

Federal dam construction has considerably reduced discharge of the Willamette River in the past few
decades. Projects include the Cottage Grove (1942), Dorena (1949), Lookout Point (1953), Hills Creek
(1961), Cougar (1963), and Smith River (1963) Reservoirs in the headwaters of the Willamette River. The
flood of December 24, 1964 discharged 186,000 cfs at Albany, considerably less than the 226,000 cfs
figure (Table 7) for the flood of 1881. The South Santiam River and other rivers unregulated by dams in
1964 registered their greatest floods in 1964, Discharge of the North Santiam River at Niagara on December
26, 1964 was 19,300 cfs as compared to 63,200 cfs (Table 7) during the flood of 1909. Regulation by the
Detroit Dam (completed 1953) significantly reduced flooding. In the South Santiam drainage Green Peter
and Foster Dams were put into operation in 1967,

Table 7. Discharge of major streams

Observation Average Maximum Minimum

River period discharge discharge discharge
1
Willamette 1894-1965 14,490 226,000 1,840
(at Albany) (Jan.14,1881) (Sept.1,1940)
Willamette 1944-1965 12,730 210,000 1,990
(at Harrisburg) (Dec.29,1945) (Oct.30,1944)
Santiam 1905-1916 7,840 197,000 260
(at Jefferson) 1939-1965 (Dec.22,1964) (Aug, Sept, 1940)
South Santiam 1905-1911 2,910 95,200 96
(at Waterloo) 1923-1965 (Dec.22,1964) (Sept.1,1940)
South Santiam 1935-1965 826 27,600 23
(Cascadia) (Dec.22,1964) (Dec.1,1936)
North Santiam 1908-1920 2,339 63,200 430
(Niagara) 1938-1965 (Nov.22,1909) (Sept.23,1915)
Calaopooia 1940-1965 929 32,700 4
(Albany) (Dec.22,1955) (Oct. 7, 1952)
Calapooia 1935-1965 450 12,600 13
(Holley) (Dec.22,1964) (Sept. 8,1940)
Thomas Creek 1962-1965  mee-ee- 16,700 14
(Scio) (Dec. 22,1964) (Sept.24,1965)
Crabtree Creek 1963-1965  ——meee 8,410 15
(Crabtree) (Jan. 28, 1965) (Aug.4,1965)
Wiley Creek 1947-1965 227 8,370 6
(Foster) (Dec. 22,1964) (Nov. 26,1952)
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Figure 45. Flood waters of the Colopooio flood plain in January 1974 (look-
ing east from Ookville Rood 3 miles southwest of Albany).

Figure 46. Because of local ponding, this bridge is essential in the winter months
(west of the South Sontiom River near the mouth of Crabtree Creek).
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On the more local level, flood damage can be reduced through the use of realistic zoning codes,
subdivision regulations, and building codes. Floodway uses should be restricted primarily to open space
use such as agriculture, parks, golf courses, and parking facilities. Obstructions created by bridge abut-
ments, roads, and large structures often impound water leading to increased flooding upstream. Regulations
in the floodway fringe should include guidelines for floor elevations, storage restrictions, waterproofing,
and anchoring of structures. Water supply facilities should be protected from contamination, and sewage
treatment plants should be designed to prevent pollution during flooding. The Oregon State Water Resources
Board provides assistance in formulating development guidelines and in implementing the Flood Insurance
Act of 1968. The U. S. Army Corps of Engineers is participating in an extensive revetment and diking
program in the Willamette Valley and has the capabilities to delineate floodway and floodway fringe areas.

Flood forecasting is performed by the U. S. Department of Commerce National Weather Service
River Forecast Center in Portland, Oregon. Flood fighting, such as diking, riprapping, and sandbagging,
is performed by local personnel supplemented by the U. S. Army Corps of Engineers and coordinated by
the State Emergency Operations Center. Evacuations are conducted by local personnel and the National
Guard.

After a major flood region is declared a disaster area, Federal assistance is available in the form of
grants for restoring public facilities, loans to individuals and small businesses, and funding to repair river
and creek channels. Assistance of this type is coordinated by the Office of Emergency Preparedness, the
State Emergency Services Division, and local officials.

Ponding and High Ground Water

Definition and causes

Ponding refers to the local accumulation of rainwater on the surface of the ground or to rising
ground water which actually has surfaced. High ground water refers to near-surface ground water which
can present a problem to land development and engineering construction. Ponding and high ground water
result from springs, perched water conditions, high regional water table, or excessive rainfall.

Recognition and distribution

Ponding is restricted primarily to localized depressions in areas of low slope (Figure 46). Additional
distinguishing features may include black, organic soil, clay soils, and the abundance of coarse grasses
and reeds (Figure 47). High water table is a general winter condition over much of the Willamette Valley.
On-site investigations are needed to assess the capabilities and liabilities of individual parcels of land
and these hazards are not specifically indicated on the geologic hazards maps. Many areas of the flood-
way fringe are subject to ponding or high water table when the flood subsides (Figure 48).

Impact

The presence of water at or near the ground surface has produced adverse soil conditions over large
areas of the Willamette Valley; a clay-rich zone a short distance below the surface in immature soils
greatly restricts the use of septic tanks. Compressible soils in areas of ponding and marsh growth provide
inadequate foundations for large structures. High water content can promote caving in deep excavations.

Ruoyancy associated with high ground-water table can crack basements, lift swimming pools out of
the ground, and cause underground storage tanks and septic tanks to surface. Septic tank effluent may be
forced to the surface where it may pollute nearby streams. Gravel pits and other excavations fill with
water during the rainy season; future uses should be planned with this in mind.

Planning measures

In areas of low slope, engineering investigations for large-scale construction and development
projects should include an assessment of the ponding or high water-table hazard. Emphasis should be
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Figure 47. Clumps of reed grass are indicators of potential winter ponding
and high water table; in the summer the lake will disappear (looking
northwest from Oakville Road 2 miles southwest of Albany).

Figure 48. Area of slack flood water (floodway fringe) that will be an area
of ponding when streamflow subsides (2 miles north of Crabtree on Crab-
tree Creek).
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Figure 49. Disrupted drainage ond decreosed runoff in areas of urbanization
can couse ponding during the winter months (Ranchero Acres 3 miles
southeast of Albany).

(b)

DCeposition

%// Stream=bank erosion

— —= Current
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Figure 50. Features of a river meander: a. Plan view showing areas of stream-bank erosion and
bor deposition; b. Section showing relative water depths and dominant processes.
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placed on the highest level of occurrence during the wet season rather than on the lower levels represent-
ative of the dry season.

Administrative regulations of the Department of Environmental Quality generally require that septic
tanks be restricted to areas in which the water table is greater than 6 feet below the ground surface.
Limited exceptions are made on the basis of land use. Soil treatment, design modifications, and control
of the level of the water table with drain tiles provide viable solutions to many septic tank problems.

Areas of critical ponding are generally unacceptable for dense development. The reduction of
infiltration arising from paving and other aspects of urbanization increase runoff and lead to local flooding
(Figure 49). Where slopes are very low, there are few economic solutions to the problem.

Areas of very gentle slope and slow runoff are particularly prone to local ponding through the inter-
ference of man, Interstate 5, for example, presents a barrier to local surface-water movement. During
the rainy season the freeway is lined with extensive areas of inundation.

Underground storage tanks and swimming pools should be kept filled in areas of high ground water.
Adequate safety measures against caving should be followed in all excavations. Reclamation plans for
excavations such as gravel pits should consider the potential for flooding by ground water or runoff. In
areas of agriculture or grazing, cattle and vehicles should be kept off saturated ground to prevent com-
paction, which is known to inhibit plant growth.

Engineering solutions to ponding and high ground water must be keyed to the specific conditions of
the area in question. For instance, regions of apparent ponding in large depressions or in depressions
bordered by significant local relief are commonly areas of ground-water discharge. For these areas, the
placing of fill is not a viable solution.

The impact of ponding and high ground-water table in western Linn County is complex in nature and
regional in extent. Future damage can be reduced through the use of realistic zoning ordinances and
building codes. Such regulations should make allowances for workable engineering solutions to specific
problems.

Stream-bank Erosion

Definition and recognition

Stream=bank erosion is the loss of land by stream action. It occurs through the scouring by flash
floods in most of the upland areas (see Geologic Hazards: Flash Flooding), as local soil fall (bank caving)
in the upper flood plains of the major streams and along the large flood plains of the various streams and
rivers in the Willamette Valley, where it is the most critical. Meandering, the tendency of some streams
to assume sinuous courses, is the underlying cause of stream-bank erosion in the flood plains.

Meander-generated erosion is characterized by a steep bank on one side of the river associated with
a sand or gravel bar on the opposite side (Figure 50). Areas of critical stream=bank erosion are also iden-
tified by studying sequential sets of aerial photographs and topographic maps which show changes in stream
pattern with time. But to assess properly any particular locality, it is necessary to make on-site inspections
and interyiew residents and appropriate government personnel.

Considerable research in recent years has revealed that the ideal shape of a meandering channel is
that of a series of smooth accentuated S-shaped curves (Leopold and Langbein, 1966). Thus, straight
stretches and relatively sharp turns in streams prone to meandering are signposts of future adjustments
through bar deposition and bank erosion. The radius of curvature of an ideal meander bend generally is
two to three times the width of the stream (Bagnold, 1960; Leopold and Wolman, 1960).

Causes

The fundamental cause of meandering in streams is not completely understood. Gorycki (1973)
demonstrates that the friction of moving water over a surface generates sinuous currents which, in turn,
are responsible for sinuous stream patterns (meanders) under the proper conditions of gradient and discharge.
Of more immediate concern to the planner than hydraulic friction, however, are factors subject to at
least partial human control such as discharge, bar growth, revetment construction, and zoning practices.
These provide local relief to stream-bank erosion and are discussed under "Planning Measures" below.
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Figure 51. Revetment on the south bank of the South Santiam River, 13 miles
upstream from the juncture with the North Santiam River (looking downstream).

Figure 52. Active stream=bank erosion along the South Santiam River; same loca-
tion as Figure 51, only looking upstream . Continued meandering of the stream
has flanked the upstream end of the revetment.
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Distribution

The relative threat of stream-bank erosion varies with the discharge of the streams. Large-scale
channel changes have occurred along the Willamette, South Santiam, and North Santiam Rivers in recent
years., The Calapooia River and Muddy Creek are characterized by numerous smaller scale channel changes.
Dangers along Thomas and Crabtree Creeks are minimal in most places but do require consideration in plan-
ning. Smaller creeks such as Oak Creek and Lake Creek show no significant stream-bank erosion or channel
changes in the past few decades.

Willamette River: The meandering course of the Willamette River has undergone considerable
change since the County line was established along it in 1847, Relatively recent changes are evident in
aerial photographs and topographic maps. At present, extensive revetments control much of the course of
the river.

Revetments at Harrisburg protect the city from critical stream-bank erosion. Three miles downstream
on the Benton County side of the river, Morgan Island separates a revetment from the present river channel.
This channel change in conjunction with bar growth on the east bank immediately downstream is causing
stream-bank erosion on the west bank in the west Morgan Island area. Farther downstream extensive revet-
ments guard the concave river banks of meanders from erosion.

West of the Lake Creek School at Irish Bend, the Willamette River makes a right angle turn against
the east bank. The situation is highly unstable. Continued undercutting at Irish Bend may cause the
river to migrate beyond (flank) the south end of the revetment on the Linn County side of the river. Alter-
natively, catastrophic truncation of the meander bend would result in accelerated meandering and stream-
bank erosion immediately downstream beyond the north end of the revetment (see Geologic Hazards Map:
Halsey quadrangle). The time scale of these events cannot be determined.

At Hoacum Island, one mile south of Peoria, a sharp meander bend has been truncated since 1957,
Revetments placed to stabilize the new channel direct it obliquely at the river bank. Stream-bank erosion
is a threat in this area.

West of Albany extensive riprap has been placed along the outer bends of five successive meanders.
Although the meander configurations and revetments are stable, their effect is to transmit erosive potential
downstream. Thus, the Big Coon Creek area (section 10) immediately downstream from the Little Willamette
revetment has undergone considerable scouring since the revetment was installed in 1943. Stream turbu-
lence is eroding the streambank locally above the north end of the revetment as well.

Farther downstream, high-intensity use areas such as the Albany riverfront are protected by revet-
ments, but stream-bank erosion is not generally critical. The channel of the Willamette River in this
reach has undergone no significant changes since the County line was established.

South Santiam River: Comparison of the 1957 topographic maps with 1970 aerial photographs reveals
several large-scale channel changes along the South Santiam River in recent years. Meander bends in the
vicinity of Griggs have shown considerable adjustments and now are partly protected by revetments. The
channel presently exhibits sharp turns and relatively straight stretches and future flanking of the present
revetments is a possibility.

The channel of the South Santiom River immediately upstream from the Sanderson Bridge is unstable.
Major patterns of erosion, deposition, and streamflow have occurred in recent years and are continuing
at the present time., At least two revetments are now located far from the river. A third revetment along
the river is in danger of being flanked on its upstream end. Numerous large point bars on either side of
the river and several islands in the river indicate the potential for significant channel changes in the
near future,

Downstream from the Sanderson Bridge channel engineering has produced several straight stretches
separated by abrupt turns, one of which approximates 90 degrees. The revetments have been designed
to accommodate future channel adjustments. However, the undissipated erosive potential is now being
transmitted downstream to create additional areas of stream-bank erosion.

Down stream from the mouth of Crabtree Creek the course of the South Santiam River is relatively
straight and is controlled locally by revetments. As the river continues to modify its channel, flanking
action around the ends of the revetments will occur (Figures 51 and 52). The rate of stream migration can
be rapid (Figure 53). In places revetments have already been isolated from the river channel by bar growth.
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Figure 53. Grovel bar deflects streomflow against the south bonk of the South
Sontiom River; the south bonk was located at the area of the brushy point
bar (center) a few years ago (some location as Figures 51 and 52).

Sontiom River and North Sontiom River: Stream-bonk erosion along the North Sontiom River is
restricted primarily to the region downstream from Stayton. West of Kingston, channel changes within
the post 15 years hove produced a double channel, indicative of high erosion potential. Revetments
protect the stream bonk in some critical areas. A short distance downstream the channel makes a right
angle turn to the west. Here truncation of the meander bend on the north side of the river or critical
erosion of the south bonk ore possible.

West of Shelburn the Wiseman Island~McKinney Bottom region of the North Sontiom River is under~
going rapid stream-bonk erosion. Numerous meanders ore developing in a former straight stretch of the
river. Although most of the area lies within Marion County, Linn County also will be affected by some
of the changes. A few miles downstream in the Greens Bridge area, a brood curve in the river may undergo
similar modifications in the future.

Downstream from the confluence of the North and South Sontiom Rivers, the meanders of the Sontiom
River are lorge in accordance with the larger discharge. The position of the County line indicates that
the meanders hove formed since 1847. The radii of curvature, uniform shape, and sizes of the meanders
appear to be ideal, but future modifications ore a certainty. Revetments protect some areas from stream-
bonk erosion. Farther downstream the river channel is characterized by recently developed straight
stretches and truncations of meanders.

Colopooio River: Numerous stream-channel modifications hove occurred on the Colopooio River and
numerous sites of future stream-bonk erosion are identified on the geologic hazards mop. Consistent with
the relatively low discharge of the stream, the meanders ore considerably smaller than those on the afore-
mentioned rivers. Accordingly the threats of future stream-bonk erosion ore more localized and more
economically treated.
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Most stream-bank erosion in recent years has been concentrated in the Brownsville, Saddle Butte,
Powell Hills, and Tangent areas. Revetments protect critical areas in the Brownsville district. Down-
stream protective measures are minimal and the stream is allowed to meander unobstructed. This undoubt-
edly has resulted in considerable losses to individual farmers,

Muddy Creek, Thomas Creek, and Crabtree Creek: Muddy Creek is characterized by large sweeping
curves and by smaller Tocalized meanders. Discharge is not sufficient to initiate true meanders in most
places. Locally, however, stream=bank erosion is critical and must be considered in the planning process.
Thomas and Crabtree Creeks have slightly higher discharges and exhibit considerably more stream-bank
erosion. Smaller creeks, such as Oak Creek and Lake Creek, do not meander.

Impact

Stream-bank erosion can lead to property loss, the destruction of roads, buildings, and bridge abut-
ments, and financial ruin for the private citizen. As flood waters flow over sharp meanders, scouring can
destroy farmland; truncation of the meander curve can isolate large parcels of land. Areas of bar growth
are commonly the sites of heated property=line disputes.

Planning measures

Owing to the large number of variables and uncertainties involved, it is not possible to delineate
broad areas of probable future meandering in a reconnaissance investigation. Instead, only areas of stream-
bank erosion are indicated. Engineering investigations for all projects near areas of stream-bank erosion
should include a consideration of the future potential for catastrophic erosion, meandering, and meander
truncation.

As part of such considerations, the interdependence of various stream parameters such as discharge,
load, gradient, velocity, channel roughness, and stream geometry should be appreciated. A change in
any one of the parameters will initiate compensatory changes in the others. Thus channel straightening
increases stream gradient, which in turn increases both stream velocity and stream-bank erosion downstream.

The recent completion of Green Peter, Foster, and Detroit Dams will reduce discharges of the North
and South Santiam Rivers during flooding. As a result, the rivers will have less energy and stream-bank
erosion downstream should decrease.

Regional channel straightening generally does not provide a viable solution to meandering. Instead,
the increased gradient would accelerate stream-bed erosion, which in turn would lower the base level of
tributary streams. Gullying of valuable farmland and undercutting of all riverside structures could result
(Ruhe, 1971).

The piecemeal placing of revetments preserves many of the streams' natural parameters and provides
a more viable and economic solution. In certain areas, however, flood waters occasionally top the revet-
ments on their upstream end. A false sense of security arising from scattered revetments in an incompletely
treated area could prove disastrous.

In areas of high intensity use and critical concern, revetments can be profitably complimented by
other forms of channel engineering. Dredging and bar removal, for example, can provide renewable
supplies of sand and gravel while also maintaining the river channel.

The impact of mining of bar deposits varies with location according to local conditions and goals. Two
examples illustrate this point, Immediately downstream from Mill Creek on the South Santiom River north-
east of Albany, the river is very unstable. Revemments placed several years ago are now far from the river
and recently placed revetments now are in the process of being flanked as the river channel continues to
migrate. In this stretch of the river, bar removal would function as a stabilizer and would retard river
migration. The rate of flanking action would be reduced or halted, and streamflow would be directed at
the revetments. Stream-bank erosion would be minimized and the overall impact of mining probably would
be beneficial.

At other locations along the river where channel changes have been minimal in recent years, the
river is temporarily stable. Mining of sand or gravel in these areas possibly would result in increased
stream velocities or shifted current positions. The impact possibly would include increased rates of stream-
bank erosion for short distances downstream.
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Mass Movement
Definitions

Mass movement is the slow or rapid, natural or artificially induced movement of rock, soil, or fill
downslope in response to gravity. In western Linn County, the major geologic types of mass movement
include earthflow, slump, rockslide, rockfall, and mudflow (see Table 8). Basically earthflow involves
flow movement along innumerable slip surfaces above a planar basal slip surface, and slump involves
rotational movement of a large block of earth above a curved basal slip plane. Slumped areas generally
lie immediately upslope from earthflow areas in regions of mass movement topography. Rockfall and
rockslide involve the movement of rock debris down steep slopes, and mudflows involve the rapid move-
ment of mudlike slurries down steep canyons.

Mudslide is a term defined statutorally by the National Flood Insurance Act of 1968, It is "ageneral
and temporary movement down a slope of a mass of rock, soil, or artificial fill, or a combination of these

Table 8. Mass movement terminology

Type Characteristics Distribution

Earthflow Irregular, subdued terrain, Most common on
tilted trees, cracked ground, Class 2 and Class 3
sag ponds, irregular drainage; slopes in Little Butte
flow -type movement, planar tuffs,
basal slip surface.

Slump Hummocky terrain, backtilted Occupies upslope
trees, irregular drainage, sag parts of earthflow
ponds, rotational movement areas.
on curved basal slip plane.

Rockslide Talus and rubbly veneer Class 4 and Class 5
moving rapidly downslope; slopes generally
poorly sorted mantle of underlain by flow rock.
unconsolidated debris produced
by such action.

Rockfall Actual free fall of rock Steep Class 5 slopes.
material through the air.

Mudflow Rapid movement of a mudlike Class 4 and Class 5
slurry down steep canyons; slopes with adequate
called debris flow if rocks and soil cover.
other debris are abundant in
the mud.

Mudslide A general and temporary move- May include earthflow,
ment of rock, soil, fill, or com- slump, rockslide, rock-
binations of these downslope fall, and mudflow,
caused or precipitated by the provided necessary con-
accumulation of water on or under ditions are met (see text).
the ground; incorporated in National
Flood Insurance Act of 1968,
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caused or precipitated by the accumulation of water on or under the ground.”" Under the proper conditions,
mudslide-prone areas are covered under the National Flood Insurance Act. A mudslide-prone area is an
area whose slope, history, geology, soil, bedrock structure, and climate indicate a potential for mudslides.

In this study, Class 4 and Class 5 slopes and areas of mass movement topography qualify in a general
sense as mudslide-prone areas. More detailed investigations of these areas would be required, however,
for them to be incorporated in any flood insurance program. It is emphasized also that claims for mass
movement damage would be honored only if sliding was rapid, water induced, and of general distribution.
Some types of earthflow and slump would not be covered under the National Flood Insurance Act.

Mass movement topography

Definition and causes: Mass movement topography is terrain for which prior mass movement is
inferred primarily on the basis of topographic expression. Factors considered include features visible on
aerial photographs, contour-line pattern and distribution on topographic quadrangle maps, slope, rock
type, and such local features as irregular topography, disordered drainage, sag ponds, tilted trees
(Figure 54), and scarps (Figure 55).

Factors contributing to mass movement include climate, rock type, slope, and natural or artificial
changes in any of these. The moist moderate climate of the study area promotes deep chemical weathering
which, in turn, breaks down the rock, increases pore pressures, and decreases the shear strength. Rocks
which weather to clay-rich soils are the least stable and the most prone to failure. The Little Butte Form-
ation (Tolb) is particularly high in ash, a component which weathers to clay.

Under extreme conditions catastrophic earthflows, such as the one which recently claimed nine
lives near Canyonville (Douglas County), can occur. These conditions include heavy rains over a pro-
longed period of time followed first by a long freeze and then by a quick thaw with more heavy rains.
Corrective action on deep, rapid slides of this sort should not be undertaken until after the extreme weather
conditions pass and after a qualified soils engineer or engineering geologist pronounces the operation to
be safe.

Under less extreme conditions earthflow and slump in areas of mass movement topography vary in
rate from rapid to imperceptibly slow. Most movements are fairly rapid. Those movements which are
imperceptibly slow and which extend over prolonged periods of time do not correspond to the definition
of mudslide in the National Flood Insurance Act of 1968 and would not be covered under the program.
They are, nevertheless, a hazard.

Distribution: Mass Movement topography is restricted primarily to Little Butte terrain and breccias
of the Cascades Formation. In places mass movement undercuts Columbia River Basalt or involves thick
soils developed on that unit. It is restricted to slopes of greater than 15 percent and generally less than
50 percent (Class 2 and Class 3). It is on these slopes that weathering and failure proceed to depths great
enough for the results to be visible in a reconnaissance investigation such as this. On steeper slopes,
shallower types of mass movement occur (see Failure on Steep Slopes below).

In north central Linn County, massive slope failures are present on the sides of Hungry Hill, Rogers
Mountain, McCully Mountain, and other high ridges leading eastward towards Detroit Dam. Character-
istically the slides are developed in the tuffs of the Little Butte Formation and undercut more competent
strata along the crests, forming pronounced headscarps. Depth of failure is great below the larger head-
scarps, and landslide features are well-developed in places (Figure 55). On the lower flanks of Snow
Peak, breccias of the Cascades Formation are undergoing mass movement; on the south side of the moun-
tain along Crabtree Creek, rapid downcutting is initiating a series of active slides,

Numerous scattered patches of mass movement topography are mapped in the region bounded by
Lebanon, Brownsville, and Sweet Home. Sliding is restricted to thick soils and tuffs of the Little Butte
Formation. Ridge crests and knobby peaks are underlain by basaltic intrusions or the remnants of intra-
canyon flows. The isolated mounds underlain by the basalt are stable and are probably in place. Their
size, high topographic position, and probable intrusive origin together with the absence of large=scale
active undercutting preclude a slide origin for them. The relatively large intrusions at Ward Butte and
Lone Pine Butte are surrounded by deep slope failures (Figures 56 and 57).
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Figure 54. Tilted trees and irregular topography indicate active sliding along the
Crabtree Creek Road leading to Snow Peak Camp.

Figure 55. A basalt scarp overlooking hummocky landslide topography 3 miles
northeast of Jordan.



64 ENVIRONMENTAL GEOLOGY OF WESTERN LINN COUNTY

Figure 56. Irregular to hummocky topography characterizes the mass movement
surrounding Ward Butte; note the sag pond.

Figure 57. Mass movement topography and tilted trees near Ward and Lone Pine
Buttes.
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Figure 58. Recent sliding has downdropped a lorge section of road at Shot Pouch
Butte.

