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THE DELINEATION OF LANDSLIDES
IN THE LINCOLN COUNTY, OREGON COASTAL ZONE

ABSTRACT: A study conducted along the Lincoln County, Oregon coast
delineated the exact location of 153 landslides. The landslides were
found through the interpretation of aerial photographs. FEach landslide
was verified in the field and its class (ancient, historic, recent),
type (slump, debris slide or flow, planar slidej, and status (stable,
-potential, active) was detemmined. Each slide was numbered and mapped
at scales of 1:4800 and 1:62500. |

The study area was divided into seven homogeneous reaches based on
lithologic and morphologic differences. The number of slides onccurrinn
in the differing geologic units was then analyzed.

It was found that most landslides occur in éonjunction with silt-
stone materials of Tertiary age. Areas with similar morphology but of
sandstone materials are less likely to have landslides. Structurally,
landslides occur in areas with steeply dipping Tertiary bedding planes
or in areas with steep slopes such as river valleys.

A large portion of the landslides in the study area occur at contact
zones between Tertiary and Quaternary materials. Most of these
slides are ancient, stable slides and are larger than other slides in
the study area. The only active ancient landslides in the coastal

zone take place in the Nye mudstones near Beverly Beach State Park.
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Those slides in the study area classed as historic and recent are
predominantly active or likely to become active in the near future.
Only 11 of these slides remain stable.

Landslides will continue to be a geologic hazard in Lincoln County,
Oregon. However, knowledge of landslide location, lithology and mor-

phology will reduce their impacts.

INTRODUCTION

Landslides are a frequently nccurrincogeologic hazard. In the past,
they have caused extensive damage to homes, highways, and other prop-
erties. Concern over geologic hazards is apparent at all levels of
government. Federal, state and local authorities are attempting to
identify potential hazards in an effort to anticipate and lessen damage
to life and property.

The Coastal Zone Management Act (1972) mandates that each state
initiate research toward the goal of providing local planning agencies
with information necessary for the protection of future landowners in
the coastal zone (Knuth, 1975).

In 1974, the Oregon Land Conservation and Development Commission
(LCDC) set forth a comprehensive statewide plan issuing goals and
guidelines for future development within the state. Areas subject to
particular hazards such as flooding, erosion, landsliding, etc., were

to be determined under comprehensive plans at the county level.
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Toward this goal, Lincoln County, Oregon has initiated several
research projects. This paper reports the findings of one research
project undertaken during the summer of 1978.

The purpose of this study was to delineate the exact location of
every landslide nccurrinnalong the Lincoln County coast. This would
be accomplished by interpretation of aerial photographs and subsequent
field verification. Landslides from ancient, historic, and recent
times would be differentiated and mapped at a scale of 1:4800. In-
formation concerning the status of the slide, stable, active, or
potential, would also be determined from field evidence. For the
purpose of this study, landslides were considered as those movements
of earth materialsnccurrinn as deeply seated mass failures. This would
exclude normal bluff erosion and most highway construction failures, as
well as rock falls, soil creep, and other types of mass failures. An
evaluation of the types of lithology and morphology most conducive to
landslides would also be made.

The results of this study will provide land use planners with the
information necessary to devise development plans which would restrict
development to areas presenting the least threat to individuals and
property. Although landslides are likely to be a continuing geologic
hazard in Lincoln County, knowledge of their location and likelihood

will help to reduce their impacts.

LITERATURE REVIEW
The study of landslides is of particular concern to geomorpholo-

gists, civil engineers, and land use planners. The general literature
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pertaining to landslides is found in a wide variety of sources. A re-
view of this literature indicates that the study of landslides enables
the geomorphologist to reconstruct past land forming sequences, and is
an aid in the comprchension of present and future topographic processes.
Whereas the civil engineer is concerned primarily with the safety
factors of natural or artificial slopes, and with landslide prediction,
prevention, and control, geomorphologists are concerned basically with
their causes, courses of movement, and resulting surface formations.
The information gained from geomorphologists and civil engineers 1is
important to land use planners in their efforts to identify potential
hazard areas.