Figure 59. Massive failure in gently sloping clay-rich tuff of the Little Butte
Formation on Brush Creek Road south of Crawfordsville.
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Mass movement topography is common in the middle and upper reaches of the South Santiam River
east of Sweet Home. Deep failures are common where slides undercut resistant caprocks as at Marks
Ridge, Green Peter, and Shot Pouch Butte (Figure 58). Many of the slide areas are active and all are
restricted to Little Butte terrain.

The high ridges of the Calapooia drainage and points to the south overlook large areas of mass
movement topography. Smaller regions of mass movement are present on the sides of smaller ridges and

hills. Along Brush Creek Road, numerous slides are developed in gently sloping terrain along recent road-
cuts (Figures 35 and 59).

Impact: Damage to structuresmay occur in regions of mass movement topography through continued
slide movement, uneven settling, or a variety of related processes. Cuts, fills, and changes of the ground-
water budget through use of septic tanks or improper handling of runoff are common factors in reinitiated
slide activity.

Several areas of mass movement topography in western Linn County are zoned for possible residential
or other large-scale development. These include some of the slopes south of Lyons, the north side of
Rogers Mountain, the Ward Butte area north of Brownsville, the slopes east of Lebanon, the valley areas
of the Calapooia drainage, and the lower slopes of Mount Tom in the extreme southern part of the County.
Without proper planning, considerable structural damage could occur in these areas in future years.

The major impact of mass movement in areas of logging include various types of road and cut-bank
failure and the contribution of huge volumes of debris and sediment to streams. Repeated failures on the
upper Crabtree Creek Road leading to Snow Peak Camp are a case in point.

Planning measures: Developments in areas of mass movement topography may include large-scale
construction, subdivisions, piecemeal home building in areas of rapid growth, and home building in iso-
lated areas. In all instances, the grading standards of the Uniform Building Code should be strictly
adhered to,

In regions of rapid piecemeal growth, progressive covering of the ground surface with buildings
and roads leads to critical runoff difficulties if drainage is not handled adequately. Sumps commonly
develop in unused areas, and this, in addition to increased infiltration from drain fields, septic tank use,
and lawn sprinkling, can lead to eventual slope failure. For areas of poorly coordinated rapid growth,
full implementation of the National Flood Insurance Act is recommended. Also, density regulations and
provisions for proper handling of runoff and septic tank use should be spelled out in the zoning code.

For areas of large-scale construction, landfills, roads, and well-coordinated development such as
subdivisions, on-site investigations should be required prior to development. Because this study is of
reconnaissance nature and because many areas within regions of mass movement topography are stable,
investigation may show that further action is unnecessary. If, however, the inspection reveals potential
hazards ot the site, detailed engineering studies should be required. The stability problems should be
discussed, and the manner in which they will be handled should be described in detail. Engineering
solutions are available for many slide problems (Figure 60).

Failure on steep slopes

Definitions: Types of land failure on steep slopes (Class 4 and Class 5) include rockfall, rockslide,
and shallow earthflow or mudflow (Table 8), Unlike deep failures, such as those involved in mass move-
ment topography, failures on steep slopes do not penetrate to great depths. Consequently they are not
readily delineated in reconnaissance studies such as this. Instead, slope maps are used to define general
areas especially prone to these forms of mass movement.

Most earthflows and mudflows on steep slopes are general in distribution, water induced, and rapid.
Hence they conform to the concept of mudslide (Table 8) in the National Flood Insurance Act of 1968.
Many rockslides and rockfalls are induced by causes other than those related to water; consequently many
of them would not be covered under the National Flood Insurance Act.
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Figure 60. Drainage trenches and pipes are used to eliminate water from a slide
mass along Brush Creek Road.

Distribution: Failures on steep slopes are by definition restricted to slopes greater than 50 percent
(Class 4 and Class 5). They ore most common along the upper reaches of the Colopooio, Middle Sontiom,
and North Sontiom Rivers and along major creeks such as Wiley Creek and Neal Creek. Geologically,
steep-slope failures ore concentrated along escarpments of Sardine Formation, Columbia River Basalt,
Little Butte Formation, and in youthful canyons cut in the Little Butte Formation (Figures 61 and 62).

Impact: Failures on steep slopes ore traceable to the some causes as failures in regions of moss
movement topography (see Moss Movement: Moss Movement Topography). Mon-induced causes of steep
failures include undercutting steep slopes, placing of excessive fill, indiscriminant blasting, improper
handling of runoff in areas of construction, removal of vegetation on steep slopes, and diversion of streams
against steep canyon walls with poorly engineered volley-bottom roods.

Planning Measures: Most regions of Closs 4 and Closs 5 slopes are restricted to tree harvesting and
directly related activities. Roods in these areas should be properly located and engineered to ovoid slope
failure through slope overloading, oversteepening, indiscriminont blasting, improper handling of runoff,
or improper placement of fill.

Regions mopped as steep slopes for which possible residential use is allowed in the zoning code
include some of the slopes west of Lyons, a few lower volley areas near Cascadia, and port of West Point
Hill in the extreme southern port of the County. As the County and the U. S. Forest Service continue
to trade parcels of land, other areas may be included in this list in the future, On-site inspections should
precede development in these areas, and detailed engineering studies should be required for lorge develop-
ments to assure that all potential hazards ore accommodated. For areas of particular concern, implementa-
tion of the Notional Flood Insurance Act is recommended. Every attempt should be mode to preserve the
natural vegetation where feasible to prevent gullying and shallow landslides and mudflows.




Figure 61. Removal of vegetation prompted this shallow
mudflow along Wiley Creek southeast of Sweet Home;
slope is approximately 60 percent,

Figure 62. Rockfall and rock slide deliver large blocks
of rock to the valley bottom of Wiley Creek; over-
steepening of slopes such as this can be dangerous.
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Flash Flooding

Definitions and causes

A flash flood is a sudden torrent of a relatively great volume of water flowing down a stream channel.
Load potential of the water is so great that boulders, logs, and other debris are commonly incorporated
into the streamflow. Recent flash flooding is easily recognized on the basis of the unvegetated, very
coarse stream-bed deposits and other scattered lateral debris (Figures 63 and 64),

In areas where vegetation has reclaimed the channel (Figure 65), recognition is based upon more
indirect features. These include steep side slopes, steep gradients, impermeable bedrock, and the absence
of a flood plain (Figure 66). In western Linn County, flash=flood channels are generally less than a few
miles in length.

Distribution

Flash-flood channels are most common in the upper reaches of the North Santiam, Middle Santiam,
and Calapooia Rivers and also along Wiley Creek, upper McDowell Creek, Upper Roaring River, and
other streams flowing off Snow Peak.

Impact

Flash floods are among the potentially more destructive geologic hazards in western Linn County.
Fortunately flash-flood channels are local and easily delineated. Potential damage from flash floods
includes road washouts and partial or total destruction of other structures.

Most flash-flood regions are dedicated to timber harvesting and other low-intensity uses. However,
residential development is provided for in the zoning code along flash-flood channels in the Mill City area
and in the upper reaches of the Calapooia River.

Planning measures

Roads should be properly designed to withstand flash flooding. This includes the use of adequately
sized and placed riprap and culverts (Figure 67). In most areas, provisions should also be made to assure
that culverts do not become clogged with debris. In particularly critical areas, debris screens are some-
times used (Figure 68). In some areas, especially at marked breaks in slope, the accumulation of debris
during flooding is unmanageable, and road crews clear the road after flooding subsides (Figure 69). This
approach is economic and reasonable where road washouts are not a threat (bottomland of the Calapooia
River), but it is generally not acceptable on sloping areas where fills are used. Where stream channels
consist of bedrock with very little gravel, considerable scouring can be inferred; in these areas log cribbing
may be required to retain fill placed in the channel (parts of upper Crabtree Creek).

Where residential construction is anticipated, provisions should be made to assure that no develop-
ment is allowed in the actual flash-flood channel and that bridge abutments and similar structures do not
significantly alter stream flow. Implementation of the Flood Insurance Act is recommended. This will
require compliance with all the provisions of the act and, possibly, more detailed mapping of given flash-
flood areas by appropriate personnel.

Were it not for the vegetation of the uplands area, the flash-flood danger would be far greater.
Where fires have removed this protective cover from steep slopes, the impact of erosion is particularly
evident. At Big CIliff Reservoir, sizable deltas have formed at the mouths of creeks draining burned-over
areas (Figure 70). To avoid gullying and severe erosion losses, proper landscaping and protection of
vegetation are needed for all developments in flash-flood and steeply sloping areas.



Figure 63. Upper Wiley Creek (Sweet Home quadrangle) displays many flash-flood features; note the steep slopes, eroded hillsides,
bouldery bedload, logs and other side-channel debris, and the channel scoured in bedrock. As stream-bed erosion is not possible,
increases in discharge are accommodated primarily by hazardous increases in stream velocity.

0/

ALNNOD NNIT N¥31SIM 30 ASO0103D TVINIWNOYIANIT



GEOLOGIC HAZARDS - FLASH FLOODING 71

Figure 64. Channel of Bigs Creek at confluence with the Calapooia River after
recent flash flooding (south central Sweet Home quadrangle).

Figure 65. Vegetation has partially obscured this unnamed flash-flood channel
3 miles downstream from Bigs Creek on the Calapooia River.
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Figure 66. Steep slopes and impermeable bedrock
contribute to the flash-flood potential of the
upper North Santiam River area.
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Figure 67. Repeated road washouts at this crossing along upper McDowell Creek
(northern Sweet Home quadrangle) prompted the installation of this seemingly
oversized culvert.

Figure 68. Small uniappable gullies in steeply sloping areas are subject to flash
flooding; note the debris screen.
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Figure 69. Debris beside Calopooio River
Rood at the mouth of Bigs Creek was
removed from rood by mointenonce
crews.

Figure 70. Debris fer this delta hus been
eroded and delivered from the burned
area since the completion of Big Cliff
Dam .
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Tectonic Hazards

The West Coast of North America is situated in the Circum-Pacific "ring of fire", a band of high
volcanic and seismic activity which encircles the Pacific Basin. The crustal structure and tectonic
behavior of the northwestern United States are very complex and the historic record is short. With the
limited knowledge available to us at the present time, it is impossible to predict future tectonic activity
with any degree of precision. Oregon appears to be seismically less active than neighboring Washington
and California. Recent regional structural interpretations suggest that major active structures bypass most
of the State.

Volcanism

The Western Cascades document intermittent volcanism for the past 40 million years. In the study
area several thousand cubic miles of flow rock and pyroclastics were ejected during Oligocene and early
Miocene times, After a period of local quiescence during which the Columbia River Basalt flowed into
the area from the north, renewed volcanism produced the Sardine Formation and the Cascades Formation
at Snow Peak and Rocky Top. Numerous local eruptions over the past few thousand years in the High
Cascades of eastern Linn County and nearby areas are described by Taylor (1965), and historical volcanic
events on Mounts St. Helens, Hood, and Lassen are discussed by Folsom (1970).

Future volcanic activity in Linn County is possible in view of the duration and continuity of the
past record. However, the extent of the volcanism probably would be local and the impact on western
Linn County would probably be negligible. Currently personnel from the U. S. Geological Survey are
initiating reconnaissance geophysical investigations of the Cascade Range including parts of Oregon to
assess more accurately the probability of future volcanic activity,

Earthquake potential

The shaking of the earth's surface which accompanies the release of energy at depth is called an
earthquake. Associated with the release are displacements of rock along planar surfaces called faults.
The specific location of the displacement within the earth is called the focus and the geographic location
above the focus on the earth's surface is called the epicenter.

Intensity and magnitude are indirect measures of the total energy released by an earthquake. In
using the Modified Mercalli Intensity Scale (Table 9), observations of the effects of the quake serve as
an indicator of its relative severity. Determinations made in this way are subject to inaccuracies owing
to the distance from the epicenter and to the nature of the subsurface where the observations are being
made. The Mercalli Scale tends to be imprecise for these reasons. It is widely used, however, owing
to its universal applicability and the need for no equipment. Also, the gathering of numerous observations
tends to rule out subjective errors and local variations.

The Richter Scale is based on recordings from seismometers rooted in bedrock. It gives a more direct
measure of energy release during an earthquake and is less subject to errors through local variations of
subsurface than is the Mercalli Scale. Instead of indicating "intensity" with Roman numerals as used in
the Mercalli Scale, the Richter Scale indicates "magnitude" with decimal numbers (Table 9) on a logarith-
mic scale. Each digit represents a 10-fold increase in the amplitude of the seismic waves and a 31-fold
increase in the amount of energy released. Hence, an earthquake of magnitude 5 is 31 times greater than
an earthquake of magnitude 4. The scale ranges from less than 1 for small quakes to slightly less than 9 for
the largest possible quake.

A seismic risk map for the State of Oregon (Figure 71) shows Linn County to lie in Zone 2, an area
for which quakes with intensities as high as VII on the Mercalli Scale are possible. Quakes of this inten-
sity are capable of cracking walls. With saturated ground conditions, such as are common in much of the
Willamette Valley during the winter months, the damage to structures could be considerably greater if
fluid response (liquifaction) were to occur. Initiation of destructive landslides in the foothills also is a
possibility.
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The central Willamette Valley area has been the site of at least eight earthquakes since 1891
(Table 10). Epicenters for the quakes are only approximate. The faults are not evident in reconnaissance
mapping procedures and may not extend to the earth's surface. The largest quake had an intensity of VI,
which corresponds roughly to an acceleration of 0.03 g.

Failure to map definite faults on the reconnaissance geologic map (see Geology: Geologic Structure)
and the scanty record of historic earthquake activity in western Linn County should not be interpreted to
indicate little or no seismic risk in the area. The response of saturated ground and sloping terrain to mod-
erate seismic shock is in need of more investigation. In addition, highly sensitive developments such as
nuclear reactors require a level of inquiry far more rigorous than that provided here. The general con-
clusions advanced here should in no way prejudice the findings of more involved studies in the future,

Table 9. Scale of earthquake intensities*

Mercalli Equivalent
Intensity Description of effects Richter magnitude
! Instrumental: detected only by seismographs
" Feeble: noticed only by sensitive people 3.5
to
" Slight: like the vibrations from a passing truck; 4.2
felt by people at rest, especially on upper floors
v Moderate: felt by people walking; swaying of loose 4.3
objects, including standing vehicles
to
\% Rather Strong: felt generally, most sleepers awakened
and bells ring 4.8
VI Strong: trees sway and all suspended objects swing; 4.9 to 5.4
damage by overturning and falling of loose objects
VI Very Strong: general alarm; walls crack; plaster falls 5.5 to 6.1
\all Destructive: car drivers seriously disturbed, masonry 6.2
fissured, chimneys fall; poorly constructed buildings
damaged to
IX Ruinous: some houses collapse where ground begins 6.9
to crack, and pipes break open
X Disastrous: ground cracks badly; many buildings 7.0 to 7,3
destroyed; railroad lines bent; landslides on steep
slopes
Xl Very Disastrous: few buildings remain standing; 7.4 to 8.1
bridges destroyed; all services disrupted; large
landslides and floods
X Catastrophic: total destruction; objects thrown into Max. recorded
the air; ground rises and falls in waves 8.9

* After Holmes (1965)




GEOLOGIC HAZARDS - TECTONIC

Table 10. Seismic events in the Central Willamette Valley Region

Location of epicenter Intensity
Date (approximate) (Mercalli)
Sept. 16, 1891 Salem v
April 2, 1896 McMinnville \
Dec. 15, 1920 Cascadia i
Feb. 25, 1921 Cascadia \%
May 12, 1942 Corvallis \%
March 5, 1944 Dallas _
March 5, 1944 Dallas \Y,
Nov. 16, 1957 Salem \
Aug. 18, 1961 Albany "n -1v

Adapted from Berg and Baker, 1963
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Figure 71. State of Oregon seismic risk map.
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Figure 72. Projected annual consumption of sand and gravel based on population

trends shown in Figures 5 and 6 and assuming consumption of 6.5 tons per capita
per year. Actual production for years 1970 and 1971 is also shown.
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Figure 73. Cumulative curve of sand and gravel consumption based on population

trends shown in Figures 5 and 6 and assuming consumption of 6.5 tons per capita
per year.
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NATURAL RESOURCES

Mineral resources of present economic value in western Linn County are primarily construction
materials, which grossed $1,237,000 in 1970, and ground water. From a historical standpoint, the gold
and silver production of the Quartzville mining district is of interest as are the thin presently uneconomic
coal seams of the Jordan Valley. Future exploration in the Willamette Valley may reveal economic
reserves of oil and gas.

Construction Materials

Sand, gravel, and crushed rock are important factors in the development of any community. These
materials are used in the making of concrete, asphalt, riprap, and select fill and are used in the con-
struction of dams, roads, bridges, buildings, revetments, and houses. It is estimated that for every housing
unit started, a total of 176 cubic yards of concrete is needed for the individual structure and for the
numerous other projects it generates including streets, sewers, schools, libraries, shopping centers, and
industrial facilities.

More than 70 pits and quarries (see Appendix D) in a variety of rock units (Table 11) are in operation
or have operated in the past in western Linn County. Production of sand and gravel peaked at 1,882,000
tons in 1965 and averaged approximately 700,000 tons annually for the period 1960 to 1970 (Table 12).
Stone production from quarries peaked at 1,787,042 tons in 1966 and averaged approximately 630,000 tons
annually for the period 1960 to 1970 (Table 13). Production in recent years has declined considerably
with the completion of dam construction.

Average per capita consumption of sand and gravel for the period 1960 to 1970 was approximately
11 tons per year and that for quarry stone was about 10 tons per year. Both figures are regarded as higher
than normal, owing to extensive road and dam construction during the decade. In addition, the population
grew from 54,300 in 1960 to 71,914 in 1970 for an average annual increase of approximately 3 percent,

As the growth rate declines in the future, per capita consumption of construction materials should also
decrease since there is a direct relationship between consumption of sand, gravel, and crushed rock and
the rate of population growth of a given area.

Sand and gravel

Sand and gravel occur as lenticular bodies along present and former courses of major rivers. The
deposits are generally high in quality and if unweathered are suitable for use as aggregate. Pits are
concentrated in the Quaternary alluvium (Qal) and lower terrace unit (Qtl) in the areas surrounding
Albany, Lebanon, and Sweet Home. The large volumes of aggregate needed for the construction industry
and the economic aspects of transport preclude hauling distances of greater than 15 or 20 miles.

Using the population data developed on Figure 6 and assuming a conservative consumption rate of
6.5 tons per capita per year (Schlicker, 1969), total production of sand and gravel in the County will
approach 700,000 tons per year by the year 2000 (Figure 72). Cumulative consumption between 1970
and 2000 will be about 18,000,000 tons (Figure 73). This is equivalent to a pit 25 feet deep, half a
mile wide, and 2 miles long. If annual per capita consumption should continue at the present rate (11 tons)
cumulative consumption will exceed 30,000,000 tons by the year 2000.

Future sources of sand and gravel will include the Quaternary alluvium (Qal), the lower terrace
(Qtl), and parts of the Willamette Valley where only a thin mantle of Willamette Silts overlies fluvial
gravels. The soils map (pocket) delineates areas known to be underlain by gravelly soil in the valley
areas of western Linn County. Further studies by governmental or private agencies are needed to survey
in detail the distribution of marketable sand and gravel in areas of gravelly soil and beneath the Willam-
ette Silts. In addition to gross reserves, such studies should investigate rock and sand quality, zoning
restrictions, ownership, and other factors which tend to limit the quantity of marketable product. Presently
there are no precise estimates of the sand and gravel reserves of western Linn County.
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Accessibility of adequate sand and gravel in the alluvium and lower terraces must be assured for
future years. It is these units that contain the bulk of high-quality construction material needed for
concrete aggregate. Few, if any, rock quarries can meet the necessary specifications, and the higher
terrace gravels are too weathered.

Urban growth must not be allowed to sprawl indiscriminately over future sources of supply. Like-
wise, zoning ordinances, zoning variances, and other planning decisions should not arbitrarily discriminate
against the aggregate industry. Consideration should be given to the possibility of periodically mining
sand and gravel from the more rapidly growing bars in the major drainages. River-bed sites such as these
constitute renewable sources for what is considered elsewhere to be a nonrenewable resource. Bar exca-
vation also might minimize local stream-bank erosion in certain areas (see Geologic Hazards: Stream-
bank Erosion).

Table 11. Construction materials in Linn County

Transportation

Unit Useful materials factor Quality Quantity Uses and comments
Quaternary Hard gravel and Near urban Very good Large  !ll-advised political decisions may
alluvium  fresh sand centers severely restrict supply; used for
(Qal) concrete aggregate and construc-

tion
Willomette None -- -- -- Accessible gravel and sand of Qtl
Silts unit may be near surface locally
(Qws)
Lower Gravel and Near urban Good Large  Largely untapped; urbanization
terrace sand centers is covering large reserves; used
(Qt) for concrete aggregate and con-
struction

Middle Sand and Semi-isolated Poor - deeply Small  Deep weathering and small pro-
terrace gravel weathered portions of gravel preclude
(Qtm) development
Upper Sand and Semi-isolated Fair - Small  Untapped; weathering and isola-
terrace gravel weathered tion are prohibitive
(Qtu)
Sardine Quarry Isolated Variable Large  Small local quarries for mountain
Formation stone road construction
(Tps)
Columbia  Quarry Near urban Good Large  Large well-located reserves; used
River stone centers for road construction; some pos-
Basa It sibly suitable for aggregate
(Ter)
LittleButte Quarry Isolated Variable Large  Diffuse, poorly defined expo-
Formation stone sures; used locally for road
(Tolb) rock on mountain roads
Intrusive  Quarry Isolated Good Large  Suitable for road rock, riprap,
rock stone and dam construction; isolated
(Ti) from Willamette Valley
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Table 12. Sand and gravel production in Linn County

Opera- Commercial Non-commercial Total

Year tors S/tons Value S/tons Value S/tons Value
1940-1949

Total 2,462,274  $1,779,527 174,578 % 9,287 2,636,852 41,870,814
1950 7 183,448 133,751 - - 183,448 133,751
1951 2 100,424 101,256 - - 100, 424 101, 256
1952 5 100, 374 108,041 - - 100, 374 108, 041
1953 7 326,320 255,830 141,530 34,960 467,850 290,790
1954 14 416,99 453,823 82,350 8,175 499,341 461,998
1955 13 428,628 413,253 211,800 109, 000 640,428 522,253
1956 9 292,710 284,087 124,427 51,79 417,137 335,878
1957 9 320,100 310,193 282,070 205,335 602,170 515,528
1958 10 304,671 323,260 49,049 43,953 353,720 367,213
1959 9 230, 220 214,874 1,484,800 1,816,373 1,715,020 2,031,247
Tota 2,703,886 32,598,368 2,376,026 32,269,587 5,079,912 $4,867,955
1960 7 110,168 $ 120,700 185,641 § 98,187 295,809 $ 218,887
1961 9 183,250 194,872 150, 901 172,544 334,151 367,416
1962 12 362,715 375,397 104,687 116,252 467,402 491,649
1963 14 434,785 473,515 286,189 349,486 720,974 823,001
1964 12 434,000 454,000 270, 000 344,000 704,000 798,000
1965 13 733,000 807,000 1,149,000 1,775,000 1,882,000 2,582,000
1966 13 718,000 796,000 445,000 482,000 1,163,000 1,278,000
1967 8 339,000 315,000 20, 000 46,000 359,000 361,000
1968 6 283,000 293,000 65,000 65,000 348,000 358,000
1969 601,000 688, 000 151,000 282,000 752,000 970,000
[Total 4,198,918 34,517,484 2,827,418 $3,730,469 7,026,336 38,247,953
1970 664,000 $ 738,000 75,000 $ 337,000 739,000 $1,075,000
1971 678,000 760,000 2,000 9,000 680,000 769,000

Table 13. Stone production in Linn County
Opera- Commercial Non-commercial Total

Year tors S/tons Value S/tons Value S/tons Value
1940-1949
Total 303,663 $ 353,172 310,126 $ 248,898 613,789 % 602,070
1950 2 49,846 49,846 33,526 41,908 83,372 91,754
1951 1 51,500 51,500 - - 51, 500 51,500
1952 3 105,805 179,653 - - 105,805 179,653
1953 - - - - - -
1954 2 - - 62,182 61,936 62,182 61,93
1955 4 3,400 4,250 60,867 56,042 64,267 60,292
1956 8 89,756 108,863 129,099 169,191 218,855 278,054
1957 7 50,991 58,866 134,776 141,456 185,767 200,322
1958 8 45,9N2 32,640 133,963 114,122 179,875 146,762
1959 8 726,824 487,328 43,292 44,078 770,116 531,406
Total 1,124,034 § 972,946 597,705 ¥ 628,733 1,721,739  $1,601,679
1960 5 290,600 % 196,897 45,640 $ 40,800 33,240 $ 237,697
1961 L Confidential =========---- 571,924 460,428
1962 9 109,806 97,882 863,171 472,521 972,977 570,403
1963 8 61,311 80,137 757,630 555,081 818,941 635,218
1964 9 74,933 86,761 383,028 297,626 457,961 384,387
1965 9 123,088 137,188 657,641 530,948 780, 729 668,136
1966 7 mmmmmmme—eee—--- Confidential == ==~==-=---- 1,787,042 2,112,086
1967 7 78,661 93,396 46,764 80,000 125,425 173,396
1968 255,076 251,026
1969 233,472 179,080
Total 6,339,787 35,671,857
1970 8 176,351 § 162,868
1971 4 Confidential 63,944
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Quarry stone

Quarry stone has certain advantages and disadvantages compared to stream gravel. |t makes a
better bose for paved surfaces and is better suited to the construction of oiled and macadamized roods,
Where jointing is moderately coarse, it is well-suited as riprop for riverbank protection. It is generally
not well-suited to use as concrete aggregate and it is more costly to produce than sand and grovel. Much
of the available quarry stone in western Linn County is relatively isolated compared to most of the deposits
of sand and gravel,

In western Linn County, quarry rock is produced from the Columbia River Basalt (Tcr), the Little
Butte Formation (Tolb), the Sardine Formation (Tps), and Tertiary intrusive rock (Ti) (Table 10). Although
the supply of quarry stone is very large, depth of overburden, quality of stone, degree of weathering, and
isolation place economic restrictions on development in many instances (Figure 74).