The earth materials involved in landslides differ greatly, as do
the rates of movement and amount of mass moved. As a result, a large
variety of 1ahdslide types are produced under Varying‘processes and
causative factors. Numerous classification systems are found through-
out the literature. These have been devised in an attempt to provide
an orderly arrangement to the variety of landslide types. These systems
are diverse in their characteristics and points of emphasis, including
kinds of material, rate and type of movement, water content, as well as
dimension of mass and initiating causes. Such systems have been de-
vgloped by Ladd (1935), Sharpe (1938), Varnes (1958), and Zaruba and
Mencl (1969). |

In addition to differentiating between landslide types, the 1lit-

" erature contains extensive information of landslide causes, mechanisms,
and dynamics. Terazghi (1950) presents a detailed, comprehensive

analysis of landslide mechanisms. Numerous authors (eg. Ladd [1935],
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Sharpe [1938], Terazghi [1950], Varnes [1958]) discuss the many causes
of landslides, their dynamics, and identifiable features. Excellent
sumaries of landslides in general are presented by Schlicker (1956)
and Morton and Streitz (1972).

Several studies concerning landslides along the Oregon coastline
have been conducted. North (1964), in his masters thesis, developed
a classification system for landslides nccnrrinnalong the northemn
Oregon coast. His classification system is based principally upon
the materials involved in a slide and its type of movement. Some of
the major slides in Lincoln County were described in great detail and
can be quite useful in understanding the dynamics of individual slides.
The results of North's study indicate that the type of landslide is
controlled by lithology.

Byme (1963), in a study on coastal erosion, considered landsliding
the primary type of bluff retreat. This study focused principally on
the frequency and rates of erosion. Stratigraphy, structure, and
lithology were determined as the factors controlling erosion rates. In
this study, Byme provides a general description of the Lincoln County
shoreline, such as heights of cliffs, lengths of beaches, sizes of bays,
and lithology of landforms.

North and Byrne (1965) described the general geology of the north-
ermn Oregon coast, and the dynamics and mechanisms of landslides. They
also provide a simplified classification system. The general landslide
topography along the northern coast of Oregon was mapped by lithology

and type of landslide area.
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Other studies of Oregon coast landslides are initiated as a result
of a catastrophy. For example, Allen and Lowry (1944) describe the
1943 landslide at Jumpoff Joe in Newport, and Schlicker, et. al. (1961)
describe the landslide at Ecola Park.

A report done by the State of Oregon Department of Geology and
Mineral Industries on the Environmental Geology of Lincoln County,
Oregon (Schlicker, et. al., 1973) provides a description of the geology
of Lincoln County and environmental hazard areas. Hazards discussed
include: flood prone areas, compressible soils, transient shorelines,
earthquakes, high water tables, and landslide topography. This study
provides the general background information needed by land use planners
to begin delineating hazard areas. The section of the Bulletin dealing
with landslides divides them into three categories; 1) ancient, 2) re-
cent, and 3) active. These differences are not differentiated on the
‘maps which accompany the Bulletin. Rather, landslides as a hazard in
Lincoln County are mapped only as general landslide topography areas.
Individual landslides are not mapped; however, photographs of the major

slides in Lincoln County are included with the text.

FACTORS CONTRIBUTING TO LANDSLIDE PRODUCTION
Many times it appears that a landslide occurs as a surprise, with-
out prior warning. However, it is often possible to predict the oc-
currence of a landslide by having sufficient knowledge of the conditions
favorable to their production as well as observing visible evidence of
movements which precede the final failure. The conditions favorable to

a landslide may exist for long periods of time without any apparent
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movement. When given the proper impetus, a slide may be touched off
within a relatively short period of time. The initiating factor is
not usually simple however. (Generally, scveral combined factors are
responsible for landslide production. What may appear as a sole cause
is in fact commonly only a contributory factor or trigger.

Slopes are generally stable when the shearing stress is less than
the shearing resistance or strength (Diagram 1). When the shearing
stresses acting upon a potential surface of sliding become equal to
or greater than the shearing resistance a landslide dnvelons, Like-
wise, a failure occursif the shearing resistance decreases and becomes
equal to the shearing stress. Therefore, landslides result from causes
which either increase shearing stress or decrease shearing resistance

(Terzaghi, 1950).