Quarries in the Columbia River Basalt produce stone suitable for use in rood construction and riprop.
In addition, selective mining of the Hale Butte quarry may produce rock suitable for use as concrete aggre-~
gate (J. J. Gray, oral communication, 1973). Qutcrops are concentrated in the northern port of the
County. An isolated exposure at Marks Ridge (Figure 75) provides o future source of stone for the Sweet
Home area. Presently it cannot compete economically with local deposits of sand and gravel.

Stone from the Little Butte Formation and related intrusives has been used in rood and dam construc-
tion. Coarsely jointed stone at Shot Pouch Butte (Figure 76) was used in the construction of Foster Dam,
Isolated erosional remnants of Little Butte basalt in the Willomette Volley southeast of Lebanon ore quar-
ried for rood metal. The deposits consist of dike rock, flow rock, and basaltic breccia; the quality of
stone derived from them varies considerably. The area bounded by Lebanon, Sweet Home, and Browns=
ville is characterized by innumerable knobs of basaltic dike and flow rock. Quarries there ore generally
small and aimed at local road maintenance (Figure 77). However, a few of the larger deposits are in
commercial operation (Figure 78).

Exposures of Sardine Formation ore relatively isolated, being restricted to the higher upland areas
near Snow Peak and at Bold Peter, High Deck, and Farmers Butte. Quarry stone production is restricted
to small operations for maintenance of mountain roads. Quality is variable,

Figure 74. The Diomond Hill quarry (Sec. 1, T. 15S., R. 3W.) yields rock of

variable quality and is isolated from areas of high demand.
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Figure 75. Large quantities of high-quality rock are available at Marks Ridge.

Figure 76. Shot Pouch Butte supplied riprap for Foster Dam.
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Figure 77. The Ridgeway Butte quarry
(Sec. 13, T.12S., R. 2W.)isa
small source of rock for local road
maintenance.

Figure 78. Sheety jointing at the Sodaville
quarry (Sec. 1, T. 14S_, R. 2W.)
makes the rock well suited to use as
rood rock.
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Ground Water

Ground water is water that fills the open spaces in rock and soil beneath the land surface. The top
of the zone of saturation, the water table, conforms in a general way with the topography, so that it is
relatively near or at the surface in depressions and is situated at greater depths along ridges. In deter-
mining the capability of geologic materials to hold and transmit ground water, porosity and permeability
must be considered.

Porosity is the percentage of open spaces per unit volume. Open spaces include pore spaces (openings
between granular particles), fractures, joints, and dissolution or alteration cavities. The size, number, and
arrangement of these open spaces is dependent upon a variety of factors including the shape, size, mineral
constituents, and arrangement of particles that make up the rock or soil, as well as the composition,altera-
tion and deformation of the rock or soil.

Permeability is the capacity to transmit water and is dependent upon the porosity, the size of the
pore spaces, the degree of interconnection between the pore spaces and the hydraulic gradient. Materials
such as sand with relatively large interconnected pore spaces are very permeable and have high capacities.
In contrast, jointed flow rock commonly has high permeability but low holding capacity.

In areas where the geologic materials are both porous and permeable and where hydraulic gradient
is sufficient to generate flow, the ground-water system is in constant motion. Precipitation is absorbed
into the soil, percolates downward to the water table, and flows slowly down-gradient to a point of dis-
charge. This type of ground-water system can produce water with fairly constant chemical characteristics
and low temperature and is generally a highly desirable resource. Because of local and regional variations
in geologic conditions, however, ground-water quality and availability tend to vary considerably with
location.

Utilization of ground-water supplies has been a key factor in the continuing agricultural, industrial,
and residential development of the western portion of Linn County. Information concerning the occurrence,
quality, and quantity of this resource is obtained primarily from the observation and recording of water=
well data. Well records are on file at the State Engineer's Office in Salem, and in the Portland office of
the U. S. Geological Survey. In addition, the well data for various sections of the County are available
in report form (Piper, 1942; Helm, 1968; Frank and Johnson, 1972), and additional reports are in prepara-
tion (F. J. Frank, oral communication, 1974), Persons seeking information on a specific site should
research the well records available for the site area or consult a ground-water geologist.

Occurrence

The primary sources of ground water in the study area are the unconsolidated Quaternary alluvial
deposits which cover the valley floors of the major rivers and their tributaries (Table 14). Lesser amounts
of water are drawn locally from the Tertiary sedimentary and volcanic rocks that underlie the alluvium
and form the foothills of the Cascade Mountains. In places, the Columbia River Basalt is highly productive.
Logs of representative wells are given in Appendix F.

The most productive units are situated in the Quaternary alluvium (Qal) and the Quaternary lower
terrace deposits (Qtl) in the Willamette Valley and in the lower reaches of the North and South Forks of
the Santiam Rivers. Upstream from Stayton on the North Fork and Lebanon on the South Fork, the recent
alluvial deposits are not extensive enough to produce the high yields characteristic of many of the wells
situated downstream. The Quaternary alluvium and lower terrace deposits consist of sand and gravel with
varying amounts of silt, and have an average thickness of 50 feet. Thicknesses of several hundred feet
are inferred locally, however. Wells which extend only a few feet below the water table commonly
produce large volumes of water.

The Quaternary alluvium (Qal) which forms the flood plains of the smaller streams in the study area
(e.g., Calapooia River, Muddy Creek, Oak Creek, Thomas Creek) contains high percentages of silt and
clay and is less permeable than the coarser deposits of the larger rivers. Shallow wells situated in these
deposits commonly yield a few tens of gallons per minute, but performance is variable depending upon
location. Wells drilled to underlying alluvium at greater depths are not affected.
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The large expanses of valley floor between the major channels in the Willamette Valley are under-
lain by a few tens of feet of Willamette Silts (Qws) which, in turn, overlie coarser unconsolidated alluvium
equivalent to the various terrace levels. In these areas, wells penetrate the silts (Qws) to producing
horizons in the underlying gravels. Although the gravels generally exhibit high permeability, low perme-
abilities are noted in areas (defined roughly by Piper, 1942) of high silt and clay content. Thickness of
the older alluvium in the Willamette Valley averages 70 feet (Piper, 1942) but varies considerably owing
to local relief and bedrock topography and structure.

Consolidated bedrock in the study area consists of marine and nonmarine sedimentary rocks (interbeds
in the Little Butte Formation) and a wide variety of volcanic rocks (Little Butte Formation, Columbia River
Basalt, Sardine Formation, Cascades Formation). Sedimentary rocks underlie the alluvium of the valley
floor and crop out in the foothills. Ground-water movement is limited to fracture zones and to discontinuous
interbeds or lenses of relatively permeable sandstone. Wells tapping these aquifers commonly yield only
a few tens of gallons or less per minute. Potential production of relatively thick permeable interbeds
such as those north of Brownsville may be somewhat greater.

Within volcanic rocks, scoriaceous or rubbly layers, buried soil horizons, and highly fractured or
jointed zones can act as aquifers. Within the Little Butte Formation, these zones are discontinuous and
yields are very low. A few wells in the Columbia River Basalt in the north central part of the County,
however, are producing several hundred gallons per minute (Table 14), The gentle westerly dips, flow-
on-flow structure, and regional continuity of the Columbia River Basalt are ideal for the production of
ground water,

Table 14. Characteristics of representative wells in western Linn County
(Data shawn in feet unless otherwise noted)

Well Year Depth Water bearing zones _Performance
locatian com= of Depth Thick- Character Alti- Water level  Yield Draw-
number* Owner pleted Depth Casing Finish totop ness of material tude Feet Date (gpm) down Use
95/1W-13D1  Salem 1939 60 60 16 3 Gravel 466 12 - 1775 - Public
Qal supply
105/2W-8N2 W. Upstad 1957 2 21 Perforated 17 4 Gravel 253 14 8/22/57 450 1.5 lIrrigation
15-20' and sand
Qal
105/2W-19Q2 N. Bradley 1966 22 22 Perforated 15 1 Gravel 230 5 5/22/66 300 1.5 lIrrigation
18-22' 19 3 and sand
Qal
125/4W-6P1  W. Homlin 1961 35 35 Perforated 20 15 Gravel 220 17  9/18/70 475 9.5 lrrigation
26-35' Qal
125/3W-7E1  Tangent Pre- 45 36- Screenat 42 3 Gravel 245 11 8/2/28 30 - Public
1928 40 base Qtl supply
11S/3W=-17F2 J. Anderson 1960 70 66 Perforated 29 37 Sandand 226 15 11/2/65 40 0.5 Domestic &
32-38' and gravel irrigation
58-64' Qtl
95/1W-14Q1  J. Fery 1964 326 19 Open 57 269 Basalt 550 3 3/19/64 600 62 Irrigation
bottom Ter
105/1W-4J1  C. Limbeck 1957 139 4 Open 90 12 Basalt 675 48 12/13/57 10 All Domestic
bottom 10 2 Ter and
124 8 stock
133 4
135/2E-36Q1 U.S. Forest 1958 100 36 Open 54 46 Tuff 795 7.5 3/19/58 32 82.5 Domestic
Service bottom Tolb
10S/3W=-15P1  G. Miller 1965 70 50 Open 51 19 Sandstone 465 O 1/3/66 19 All Domestic
bottom Tolb
105/3W~20K1 E. Chawning 1959 150 150 Perforated 105 45 Sandy 227 27.7 8/20/65 30 4 Domestic
105-110' clay
120-126' Tolb
142-148'

*See Appendix F
Data from Frank and Johnsan, 1972; and Helm, 1968.
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Hydrology

Recharge of ground water occurs directly from precipitation on the alluvium or bedrock and involves
absorption at points where aquifers are exposed as well as lateral movement along the aquifer. If the aqui-
fer recharge area is small or covered by materials of low permeability (clay soils or solid bedrock), recharge
of ground water may be a very slow process. In Quaternary alluvium near major streams, subsurface replen-
ishment allows very high yields.

Surface water and ground water in the study area are closely related. Well-level and streamflow
records indicate that surface- and ground-water fluctuations in both are directly related to the amount of
precipitation. During the rainy winter and spring months, ground-water and stream levels increase, and
during the dry summer and autumn months, ground-water and stream levels decrease. During the dry
months, more water is being removed from the ground-water system by streamflow than is being replaced
by precipitation or surface runoff. Surface-water levels during the dry months are maintained primarily
by the discharge of ground water into the streams and rivers.

Ground water in the Quaternary alluvium is unconfined and free to flow in a down-gradient direction.
Throughout most of the Willamette Valley of western Linn County (Piper, 1942), the ground water moves
away from the foothills of the Cascades in a westerly direction and then flows north=northwest until it is
discharged into the Willamette River or one of its tributaries. Local variations in the regional flow pattern
occur as a function of local topography. At points of discharge into streams, ground water flows at right
angles to the stream channel. Along the edges of terraces or along other breaks in slope, flow is perpen-
dicular to the hillside.

Monitoring by personnel from the office of the State Engineer and the U. S. Geological Survey
shows that in western Linn County the water table in the unconsolidated deposits is replenished by winter
and spring rains in spite of considerable pumping during the summer and fall months. A lowering of the
water table in the Columbia River Basalt in the north central part of the County has been noted over a
period of several years, however, suggesting that more water is being withdrawn from this aquifer than is
replaced by natural recharge.

Quality

Water-quality data from well samples by the State Engineer's office and the U. S. Geological Survey
is summarized on Table 15. Water-quality standards proposed by the U. S. Public Health Service are
shown in Table 16. Water derived from the alluvial deposits is generally high in quality and is suitable
for most agricultural, industrial, and domestic uses. Locally, however, iron content in water derived
from the alluvium is high enough to require treatment prior to use. It is postulated that the high iron con-
tent results from tapping of low=quality connate water originating in the underlying bedrock. Most occur-
rences of iron-rich water in wells are in shallow alluvium near the foothills.

Wells producing water from the Little Butte Formation vary considerably in quality. "Soda springs"
are noted at several locations in the foothills, and mineral springs near Cascadia were used for medicinal
purposes for many years (Department files; Wagner, 1959). Water is soft to moderately hard and is frequently
high in iron, salts, and dissolved solids. Although no wells with excessive arsenic are noted in LinnCounty,
Goldblatt and others (1963) list several dozen high arsenic wells in Lane County in rocks equivalent to
the Little Butte Formation. Arsenic poisoning through ground water is very rare, but when it does occur,
leads to numerous physical maladies of the nerves, skin, stomach, blood, and other parts of the body.

Wells tapping marine interbeds beneath the alluvium in the Willamette Valley locally are high in
mineral content, resulting from the influx of dissolved solids or connate water. Content of dissolved
solids is commonly greater than 1,000 parts per million. In places the connate water percolates upward
into the valley alluvium to contaminate shallower wells. Water derived from the Columbia River Basalt
is generally of good quality although iron content is moderately high in places.
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Table 15. Chemical analyses of representative
Parts per million
Well Water- Date
location bearing of
number* material collection [SiO2 Fe Mn Ca Mg Na K HCO3 CO3 sO4 ClI
9S/1W=-13D1 Grave! 6/14/51 17 0.03 =-- 4.9 1.1 3.2 2.6 3l 0 17 1.0
Qal
105/2W-8N2 Gravel 5/18/66 20 0.01 -- 7.4 2,5 3.3 0.4 32 0 3.8 1.5
and sand
Qal
105/2W-19Q2 Gravel 6/24/66 24 0.04 -- 21 7.2 7.0 0.9 62 0 18 5.5
and sand
Qal
125/4W-6P1 Gravel 7/23/71 42 0.03 0 21 11 11 0.6 87 0 15 12
Qal
11S/3W=17F2 Gravel 6/17/66 3 0.37 -- 33 17 14 1.0 213 0 1.4 4.5
Qtl
125/3wW-7E1 Sand and  4/18/29 35 0.08 -- 3l 18 14 1.1 193 0 2.1 13
gravel
Qtl
9S/1W-14Q1 Basalt 6/23/66 45 0.48 -- 5.7 3.6 9.9 1.3 60 0 2.8 1.0
Ter
10S/1W-=-4J1 Basalt 5/25/66 23 0.001 -- 4,9 3.0 7.8 1.0 25 0 1.2 10
Ter
135/2E-36QA1 Tuff 3/16/65 34 1.6 - 8 17 257 2.6 443 0 43 300
Tolb
105/3W-15P1 Sandstone  5/25/66 35 13 - 2.9 2. 7.9 1.1 16 0 0.8 11
Tolb
105/3W=-20K1 Sandstone 6/17/66 37 0.79 -- 13 7.7 10 1.3 80 0 14 7.0
Tolb

*See Appendix F
Testing laboratory = U.S. Geological Survey, Portland
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ground-water aquifers in western Linn County

Parts per million
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Table 16. Drinking water standards defined by the U.S. Public Health Service, 1962

Recommended Maximum allowable
Constituent limit ppm limit ppm

Fe (Iron)

Mn (Manganese)
SO 4(Sulfate)

Cl (Chloride)

(8]
1
]
]

N N
(S8, ]

Fl (Fluoride) .8-1.7 1.6 -3.4*
NO3 (Nitrate) 4 -
As (Arsenic) 1 0.05

QOO MMOOOoO W

()]
o

Dissolved solids

* Varies inversely with mean annual temperature

Planning considerations

The preservation of the high quality of present sources of ground water and the availability of
additional supplies in the future are essential to the growth of western Linn County. Of primary concern,
therefore, is the prevention of pollution of the ground-water supply. Such factors as sewage, industrial
wastes, street runoff, solid waste leachates, irrigation return water, or other potential pollutants must be
closely controlled to assure that they are not allowed to percolate into the soil in regions of ground-water
recharge. The widespread distribution of permeable sands and gravels in the more rapidly developing
parts of Linn County make this problem particularly acute.

A potential environmental problem of regional importance ironically arises from the abundant supply
of ground water. Whereas many city or county governments elsewhere limit the boundaries of growth by
limiting the extension of the municipal water supply, no such constraints exist in western Linn County.
Instead, developers are able to supply water to developments almost regardless of location because of the
abundant ground water. The result is a more random pattern of development than would otherwise be
possible. In areas of permeable soil, the discharge of sewage and other pollutants is detrimental to ground-
water quality. High bacteria counts and high concentrations of phosphate and salts have been reported in
well water taken from in and around urban and suburban areas in the Willamette Valley.

Restrictions on further septic-tank installations should be formulated for areas in which ground-water
pollution is a problem. Realistic regulations require increased well monitoring, detailed soils data, knowl-
edge of infiltration rates, and input by qualified personnel. Results from individual studies in problem
areas might include additional density zoning ordinances. Generally speaking, septic-tank use in regions
of dense development leads to environmental problems especially if water needs are supplied by individual
wells.

A related problem involves the annual fluctuation in the level of the water table. Over large areas
of the Willamette Valley, the water table rises to within a few feet of the ground surface or actually dis-
charges into topographic lows during the winter months. Under these conditions, septic tanks may fail and
effluent may actually emerge at the surface. Water wells and surface drainage may become polluted. The
level of the water table must be considered in issuing septic-tank permits. Engineering solutions are avail -
able for many problem areas.

In addition to pollution problems associated with regions of ground-water recharge or ground-water
withdrawal, there also are potential problems associated with regions of ground-water discharge. In sloping
areas, for example, septic tanks and landfills can be the source of unacceptable surface-water pollution
if surfacing ground water is allowed to bring effluent or leachate to the surface.



Oil and Gas

The formation of recoverable oil requires the presence of fine-grained carbonaceous source beds
laid down in a rapidly subsiding basin, a coarser reservoir rock situated upstructure, and rapid deposition.
As sediments are piled into the center of the basin, the oil is squeezed into the permeable sands where it
is trapped by variations of lithology or structure.

The Willamette Valley is underlain by 8,000 feet of interbedded coarse and fine sedimentary rock
(Eugene Formation). The record of four exploratory wells in western Linn County is summarized in Table 17.
Gas shows, oil shows, and high salt-water pressure in permeable zones underscore the possibility of future
production in the area. In a region such as the Willamette Valley, detailed geophysical study should
precede actual drilling.

Table 17. Oil and gas test wells in Linn County, Oregon

Name Location Depth Remarks
Barr 1 NWz sec.31, 4,529 Gas and oil shows at 4,300' in Eugene Formation
T.115S., equivalent; production tests disappointing = little
R. TW, gas, no oil; mechanical difficulties may have been
responsible.
Esmond 1 SW% sec. 7, 8,603' Gas shows and oil fluorescence; strong gas kick at
T.125S., 3,990; high salt-water pressures at 7,060; oil and
R. 1 W, gas production tests disappointing - sealing effect
of drilling mud may have been responsible.
Miller 1 SEZ sec. 10, 4,951 Bottomed in late Eocene volcanic rock associated
T.105S., with porous sands saturated with salt water; located
R.3W. on possible anticlinal structure; penetration of
volcanics into underlying sediments recommended.
Porter 1 NEZ sec. 27, 8,470 Gas shows between 3,800 and 5, 200 feet; strong
T. 13S., gas shows in places; high salt-water pressure at
R. 4W, 5,080 feet. Drilled on a structure located by
seismic means,
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Gold and Silver

The Quartzville mining district, situated 40 miles east of Albany and a short distance east of the
study area (T. 11 S., R.4E., and part of T, 12S., R. 4 EJ), produced gold (8,557 oz.), silver (2,920
0z.), lead, zinc, and copper before operations ceased in the 1890's. Approximately 25 mines, mine
groups, and claims are located in the area.

Mining was disorganized, with no systematic cross-cutting. With the increasing price of gold it
may now be economic for a firm to reenter the area and to scientifically assess the potential production
of the area with modern technology.

Coal

Although the coal localities of Linn County are not of economic quality, the numerous seams reported
in water-well logs and exposed on steep slopes in Thomas, Bilyeu, and Neal Creeks (secs. 2, 4, 8, 9, 10,
12, 16, T. 10S., R, 1 E) are of general interest. A coal seam situated half a mile due east of Jordan on
the south side of Thomas Creek was used for a blacksmith shop in the early 1900's. It isno longer locatable.

The coal occurs as small discontinuous lenses of lignite in subaerial volcanic and volcaniclasticrocks
of the Little Butte Formation (Tolb). Its poor quality and limited extent precludes development.
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It will be of use to all those dealing directly

or indirectly with the physical characteristics of the land. The geology maps, geologic hazards maps,
and soils maps show the regional distribution of the numerous hazards, bedrock units, and soils that are
summarized in Table 18. The content, emphasis, and organization of the text are designed to provide
the maximum assistance to the planner in effectively evaluating proposals in terms of the capabilities and
liabilities of the land.

Table 18.

Landforms and associated hazards

Areas of high

Areas of low

Landform Associated hazards hazard potential hazard potential
Flat valley Flooding and stream -bank erosion along Flood plain west of ~ High interfluves,
land rivers and major streams; poor drainage, Albany gentle rises, and
ponding, high ground water, poor soil sloping regions near
conditions in local depressions; variable the mountain front
soil conditions on gentle rises
Isolated Erosion, gullying, thin soils and local Peterson Butte, Powell Hills, crests

valley hills

mass movement on steep slopes; mini-
mal problems on gentler slopes

flanks of Knox Butte

of Knox Butte,
Hardscrabble Hill

Terraces Poor drainage, ponding, high ground Middle terrace level Upper terrace near
water, poor soils in local depressions or under lain by poor Lacomb, parts of
broad flat areas; erosion, gullying, local soi s (near Brewster lower and middle
ground water discharge on steep side and Draperville) terrace levels
slopes; compressible soils locally on sur-
ficial alluvium

Upland Deep weathering and thick clay soils Mass movement topog- Middle slopes on

slopes on many gentle to moderate slopes; raphy; steep slopes,  north side of Snow

irregular drainage and highly variable
lithology; mass movement, gullying and
poor drainage on moderate slopes; shallow
failures, flash flooding, erosion, and
thin soils on steep slopes

such as those along
Middle Santiam River;
deeply weathered
gentle slopes as along

Brush Creek Road

Peak; gentle slopes
in Columbia River
Basalt south of
Kingston; most
gentle slopes

In approximate order of decreasing importance, the active geologic hazards of western Linn County
include flooding and related ponding and high ground water, stream-bank erosion, mass movement, flash
flooding and erosion, and tectonism. Passive geologic hazards include the engineering properties of the
ground and soils such as high organic or clay content, permeability, foundation strength, soil thickness,
and soil texture. The success or failure of septic tanks, landfills, drain fields, and foundations are largely
dependent on how these and other static ground conditions are handled.

FLOODING is a winter occurrence leading to many thousands of dollars worth of damage annually

along the rivers and major streams. Methods of dealing with flooding include dam, levee, and dike con-
struction, zoning codes, building regulations, flood forecasting, and implementation of the Flood Insurance
Act. More accurate determinations of flood potential are needed in less populated areas. Delineations of
floodways and floodway fringes in areas of current and future development are recommended.
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PONDING AND HIGH GROUND WATER are regional winter hazards in low sloping areas. The
damage arising from the resulting buoyancy and poor runoff on septic tanks, buried tanks, basements, and
subdivisions can be avoided through comprehensive zoning ordinances and proper engineering. The poten-
tial for ponding or high ground water exists in all flat-lying areas. On-site investigations are needed to
assess specific projects,

STREAM-BANK EROSION caused by river meandering is a prime concern to landholders along the
South Santiam and Willamette Rivers. It also occurs along many lesser rivers and streams. Plans to protect
the riverbank must recognize the need of the river to meander. Owing to the complex interrelationships
between the velocity, gradient, load, and other parameters of stream regimen, short-sighted projects
aimed at rigidly controlling stream=bank erosion could prove disastrous. Presently, the placing of riprap
at critical localities and possibly zoning appear to be the most realistic economic means of minimizing
losses through stream=bank erosion.

MASS MOVEMENT in regions of mass-movement topography can cause structural damage either
rapidly or gradually over extended periods of time. Losses are often accentuated by improper land use
or lack of engineering. Engineering studies are recommended for all large projects. Zoning ordinances
are an effective means of controlling land use in critical areas. Continued adherence to the grading
code is recommended.

FAILURES ON STEEP SLOPES are of secondary concern to the County planner because most steep
slope areas lie in regions zoned exclusively for logging and related activities. However, such failures
do contribute significant sediment and debris to streams and could cause damage in lower areas. Proper
road engineering and construction can be attained in these areas by strict adherence to the grading code,
In contemplating zoning changes, the severe limitations of steep slope areas should be considered.

FLASH FLOODS and erosion in upland areas can cause local catastrophic damages to structures
and roads. Construction should be severely restricted in and along flash-flood channels, and culverts of
adequate size should be required for all road construction. Loose fill along logging roads is particularly
susceptible to flash-flood erosion.

SLOPE designations of the hazards map should be considered as guides for potential hazards in assess-
ing land liabilities. Thus, although specific hazards are not shown over large areas, a variety of hazards
may develop in the future if the land is mismanaged. For example, flat-lying areas are subject to ponding,
flooding, or high ground water if drainage is impaired or improperly handled. Mass movement can occur
on moderate slopes if poorly engineered cuts are made. Gullying, flash flooding, and erosion also can
be generated on moderate to steep slopes through improper land use.

The largest probable EARTHQUAKE in western Linn County would register VIl on the Mercalli Scale.
Of the eight earthquakes observed in the central Willamette Valley since 1891, the largest was a Mercalli
VI shock. For seismically sensitive structures such as nuclear reactors detailed earthquake studies are
required. Potential VOLCANISM in western Linn County is negligible.

Cumulative SAND AND GRAVEL consumption by the year 2000 will range from 18 to 30 million tons.
Appropriate zoning may be required to preserve adequate reserves in the Quaternary alluvium and Quater-
nary lower terrace, which produce the highest quality aggregate. QUARRY STONE is derived primarily
from Columbia River Basalt, but also locally from basaltic intrusions in the Little Butte Formation,

The highest producing wells of GROUND WATER are located in the Quaternary alluvium and the
Quaternary lower terrace deposits. Future planning must include a sophisticated understanding of the
influence of geology on ground water so that this resource can be used most effectively and so that it will
not become polluted or otherwise damaged.
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Statements in the text are general and should not be construed as the final work on specific projects

or parcels of land. The types of land use being considered in large part determine the actual magnitude of
the hazards in question. Likewise, the feasibility of a particular project in a hazardous area is determined

largely by the corrective measures to be employed. By being aware of the distribution, impact, and possible
treatments of hazards, the planner will be better able to direct future growth.
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Unified Soil Classification System
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2
Inorganic silts and very fine sands,
= ML rock flour, silty or clayey fine sands,
ry or clayey silts with slight plasticity 60
[3
. v
- Fe . .
£ >~ o Inorganic cloys of low to medium /
9 3 a Cct plus'ic.i'y, gravelly clays, sandy 50
i w o clays, silty clays, leon clays
Ed F 2 CH
H g % /
3 E
T [
EX =1 oL Organic silts ond organic silty clays 40 /
o of low plasticity H
3 °
iz £
LA Z 30
ga Inorganic silts, micaceous or diato- E.: &
=2 = MH maceous fine sandy or silt il ] A
3 [= y y soils, S -
L € elastic silts o By OHagd MH
S i 20 P4
=0 = v
o 2 g 2 /
= - =2, =
Ea S e
o a g CH Inorganic cloys of high plasticity, fat cL
2 a3 = cloys
z 8 Y
o g o 10 V4
~<
N + % o
¥
5] 8 GLoML M| MLand OL
B3 3 OH Organic clays of medium to high 7
< L . M
e lasticity, organic silts 0
e plosticily, ore 0 10 20 30 40 50 60 70 80 90 100
Liquid limit
Sz
e 8 e Pt Peat and other highly organic sails Plasticity Chart
3 Z
2.3
n

*Division of GM ond SM groups into subdivisions of d and u are for rouds ond airfields only. Subdivision is based on Atterburg limits;
suffix d used when L.L. is 28 or less and the P.l. is 4 or less; the suffix u used when L.L. is greoter than 28.

**Borderline classifications, used for soils possessing characteristics of two groups, ar~ desiggnuted by combinations of group symbols.
For example: GW-GC, well-graded gravel-sand mix‘ure with cloy binder

Reprinted from PCA Soil Primer
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APPENDIX B
AMERICAN ASSOCIATION OF STATE HIGHWAY OFFICIALS
SOILS CLASSIFICATION (AASHO)
Atterburg limits for
General Group Grain size fraction passing No. 40
classification symbols (sieve) Liquid limit Plasticity index*
50% max. passes No. 10
»0
ol 5 § A-1-q 30% max. passes No. 40
o €
‘B T
ol 2§ |A-] 15% max. passes No. 200 Less than 6
S+
N g () V]
. ol S § 50% max. passes No. 40 °
s 4| @ A-1-6 5
56 25% max. passes No. 200 2
< C I
g €
g 50% min. passes No. 40 2
o — 0 T
S 2| .£E5|A-3 | A3 N.P 3
A 10% max. passes No. 200 >
O 2
\o -
o A-2-4 Less than 40 Less than 10 3
m| s o S
s| 25 O
_E 57 A-2-5 Greater than 40 | Less than 10
al 2 §5lA-2 35% max. passes No. 200
M I A-2-6 Less than 40 Greater than 10
>3
=2
Voo A-2-7 Greater than 40 | Greater than 10
5
S ool s, |A4 | A4 Less than 40 Less than 10 '§
.—"_’ > -— iy —
S &al=5 2
g2l 2 |A-5 | A5 Greater than 40 | Less than 10 2
g R Greater than 35% passes - =
3 2 A6 | A-6 No. 200 Less than 40 Greater than 10 2
<52 2
L=cl p|a7 | A7s 5
A .“6’ < _§‘ and Greater than 40 | Greater than 10 o
s v A-7-6

*The difference between liquid limit and plastic limit; the range of water content through which the soil

behaves plasticly.




APPENDIX C

COMPARISON OF THREE SYSTEMS OF PARTICLE-SIZE CLASSIFICATION

American Association

of State Highway . . Fi Medi Coar
Officials - soil Colloids Clay Silt Fine sand Coarse sand ine edium oarse Boulders
classification gravel gravel gravel
U.S.‘Department'of Very Very
Agriculture - soil Clay Silt fine Fine | Medium| Coarse coarse Fine Coarse Cobbles
classification sand sand sand sand sand gravel gravel
Unified soil classifica~
tion
U.S. Army Corps of . . .
Engineers Fines (silt or clay) Fine sand Medium sand Coar;e Fme' Coarsel Cobbles
san rave rave
Bureau of Reclamation, s s
Dept. of Interior
Sieve sizes - U.S. standard o
o o o N _
S 88 g g S ° NN -
| L | | | | L1
l N @ g < ! ocl ' o~ ! ! lc> g o o © O o o oo O o
= - o o ) - ™ < ) )
8 888 § § e e 99 < 9 ¢ ' : - N oo o »~ & 9F Vv o

Particle size = millimeters

XIAN3ddV

01
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APPENDIX D

CONSTRUCTION MATERIALS OPERATIONS

Albany Rock Products
M.O. Salmon, Sr., President

Howard Atkeson

Builders Supply Co.
Office Manager

Orris Carnegie

Geraldine F. or Richard D. Downer
Richard Downer

Govro Rock Quarry and Plant
L.W. Govro, operator

Floyd Grahm Construction Co.
Margaret Grahm, Sec.-treas.

Lauren Karstens

Harvey A. Larsen
Harvey A. Larsen, Owner

Brock Pit
Gordon B, Wallace, Asst. Engr.

Cook Pit

Gordon B, Wallace, Asst. Engr.
Lebanon Dump

Gordon B. Wallace, Asst. Engr.
Cormier Pit

Gordon B. Wallace, Asst, Engr.
Sanderson Br.

Gordon B. Wallace, Asst. Engr.
Linn County, Oregon
Gordon B. Wallace, Asst, Engr.
Linn County, Oregon

Gordon B. Wallace, Asst. Engr.

IN WESTERN LINN COUNTY

gravel

gravel

gravel

gravel

gravel, sand, rock

rock

riprap rock

dirt, sand, gravel

quarry rock

gravel

gravel

quarry rock

gravel

quarry rock

quarry rock

Sec. 10, T. 11 S., R, 3W.
2 miles east of Albany

Sec. 21, T. 11 S,, R, 4W,
5% miles southwest of Albany

Sec. 2, T.12S., R. 5W,
1 mile east of Corvallis

Sec. 20, T. 11 S., R. 4 W,
4 miles southwest of Albany

Secs. 25& 30, T. 10S., Rs. 1 & 2 W,

Secs. 9,10,15,16, T. 10S., R. 3 W.
2 miles west of Jefferson, Oregon

Sec. 16, T. 12S5., R. 1 W,

6 miles southeast of Lebanon, Oregon

Sec. 16, T. 11S,, R, 4 W,

Sec. 7, T. 11S,,R.1W,
2 miles north of Lacomb, Oregon

Secs. 5& 3, T. 10S.,R. 1E.

13 miles northeast of Scio

Sec. 6, T. 10S., R. 3W,
8 miles north of Albany, Oregon

Sec. 1, T.12S.,R.2W,
2 miles northeast of Lebanon

Sec. 13, T. 13S., R. 1 W,
3% miles northwest of Sweet Home

Sec, 10, T. 11 S,, R. 2W,

1% miles west of Crabtree

Sec. 7, T. 10S., R. 1 W.

13 miles northwest of Scio

Sec. 26, T. 13S., R. 1 W,

2% miles northwest of Sweet Home
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CONSTRUCTION MATERIALS OPERATIONS IN WESTERN LINN COUNTY, continued

Linn County, Oregon

Gordon B, Wallace, Asst. Engr.

Linn County, Oregon

Gordon B. Wallace, Asst. Engr.

Linn County, Oregon

Gordon B, Wallace, Asst. Engr.

Linn County, Oregon

Gordon B. Wallace, Asst. Engr.

Morse Brothers, Inc.

R. H.Bellinger , Office Mgr.

Morse Brothers, Inc.

R. H. Bellinger, Office Mgr.

Morse Brothers, Inc.

R. H. Bellinger, Office Mgr.

Morse Brothers, Inc. #3
W. Moore, V. President

Morse Brothers, Inc.

R. H. Bellinger, Office Mgr.

Morse Brothers, Inc.
J. Morse, President

Morse Brothers, Inc.

R. H. Bellinger, Office Mgr.

Morse Brothers, Inc.

R. H. Bellinger, Office Mgr.

Morse Brothers, Inc.
Office Mgr.

Morse Brothers, Inc.

R. H. Bellinger, Office Mgr.

Morse Brothers, Inc.,
Office Manager

Morse Brothers, Inc.
Office Mgr.

Morse Brothers, Inc.
Office Manager

quarry rock

quarry rock

gravel

river gravel

sand & gravel

sand & gravel

sand & gravel

gravel

gravel

rock

sand & gravel

gravel

gravel

gravel

gravel

Sec. 9, T. 13S., R. 3W,

5 miles northwest of Brownsville

Sec. 24, T. 14S,,R. 2W,

2% miles southwest of Crawfordsville

Sec. 31, T. 10S., R. 1 W,
4 miles south of Scio

Secs. 7& 18, T. 10S., R. 2 W,

Sec. 10, T. 11 S., R, 2W,

Sec. 10, T. 11S., R. 2W.

Sec. 10, T. 11S., R. 2 W,

Sec. 31, T. 13 S.,R. 4W,

Secs. 308& 25, T. 13 S.,R. 4 W,
10 miles north of Harrisburg

E3 sec.11, T. 12S., R. 2W.
Lebanon, Oregon

Sec. 28, T. 13S., R. 1 E.
Sweet Home, Oregon

Sec. 6, T. 14S.,R. 2W,

1 mile east of Brownsville

Secs. 1,2,11,12, T. 12S.,R. 2W.,
1 mile northeast of Lebanon

Sec. 6, T. 13S., R, 2E.
3 miles northeast of Foster

Secs. 35& 36, T. 13S.,R. 3 W,

1 mile west of Brownsville

Sec. 9, T. 15S., R. 4 W,
% mile north of Harrisburg

Sec. 5, T.15S.,R. 4W,
2 miles north of Harrisburg
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CONSTRUCTION MATERIALS OPERATIONS IN WESTERN LINN COUNTY, continued

Morse Brothers, Inc.

W. Moore, V. President

Morse Brothers, Inc.,
McNutt, Office Manager

Morse Brothers, Inc.
R. H. Bellinger, Office Mgr.

Morse Brothers, Inc.,
Office Manager

Morse Brothers, Inc.,
R. H. Bellinger, Office Mgr.

Morse Brothers, Inc.
R. H. Bellinger, Office Mgr.

Morse Brothers, Pine Grove
Office Manager

Morse Brothers
Office Manager

Morse Brothers
Office Manager

Morse Brothers
R. H. Bellinger, Office Mgr.

N. Santiam Sand & Gravel, Inc.
F. A. LulLay, Pres.

North Santiam Sand & Gravel, Inc.

North Santiam Sand & Gravel, Inc.

F. A. LuLay, Pres. & Mgr.

North Santiam Sand & Gravel, Inc.

Ralph Morgs, Office Mgr.

North Santiam Sand & Gravel, Inc.

J. Morgan, Sec.

Oregon State Highway Division
Don Trout, Design Office Mgr.

Oregon State Highway Division
Donald Trout, Design Engr.

gravel

gravel

pit-run gravel

aravel

gravel

gravel

gravel

quarry rock

gravel

sand & gravel

sand & gravel

sand & gravel

sand & gravel

sand & gravel

sand & gravel

soil

Secs. 138& 18, T. 14S,, Rs. 5& 4 W,

Sec 16, T. 15S., R. 4W,
1 mile south of Harrisburg

Sec. 36, T. 13S., R. 3 W,

Secs. 13& 14, T. 12S., R. 2W.
2 miles east of Lebanon

Secs. 11 & 14, T. 12S.,R. 2 W,

1 mile east of Lebanon

Secs. 13& 18, T. 14S., R. 4 W,
8 miles north of Harrisburg

Sec.30, T. 13S., R. 4W,
10 miles north o f Harrisburg

Sec. 13, T. 12S., R. 2 W.
2 miles east of Lebanon

Secs. 288& 29, T. 13S., R. 1E.
2 miles east of Sweet Home

Sec. 29, T. 13S., R. 1 E.

Secs. 34& 35, T. 9S., R. 3 E.
Gates, Oregon

Sec. 19, T. 95S5., R. 2 E.
Lyons, Oregon

Sec. 14, T. 9S.,R. 1 W,
1 mile southeast of Stayton

Sec. 15, T. 9S., R. 1 W,
5 mile south of Stayton

Secs. 14, 15, & 22, 7. 9S., R. 1 W.

3 mile south of Stayton

Secs. 21 & 28, T. 14S., R. 3 W,
6% miles southeast of Halsey

Sec. 28, T. 14S., R. 3 W,

7% miles southeast of Halsey
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CONSTRUCTION MATERIALS OPERATIONS IN WESTERN LINN COUNTY, continued

Oregon State Highway Division

Donald Trout, Design Engr.

Oregon State Highway Division

Frank Hall, Design Engr.

Pioneer Concrete Company
Kenneth Howard

Pioneer Concrete Company
Kenneth Howard, Owner

Albany Rock Prod., Inc.
M.O. Salmon & Sons, Inc.
M.O. Salmon Sr., Pres.

Cox Quarry
Mack Slate, Jr., Owner

Shedd Quarry
Mack M. Slate, Jr.

volcanic cinders

river gravel

river rock

gravel & dirt

rock - "shale"

rock - "shale"

Millard & Lavera Smith, DBA Smith Sand & Gravel  gravel

Millard Smith, Owner & Mgr.

Smith Sand & Gravel
Millard Smith, Owner

Smith & Sons, Sand & Gravel

Fred Smith

South Santiam Water Control Dist. (2)

Francis E. Bradley

Willamette Western Corp.
Frank Hall, Design Engr.

H. Kim Wood & Jeraldine Wood

H. Kim Wood, Owner

Mari Linn Pit and Plant
(Aero Linn Sand & Gravel)

Mr. Marion Towery, Mgr.

Albany Rock Pit & Plant

Albany Rock Products Company

M.O. Salmon Sr. Pres.

Cedar Lumber, Inc.
Don Walker

bar run

pit-run rock

rock, sand, grave!

gravel

gravel

sand & gravel

sand & gravel

Sec. 15, T. 13S., R. 7 E.
25 miles west of Sisters

Sec. 10, T. 11 S., R. 2W,

Sec. 6, T. 14S., R. 2W,

1 mile east of Brownsville

Sec. 6, T. 14S5.,R. 2W,

Sec. 10, T. 11 S., R, 2W,
13 miles west of Crabtree, Oregon

Sec. 22, T. 10S., R. 3 W,
1% miles northeast of Western Kraft

Sec. 27, T. 13S., R. 3W.
6 miles southeast of Shedd, Oregon

Secs. 2& 11, T.10S., R, 3E.

11 miles west of Jefferson

Sec. 11, T. 10S., R. 3 W.

% mile northwest of Jefferson

Sec. DLC #37, T. 13 5., R. 3 W.
2 miles north of Brownsville

Secs. 258 30, T. 10S., Rs. 2W.
& 3W.

Secs. 9& 10, T. 11 S,, R, 2W,
Sec. 4, T.11S.,R. 2W,

2% miles northwest of Crabtree

Sec. 4, T. 10S., R. 3 W,

Sec. 10, T. 11 S., R. 3 W,

Sec. 27(?), T. 9S5.(?), R. 2E.(?)
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CONSTRUCTION MATERIALS OPERATIONS IN WESTERN LINN COUNTY, continued

Collins Pit
Collins Sand & Gravel
Elmer Collins

Gate, R. G.

Albert L. Gregory gravel
Mrs, A, L. Gregory

Hub City Concrete Co. Plant
Thomas Jackson, Mgr.

sand & gravel

Jefferson Sand & Gravel Co.
Jerry Jones, Owner & Mgr.

Morse Brothers, Crocker Pit
R. H. Bellinger, Office Mgr.

sand & gravel

Morse Brothers, Jensen Pit & Plant
R. H. Bellinger, Office Mgr.

sand & gravel

Kenneth Howard DBA Pioneer Concrete Co.
Ken Howard

Kenneth Howard DBA Pioneer Concrete Co.
Ken Howard

Northern Pit,
Mack M, Slate, Jr.

Mack M., Slate, Jr.

Smith Sand and Gravel bar run
Millard Smith, Owner

Smith Sand & Gravel Co.
Manning pit
Millard Smith, Owner

sand & gravel

TOMCO, Inc.
Edwin J. Malloy

U. S. Plywood (Forest Resource Dept)
Tom Lackey

Willamette Quarries, Inc. traprock
Bond Butte Quarry

Ralph Stubblefield, Pres.
H. Kim Wood

river-run rock

Sec. 32, T. 11 S.,R. 2W.
2 miles northwest of Lebanon
Sec. 8, T. 12S., R. 4 W,

Sec. 31, T. 11 S., R, 4W.

2 miles east of Corvallis
Sec. 5, T.11S,, R, 3W,
Sec. 11, T. 10S., R. 3 W.
% mile southeast of Jefferson

Located off Hard Scrabble Hill Road

Secs. 288& 29, T. 13S., R. 1E.
Outskirts of Sweet Home

Sec. 5, T. 15S.,, R. 4W.
Sec. 6, T.14S,,R. 2W.
% mile from main road east of

Brownsville

3 miles south of Brownsville

3 miles east of Brownsville

3 miles southwest of Scio

Sec. 11, T. 10S., R. 3W.

2 mile northwest of Jefferson

Sec. 30, T. 13S.,R. 2W,

2 miles.north of Brownsville

Sec. 33, T. 13S.,R. 3E.

Sec. 33, T. 14S.,R. 3 W,

Sec. 4, T. 11S., R. 2W.
2 miles west of Crabtree
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APPENDIX E

WATER-WELL NUMBERING SYSTEM

R3IW|[R2W|RIW|RI1E
T
2
2
< N
[«
T
3 1
sase LNk N
[ I \ T
< < 4 3 2 1 ul !
oDfc|B|A S . fa s
=71
E|F|G|H n u T
10 n 12 2
M|LIK][JY S
N|P R Prad I‘,;.u....a
~T 16 15 14 13 i

Wells are designated by symbols that indicate location according to the rectangular
subdivision of public lands. Thus, in the above example:

2S refers to Township 2 south
3W refers to Range 3 west

9 refers to Section 9

Q refers to tract Q

113
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Well No.

9S W
13 D1

10S 2w
8 N2

10S 2W
19 Q2

12S 4W
6Pl
(6 cdb)

ENVIRONMENTAL GEOLOGY OF WESTERN LINN COUNTY

APPENDIX F

DRILLERS' LOGS OF REPRESENTATIVE WELLS

QUATERNARY ALLUVIUM

Materials

Gravel and sand, loose

Gravel, tight, cemented
Gravel, loose, water-bearing
Gravel, cemented

Gravel, loose, water-bearing
Gravel, dirty, fairly loose
Gravel, cemented, and boulders

Salem City Water Department. Altitude 466 ft.
Drilled by R. J. Strasser Drilling Co., 1939
Casing: 16-in. to 60 ft.

Soil and sand

Gravel

Basalt Boulders

Gravel and sand, water-bearing

Williom Uppstad. Altitude 253 ft.
Drilled by Ace Drilling Co., 1957
Casing: 10~=in. to 21 ft. perforated 15-20 ft.

Soil, sandy

Gravel, cemented

Gravel, silted "packed"

Gravel, rounded, and sand, loose, water-bearing
Clay and gravel

Gravel, rounded, and sand, water-bearing

Sand, silted, packed

N. D. Bradley. Altitude 230 ft. Drilled by
Pete Tolmasoff Well Drilling, 1966
Casing: 10-in. to 22 ft., perforated 18-22 ft,

Loam, sandy
Gravel and sand
Gravel

Gravel, coarse

Willard Hamlin. Altitude 220 ft. Drilled by
Raymond C. Gellatly & Ronald S. Witham Well
Drilling, 1961

Casing: 10-in. diom to 35 ft., perforated 25-36 ft.

Thickness

(feet)

ONNMONWO O

H O O N

I WWwW =N WU oo

Depth

(feet)

16
19
26
28
35
60

17
21

13
15
16
19
22
22

10
15
23
35
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DRILLERS' LOGS OF REPRESENTATIVE WELLS, continued

LOWER TERRACE DEPOSITS (BENEATH WILLAMETTE SILTS)

Well No. Materials
11S 3W Clay
17 F2 Sand and gravel
Clay, blue
J. T. Anderson. Altitude 226 ft. Drilled by
Hamilton Drilling Co., 1960
Casing: 6-~in. to 66 ft., perforated 32-38 ft.,
58-64 ft.
12S 3W Soil
7 E1 "Hardpan"
Gravel, with clayey gravel, water-bearing
(small yield)
"Hardpan" (cemented gravel)
Gravel, water-bearing (larger yield)
City of Tangent. Altitude 245 ft,
Driven by W. A, Slate, prior to 1928
Casing: 1% in to 36 or 40 ft., screen at base
COLUMBIA RIVER BASALT
9S 1W Soil
14 Q1 Clay, orange
Boulders

Basalt, very hard

"Old land surface", (red clay)
Basalt, gray

Volcanic ash, blue, and "old land surface"
Basalt

Basalt, angled fractures

Basalt, very hard

"old land surface" (red clay)

Basalt, vesicular "honeycombed"
Basalt, hard

Basalt, vesicular, "honeycombed"
Basalt, hard

Basalt, vesicular, "honeycombed"
Basalt, hard

Basalt, vesicular, "honeycombed"
Basalt, hard

Basalt,"broken" very hard

Basalt, very hard, crevices on angle

Thickness
(feet)

29
37
4

20
11

Depth

(feet)

29
66
70

20
31
35

42
45

10
57
60
78
g4%

100

180

200

205

215

224

227

232%

234

236

238

285

315

326

115
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DRILLERS' LOGS OF REPRESENTATIVE WELLS, continued

COLUMBIA RIVER BASALT, continued

Thickness Depth

Well No. Materials (feet) (feet)

9S W John Fery. Altitude 550 ft,

14 Q1 Drilled by Miller-Robinson Well Drilling, 1964

(continued) Casing: 10-in. to 193 ft., unperforated

10S W Soil 2 2

41 "Bedrock" hard 22 24
Shale, blue, soft 11 35
Shale and black sand 15 50
Basalt, hard 5 55
Shale, sandy 5 60
Basalt, dark, hard, seamy 30 90
Basalt, hard, seamy, and boulder 12 102
Shale, dark, soft 3 105
Shale, blue 2 107
Shale, dark, "broken" and wood 2 109
"Rock", black hard 1 110
Basalt, seamy 2 112
Basalt 9 121
Basalt, hard 3 124
Basalt, hard, seamy 8 132
Shale, dark, hard 1 133
Sand, black 4 137
Basalt, black, hard 2 139

Carl Limbeck. Altitude 675 ft.
Drilled by Edward Beagley, 1957
Casing: 6-in. to 4 ft., unperforated.

LITTLE BUTTE FORMATION - SANDSTONE INTERBEDS

13S 2E Loam 4% 4%
36 Q1 Gravel and boulders, with yellow=brown clay
pressed in, water at 11-17 ft, 14 18%
Ash, volcanic, light brown, weathered 13 20
Ash, volcanic, very light-gray 5 25
Ash, volcanic, lavender 5 30
Ash, volcanic, light-gray 5 35
Tuffstone, lavender, firm 8 43
Tuffstone, lavender and green, softer 11 54
Tuffstone, lavender, firm 5 59
Tuffstone, beige 41 100

U. S. Forest Service. Altitude 795 ft.
Drilled by Harry A. Robinson, 1958
Casing: 8~in. to 36 ft., unperforated.



Well No.