Diagram 1. |LLUSTRATION OF THE FORCES ACTING ON A SLOPE.
A) SHEAR STRESS & SHEAR RESISTANCE ARE EQUAL.

B) SHEAR STRESS EXCEEDS SHEAR RESISTANCE.

{(g- normal stress )

. High Shear Stress
Increases in shearing stress result from several factors. One of

the most common causes of landslides is the removal of underlying or
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lateral support. This is usually the result of undercutting by rivers
or waves, or subaerial weathering. Man's activities, such as mining
or highway construction, are also factors in removing support.

Other factors which contribute to high shear stress include over-
loading by rain, snow, talus, or buildings, etc.; and creation of a
new slope by previous landslides, faulting, or subsidence. Tectonic
stresses from earthquakes or blasting vibrations, and regional tilting

which increases slope angle also increase shearing stress.

Low Shear Resistance
Intermal Factors

The state of the material itself may be favorabie to landslides.
The material may have inherently low shearing resistance. These
factors are part of the geologic setting and failures due to them may
not occur for very long periods of time. The factors commonly involved
are the stratigraphic, lithologic, and structural components of the
material.

Stratigraphic causes consist of massive materials overlying weak
or plastic materials, strata that is inclined toward a free face, and
alternation of permeable beds with weak impermeable beds.

Lithologic conditions favoring landslides exist within inherently
weak formations or those which may become weak from changes in external
conditions. This is particularly common in clay, siltstone, and shale

sediments, or decomposed rock.
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Often the structural properties of materials are conducive to
slope failures. These include such discontinuities as faults, bedding

planes, joints, cleavage, and foliation.

External Factors

External factors which contribute to a reduction of shearing re-
sistance and consequent slope failures include those which reduce co-
hesion and frictional resistance. Cohesion reduction results from the
various forms of chemical and mechanical weathering, such as the
breaking of snluhle binders and expansion, contraction, and physical
disintegration. A rise in water content, pressure, and ground water
levels are factors which result in a reduction of frictional resistance.
This occurs when air in voids is displaced by water, when slip surfaces
are lubricated, when pressure is exerted on soil particles, or when

subsurface erosion occurs.

METHODOLOGY

In order to determine the exact location of landslide nccirrences
along the Lincoln County coast, aerial photographs dated 1972 and 1977
were stereoscopically viewed and compared. The locating of landslides
on aerial photographs was accomplished through the identification of
characteristic features exhibited by landslides.

The - most readily identifiable landslides are those which have had
" recent or historic movement. These slides generally show distinct scars,

usually in an arcuate pattern, and are often devoid of vegetative
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growth. The jackstraw arrangement of trees, sag ponds, and debris
areas remain visible on aerial photos.

In contrast, time has obscured most of these features where ancient
landslides are concerned. These failures are identifiablé on acrial
photographs by the remaining arcuate features and the hummocky nature
of the deformed surface area.

Recent slides are sometimes visible on aerial photos through the
displacement of cultural features such as buildings or highways. Re-
cently repaired stretches of highway, debris remaining on beaches or
roadsides, and 1eaning or fallen trees are also indicative of these
slides.

‘Based on these factors, each slide within the study area was
classified as either ancient (originating several hundred years ago),
historic, or recent.

When a landslide was identified by photo evidence its exact lo-
cation was plotted on contact photo maps according to its age classifi-
cation. These maps, at a scale of 1:4800, correspond to a strip of
the Lincoln County coastline approximately 1.3 miles in width. This
area was delineated as the study area. These contact photo maps were
numbered consecutively (1-25) from south to north.

Each slide was then field checked to insure accuracy of aerial
interpretation. Field evidence used for verification of slides in-
cluded cracked building foundations, tension cracks on surface areas,
- scarps devoid of vegetation, leaning trees, trees with curved trunks,
seep lines, sag ponds, displaced stratification, debris accumulations,

hummocky land surface, and arcuate patterns.
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Utilizing this evidence, the slide's status was detemmined to be
stable (showing no signs of recent movement), potential (currently not
moving but likely to do so in the near future), or active.