10S 3w
15 P1

10S 3W
20 K1

APPENDIX

DRILLERS' LOGS OF REPRESENTATIVE WELLS, continued

LITTLE BUTTE FORMATION - SANDSTONE INTERBEDS, continued

Materials

Soil

Clay, yellow, sticky

Clay, gray, very sticky
Sandstone, dark-gray, very hard
Sandstone, yellow

G. K. Miller. Altitude 465 ft. Drilled by
Willamette Irrigation & Equipment Co., 1965
Casing: 8-in. to 50 ft., unperforated.

Clay

Sand and clay
Sand

Clay, sandy
Clay, blue

Eldon Chowning. Altitude 227 ft. Drilled by
Hamilton Drilling Co., 1959

Casing: 6-in. to 150 ft., perforated 105-110 ft.,

120-126 ft., 142-148 ft,

Thickness
(feet)

1%
26%
19

4
19

26
19

100

117

Depth

(feet)

28
47
51
70

26
45
46
146
150
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Surficial Deposits
Quaternary alluvium:

Qal A few tens of feet of gravel, sand, and silt along major styeams, and thin
veneers of silt and clay lining the smaller stteams of the Willamette
Valley, Hazards include flooding, stream meandering, and sillation,
Willamette silts:

Qws Up to 20 to 30 feet of faintly bedded, auartzo-fetdspathic sills, sitly
claeys, and clays of lacustrine and glacial flood-water origin, Surficial
erratics and heavy minerals indicate Columbia Rlver source. Carbon- 14
dating reveals an age of 19,000 to 34,000+ years. Hazards Inclnde poor
drainage, ponding, and lotw permeability in placcs.

T Quaternary lower terrace:
QH | A maximum of 50 feet of fluvial pebble gravel, sand, and clay, atong
ALRE the South Santiam River, in the subsurface of the Willamette Valley

and in the larger valleys of the foothills area. Also inctudes terrace
gravels along the smatler streams. Eaquivatent in part to the Linn gravels
of Allison (19563). Early Wisconsin or Hlinoisian (lale Pleistocene) in
age. Poor drainage, pondlng, and high water table locatly.

Quaternary middle terrace:

Moderately dissecled deposils of peb¥®le gravel, sand, sitt, and clay of
fluvial origin overloohing younger lower terraces (Qtl). Eauivalent in
part to the Leffler gravels of Allison {1953). Elevations vary from 245
feet in west to 500 feet in east. Kansan (middle Pleistocene) in age.
Deep weathering produces ctay-rich soils,

Quaternary upper terrace:

Deeply dissected remnarits of a high, level gravet fan cauivalent to the
Lacomb gravels of Allison (1953). Maximum thichness 100 to 150 feet.
Maximum elevation 865 feet. Early Pleistocene in age.

Stratigraphic Units

Cascades formation:
Qtv Light- to medium-gray porphyritic flow andesite, basalt, and breccias
forming a deeply dissected cone at Snow Peak and an Intracanyon flow
with reversed topography in the middle Santiam dralnage. Maximum
thicliness approximalety 3,000 feet. Late Pliocene to early Pleistocene
in age. Hazards irclude steep slopes, rockfatlt, and flash floods.

Sardine formation:
TpS Up to 1,500 feet of massive to plety hyperuthene andesite and tasalt
unconformable beneath the Cascades Formatlon and overtying Colum-
bia River Basall. I.ate Miocene to early Pliocene in age. Hazards inciude
flash flooding and rockfatt.

Columbia River Basalt

Tﬁf Several hundred feet of dense, dark, very fine-grained flow basalt
capping the ridges of northern Linri County. Also includes basatt of
llarks Ridge. Columnar jointing is universal. Plagioclase phenocrysts are
present locally; pyroxene phenocrysts are absent or very rare. Middle
Miocene in age. Weathers to a red loamy soil. Undercut by massive
slides on steep slopes.

Little Butte Formation:

Approximately 10,000 feet of dacitic to andesitic pyroctastic rochs and
dense, dark, basaltic flow rock. The pyroclastics are cearsesl in the
drainage of the middle Santiam and include breccias, tuffs, and ash.
Interbeds of continentat volcaniciastic sediments are commor: towards
the west.

The besaltic flow rock was eritpted from many sources, ‘T'he
numnereus buttes of the eastern Willamette Velley represenl the
exhumed rcmnants of some of the vents. Scattered small pyroxene
Phenocrysts typify the basatt.

Parts of the unit (I'ibe) in the west contaln interbeds of massive,

marine, auartzo-fetdspaihic sandstone e&uivalent to the Eugene
Toe Frormatior: (Toe} reported in well logs in the Willamette Valley.
Age of the formation is early Oligocene threugh early Miocene as
shown by stratigraphic position and leaf fossils.
Hazards include flash floods in the interior, massive landsliding, and
thick clay sovils.
Intrusive rock:
Ti Mappable bodies of Inlrusive basaltic rock within the Little Butte
Formation. No feeders for other units are recogrized.
Geologic Symbols
Contacts
Rock Surficial
s Folds +
t
Anticline Syncline
Attitudes
S &

Strike and dip Horizontal bed:

of Beds and flows and flows

Exploratory Oil Wells

< ¥t %
Show of Oil Dry Hole Show of Gas
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Mines and Quarries

Sand and Gravel Pits

Geology by J. D. Beaulieu

Cartography by S. R. Renoud and W. H. Pokorny 1974
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EXPLANATION

Slope

0-10%

10-25%

25-50%

50-75%

>75%

Willamelte Valley lowlands, flood plains of major streams,
terrace deposits, and isolated upland areas; hazards may
include flooding in dreinageways, ponding in depressions,
high water teble, and poor soils (see Soils map for
Willamette Valley area); septic tanks, drain fields, base-
ments, buried tanks, and swimming pools not feasible in
many areas; suited lo agricullure, industry, recrealion, and
residential use where hazards are minimal,

Gentle sloping upland areas, parts of older dissected
terraces, and stream channels in the Willamette Valley;
chemical weathering predominates in uplands; hazards
minimal over Columbia River Basalt; thick clay soils and
mass movement in parts of Little Bulte Formation; clay
soils in Willamelle Valley (see Soils map); deep cuts require
proper engineering in much of the Little Butle; suited to
low density residential development and similar uses.

Extensive hillslope areas in uplands; includes areas of thick
clay soil and mass movement topography in weathered
parts of the Little Butle Formation in the lower foothills,
thick loam soils overlying stable bedrock in areas underlain
by Sardine and Cascades Formations, and some talus along
ridges of Columbia River Basalt and fresh exposures of
Little Butte Formation; hazards variable; fills, cuts, septic
lanks, and deep excavations not feasible or require special
engineering in places; suited locally to low-density, highly
regulated, properly engineered use, also open space and
forestry.

Exposures of solid bedrock of all volcanic units and thin
slopes of steeper talus locally; rapid erosion and minimal
chemical weathering and soil formation; hazards include
rapid runoff, reckslides, thin debris slides, and flash
flooding; potential for development small; cuts and fills for
road construction require proper engineering; houses and
septic tanks generelly not feasible; preservation of vegeta-
live cover needed to minimize erosion.

Steep bedrock slopes in areas of youthful topography; rapid
erosion with little chemical weathering; hazards include
rockfall, rockslide, thin debris slides, mudfiow, and flash
flooding; little potential for development; cuts and fiils
difficult.

Lowlands

RN ATHT

ZRY

Abandoned channel:

Intermediate Regional Flood: Flood (determined by U.S.

Army Corps of Engineers) having a I percent probability of
occurring in any given year. Preventive action includes
zoning restrictions on incompatible developments, educa-
tion of the public, implementation of Federal flood plain
insurance program, floodproofing of present structures, and
the construction of levees and dikes.

Standard Project Flood: Extent of flood (determined by U.S.

Army Corps of Engineers) which would be produced under
the most extreme hydrologic and meteorologic conditions
possible, excluding extremely rere combinations; areas
outside lhis boundary are not subject to flooding through
stream overflow, but may be subject to localized ponding
of rainwater.

Estimated possible flooding: Areas probably subject to

flooding but for which no detailed study has been made.

Stream bank erosion: Undercutling and caving of river and

stream banks commonly accompanied by large scale
migration of the river channel; generslly characterized by
location on the outer bends of sharp curves, bar growth on
the opposite bank, and deep water near shore; also inferred
on basis of history of past migration, geometry of stream
plan, and general knowledge of stream meandering,;
properly engineered riprap provides local correction for
critical areas; other solutions may include zoning, restric-
tions on construction within given distances of stream
bank, and possibly removing sand and gravel from critical
bars.

Length of river or stream channel
abandoned through calaslrophic channel changes during
flooding; commonly the site of stagnalion, progressive
sillation, marsh growth, and compressible soils; restricted to
past and present flood plains of larger rivers, such as
Willametle and South Sanliam; useful in determining
meander history and potential for futlure stream migretion.

Channel change: Location of present stream channel acquired

by recent progressive meandering through stream bank
erosion or iruncation of meander bends during floods.

Taken from US.G.S. 7%’ Topographic Maps dated 1969
and 1970 and aerial photographs dated 1970. Revisions do
not meet National Map Accuracy Standards.

Revetment: Riprap placed to control stream benk erosion;

may lead to increased rates of erosion short distances
downstream.

Uplands

Mass movement topography: Earthflow terrain characterized

locally by irregular to hummocky topography, moderate
slopes, irregular drainage, displaced soil, and features of
recenl movement including cracked ground and bowed
trees; failure restricled lo soil zone (10 to 30 feet)
generally, but penetrates to bedrock in parts of Little Butte
Formation, especially below escarpments of resistant cap
rock; hezards may include potential for ground movement,
poor foundation strength, caving in excavations, and poor
drainage; excavations, drainage modifications, removal of
vegetation, and use of septic tanks and drain fields may
reactivate sliding; on-site investigation recommended for
most development; suited to low-density housing in places.

Headscarp: Steep slopes of intact bedrock marking the upper

limit of a deep slide mass downslope; hazards and
limitations are those of shallow failure discussed below.

Failure on steep slopes (see slopes 4,5): Hezards include rapid

runoff, rockslides, thin debris slides, earthflows and
mudflows; frequency of occurrence highest for greatest
slopes; steep slopes with thin soil cover particularly
sensitive to excavation, placement of fills, and removal of
vegetation; potential for development in many areas
negligible.

Flash flood channels: Small to medium-sized stream channels

situated in areas of moderate to steep slope and low
permeability; characterized by steep, narrow canyons, lack
of flood plain, and very coarse, poorly sorted stream bed
deposits; permanent structures generally not feasible; large
culverts required under roads crossing channels.
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EXPLANATION

Clay and silty clay: Severe construction limitations in places
because of poor drainage, compressibility, and location in
flood prone areas; generally not acceptable for septic tanks
owing to low infiltration rates.

Clay loam and silty clay loam: Limited use as a function of local
topography, water table, and engineering properties; septic
tanks, sewage disposal, end landfills acceptable in areas of
favorable topography, water {able, and permeability.

Loam and silty loam: Restricted use in Willamette Vailey because
of poor drainage and high water table; septic tanks and sewage
disposal acceptable in regions of appropriate permeability and
water {able.

Sandy and sandy loam: Acceptable for most construction;
generally not acceptable for septic tanks, leach fields, sewage
disposal, and landfills owirig to rapid inflitration.

Gravelly and stony loam: Same as sand and sandy loam above.

Soils by P. W, Hughes

Cartography by S. R. Renoud
and W. H. Pokorny 1974

Soil Classification Diagram

Soils are unconsolidated mixtures of clay, silt, sand, and gravel;
textural terminology is based on the relative abundance of these
components.

Clay

20

20

Gravel

Percent sand and gravel

Silt
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Surficial Deposits

Quaternary alluvium:
Qal A few tens of feel of gravel, sand, anid silt along major streams, anid thin
veneers of sill ancl clay lining the smaller streams of the Willamelte
Valley. Hazards include flooding, streain mecandering, and sillalion.

Willamette silts:

Qws Up to 20 to 30 feet of fainily bcdded, qnartzo-feldspathic silts, silty
clays, and clays of lacuslrine and glacia! flood-water origin. Swficial
erratics and heauvy minerals indicate Cotuinbia Rlversource. Carben-14
dating reveals an age of 19,000 to 34,000+ years. Hazards inctude poor
drainage, ponding, and low permeabilily in places,

Quaternary lower terrace:

Qtt A maximum of 50 feet of fuvial pebble gravel, sand, and clay, along
the South Santiam River, in the subsurface of the Willametie Valley
and in the larger valleys of the foothills area. Also includes terrace
sravely «lug (he srnuller alicusnss, Ecpseivulesnt i prorl (0 the Ll Kravels
of Allison (1953}. Early Wisconsin or lilinoisian (late Pleistocene) in
age. Poor drainage, ponding, and high water lable locally,

(HALSEY)

Quaternary middle terrace:

Modemtely dissected deposils of pebble gravel, sand, sill, and clay of
fluvial origin overlooiiing younger lower lerreces {QU). Equivalent in
part to the Leffler gravels of Allison (1953). Elevations vary from 245
feet in west to 500 feel! in east. Kansan (middle Pleislocene) in age.
Deep weathering produces clay-rich soils,

Quaternary upper terrace:

Qtu

Deeply dissected remnants of a hgh, level gravel fan equivalent lo tite
Lacomb gravels of Ailison (1953), Maxinttin thickness 100 to 150 fccl.
Meximum elevation 865 feel. (Zarly Pleistocene in age.

(SWEET HOME)

Stratigraphic Units

Cascades formation:

Light- to medium-gray porphyritic flow andesitc, basall, and breccias
forming a deeply dissected euvrie al Snow feah anclan intracanyon flew
with reversed lopography in tliie middle Suntiam drainafe. Maximum
thickness appro.ximately 3,000 feet. Late Pliocene to early Pleistocene
in age. Hazards include sleep stopes, roctk: fall, and {last: floods.

o S Oty

Sardine formation:
Tps Up to 1,500 feel of massive to platy hypersthene andesite and basalt
wenconformable beneath the Cascades Formation and overlying Cotiemri-
bia River Basall. Late Miocene to early Pliocene in age. Hazards include
# - flash flooding and rockfaii,

e

Columbia River Basalt

Several hundred feel! of dense. dark, very fine-grained flow basall
i capping the ridges of northern Linn County, Also includes basalt of
Marles Ridge. Columnar joinling is universal. Plagioclase phenocrysts are
present locally; pyroxerie pheriocrysts are absent or very rare. Middle
Miocene in age. Weathers to a red loamy soll. Undercut by massive
stides on sleep slopes.

Little Butte Formation:

Approximately 10,000 feel of dacitic to andesitic pyroclastic rocks and
dense, darl:, basaltic flow rock. 'The pyroctastics are coarsest in the
drainage of lhe middle Santiam and include breccias, luffs, and ash.
Interbeds of continental volcaniclastic sediments are common towards
the west,

The basallic How roeck was erupted from many sowrces. The
numerous bulles of the castern Willametlc Valley represent the
exhumed remnanils of some of the ucnts, Scaltered small pyro.xene
phenocrysls typify the basalt,

Parts of the unil (Tibe) in the west contain interbeds of massive,
merine, quartzo.feldspattiic sandstone equivalent to the Eugene
Toe Fonnation {Toe) reported in wcll logs in the Willamelle Valley,

Age of the formalion is early Oligocene lhrough early Miocene as
shown by stietigraphtiic position and leaf fossils.

Hazards include Mash floods in the interior, massive landsliding, and
thickz clay soits.

Intrusive rock:

Mappabte bodies of intrusive basaltic rock wilhin the Liltle Butte
Fonmnation. No feeders forotherunits are recognized.

“e U0 U TLLY

AT T G

230000 FEE?
INDRTH) i P

Lo . Geologic Symbols
‘:" % :;‘ i b
¥ e = = -« T
g
‘ Contacts
: 4 34 : AAC = ([ Rock Surficial
44015 o ; - . UNVEY WASHINGTON, B © frasiinsr T ateom Fiﬂ_I i:'.utm-:.l- s :!5
12300’ 3 1380000 FEET (NORTH) i X e e ERK I 122%5
¢\ Base Map from U. S. Geological Survey. S Folds
o ROAD CLASSFICATION _I_ " S
o Control by USGS, USC&GS, and USCE Ky n
Y . ) Heavy.duty_ R B T E— £
& Topography from aerial phote raphs by multiplex methods 2 = e (7] Anticline Syncline
Aerial photographs taken 1949. Field check 1950 o Medium.duty SIS LA Urimproved dirt axouaes
Polyconic projection. 1927 North Amen'can datum R
10,000-foot grid based on Oregon coordinate system, D U5\t O b ylans Attitud
north and south zones 5 1tuaes
o ! ) CONTOUR INTERVAL 40 FEET 2 L&)
Dashed land lines indicate approximate location ODTIED LINES REPRESENT HALF.INTERVAL CONTOURS . X Hori I bec
Unchecked elevalions are shown in brown DATUHRIS BEANSSENIE VEL Strike and dip orizontal bec
APPROXIMATE MEAN of Beds and flows and flows

DECLINATION, 1950
Exploratory Oil Wells

% o e
Show of QOil Dry Hole Show of Gas

K

Mines and Quarries
Geologic Cross Section

C? O

2000 | +—Qws s /

Geology by J. D. Beaulieu

Cartography by S. R. Renoud and W. H. Pokorny 1974




Bulletin 84

GEOLOGIC HAZARDS MAP
of the

BROWNSVILLE QUADRANGLE
OREGON

a, - & EXPLANATION

Hanuilton Crsy |

Slope

M M G [ ) ~ P N 0" (L N T My wgee A} N ; #03 =" ..hs”""""'-'.“'"""‘ h e 0-10% Willamelle Valley lowlands, flood plains of major sireams,

o | [ e T i o 7 L TR, MR S e F e = e .o : dr= ) Y 1 N terrace deposits, and isolated upland areas; hazards may
' . include flooding in drainageways, ponding in depressions,
high water table, and poor soils (see Soils map for
Willamelle Valley area); septic tanks, drain fields, base-
ments, buried lanks, and swimming pools not feasible in
many areas; suited to agriculture, industry, recreation, and
residential use where hazards are minimal.

10-25% Gentle sloping upland areas, parts of older dissected
lerraces, and stream channels in the Willamelte Valley;
chemical weathering predominates in uplands; hazards
minimal over Columbia River Basalt; thick clay soils and
mass movement in parts of Lillle Bulle Formation; clay
soils in Willamelle Valley (see Soils map); deep culs require
proper engineering in much of the Little Bulle; suited to
low density residentlal development and similar uses.

25-50% Extensive hillslope areas in uplands; includes areas of thick
clay soil and mass movement lopography in weathered
parts of lhe Lillle Bulle Formalion in (tie lower foolhills,
thick loam soils overlying stable bedrock in areas underlain
by Sardine and Cascades Formations, and some lalus along
ridges of Columbia River Basalt and fresh exposures of
Little Butte Formation; hazards variable; fills, cuts, septic
lanks, and deep excavations nol feasible or require speciat
engineering in places; suited locally to low-densily, highly
regulated, properly engineered use, also open space and
forestry.

50-75% Exposures of solid bedrock of all volcanic units and thin
slopes of sleeper lalus locally; rapid erosion and minimal
chemical weathering and soil formation; hazards include
rapid runoff, rochslides, thin debris slides, and flash
flooding; potential for development small; cuts and fills for
road construction require proper engineering; houses and
septic tanks generally not feasible; preservalion of vegeta-
tive cover needed lo minimize erosion.

>75% Sleep bedrock slopes in areas of youthful lopography; rapid
erosion with lillle chemical weathering; hazards include
rockfall, rochslide, thin debris slides, mudflow, and flash
flooding; lillle potential for developmenl; cuts and fills
diffficult.

Lowlands

Intermediate Regional Flood: Flood (delermined by U.S.
Army Corps of Engineers) having a I percent probabilily of
occurring in any given year. Preventive action includes
zoning reslrictions on incompatible developments, educa-
tion of the public, implementation of Federal flood plain
insurance program, floodproofing of present structures, and
the construction of levees and dikes.

Standard Project Flood: Extent of flood {determined by U.S.
Army Corps of Engineers} which would be produced under
the mosl extreme hydrologic and meteorologic conditions
possible, excluding extremely rare combinations; areas
outside this boundary wre not stbject to flovding luvagi
stream overflow, but may be subject to localized ponding
of rainwater.

(HALSEY!

Estimated possible flooding: Areas probably subject to
flooding but for which no detailed sltidy has been made.

Stream bank erosion: Undercutting and caving of river and

U stream banls commonly accompanied by large scale

migralion of the river channel; generally characterized by

location on the outer bends of sharp curves, bar growth on

Ly ™ } g 2 . U ) 3 i 15 : 2 N &, the opposite bank, and deep water near shore; also inferred

5 i i ~ i 7 ] & i B ” Ao~ L {i. ’ Gt f"“ S ) on basis of hislory of past migralion, geometry of stream

B o s " = il A . == (i , o wm\~ L : Ml - et SRR NG i plan, and general hknowledge of stream meandering;

e | Y g L= N e ] udi((fife—y 1A R A S e PONTEY sy SN _ == I g i TN properly engineered riprap provides local correclion for

<k — A - £ i 7 + M= P e 0 S i = CARR s i : critical areas; olher solutions may include zoning, restric-

lions on construction within given distances of s{ream

bank, and possibly removing sand and gravel from critical
bars.

o

ﬁ_._
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[T Abandoned channel:  Length of river or stream channel
abandoned through catastrophic channel changes during
flooding; commonly the site of stagnation, progressive
siltation, marsh growth, and compressible soils; restricted lo
past and present flood plains of larger rivers, such as
Willamette and South Sanliam; useful in determining
meander history and potential for future stream migrvation.

i AN I 4 RS S Channel change: Location of present stream channel acquired
G NSl M Y (2 AT g by recent progressive meandering through stream bank
O\‘F’T_f::‘ ';!-"1__ ; 2 e | erosion or truncation of meander bends during floods.
Taken from US.G.S. 7%’ Topographic Maps dated 1969
and 1970 and aerial photographs dated 1970. Revisions do
nol meet National Map Accuracy Standards.

«««x»+« Revetment: Riprap placed to control siream banl: erosion;
may lead to increased rales of erosion short distances
downstream.

Uplands

» . Mass movement topography: Earlhflow terrain characterized
o locally by irregular to hummocky topography, moderate
slopes, irregudar drainage, displaced soil, and features of
recent movement including craclzed ground and bowed
trees; failure restricted to soil zone (10 to 30 feel)
generally, but penetrates to bedrock in parts of Lillle Butte
Formation, especially below escarpments of resistanl cap
rock; hazards may include potential forgiround movement,
poor foundation strength, caving in excavations, and poor
drainage; excavations, drainage modifications, removal of
vegeltation, and use of septic lanks and drain fields may
reactivate sliding; on-site investigation recommended for
most development; suited lo low-density housing in places.

Headscarp: Steep slopes of intact bedrock marhing the upper
limit of a deep sllde mass downslope; hazards and
limilalions are those of shallow failure discussed below.

Failure on steep slopes (see slopes 4,5): Hazards include rapid
runoff, rockslides, thin debris slides, earthflows and
mudflows; frequency of’ occtrrence highest for greatest
slopes; sleep slopes with thin soil cover particularly

J’“\ Base Map from U. S, Geological Survey. T % sensztwc_a to excavat_:on, placement of fills, _and removal of
o Contro! by USGS, USC&GS. and USCE 1 g o : 3 5 & MILES il s, vegetafton. potential for development in many areas
O ) ; = ) Heavy.duty = Light-duty =— ] negligible.
\& Topography from aerial photographs by multipiex methods d
Aerial photographs taken 134G. Field check 1950
Polyconic projection. 1927 North American datum

10,000-foot gnd based on Oregon coordinate system,
north and south zones

vty
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. &5 O P Flash flood channels: Small to medium-sized stream channels
N — : oS O REte i Eaaind situated in areas of moderate to sleep slope and low

CONTOUR INTERVAL 40 FEET
OOTTED LINES REPRESENT HALF-INTERVAL CONTOURS
DATUM (S MEAN SEA LEVEL

Dashed land lines indicate approximate location

Unchecked elevations are shown in brow

APPROXIMATE MEAN

DECLINATION, 1950 Geologic Hazards by J. D. Beaulieu and P. W. Hughes

Cartography by S. R. Renoud
and W. H. Pokorny 1974

permeability; characterized by sleep, narrow canyons, lack
of flood plain, and very coarse, pooriy sorted stream bed
deposits; permanent struclures generally not feasible; large
culverts required under roads crossing channels.
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Surficial Deposits
Quaternary alluvium:

Qal A few tens of feel of gmivel, sand, and sill along major streams, und thin
veneers of silt and clay lining the smallerr streams of thie Willamette
Valley. Hazards inclucle flooding, stream meandering, and sillation,
Willamette silts:

Qws Up to 20 to 30 feel of faintly bedded, quartzo-feldspathic sills, silly
clays, and clays of lacustrine and glacial flood-waler origin. Surficial
ermalics and heavy minerals indicate Columbia River source. Carbon-14
dating reveals an age of 19,000 to 32,000+ years. Hazards include poor
drainage, ponding, and tow permeability in places.

_ Quaternary lower terrace:

Q‘I A maximum of 50 feel of fluvial pebble gravel, sand, and clay, along

s - the Souith Santiam River, in the subsurface of lite Willamette Valley
and in the larger valleys of the foothills area. Also includes terrace
gravcle along the omalior stiaarnia, BEquivaelent in pard o the Linn gruvels
of Allison (1953), Early Wisconsin or [llinoisian (late Pleistocene) in
age. Poar drainage, ponding, and high water table locally.

Quaternary middle terrace:

Qtm Moderately dissecled deposits of pebble gravel, sand, silt. and clay of
fluvial origin overlooRking younger lower terraces (Qt). Reuivalent ir:
part lo the Leffler gravels of Allison {1953). Elevations vary from 245
feel in west to 500 fee! in east. Kansen (middle Pteistocene) in age.
Deep wealhering produces clay-rich soils,

Quaternary upper terrace:

Qtu Deeply dissected remnants of a high, level gravel fan equivalenl to the
Lacomb gravels of Allison (1953). Maximum lhickness 100 to 50 feel.
Maximum elevaliont 865 feel. Early Pleislocene in age.

Stratigraphic Units
Cascades formation:

Qv Light. to medium-gray porphyritic |low andesite, basall, and breccias
forming a deeply dissected cone at Snow Pea#: and an inlracanyon flow
with reversed topography in the middle Santiam drainage. Maximum
thiekness approximalely 3,000 feet. Late Pliocene lo early I’leistoeene
in age. Hazards include steep slopes, rockfall, and flash floods.

Sardine formation:

Up to 1,500 feet of massive to platy tiypersthene andesite artd basalt
uncoriformable beneath the Cascades Formation arnd overlying Colum-
bia River Basall. Lale Miocene to early Pliocene in age. Hazards include
flash flooding and roct:fall.

Columbia River Basalt

Ter Several hundred feel of dense, dark, very fine-grained flow basatt
capping the ridges of northern Linn Counly. Also includes basait of

Marks Ridge. Columnar joinling is universal. Plagioclase phenociysts are
present locally; pyroxene phenocrysts are absent or ycry rare, Middle
Miocene in age. Weathers lo a red loamy soil. Undercut by massive
slides on steep slopes.

Little Butte Formation:

Approximately 10,000 feel of dacitic to andesiltic pyroclastic rocks and
deuse, darh, basaltic llow rock. The pyroclastics are coarsest in the
diainage of the middle Santiam and include breccias, tuffs, and ash.
Interbeds of continental volcaniclastic sedimenls are common towards
the west,

The basallic fiow rock was erupted from many asources, The
numerous bultes of lhe eastern Willametle Vatley represenl the
exhumed remnanis of some of the wents. Scaitered small pyroxene
phenocrysts typify the basali,

Parts of the unil (Tibe) in lhe west contain interbeds of massive,
marine, aquartzo-feldspathic sandstone equivalen! lo the Eugene
Formation (Toe) reported in well logs in the Witlamette Valley.

Age of the formation is early Qligecene through early Miocene as
shown by stratigraphic position and leaf fossiis.

Hazards include flash floods in lhe interior, massive landsliding, and
thick clay soils.

Intrusive rock:

Mappable bodies of intrusive basallic rock within the Lillle Bulle
Formation. No feeders for other unils are recognized.

Geologic Symbols
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Cartography by S. R. Renoud and W. H. Pokorny 1974
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NS i 010% Willamette Valley lowlands, flood plains of major streams,
—_— terrace deposits, and isolated upland areas; hazards may

include flooding in drainageways, ponding in depresstons,
high water table, and poor soils (see Soils mep for
Willamette Valley area); septic tanks, drain fields, base-
ments, buried tanks, eand swimming pools not feasible in
many areas; suited to agriculture, indusfry, recreation, and
residential use where hazards are minimal.

10-25% Gentle sloping upland areas, parts of older dissected
terraces, and stream channels in the Willametle Valley;
chemical weathering predominates in uplands; hazards
minimal over Columbia River Basall; thick clay soils and
mass movement in parts of Liltle Butte Formation; clay
soils in Willamette Valley (see Soils map); deep cuts require
proper engineering in much of the Little Butte; suited to
low density residential development and similar uses.

25-50% Extensive hillslope areas in uplands; includes areas of thick

. elay soit and mass movement topography in weathered

parts of the Little Butte Formation in the lower foothills,

thick loam soils overlying stable bedrocl: in areas underlain

by Sardine-and Cascades Formations, and some talus along

ridges of Columnbia River Basalt and fresh exposures of

Little Butte Formation; hazards variable; fills, cuts, seplic

tanks, and deep excavations not feasible or require special

W engineering in places; suited locally to low-density, highly

11;};-'}{!{“ SN N S\ T DF LR N\ Tk N Y ) o | {{EER \ AN N regulated, properly engineered use, also open space and
B AR S R W (G0 sy 7 et S N e S 27 forestry.

¢

Exposures of solid bedrock of all volcanic units and thin
slopes of steeper talus locatly; rapid erosion and minimal
chemical weathering and soil formation; hazards include
repid runoff, rockslides, thin debris slides, and flash
flooding; potential for development small; cuts and fills for
road construction require proper engineering; houses and
septic tanks generally not feasible; preservalion of vegeta-
tive cover needed to minimize erosion.

Steep bedrock slopes in areas of youthful topography; rapid
erosion with little chemical weathering; hazards include
rockfall, rockslide, thin debris slides, mudflow, and flash
flooding; lillle potential for development; cuts and f[ills
difficutt.

Lowlands

Intermediate Reglonal Flood: Flood (determined by U.S.
Army Corps of Engineers) having a 1 percent probability of
occurring in any given year. Preventive aclion includes
zoning reslrictions on incompetible developments, educa-
tion of the public, implementation of Federal flood plain
{nsurance program, floodproofing of present structures, and
the construction of fevees and dikes.

Standard Projeet Flood: Extent of flood (delermined by U.S.
Army Corps of Engineers) which would be produced under
the most extreme hydrologic and meteorologic conditions
possible, excluding extremely rare combinations; areas
outside this boundary are not subject to flooding through
stream overflow, but may be subject to localized ponding
of rainwater.

\Q Estimated possible flooding: Areas probably subject to
&\\\ flooding but for which no detailed study has been made.
~

Stream bank erosion: Undercutting and caving of river and
¢ stream banks commonly accompanied by large scele
migration of the river channel; generally characterized by
location on the outer bends of sharp curves, bar growth on
the opposite bank, and deep water near shore; also inferred
on basis of history of past migration, geometry of stream
plan, and general knowledge of stream meandering;
properly engineered riprap provides local correction for
critical areas; other solutions may include zoning, restric-
tions on construction within given distances of stream
bank, and possibly removing sand and gravel from critical
bars.

tnnmnm Abandoned channel: Length of river or stream channel
abandoned through catastrophic channel changes during
flooding; commonly the site of stagnation, progressive
siltation, marsh growth, and compressible soils; restricted to
past and present flood plains of larger rivers, such as
Willamette and South Santiam; useful in determining
meander hislory and potential for future stream migration.

Channel change: Location of present stream channel ecquired
by recent progressive meandering through stream bank
erosion or truncation of meander bends during floods.

Taken from ‘U.S.G.S. 7%’ Topographic Maps dated 1969
and 1970 and aerial photogrephs dated 1379. Revisions do
not meet National Mep Accuraecy Stendards.

xxxxxxx  Revetment: Riprap placed to control streem bank erosion;
may lead to increased rates of erosion short distances
downstream.

Uplands

4%« %7 Mas movement topography: Earthflow terrain characterized
',“.‘,‘-- lecally by irregular to hummocky topography, moderate
i slopes, irregular drainage, displaced soil, and features of
recent movemenl including cracked ground and bowed
Irees; failure restricted to soil zone (10 to 30 feet)
generally, but penetrates to bedrocl: in parts of Little Butte
Formation, especially below escarpmenls of resistant cep
rock; hazards may include potential for ground movement,
poor foundation strength, caving in excavations, and poor
drainage; excavations, drainage modifications, removal of
vegetation, and use of septic tanks and drain fields may
reactivate sliding; on-site investigation recommended for
most development; suited to low-density housing in places.

—A—>b—4a_. Headscarp: Steep slopes of intact bedrock marking the upper
limit of e deep slide mass downstope; hezards and
limitations are those of shallow failure discussed below.

- N
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runoff, rockslides, thin debris slides, earthflows and

i J Failure on steep slapes {see slopes 4,5): Hazards include rapid

mudflows; frequency of occurrence highesl for greatest

- 436_000 e - bl T - = T L R o B Ty e T T P WasHiNGThdN O € -las0-n5 | S - T [ | 1 !
' R S : slopes; steep slopes with thin soil cover particularly

Base Map from U. S. Geolegical Survey. %, sensitive to excavation, placement of fills, and removal of

@ Conlrol by USGS. USC&GS. and State of Ocegon ROAD CLASSIFICATION %, vegetation; potential for development in many areas
\\f’ Topography from aer:al chotographs by mulliplex melhods Medium.duly Light duty e — ‘_"6\ negligible-

Aenal pholographs laken 1953.  Advance field check 1955 200 0l e 6000 e 12000 15000 15000 ,=“®3 FEET Unimproved dift - - - o -~ <,

Potyconic protection. 1927 NosLh American datum " x Y . ; 5 ’ n A D 9, = Flash flood chanunels: Small to medium-sized stream channels

10,000-100t grid based cn Oregon caevdinate syslem, I I S e, (R — = fr\".;:ﬁ’e:_] B aoute < situated in areas of moderate to steep slope and low

rorlh zone 2 = i \ 2 IR 7 R

1000.metes Universal Transverse Mercator grid ticks, =1 g CONTOUR INTERVAL 20 FEET # \ per meab:l:ty,. characterized by steep, narrow canyons, lack

20ne 10, shown in blue 2l /g OATUM IS MZAN STA LEVEL of flood plain, and very coarse, poorly sorted stream bed

Dashed land lines indicate agproximate locations ¥ A ABRAELE ToChaN deposits; permanent structures generally not feasible; large

Unchecked elevations are shown i brown ATFHORIATE ';‘;;; culverts required under roads crossing channels,

Geologic Hazards by J. D. Beaulieu and P. W. Hughes

Cartography by S. R. Renoud
and W. H. Pokorny 1974
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Surficial Deposits

Quaternary alluvium:
Qal A few tensof feel of gravel, sand, and silt along major strreams, and thin
veneers of sill and clay lininig the smaller streams of the Willamelte
Valley. Hazards inctude flooding, stream meandering, and siltation.

Willamette silts:

Up to 20 to 30 feel of faintly bedded, quartzo-feldspathic silts, silly
clays, and clays of tacustrine and glacial flood-water origin. Surficial
erratics and heavy minerals indicate Columbia River source. Carbon-{4
dating reveals an age of 19,000 lo 34,000+ years. Hazards include poor
drainage, ponding, and low permeability in places.

Qws

Quaternary lower terrace:
Qtl A maximum of 50 feet of ftaviat pebble gravel, sand, and clay, along
the South Sanliam River, in the suiysurface of the Wiliametie Valley
und in the targer vallcys of the foothills ares. Also includes terrace
gravels along the smaller streams. Equivalen! in part lo the Linn gravels
of Allison (1963}, Eerly Wisconsin or {llinoisien (late I'leislocetie) in
age. Poor drainage, ponding, and high water table locally.

-

Quaternary middle terrace:

TEROWNSVILL

Moderately dissecled deposits «f peblile gravel, sand, sill, and clay of
fluvial origin overloohing younger lower terraces (Qtl). Equivalent in
part to the Leffler gravels of Allison (1953). Elevations vary from 245
feet in west lo 500 feet in east. Kansan {middle Pleistocene) in age.
Deep weathering produces clay-rich soils,

Quaternary upper terrace:

2
]
N
e

Qtu

Deeply dissected remnants of a high, level gravel fart equivalent to the
t,acomb gravels of Allison (1963). Maximum thickness 100 to 150 feet.
Maximum elevation 865 f[eel. Early Pleistocene in age,

[

ELCECTRI

Stratigraphic Units

e

Cascades formation:
Qty

=

Light- to mediuin-gray porpliyrilic flow andesite, basalt, and breccias
forming a deeply dissecled cene at Snow Peuk: and an intracanyon flow
with reversed topography in the middle Santiam drainage. Maximum
thict:ness approximately 3,000 feel. Late Pliocene to early Pleistocene
i age. Hazards include steep slopes, rockfati, and flash floods.

Sardine formation:

pr Up to 1,500 feel of massive to platy hypersthene andesite arid basalt
unconformabte benealk: the Cascades Formealion and overlying Colum-
bia River Basall. l.ate Miocene to early Pliocene in age. FHazards include
flash flooding and roek:fall.

Columbia River Basalt
L) Several hundred feet of dense, dark, very fine-grained flow basati
capping lthe ridges of norlhern Linn County. Also includes basalt of
Marks Ridge. Columnar joinling is urniversal. Plagioclase phenocryst.s are
present locally; pyroxene phenocrysts are absent or very rare, Middle
Miocene in age. Weulhers to a red loamy soil. Undercut by massive
stides on steep slopes.

Little Butte Formation:

Approximately 10,000 feet of dacitic to andesitie pyroclastic rocks and
dcnse, darf:, basallic flow rock. The pyreclustics are coarsest in the
drainage of the middle Santiam and include breccias, luffs, and ash.
Interbreds of eonlinental volcaniclastic sediments are common towards
the west.

The basaltic flow rock was erupled from many sources. The
numerous bultes of the easlern Willamette Valley represent the
exhumed remnants of some of the vents, Scaltered small pyroxene
phenocrysts typify the basalt.

Paris of the unit (T'tbe) in the west contain interbeds of massive,
marine, quartzo-feldspalhtiic sandstene equivalent to the Eugene

- > : Toe Forinalion (Toe) reported in well logs in the Willamelte Valley.

S ! Tl _ & 3 - 2 il L N i ; i W [~ ( ; ] | BN Afe of the formation is early Oligocene througl early Miocene as
. 4:\0‘ I m-._,,‘ H e | % it 4 B \ i . 5 A 1 i’ _ | ‘Pierce g e shown by straligraphic position and leaf fossils.

e Dovered. N - & 4 ki = 4 . | 5 7 Hazards include flash floods in the interior, massive landsliding, and
I Hrdge e thick clay soils.

! ek g
{Ore= Intrusive rock:
50 ; bl ) \ Gl ; P e F . I
__BENTON €O | b B TN ) & A { Ly { f sk Mappable bodies of intrusive basallic rock within the Lillle Butle
i ; - = N 4 | \ \ I o L%

e Formation. No feeders for other units are reeognized,
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EXPLANATION

Slope

Willamette Valley lowlands, flood plains of major streams,
lerrace deposits, and isolated upland areas; hazards may
include flooding in dreinageways, ponding in depressions,
high water (able, and poor soils (see Soils map for
Willametle Valley area); septic tanks, drain fields, base-
ments, buried tanks, and swimming pools not [easible in
many areas; suited to agriculture, industry, recreation, and
residential use where hazards are minimal.,

Genlle sloping upland areas, parts of older dissected
terraces, and stream channels in the Willamette Valley;
chemical weathering predominates in uplands; hazards
minimal over Columbia River Basalt; thick clay soils and
mass movement in parts of Little Butie Formation; clay
soils in Willamette Valley (see Soils map); deep cuts require
proper engineering in much of the Lillie Butte; suited to
low densily residential development and similar uses.

Extensive hillslope areas in uplands; includes areas of thick
clay soil and mass movement lopography in weathered
parts of the Lillle Bulle Formalion in the lower foothills,
thick loam soils overlying stable bedrock in areas underlain
by Sardine and Cascades Formations, and some talus along
ridges of Columbia River Basalt and fresh exposures of
Littie Bulle Formation; hazards variable; fills, cuts, seplic
tanks, and deep excavations not feasible or reguire special
engineering in places; suited locally to low-density, highly
regulated, properly engineered use, also open space and
ferestry.

Exposures of solid bedrock of all volcanic units and thin
slopes of sleeper talus locally; rapid erosion and minimal
chemical weathering and soil formation; hazards include
rapid r1unoff, rockslides, thin debris slides, and flash
flooding; polential for development small; cuts and fills for
read construction require proper engineering; houses and
septic tanks generally not feasible; preservation of vegeta-
tive cover needed to minimize erosion.

Steep bedrock slopes in areas of youlhful lopography; rapid
erosion with lillie chemical weathering; hazards include
rockfall, rockslide, thin debris slides, mudflow, and flash
flooding; little potential for development; culs and fills
difficult,

Lowlands

4

[RRRNIRINNTRANN

XXX HXX X% X

Intermediate Regional Flood: Flood (determined by U.S.

Army Corps of Engineers) having a I percent probability of
occurring in any given year. Preventive action includes
zoning restrictions on incompatible developments, educa-
tion of the public, implementation of Federal {lood plain
insurance program, floodproofing of present structures, and
the construction of levees and dikes.

Standard Project Fiood: Extent of flood (determined by U.S.

Army Corps of Engineers) which would be produced under
the most extreme hydrologic and meteorologic conditions
possible, excluding extremely rare combinations; areas
oulside this boundary are not subject to flooding through
stream overflow, bul may be subject to localized ponding
of rainwater.

Estimated possible f{looding: Areas probably subject to

flooding but for which no detailed study has been made.,

Stream bank erosion: Undercutting and caving of river and

stream banks commonly accompanied by large scale
migralion of the river channel; generally characterized by
location on the outer bends of sharp curves, bar growth on
the opposite bank, and deep water near shore; also inferred
on basis of history of past migration, geometry of stream
plan, and general hknowledge of stream meandering;
properly engineered riprap provides local correction for
crilical areas; other solutions may include zoning, restric-
tions on construction within given distances of stream
bank, and possibly removing sand and gravel from critical
bars.

Abandoned channel: Length of river or siream channel

abandoned through catastrophic channel changes during
flooding; commonly the sile of stagnation, progressive
sillalion, marsh growth, and compressible soils; restricted to
past and present flood plains of larger rivers, such as
Willamette and South Sanliam; useful in determining
meander history and polential for future slream migration.

Channel change: Location of present stream channel acquired

by recent progressive meandering through siream bank
erosion or truncation of meander bends during floods.

Taken from U.S.G.S. 7%’ Topographic Maps dated 1969
and 1970 and aerial photographs dated 1970. Revisions do
nol meet Nalional Map Accuracy Standards.

Revetment: Riprap placed to contrel siream bank erosion;

may lead to increased rates of erosion shorl distances
downstream.

Uplands

Mass movement topography: Earthflow lerrain characterized

locally by irregular to hummocky topography, moderate
slopes, irregular drainage, displaced soil, and features of
recent movement including cracked ground and bowed
trees; failure restricled to soil zone (10 to 30 feet)
generally, but penetrates to bedrock in parts of Liltle Bulle
Formation, especially below escarpments of resistant cap
rock; hazards may include potential for ground movement,
poor foundation strength, caving in excavations, and poor
drainage; excavalions, drainage modifications, removal of
vegetation, and use of septic tanks and drain fields may
reactivate sliding; on-site investigation recommended for
most development; sulled (o low-density housing in places.

=% 7 Headscarp: Sleep slopes of intact bedrock marking the upper

limit of a deep slide mass downslope; hazards and
limitations are those of shallow failure discussed below.

Failure on steep stopes (see slopes 4,5): Hazards include rapid

runoff, rockslides, thin debris slides, earthflows and
mudflows; frequency of occurrence highesl for greatest
slopes; steep slopes with thin soil cover pariicularly
sensitive to excavation, placement of fills, and removal of
vegetation; potential for developmeni in many areas
negligible.

Flash flood channels: Small to medium-sized stream channels

situated in areas of moderate to steep slope and low
permeability; characterized by sleep, narrow canyons, lack
of flood plain, and very coarse, poorly sorted stream bed
deposits; permanent siructures generally nol feasible; large
culverts required under roads crossing channels.
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Clay and silty clay: Severe consiruction limitations in places
1= because of pooi drainage, compressibility, and location in
310000 FEET flood prone areas; generally not accepiable for septic tanks
INORTH) owing to low infillralion rates.
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Clay loam and silty clay loam: Limited use as a function of local
topography, water table, and engineering properties; septic
tanks, sewage disposal, and landfills acceptable in areas of
favorable topography, water table, and permeability.

Loam and silty loam: Restricted use in Willamelte Valley because
of poor drainage and high water table; septic tanks and sewage
disposal acceptable in regions of appropriate permeability and
water {able.

ot ) i T N : / ' | ) % SN _ Sandy and sandy loam: Acceptable for most construction;
2 / S ) Nl = - ) \ = =2 _ : generally not acceptable for septic tanlzs, leach fields, sewage
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Gravelly and stony loam: Same as sand and sandy loam above.

Stony mountainous land: variable; see Geologic Hazards maps.
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marine, equarizo-feldspathic sandstone equivalent lo the FEugene
Toe Formalion (Toe) reporled in welllogs in lhe Willamette Valley,
Age of the formatlion is early Oligocene throit8h early Miocene as
shown by stratigraphic position and leaf fossils.
Hazards include flash {loods in the interior, massive landsliding, and
thick cley soils,
Intrusive rock:
Ti
Mappable bodies of intrusive baaaltic roch tvithin the Liltle Buttle
Formation. No feeders for other units are recognized.
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Surficial Deposits
Quaternary alluvium:
|

Qa A few tens of feet of gravel, sand, and siil elong major streams, and thin
veneers of sill and clay lining the smaller streams of the Willamctle
Valley. ttazards include flooding, streem meandering, and sillation,
Willamette silts:

Ows ; B s
Up lo 20 to 30 feel of faintly bedded, quartzo-feldspathic sills, silty
clays, and clays of lacustrine and glacial flood-water origin. Surficial
erralics and heavy minerals indicale Columbia River source. Carbon-14
dating reveals an age of 19.000 to 34.000+ years. Hazards inctude poor
dreinege, ponding, and low permeabilily in places.

Quaternary lower terrace:
tl

Q A maximum of 50 feet of fluvial pebble gravel, sand, and clay, along
the South Santiam River, in the subsurface of the Willamette valley

and in the larger valleys of the foolhills area. Also includes terrace
gravels along the smaller slreoms. EQuivalent in part o the Linn gravels
of Allison (1953). Eaily Wisconsin or Illinoisian (tate Pleistocene) in
age. Poor drainage, ponding, and high waler table locally.

Quaternary middle terrace:

Moderalely dissected deposits of pebble gravel, sand, silt, and clay of
fluvial or'gin overloohking younger lower terraces (QtI). Equivalent in
parl to the Leffler gravels of Allison (1953). Elevations very from 245
feet in west o 500 feet in east. Kansart {middle Pleistocene) in age.
Deep weathering produces clay-rich soils.

Quatemnary upper terrace:

Deeply dissected remnants of a high, level gravel fan equivalernt lo the
Laeomb gravels of Allison (1953). Ma.ximum thickness {00 to 150 feet.
Maximum elevelion 865 feel, Early Pleistocene in age.

Stratigraphic Units
Cascades formation:

Light- to medium-gray porptiyritic flow endesite, beselt, end breccies
forming a deeply dissected cone et Snow Peak and an inlracanyon flew
with reversed lopogrephy in tite middle Sanliam drainage. Maximum
thickness approximatlely 3,000 feel. t.ale Pliocene to early Pleistocene
in age. Hezerds include steep slopes, rockfatl, and flash floods.

Sardine fornation:

Up to 1,500 feel of massive to plaly hypersthene andesite artd basall
unconformable b th the C des Formatior: and overlying Colum-
bia River Besalt. Lale Miocene to early Pliocene in age. Heazards include
flash t1ooding and rockfall.

Columbia River Basalt

Severel hundred feet of dense, dark, very fine-grained flow basalt
capping the ridges of northern Linn Counly. Also includes basall of
Manrks Ridge., Columnar joinling is universal. Plagioclase phertociysts are
presenl tocally: pyroxene phenocrysts are absent or very rare, Middle
Miocene in age. Weathers to a red loamy soil, Undercul by massive
slides on steep slopes.

Little Butte Formation:

Appreximately 10,000 feel of dacilic to andesilic pyroclastic rocl:s and
dense, dark, basaltic flow rock. ‘The pyroclastics are couarses! ir the
dreinage of thie middle Sanliain and include breccias, luffs, and ash.
Interbeds of conlinenlal volcaniclastic sediments are common towards
the west.

The beseltic flow roch: was ecrupled f[rom many sources. The
numerous bultes of the eestern Willametle Valley represent Lthe
exhumed remrnanis of some of lhe vents, Scaltered small pyroxene
phenocrysts typify the basall.

Parts of lhe unil (Tibe) in the west conlain inlerbeds of massive,

Exploratory Qil Wells

< o
Dry Hole Show of Gas

®

Mines and Quarries

Geology by J. D. Beaulieu

Cartography by S. R. Renoud and W. H. Pokorny 1974
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p—he: ' =50 l;‘i’f 90 0-10% Willamette Valley lowlands, flood plains of major streams,

teirace deposits, and isolated upland areas; hazards may
include flooding in drainageways, ponding in depressions,
fugh water table, and poor soils (see Soils map for
Willamette Valley area}; septic tanks, drain fields, base-
ments, buried tanks, and swimming pools not feasible in
many areas; suited to agriculture, industry, recreation, and
residential use where hazards are minimal.

L SOUTHERN "

BM 261

10-25% Genlle sloping upland areas, parts of older dissected
terraces, and stream channels in the Willamette Valley;
chemical weathering predominates in uplands; hazards
minimal over Columbia River Basall; thick clay soils and
mass movement in parts of Little Butle Formation; clay
soils in Willamelte Valley (see Soils map); deep cuts require
proper engineering in much of the Little Butte,; suited to
low density residential development and similar uses.

25-50% Extensive hillslope areas in uplands; includes areas of thick
clay soil and mass movement topography in weathered
parts of the Lillie Butte Formation in the lower foothills,
thici: loam soils overlying stable bedrock in areas underlain
by Sardine and Cascades Formations, and some talus along
ridges of Columbia River Basalt and fresh exposures of
Little Bulle Formation; hazards variable; fills, cuts, septic
tanks, and deep excavations not feasible or require special
engineering in places; suited locally to low-density, highly
regulated, properly engineered use, also open space and
forestry.

50.75% Exposures of solid bedrock of all volcanic units and thin
iz slopes of steeper talus locally; rapid erosion and minimal
chemical weathering and soil formation; hazards include
rapid runoff, rockslides, thin debris slides, and flash
flooding; potential for development small; cuts and fills for
road construction require proper engineering; houses and
septic tanks generally not feasible; preservation of vegeta-
tive cover needed to minimize erosion.

1>75% Steep bedrock slopes in areas of youthful topography; rapid

fiileatndd erosion with little chemical weathering; hazards include
rockfall, rockslide, thin debris slides, mudflow, and flash
flooding; little potential for development; cuts and fiils
difficult.

Lowlands

Intermediate Regional Flood: Flood (determined by U.S.
Army Corps of Engineers) having a 1 percent probability of
occuiring in any given year. Preventive action includes
zoning restrictions on incompatible developments, educa-
tion of the public, implementation of Federal flood plain
insurance program, floodproofing of present structures, and
the construction of levees and dikes.

i Standard Project Flood: Extent of flood (determined by U.S.

‘ : i Army Corps of Engineers} which would be produced under

the most extreme hydrologic and meteorologic conditions

possible, excluding extremely rare combinations; areas

outside this boundary are not subject to flooding through

stream overflow, but may be subject to localized ponding
of rainwater.

\\V Estimated possible flooding: Areas probably subject to
§\ flooding but for which no detailed study has been made.

Stream bank erosion: Undercutting and caving of river and
stream banks commonly accompanied by large scale
migration of the river channel; generally characterized by
location on the outer bends of sharp curves, bar growth on
the opposite bank, and deep water near shore; also inferred
on basis of history of past migration, geometry of stream
plan, and general knowledge of stream meandering,
properly engineered riprap prouvides local correction for
critical areas; other solutions may include zoning, restric-
tions on construction within given distances of stream
bank, and possibly removing sand and gravel from critical
bars.
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i : tiinn Abandoned channel: Length of river or stream channel
abandoned through catastrophic channel changes during
flooding; commonly the site of stagnation, progressive
siltation, marsh growth, and compressible soils; restricted lo
past and present flood plains of larger rivers, such as
Willamette and South Santiam; useful in determining
meander history and potential for future stream migration.

by recent progressive meandering through stream bank

/@ Channel change: Location of present stream channel acquired
\ erosion or truncation of meander bends during floods.

2N |
7 E’,:i 357
i ,Wlntnkrr

Taken from US.G.S. 7% Topographic Maps dated 1969
and 1970 and aerial photogrephs dated 1970. Reuvisions do
not meet Natvonal Map Accuracy Standards.

Falpmar . “ROAD *

xxxxxxx Revetment: Riprap placed to control stream bank erosion;
may lead to increased rales of erosion short distances
downstream.

..:_...... :E‘."*-i
Lebanon! .

Uplands

.-

° -‘.‘:‘, . Mass movement topography: Earthflow terrain characterized
el [ahhaie locally by irregular to hummocky topogrephy, moderate

> e e R slopes, irregular drainage, displaced soil, and features of
i i recent movement including cracked ground and bowed
v Denny Sehool ¥ saee—ig trees; failure restricted to soil zone (10 to 30 feel)
- : N J‘:L’;E‘._‘“- generally, but penetrates to bedrock in parts of Little Butte
o ' NN e [ ! i Formation, especially below escarpments of resistant cap
{ e " "}k\h\\‘ e rock; hazards may include potential for ground movement,
d ' \YQ\ 4 poor foundation strength, caving in excavations, and poor
? : drainage; excavations, drainage modifications, removal of
L vegetation, and use of septic tanks and drain fields may
o L reactivate sliding; on-site investigation recommended for
art most development; suited to low-density housing in places.
\ —— Headscarp: Steep slopes of intact bedrock marking the upper
3 limit of a deep slide mass downslope; hazards and
& e d limitations are those of shatlow failure discussed below.
-'.!:I,_;". )-i.am: : e
(& e | i Failure on steep slopes (see slopes 4,5): Hazards include rapid
'8 g f runoff, rochslides, thin debri's slides, earthflows and
g e B (e mudflows; frequency of occurrence highest for greatest
300 slopes; steep slopes with thin soil cover particularly
¢ Base Map from U. S. Geological Survev. . . . , . G T T — w, sensitivg to excaua{ion, placement of fiils, .and removal of
R Control by USGS. USC&GS, and USCE _ e : e vegetation; potential for development in many areas
v Topography by pianetable surveys 1911, 1914, and 1922 an 2 3000 S0 200 12000 15000 18000 21000 FEET Medium-duty__ Lightduty e % negligible.
gf"“;"i’i‘ssrgsf;om aerial photographs taken 1954 212 1 5 0 1 2 3 4 5 KILOMETERS Unimpeoved dirt —————— 0. s,
[l [Emem—mcno e ——— m——— L S, S ———— o K
P::n:n:c il SR R SO Y. i [z CONTOUR INTERVAL 25 FEET U.S. Roste State Rovte Flash flood channels: Small to medium-sized stream channels
10,000-{oot grid basedon Oregon coordinate system, north zone ] 5 QAT AN [2ER BEVEL . situated : ',n aregs Of {nOderate to Steep slope and low
1000-meter Universal Transverse Mercator grid ticks, = é" OREGON perrneability; characterized by steep, narrow canyons, lack
zone 10, shown in blue 2| /4 of flood plain, and very coarse, poorly sorted stream bed
ffed Ut indonteabuel T hichooy Ve Geologic Hazards by J. D. Beaulieu and P. W. Hughes QUAGRANGLE UOCATION deposits; permanent structures generally not feasible; large
landmark buildings are shown APPROXIMATE MEAN

culverts required under roads crossing channels.
DECLINATION, 1957

Cartography by S. R. Renoud
and W. H. Pokorny 1974
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EXPLANATION

Clay and silty eclay: Severe construction limitations in places
because of poor drainage, compressibility, and location in

flood prone areas; generally not acceptable for septic tanks
owing to low infiltration rates.

Clay loam and silty clay loam: Limited use as a function of local
topography, water table, and engineering properties; septic

tanks, sewege disposal, and landfills acceptable in areas of
favorable topography, water #able, and permeability.

Loam and silty loam: Restricted use in Willamette Valley because
of poor drainage and high water table; septic tanks and sewage

disposal acceptable in regions of appropriate permeability and
water table.

Sandy and sandy loam: Acceptable for most construction;
generally not acceptable for septic tanks, leach fields, sewage

disposel, and landfills owing to rapid inflilration.

Gravelly and stony loam: Seme as send and sandy loam above.

Stony mountainous land: variable; see Geologic Hazards maps.

Soils by P. W. Hughes

Cartography by S. R. Renoud
and W. H. Pokorny 1974

Soil Classification Diagram

Soils are unconsolidated mixlures of clay, silt, sand, and gravel;
textural terminology is based on the relative abundence of these
components.

Clay

20

20

Gravel Percent sand and gravel

Silt
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Surficial Deposits

Quaternary alluvium:
Qal A few tens of feet of grevel, sand, and silt along major streams, and thin
veneers of sill and clay lining the smaller streams of the Willameite
Velley. Hazards include jlooding, stream meandering, and sillation.

Willamette silts:

Qws Up to 20 to 30 feel of faintly bedded, quartzo-feldspaikic sills, siily
clays, and clays of lacustrine and glacial flood-wiler origin. Surficial
erratics and heavy minerals indicate Columbia Rlversource. Carben-14
dating ieveals an age of 19,000 to 34,000+ years. Hazards include poey
droinage, ponding, and low permeability in places.

Quaternary lower terrace:
Qul A maximum of 50 feet of fluvial pebble grevel, sand, and clay, alonyg
the Seulh Sanliam River, in lthe subsurface of the Willamette Valley
and in the larger valleys of the foothilis area. Also includes terrace
gravels alorng the smaller streams. Eauivalerit ir: part to the Linn gravels
of Allison (1953). Early Wisconsin or llirteisian (lete Pleistocene} in
age. Poor drainage, ponding, and high water table locally.

Quaternary middle terrace:

Moderately dissected deposils of pebble giravel, sand, sill, and clay of
fliuvial origin overlooking younger lower terraces (Qtl). Equivalent in
part to the Leffler gravels of Allison (19563). Etevalions vary from 245
feet in wesl to 500 feet in east. Kansan (middle Pleistocene) in age,
Deep weathering prodices clay-rich soils.

(DETROIT)

Quaternary upper terrace:

_ISNOW PEAK)

Qtu

Deeply dissected remnanls of a high, level gravcl fan equivalent to the
Lacomh gravels of Allis;en (1953), Maximum thichuess 100 to 150 feel.
Maximum elevation 865 feet, Earty Pleistocene in age.

Stratigraphic Units

Cascades formation:
Qtv Light- to medium-gray porphyritic flow andesite, basalt, and breccias
forming a deeply dissected cone at Snow Peal: and an intracanyon flow
wills reversed topography in the middle Santiam dreainage. Maximum
thicl:ness approximately 3,000 feel. Late Pticicene o early £leislocene
in age. Hazards inelude steep slopes, rockfall, and flasti floods.

Y S Gk Sardine formation:

~ —crabtree MtnL?x

i pa l e Up to 1,500 feel of massive to platy hypersthene andesite and basall
uncenformable beneath the Cascades Formalion and overlying Colum-
bia River Basalt. Late Miocene to early Pliocene in age. Hazards include

flash flooding and rochfall.

Columbia River Basalt
Ter Sevcrel lusidred feel of dense, darl:y, very fine-grained flow basalt
capping the ridges of noitirern Linn County, Also includes lasalt of
Marizs Ridge. Columnar joinling is universal. Plagioclase phenociysts are
present locally; pyroxene pheriocrysts are absent or very iare. Middle
Miocene in age. Wealhers to a red loamy soil, Undeircut by massive
stides on steep slopes.

Little Butte Formation:

Appre.ximately 10,000 feel of dacitic to andesilic pyroclastic roctzs and

dense, darh, basaltic flow rock. The pyroclastics are coarsest in the

draeinage of the middle Santiam and include breccias, tuffs, and ash.

Tlbe l";llerbeds of conlinental volcaniclastic sediments are common towards
e west.

The basaltic flow rock was erupted from many sources. The
numerous bulles of the eastern Willamelle Valley repiresent the
exhumed remnanls eof some of the venls. Scallered small pyroxene
phenocrysls typify the basalit.

Parts of the unil (Tlbe) in the west contain interbeds of massive,
marine, euartzo-feldspathie sandstone eguivalent to the Eugene
Toe Formalien (Toe) reported in well logs in the Willamelle Valley,

Age of the formation is early Oligocene tihwough early Miocene as
shown by stratigraphic position and leaf fossils.

Hazards include flash floods in the interior, massive tandstiding, and
thick clay soils,

Intrusive rock:

Ti Mappable bodies of intrusive basaltic rock williint the Lillle Butte
Formalion, No fzeders for other units are recogriized,
320 tico B
FEET 5
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Mines and Quarries

Geologic Cross Section

Geology by J. D. Beaulieu

Cartography by S. R. Renoud and W. H. Pokorny 1974
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Slope

0-10% Willamelte Valley lowlands, flood plains of major streams,
terrace deposits, and isolated upland areas; hazards may
m include flooding in drainageways, ponding in depressions,
high water table, and poor soils (see Soils map for
Willamette Valley area); septic tanks, drain fields, base-
ments, buried tanks, and swimming pools not feasible in
many areas; suited to agriculture, indushy, recreation, and
residential use where hazards are minimal.

10-25% Gentle sloping upland areas, parts of older dissected
terraces, and stream channels in the Willamelte Valley;
chemical weathering predominates in uplands; hazards
minimal over Columbia River Basalt; thick clay soils and
mass movement in parts of Little Butte Formation; clay
soils in Willameltte Valley (see Soils map), deep cuts require

N proper engineering in much of the Little Bulle; suited to

3 low density residential development and similar uses.
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25-50% Extensive hitlslope areas in uplands; includes areas of thick
clay soil and mass movement topography in weathered
parts of the Litlie Bulte IFormation in the lower foothills,
thick loam soils overlying slable bedrock in areas underlain
by Sardine and Cascades Formations, and some talus along
ridges of Columbia River Basall and fresh exposures of
Little Bulte IFormation; hazards variable; fills, cuts, septic
tanks, and deep excavations not feasible or require special
engineering in places,; suited locally (o low-density, highly
regulated, properly engineered use, also open space and
forestry.
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50-75%, Exposures of solid bedrock of all volcanic unils and thin
slopes of steeper lalus locally; rapid erosion and minimal
chemical weathering and soil formation; hazards include

& rapid 1unoff, rockslides, thin debris slides, and flash

& = flooding; potential for development small; cuts and fills for

Ve road construction require proper engineering; houses and

septic tanks generally not feasible; preservation of vegeta-

tive cover needed to minimize erosion.

o ’?‘ e
| WILLAN BT TH

e

> 75% Steep bedrock slopes in areas of youthful topography; rapid
15T e erosion with little chemical weathering; hazards include

vl rockfall, rockslide, thin debris slides, mudflow, and flash
flooding; little potential for development; culs and fills
difficult,
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Lowlands

Intermediate Regional Flood: Flood (determined by U.S.
Army Corps of Engineers) having a 1 percent probability of
occurring in any given year. Preventive action includes
zoning restrictions on incompatible developments, educa-
tion of the public, implementation of Federal flood plain
insurence program, floodproofing of present structures, and
the construction of levees and dikes.

' Standard Project Flood: Extent of flood (determined by U.S.
‘ } Army Corps of Engineers) which would be produced under
. the most extreme hydrologic and meteorologic conditions
possible, excluding extremely rare combinations; areas
vulside Uds buundury we neut subject o fluvding uought
stream overflow, but may be subject to localized ponding

of rainwater.

7 Estimated possible flooding: Areas probably subject to
//// flooding but for which no detailed study has been made.
Z

Stream bank erosion: Undercuiting and caving of river and
stream banl's commonly accompanied by large scale
migration of the river channel; generally characterized by
location on the outer bends of sharp curves, bar growth on
the opposite bank, and deep water near shore; also inferred
on basis of history of past migration, geometry of stream
plan, and general knowledge of stream meandering;
properly engineered riprap provides local correction for
critical areas; other sohilions may include zoning, restric-
tions on conslruction within given distances of stream
bank, and possibly removing sand and gravel from critical
bars.
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Abandoned channel: Length of river or stream channel
TR abandoned through catastrophic channel changes during
flooding; commonly the site of stagnation, progressive
siltation, marsh growth, and compressible soils; restricted to
past and present flood plains of larger rivers, such as
Willamette and South Santiam; useful in determining
meander history and potential for future sbream migration.
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Channel change: Location of present stream channel acquired
by recent progressive meandering through stream bank
erosion or truncation of meander bends during floods.

ML
Y,

Taken from US.G.S. 7%’ Topographic Maps dated 1969
and 1970 and aerial photographs dated 1970. Revisions do
not meet Nalional Map Accuracy Standards.

— \ b -
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Revetment: Riprap placed lo control stream bank erosion;
may lead lo increased rates of erosion short distances

downstream.
Uplands
o2y .% . Mass movement topography: Earthflow terrain characterized
sb 8 a0 v locally by irregular to hummocky topography, moderate
P 4 & v

slopes, irregular drainage, displaced soil, and features of
recent movement including cracked ground and bowed
frees; failure restricted to soil zone {10 to 30, feet)
generally, but penetrates to bedrock in parts of Little Butte
Formation, especially below escarpments of resistant cap
rock; hazards may include potential for ground movement,
poor foundation strength, caving in excavations, and poor
drainage; excavations, drainage modifications, removal of
vegetation, and use of septic tanks and drain fields may
reactivate sliding; on-site investigation recommended for
most development; suited to low-density housing in places.

~ Headscarp: Steep slopes of inlact bedrock marking the upper
A e limit of a deep slide mass downslope; hazards and
limitations are those of shallow failure discussed below.

Failure on steep slopes (see slopes 4,5): Hazards include rapid
runoff, rockslides, thin debris slides, earlhflows and
mudflows; frequency of occurrence highest for grealest
slopes; steep slopes with thin soil cover particularly
sensitive (o excavation, placement of fills, and removal of
vegetation; potential for development in many areas
negligible.

Flash flood channels: Small to medium-sized stream channels
A——1 situated in areas of moderate to steep slope and low
HOAG-CLASSIRIGA TN 2% permeability; characterized by steep, narrow canyons, lack
Control by USGS, USC&GS and USCE ) 3 0 =5 2 3 Loy b T of flood plain, and very coarse, poorly sorted stream bed
Yopography from aerial photographs by multiplex methods ) —" e o Heavy-duty Light-duty. . e 3 deposits; permanent structures generally not feasible; large
Aerial photographs taken 1953, Field check 195556 : e 2 Ty e el 1z Mediumduty —=———x  Unimproved dirt ceeunnnn. %, culverts required under roads crossing channels.
Polyconic prosectson. 1927 North American datum 5 . o . 5 3 A 5 KILOMETERS O State Route L
10.000-f00t grid based oa Oregon coordinate system,
north zone
1000-meter Universal Transverse Mercator gred ticks,
20ne 10, shown in blue

£ Base Map from U. S. Geological Survey.

CONTOUR INTERVAL 80 FEET OREGON
ODATUM 1S MEAN SEA LEVEL

TRUE NORTH

Dashed land lines indicate approximate locations QUADRANGLE LOCATION

. PPROXIMAT AN
Unchecked elevations are shown in brown %mgnmll::“

Geologic Hazards by J. D. Beaulieu and P. W. Hughes

Cartography by S. R. Renoud
and W. H. Pokorny 1974
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Surficial Deposits
Quaternary alluvium:
Qal A few tens of feet of gravel, sand, and sill along major streams, and thin
venieers ef silt and clay lining the smaller streams of the Willumetle
Vatley. Hazards include flooding, siream ineandering, and sittation.
Willamette silts:
Qws Up to 20 to 3@ feet of faintly bedded, quartzo-feldspathic siits, siily
clays, and clays of lacustrine and glacial flood-water origin. Surficial

erretics and heavy minerals indicate Columbia River.source. Carbon.[4
dating reveals an age of 19,000 to 34,000+ years. Flazards include poor
drainage, ponding, and low permeability in places.

Quaternary lower terrace:

A maximum of 50 feet of fluviel pebble gravel, sand, and clay, along
the South Santiam River, in the subsurface of the Willamette Valley
and in the lerger valleys of the foothills area. Also includes terrace
giravels atong the smaller sireams. Equivalent in part the Linn gravels
®f Atison (fYH{). tarty wisconsm or Inrioisian (fale Pleistecene) in
age. Poor dreinege, ponding, und hight water table locally.

Quaternary middie terrace:

Moderately dissected deposits of pebble gravel, sand, sill, and clay of
fluvial origin overlooking younger loweir terraces (Qtl). Equivalent in
parl lo tzie [effler gravels of Allison (19.53). Etevalions vary from 245
feel in west to 508 feel in east. Kansan (middle Pleistocene) in age.
Deep weathering produces clay-rich soils.

Quatemary upper terrace:

Deeply dissected remnanits of a higk, level gravel fan equivalent to th:e
Lacomb gravels of Allison {19.53). Maximum [hichiess 100 to 150 feet.
Maximum elevation 865 feet. Early Pleistocene in uge.

Stratigraphic Units

Cascades formation:

XL Light- lo niedium-grey porphyritic flow andesite, basalf, and treccias
= = forming a deeply dissected cone at Snow Peak and an intrecanyon flow
with reversed topography in the middle Santiam drainege. Maximum
thiclzness approximately 3,000 feet. Late Pliocene to early P’leistocene
in age. Hazards include steep slopes, rockfall, and flash fleods.

Sardine formation:

Up to 1,500 feet of massive to platy hypersthene andesite and basalt
unconformable beneath the Cascades Formation and overlying Colum-
bia River Basall. Late Miocene to early Pliecene inage. Hazards include
flash flooding and rockf «li.

Columbia River Basalt

Several hundred feet of dense, dark, very fine-grained flow basalt
capping the ridges of northern Linn County. Alse includes basalt of
Markis Ridge. Columnar jointing is universal, Plagioctase phenocrysts are
presenl locully; pyroxene phenoerysts are absent or very rare. Middle
Miocene in age. Weathers to a red loam¥y soil. Undercul by massive
stides on steep slopes.

Little Butte Formation:

Approximately 10,000 feel of ducitic to undesilic pyroctuslic rocks and
dense, dark, basaltic flow rock. The pyroclastics are coarsest in the
drainage of the middle Santium and include breccias, tuffs, and ash.
Inlerbeds of continental volcaniclastic sediments are common towards
the west.

The basaltic flow rock was erupted from many sources. The
numerous buttes of the eastern Willamelle Valley represent the
exhumed remunanls of some of the venls. Scallereci small pyroxene
phenocrysts typify the basalt.

Parts of the unit (Tlbe) in the west contain interbeds of massive,
marine, quartzo.feldspathic sandstone equivalent to the Eugene
Forination (Toe) reported in weillogs in the Willumette Valley.

Age of the formation is early Oligocene through early Miocene as
shown by stratigraphic position and leaf fossils.

Fazards include flash flood.s in the inlerior, massive landsliding, und
thick clay soils,

Toe

Intrusive rock:

Mappable bodies of intrusive basaltic rock within the Little Butte
Formation. No feeders for other unils are recognized.

Geologic Symbols

Contacets
Rock Surficial
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Attitudes
5 @

Strike and dip
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Horizontal beds
and flows

Exploratory Oil Wells
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Geology by J. D. Beaulieu

Cartography by S. R. Reneud and W. H. Pokorny 1974
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include flooding in drainageways, ponding in depressions,
high water table, and poor soils (see Soils map for
Willamelle Vailey area); septic tanks, drain fields, base-
ments, buried tanks, and swimming pools not feasible in
many areas, suited to agriculture, industry, recreation, and
residential use where hazards are minimal.

10-25% Gentle sloping upland areas, parts of older dissected
terraces, and stream channels in the Willametle Valley;
chemical weathering predominates in uplands; hazards
minimal over Columbia River Basalt; thick clay soils and
mass movemernt in parts of Little Bulte Formalion; clay
soils in Willamelte Valley (see Soils map); deep cuts require
proper engineering in much of the Lillle Butte; suited to
low density residential development and similar uses.

25-50% Extensive hilislope areas in uplands; includes areas of lhick
clay soil and mass movement topography in weathered
parts of the Lillie Butte Formation in the lower foothills,
thick loam soils overlying stable bedroct: in areas underlain
by Sardine and Cascades Formations, and some talus along
ridges of Columbia River Basalt and fresh exposures of
Little Butle Formation; hazards variable; [ills, cuts, septic
tanks, and deep excavations not feasible or require special
engineering in places; suited locally to low-density, highly
regulated, properly engineered use, also open space and
forestry.

50-75% Exposures of solid bedrock of all volcanic units and thin
slopes of sleeper talus locally; rapid erosion and minimal
chemical weathering and soil formation; hazards include
rapid runoff, rockstides, thin debris slides, and flash
flooding; potential for development small; cuts and fills for
road construction require proper engineering; houses and
septic tanks generally not feasible; preservation of vegeta-
tive cover needed to minimize erosion.

>75% Steep bedrock slopes ir areas of youthful topography; rapid
erosion with little chemical weathering; hazards include
rockfall, rockslide, thin debris slides, mudflow, and flash
flooding; litlle potential for development; cutls and filts
difficult.

Lowlands

Intermediate Regional Flood: Flood (determined by U.S.
Army Corps of Engineers) having a I percent probability of
occurring in any given year. Preventive action includes
zoning restrictions on incompatible developments, educa-
tion of the public, implementation of Federal flood plain
insurance program, floodproofing of present structures, and
the construction of levees and dikes.

=
=t

Army Corps of Engineers) which would be produced under
] the most extreme hydrologic and meteorologic conditions
possible, excluding extremely rare combinations; areas
outside this boundary are not subject to flooding through
stream overflow, but may be subject to localized ponding
of rainwater.

y Estimated possible flooding: Areas probably subject to
// % flooding but for which no detailed study has been made.
|

Stream bank erosion: Underculling and caving of river and
stream banks commonly accompanied by large scale
migration of the river channel; generally characterized by
location on the outer bends of sharp curves, bar growth on
the opposite bank, and deep water near shore; also inferred
on basis of history of past migration, geometry of stream
plan, and general knowledge of stream meandering;
properly engineered riprap provides local correclion for
critical areas; other solutions may include zoning, restric-
tions on construction within given distances of stream
bank, and possibly removing sand and gravel from critical
bars.

\ I Standard Project Flood: Extent of flood (determined by U.S.

&TH 0t
(LEBANON]
%3501

(QUARTZVILLE! %!

Abandoned channel: Length of river or stream channel

I abandoned through catastrophic channel changes during
flooding; commonly the site of stagnation, progressive

siltation, marsh growth, and compressible soils; restricted to

past and present flood plains of larger rivers, such as

Willamette and South Santiam; useful in determining

meander history and polential for future stream migration.

Channel change: Location of present stream channel acquired
c by recent progressive meandering through stream bank
erosion or truncation of meander bends during floods.
Taken from US.G.S. 74’ Topographic Maps dated 1969
and 1970 and aerial photographs dated 1970. Revisions do
not meet National Map Accuracy Standards.

frowsxrs Revetment: Riprap placed to control stream banit: erosion;
may lead to increased rates of erosion short distances
: downstream.
=3 -;r\I
g { T, Uplands
«_* "’ Mass movement topography: Earthflow terrain characterized

% vor, locally by irregular to hummocky topography, moderate
gty slopes, irregular drainage, displaced soil, and features of
recent movement including cracked ground and bowed
trees; failure restricted to soil zone (10 to 30 feet)
generally, bul penetretes to bedrock in parts of Litlie Butte
Formation, especially below escarpments of resistant cap
rock; hazards may include potential for ground movement,
a53(000m N poor foundation strength, caving in excavations, and poor
drainage; excavations, drainage modifications, removal of
vegetation, and use of septic tantis and drain fields may
reactivate sliding; on-site investigalion recommended for
most development; suited to low-density housing in places.

~ 7™~ Headscarp: Steep slopes of intact bedrock marking the upper
limit of a deep slide mass downslope; hazards and
limitalions are those of shaliow failure discitssed below.

| Failure on steep slopes (see slopes 4,5): Hazards include rapid
runoff, rochslides, lhin debris slides, earthflows and

: & L ‘- X Ly N STt . ) b, T\ 'ﬁ

= : - e =

= - i 3 e *
TN s =" e 38 X ST DS A M‘E; - ; =ty i g R P T R 30 mudflows; frequency of occurrence highest for greatest
122°4% - : Tava] Trosr . 539000m slopes; steep slopes with thin soil cover particularly

\  Base Map f U.S. Geological S 2 % iti i ;
\‘& ase Map from eological Survey SCALE 1:62500 ROAD CLASSIFICATION 9'@ sens:ltu;? tg exc;wa[t_zoln, pl.acsme;wt of flfls,_and remoual. of
& Control by USGS and USC&GS 1 - 0 ) 2 3 4 MILES . O 0 vegetation; potential for development in many areas
— 3 hum. —— e — T T4l
"“"4‘4 Topography from aerial photographs by multiplex methods S _ BhUCUM “, negligible.
(R Aerial photogeaphs taken 1949. Advanee field check 1951 Unimproved dift s esvmccu.
Polyconic projection. 1927 North American datum sy O State Route e ——— Flas!l ﬂto?jd (':hannels: S;nall fio mtedu;m-slzzed st;’eam chsmlzels
10,000-100t grid based on Oregon coordinate system, north zone i situated in areas of moderate to sleep slope an ow
| . { oy -

Dashed land lines indicate approximate locations CONTOUR INTERVAL 40 FEET | onesdN | permeability; characterized by steep, narrow canyons, lack
UTM GRIO AND 1951 MAGHETIC NORTH DATUM 1S MEAN SEA LEVEL - of flood plain, and very coarse, poorly sorted stream bed

Unchecked elevations are shown in brown DECUINATION AT CENTER OF SMEET \ |,

Geologic Hazards by J. D. Beaulieu and P. W. Hughes deposits; permanent structures generally not feasible; large

RUABRANGLE TOCIIIDN culverls required under roads cressing channels.

1000-meter Universal Transverse Mercator grid ticks,
zone 10, shown in blue

Cartography by S. R. Renoud
and W. H. Pokorny 1974
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Surficial Deposits
Quaternary alluvium:

A few tens of feel of gravel. saad, and silt alond mejor streams, and thin
vereers of silli and c¢lay liningt Lhe smaller streams of the Willamette
Valley. Hazards include flooding, stream meandering, ond sillation.

Willamette silts:

Up (o 20 to 30 feei of faintly bedded, qaertzo-feldspathic sifts, silty
clays, and clays of lacustrine and glaciut flood-wuler origin. Surficial
erralics and heaty minevals indicate Colunbia River source. Carbon.l4
dating reveals an age of 19.000 to 34.000+ years, fiazards include poor
cirainage, pending, and lotw bermeability in bloces.

Quaternary lower terrace:

A meximum of 50 feet of fluvlal pebble grovel, sand, andd clay. along
the South Sanliam River, in the subsurface of the Willamette Valley
ond in the larger vallevs of the foothills area. Also includes lesrare
gravels along the smaller streams. Equivalent in part to the Linn grovels

of Allison (1953), Early Wisconsin or Hlinoisian ftale Pleistocene} in
age. Yoor drainage, pending, and high water table loeally.

Quaternary middle terrace:

Moderalely dissected deposits of pebble gravel, sand, sitl, and c¢lay of
fluvial origin overlooking younger lower lerroces (QU), Iquivalent in
part to the Leffler gravels of Allison (1953). Elevations vary from 2.5
feel in west to 500 feet in east. Kaensan (middle Pleistocene)} in age.
Deep weathering produces clay-rich soils,

Quatemary upper terrace:

Deeply dissected remnants of a high. level jtravel fan equiuvalent lo the
Lacomb gravels of Allison (1953 ). Maximumn thickhimess 100 to 150 feet.
Maximum etevation 865 feet, Flarly Pleistocene in age.

Stratigraphic Units
Cascades formation:

Light. to medium.Kray porphyritic flow andesite, basalt, and breccias
forming a cdeeply cixsected cone al Snow Peak wnd en intrecanyon flow
with reversed topogrephy in the middle Santiarn draginage. Maximum
thickness approximately 3,000 fect. l.ate Pliocene to early Pleistocene
in age. Hazands include stevp stopes, rocifall, and flash floods.

Sardine formation:

Up lo 1.500 feel of massive lo platy hypersthene undesile and basolt
uriconformable bertealh the Cascades Formation ar:d overlying Colum-
bia River Basoll. {.ale Miocene to early Pliocene in age. Flazards include
flash flooding and rockfail.

Columbia River Basalt

Several hundred feel of ddense. dark. very fine-groined flow basalt
cupping the ridges of northern f.inn Counly, Also inciudes basall of
Marks Ridge. Columnar joiating is urriversal. Plagioelase phenociry'sis are
presenl locailly; pyroxene phenocrysis are absent or very rare. iliddle
Miocerie in age. Weathers to a red loamy soil. Undercut by massive
slides on steep slopes,

Little Butte Formation:

Approximately 10,000 feet of dacitic to andesitic pyroclastic rocks and
dense, dorl, basallic flow rocl, ‘The pyroclastics are cearsest in the
drainage of the middle Santiam and include breccias, {uffs. and wsh.
Interbeds of continental wolcaniclastic sediments e common lowards
the \west.

The basaltic flow rock was erubied from many sources. The
numerous bulles of the casiern Williinetlie Valley represent the
exhumed reinnants of some of the venls. Scattered smafl pyroxene
phenacrysts tynify the basall.

Parts of the unit {T1be) in (e west contain inlerbeds of massive,
marine, quartzo-feldspalhic sondstone eaquivalent lo the Eugene
tormation (T'oe) reported in well toks ir the Willamelle Valley,

Age of the formation is early OliRocene through early Miocene as
shown by stratigraphi¢ position and leaf fossils,

Hazards include flash floods in the interior, massive landsliding, and
thick ciay soils,

Intrusive rock:

Mappable bodies of intrusive basallic rock within the Lillle Bulte
Formation. No feeders for other units are recognized,

Geologic Symbols

Contacts

Surficial

3 sy S0UTH) y22°30"
%, F
ST ROAD CLASSIFICATION C — olds .
SCALE 162500 =
A b | ) > Al i 4 MILES Heavy duty s, L1gh-duty — ,Q'If‘_‘ l S :
= ———— - —— i = = = ; O ioli
000 B o 2000 1200 T 1 Medium.duty et Unimproved dirt «=veawm ‘:'oaé@ Anticline prcine
= ’I : B = X — 1 = | .;—I._'I —:- 2N
s S = e e e U.S Route State Route % 2)0
< Attitudes
CONTOUR INTERVAL 40 FEET £5 @
OOTTED LINES REPRESENT HALF.INTERVAL CONTOURS
DATUM 1S MEAN SEA LEVEL Strike and dip Horizontal beds
of Beds and flows and flows

v

Show of Oit

Geologic Cross Section

Exploratory Oil Wells
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Dry Hole Show of Gas
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0-10% Willamelte Valley lowlands, flood plains of major streams,
terrace deposits, and isolated upland areas; hazards may
include flooding in drainageways, ponding in depressions,
high water ltable, and poor soils (see Soils map for
Willamette Valley area); seplic lanlis, drain fields, base-
ments, buried lanks, and swimming pools not feasible in
many areas; suited lo agriculture, industry, recreation, and
residential use where hazards are minimal.

10-25% Gentle sloping upland areas, parts of older dissected
terraces, and stream channels in the Willamelle Valley;
chemical weathering predominates in uplands; hazards
minimal over Columbia River Basalt; thick clay soils and

: mass movement in parts of Lillle Butte Formation; clay

B san] W 3 N =l ! e - = : D C (¢ : = / A\ . S Ly : : o soils in Willamelte Valley (see Soils map}; deep cuts require

=t S Ly s s 2 S - e —~ . == =t I AE a7 TS A : S IR [ S S i proper engineering in much of the Lillle Bulle; suited to

R TRk (s P i T N TSR =a T (o e vl NN iR ) : ] SR ‘ A low density residential development and similar uses.

25.50% Extensive hillslope areas in uplands; includes areas of thick
clay soil and mass movement topography in weathered
parts of the Lillie Butle Formation in the lower foolhills,
thick loam soils overlying slable bedroc/z in areas underlain
by Serdine and Cascades Formations, and some talus along
ridges of Columbia River Basall and fresh exposures of
Lillle Bulle Formation; hazards variable; fills, culs, septic
tanks, and deep excavations nol feasible or require special
engineering in places; suiled locally to low-density, highly
regulated, properly engineered use, also open space and
forestry.

50-75% Exposures of solid bedrock of all volcanic units and thin
slopes of steeper talus locally; rapid erosion and minimaf
chemical weathering and soil formation; hezards include
rapid runoff, roclslides, thin debris slides, and flash
flooding; potential for development small; cuts and fills for
road construction require proper engineering; houses and
septic tanks generally not feasible; preservation of vegela-
live cover needed to minimize erosion.

Fleasant Valley

> 75% Steep bedrock slopes in areas of youthful topography; rapid
Pleasarit Lo = == 1- ; ' : > At TR i Bz Y e erosion wilh Illlle chemical weathering; hazards include
A S 1 A o: ™ ! o b M i = lI(1 = = 2 A | ‘-\*s _ { - rockfall, rockslide, thin debris slides, mudflow, and flash
it ! ' . i i ’ i L ; + flooding; lillle potential for development; cuts and fills
difficult.

21
SE

o

Lowlands

Intermediate Regional Flood: Flood (delermined by U.S.
, Army Ceips of Engineers) having a 1 percent probability of
eccurring in any given year. Prevenlive action includes
zoning restrictions on incompatible developments, educa-
lion of the public, implementalion of Federal flood plain
insurance program, tloodproofing of present structures, and
the construction of levees and dikes.

| Standard Project Flood: Extent of flood (determined by U.S.

; Army Corps of Engineers) which would be produced under
the most extreme hydrologic and meleorologic conditions
possible, excluding extremely rare combinations; areas
outside this boundary are not subject to flooding through
stream overflow, but may be subject to localized ponding
of ratnwater.

\\V Estimated possible flooding: Areas probably subject to
\\\ flooding but for which no detailed study has been made.

woo...... Stream bank erosion: Underculling and caving of river and
’ stream banits commonly accompanied by large scale
migration of the river channel; generally characterized by
location on the outer bends of sharp curves, bar growth on
lhe opposite bani:, and deep water near shore; also inferred
on basis of history of past migration, geomelry of stream
plan, and general Fknowledge of stream meandering;
properly engineered riprap provides local correction for
critical areas; other solutions may include zoning, restric-
tions on construclion within given distances of stream
banf:, and possibly removing sand and gravel from critical
bars.

I Abandoned channel: Length of river or stream channel
abandoned through catasirophic channel changes during
flooding; commonly the site of stagnation, progressive
siltation, marsh girowth, and compressible soils; restricted to
past and presenl flood plains of larger rivers, such as
Willamette and South Sanliam; useful in determining
meander history and potenlial for future stream migration.

Channel change: Location of present stream channel acquired
Q by recent progressive meandering through stream bani:
erosion or truncation of meander bends during floods.
Taken from US.G.S. 7'#’ Topographic Maps dated 1969
and 1970 and aerial photographs dated 1970. Revisions do
not meet National Map Accuracy Standards.

vvxusvrr  Revetment: Riprap placed to control stream bani: erosion;
may lead lo increased rales of erosion short distances
downstream.

Uplands

»* Mass movement topography: Earlhflow terrain characterized
s locally by irregular to hummoclty topography, moderate
' slopes, irregular drainage, displaced soil, and features of
recent movement including cracked ground and bowed
trees; failure restricted to soil zone (10 to 30 feet)
generally, but penetrates to bedrocte in parts of Lillle Butte
Formation, especially below escarpments of resislanl cap
rock; hazards may include potential for ground movement,
poor foundation strenglh, caving in excavations, and poor
drainage; excavations, drainage modifications, removal of
vegetation, and use of septic tanles and drain fields may
reactivate sliding; on-site investigation recommended for
most development; suited to low-density housing in places.

—————— Headscarp: Steep slopes of intact bedrock marking the upper
limit of a deep slide mass downslope; hazards and
limitalions are those of shallow failure discussed below.

il . Failure on steep slopes (see slopes 4,5): [Hazards include rapid
. runoff, rockslides, [hin debris slides, earthflows and
= . N : i SIS L, 7 L. = S 441 ' mudflows; frequency of occurrence highest for greatest
(LEABURG) RyE Ry 'Lt 132273 slopes; sleep slopes with thin soil cover particularly
Base Map from U, S, Geological Survey. 2 sensilive lo excavation, placement of fiils, and removal of
; ROAD CLASSIFICATION (o] i : . ; .

Control by USGS, USC&GS, USCE, and Slate ot Oregon SCALE 1:62500 ’ o vegetation; potential for development in many areas

1 1 o 1 2 3 @ wes Heavy-duty FIVENCLINE |ightduty. e 2 negligible.

3000 o 3000 9000 12000 15000 18000 21000 FEET Medium.duty LLANESEVE  Ynimproved ditt mseeaes ~p
1 5 o 1 F] 3 3 5 KILOMETERS %R, Flash flood channels: Small to medium-sized stream channels
R —— e O uss. Rowe O stte Route N situated in areas of moderate to steep slope and low
-

Topography from aerial photographs by multiplex methods
Aerial photographs taken 1950. field check 1951

Palycanic projection. 1927 North American Datum
10,000 foot grid based on Oregon coordinzte system,
north and south zones

TRUE NORTH

Red tinl indicales area in which only
landmarl¢ buitdings ar e s rowa

Dashed |and lines indicate approximate locations APPROXIMATE MEAN
DECLINATION, 1951

CONTOUR INTERVAL 40 FEET
DOTTED LINES REPRESENT HALF.INTERVAL CONTOURS
DATUM 1S MEAN SEA LEVEL

Geologic Hazards by J. D. Beaulieu and P. W. Hughes

Cartography by S. R. Renoud
and W. H. Pokorny 1974

permeabilily; characterized by steep, narrow canyons, lack
of flood plain, and very coarse, poorly sorted stream bed
deposits; permanent struclures generally not feasible; large
culverts required under roads crossing channels.
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Surficial Deposits
Quaternary alluvium:
Qal

A few lens of feel o f grave!, sand, and silt along major streams, and thin
veneers of silt and clay lining the smaller streams of the Willamette
Valley. Hazards include flooding, stream meandering, and siltation.

Wiilamette silts:

Qws Up to 20 to 38 feet of faintly bedded, auarlzo-feidspathic sills, silty
clays, and clays of lacustrine and glacial flood-water origin. Surficial
erratics and heavy minerals indicate Columbia River source, Carbon-14
dating reveals an age of 19,000 to 34,000+ years. Hazards include poor
drainage, ponding, and low permeability in places.

Quaternary lower terrace:
Qtl A maximum of 50 feel of fluvial pebble gravel, sand, and clay, along
the South Santiam River, in the subsurface of the Willamette Valley
and in the larger valleys of the foothills area. Also includes terrace
gravels along the smaller streams. EqQuivalent in part to the Linn gravels
of Allison (1953}. Early Wisconsin or Illinoisian (late Pleistocene) in
age. Poor drainage, ponding, and high water lable locally,

Quaternary middle terrace:

Moderately dissected deposits of pebblc gravel, sand, sill, and clay of
fluvial origin overloofing younger lower terraces {Qtl). Equivalent in
part to the Leffler gravels of Allison (1953). Elevations vary from 245
feet in west to 500 feet in east. Kansan (middle Pleistocene) in age.
Deep weathering produces clay-rt'ch soils,

Quatemary upper terrace:
Qtu Deeply dissected remnants of a h'igh, level gravel fan equivalent to the
Lacomb gravels of Allison {1953). Maximum thickness 100 to 150 feet.
Maximum elevation 865 feel, Early Pleislocene in age.

Stratigraphic Units

Cascades formation:
Qty Light- to medium-gray porphyritic flow andesite, basalt, and breccias
forming a deeply dissected cone at Snow Peak and an intracanyon flow
with reversed topography in the middle Santiam drainage. Maximum
thickness approximately 3,000 feel. L.ate Pliocene to early Pleistocene
in age. Hazards include sleep slopes, rochfall, and flash floods.

Sardine formation:

Up to 1,500 feet of massive to platy hypersthene andesite and basalt
unconformable beneath the Cascades Formation and overlying Colum-
bia River Basalt. Lete M:ocene to early Pliocene in age. Hazards include
flash flooding and rockTall.

Columbia River Basalt

Ter

Several hundred feel of dense, darf:, very fine-grained flow basait
capping the ridges of northern Linn County. Also includes basalt of
Marks Ridge. Columnar jointing is universal. Plagioclase phenocrysts are
present locally; pyroxene phenocrysts are absent or very rere. Mddle
Miocene in age. Weathers to a red loamy soli. Undercut by massive
slides on steep slopes.

Little Butte Formation:

Approximately 10,000 feet of dacitic to andesitic pyroclastic rocks and
d , darh, basaltic flow rock. The pyroclastics are coarsest in the
drainage of the middle Santiam and include brecclas, tuffs, and ash.
Interbeds of continental volcaniclastic sediments are common towards
the west.

The basaltic flo roch was erupted from many sources. The
numerous buttes of the eastern Willamette Valley represent the
exhumed remnants of some of the vents. Scattered small pyroxene
phenocrysts typify the basait.

Parts of the unit (Tlbe} in the west contain interbeds of massive,
marine, quartzo-feldspathic sandslone equivalent to the Fugene
Toe Forination (‘'oe) reported in welllogs in the Willametle valley,

Age of the formation is eariy Oligocene through early Miocene 63
shown by stratigraphic position and teaf foésils.

Hazards include flash floods in the interior, massive landsliding, and
thick clay soils.

Intrusive rock:

Ti Mappable bodies of Intruslve basaltic rock within the l.illie Butte
Formation. No feeders for other units are recognized.
Geologic Symbols
Contacts
Rock Surficial
i Folds +
t
Anticline Syncline
Attitudes
B ®
Strike and dip Horizontal beds
of Beds and fiows and flows

Exploratory Oil Wells
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Slope

0-10% |

10-25%

25-50%

50-75%

>75%

Willamelte Valley lowlands, flood plains of major streams,
terrace deposits, and isolated upland areas; hazards may
include flooding in drainageways, ponding in depressions,
high water lable, and poor soils (see Soils map for
Willamelle Valley area); septic tanks, drain fields, base-
ments, buried tanl:s, and swimming pools nol feasible in
many areas; suited to agriculture, industry, recreation, and
residential use where hazards are minimal.

Genlle sloping upland areas, parts of older dissected
lerraces, and stream channels in the Willamette Valley;
chemical weathering predominates in uplands; hazards
minimal over Columbia River Basalt; lhicl: clay soils and
mass movement in parts of Lillte Bulle Formation; clay
soils in Willamelte Valley (see Soils map); deep cuts require
proper engineering in much of the Lillle Butte; suited to
low density residential development and similar uses.

Extensive hillslope areas in uplands; includes areas of thick
clay soil and mass movement topography in wealhered
parts of the Little Butte [Formation in the lower foolhills,
thick: loam soils overlying slable bedrock in areas underlain
by Sardine and Cascades Formations, and some talus along
ridges of Columbia River Basall and fresh exposures of
Littie Butte Formalion; hazards variable; fills, cuts, septic
tanks, and deep excavations not feasible or require special
engineering in places; suiled locally to low-densily, highly
regulated, properly engineered use, also open space and
forestry.

Exposures of solid bedrock of all volcanic units and thin
slopes of sleeper talus locally; rapid erosion and minimal
chemical weathering and soil formation; hazards include
rapid runoff, rockslides, thin debris slides, and flash
flooding; potential for development small; cuts and fills for
road conslruclion require proper engineering; houses and
septic tanks generally not feasible; preservation of vegeta-
tive cover needed to minimize erosion,

Sleep bedrock slopes in areas of youthful topography; rapid
erosion with little chemical weathering; hazards include
rockfall, rockslide, thin debris slides, mudflow, and flash
flooding; liltle polential for development; cuts and fills
difficult.

Lowlands

L

p

Intermediate Regional Flood: FFlood (determined by U.S.

Army Corps of Engineers) having a ! percent probabilily of
occurring in any given year. Prevenlive action includes
zoning restrictions on incompatible developments, educa-
tion of the public, implementation of Federal flood plain
insurance program, floodproofing of present structures, and
the construction of levees and dikes.

Standard Project Flood: Extent of flood {determined by U.S.

Arny Corps of Engineers) which would be produced under
the most extreme hydrologic and meteorologic conditions
possible, excluding extremely rare combinations; areas
outside this boundary are not subject to flooding through
stream overflow, but may be subject to localized ponding
of rainwater.

Estimated possible ftooding: Areas probably subject to

flooding but for which no delailed study has been made.

Stream bank erosion: Underculting and caving of river and

stream banks commonly accompanied by large scale
migration of the river channel; generally characterized by
location on the outer bends of sharp curves, bar growth on
the opposite bank, and deep water near shore; also inferred
on basis of history of past migration, geometry of slream
plan, and general knowledge of stream meandering;
properly engineered riprap provides local correction for
critical areas; other solutions may include zoning, restric-
tions on construction within given distances of stream
bank, and possibly removing sand and gravel from critical
bars.

Abandoned channek Length of river or stream channel

abandoned through catastrophic channel changes during
flooding; commonly the site of stagnation, progressive
siltation, marsh growth, and compressible soils; restricted to
past and present flood plains of larger rivers, such as
Willametle and South Santiam; useful in determining
meander history and potential for future stream migration.

Channel change: Location of present stream channel acquired

by recenl progressive meandering through stream bank
erosion or truncation of meander bends durtng floods.

Taken from US.G.S. 7% Topographic Maps dated 1969
and 1970 and aerial photographs dated 1970. Revisions do
not meet Nafional Map Accuracy Standards.

Revetment: Riprap placed to control stream banf: erosion;

may lead to increased rates of erosion short distances
downstream.

Uplands

-
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Mass movement topography: Earthflow terrain characterized

locally by irregular to hwmmocky topography, moderate
slopes, irregular drainage, displaced soil, and features of
recent movement including cracked ground and bowed
trees; failure reslricted to soil zone (10 to 30 feet)
generally, but penetrates to bedrock in parts of Little Bulle
Formation, especially below escarpments of resistant cap
rock; hazards may include potential for ground movement,
poor foundation strength, caving in excavations, and poor
drainage; excavations, drainage modifications, removal of
vegetation, and use of septic tanks and drain fields may
reactivate sliding; on-sile investigation recommended for
mos! development; suiled to low-density housing in places.

Headscarp: Steep slopes of intact bedrock marking the upper

limit of a deep slide imass downslope; hazards and
limitations are those of shallow failure discussed below.

Failure on steep slopes (see slopes 4,5): Hazards include rapid

runoff, reckslides, lhin debris slides, earthflows and
mudflows; frequency of occurrence highest for greatest
slopes; sleep slopes wilh (hin soil cover particularly
sensitive lo excavation, placement of fills, and removal of
vegetation; potential for development in many areas
negligible.

Flash flood channels: Small to medium-sized stream channels

situated in areas of moderale lo steep slope and low
permaability; characterized by sleep, narrow canyons, lack
of flood plain, and very coarse, poorly sorted stream bed
deposits; permanent structures generally not feasible; large
culverts required under roads crossing channels.

Geologic Hazards by J. D. Beaulieu and P. W. Hughes

Cartography by S. R. Renoud
and W. H. Pokorny 1974
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TEXTURAL SOILS MAPS
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- Loam and silty loam: Restricled use in Willamette Valley becatse
of poor drainage and high water lable; seplic tanks and sewage
disposal acceptable in regions of appropriate permeability and
waler lable.
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Soils by P. W. Hughes

Cartography by S. R. Renoud
and W. H. Pokerny 1974

Soil Classification Diagram

Soils are unconsolidated mixtures of clay, sill, sand, and gravel;

EI J’GENE textural terminology is based on the relative abundance of these
123°1 components.
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