After Schlicker (1956, 1973) landslides were determined to be of
thrce types: 1) rotational slump - backward tilting blocks of earth
material moving downslope on a curved slip plane; 2) debris slides or
flows - highly deformed mass of earth material moving downslope on a
straight slip plane (a debris slide is differentiated from a debris
flow by the water content in the mass); 3) planar slide - a detached
block of undeformed material moving downslope along a bedding plane.

For fhe purpose of this study, failures nccurrinnin construction
or highway cuts were not considered as landslides. Likewise, sloughing
by erosion along the bluff edge was also excluded. These types of
failures are not considered to be characteristic of deep-seated land-
slides.

Once a landslide was verified, its location was plotted on a
topographic sheet at a scale of 1:62500. Information concerning the
size of the slide was determined from aerial photographs and the
1:4800 contact maps. This included the slide's length and width in

meters and areal hectares.

It was hypothesized that the number of landslides would correlate
with the differing types of lithologies along the coastline. There-
fore, the study area was divided into sections based on geologic
- materials. Each of these geologic units (reaches) was given a number

(1-7) from north to south and mapped on the topographic sheet.
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For the purpose of landslide reference, a five digit number was
assigned to each landslide within the study area. This number was
derived by combining the geologic reach number, the 1:4800 contact map
number, and the number of the slide on the arca covered by the contact
map. [For example, the number 5-13-05 corresponds to the landslide
located in Reach 5, contact map number 13, slide number 5 in this area.
The format of the number (reach-map-slide) affords quick recognition of

the geologic unit as well as the location of the slide.

RESULTS

There are 153 landslides within the zone studied in Lincoln County.
Each of the slides is delineated on a map which can be found in Appendix
B. A table which accompanies this map (Appendix A) provides information
on each slide's size (length/width, areal hectares), type (slump, debris
slide, planar slide), class (ancient, historic, recent) and status
(stable, potential, active). The table also gives a verbal description
of each slide's location.

There are 73 ancient landslides within the study area (Table 1).
Of these slides, 67 are stable at this time; however, seven of them show
signs of potential movement. Only six of the slides classed as ancient
are active. All six of these occur in Nye Mudstone materials in Reach 5

(Table 2).



-13-

Table 1. The evaluation of landslides by class and status.

STATUS CLASS

Ancient Historic Recent Total
ACTIVE 6 32 7 45
POTENTIAL 7 26 4 37
STABLE 60 11 0 71
Total 73 69 11 153

Table 2. Comparison of landslide status by class and reach.

REACH ANCIENT HISTORIC RECENT
Act. Pot. Sta. Act. Pot. Sta. Act. Pot. Sta.
1 0 0 3 5 1 0 2 0 0
2 0 2 12 1 4 1 0 1 0
3 0 0 1 0 0 0 0 0 0
4 0 2 12 1 7 0 0 2 0
5 6 3 6 16 8 7 4 1 0
6 0 0 19 9 1 1 1 0 0
7 0 0 7 5 2 0 0 0

Of the 153 landslides, 69 are classed as historic. ‘About one-half
of these (32) remain active, while 26 show potential movement and 11
remain stable. Most of the historic slides (31) are found in Reach 5
where 16 of these are active (Table 3). The remaining slides (11) in
the study area are recent. Four of these are potential and seven are

active.
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Table 3. Landslide numbers by class and reach.

REACH CLASS
Linear Ancient Historic Recent ‘Total
(Km)
1 2.3 3 6 2 11
2 14,7 14 6 1 21
3 5.3 1 0 0 1
4 10.6 14 8 2 24
5 14.4 15 31 5 51
6 32.5 19 11 1 31
7 6.1 7 7 0 14
Total 85.90 73 69 11 153

Table 4 indicates the status of the Lincoln County landslides by
reach. Notably, Reach 5 contains 58 percent of the active landslides
and 34 percent of the potential slides in the study area. Forty-six

percent of the landslides in the entire study area are stable.

Table 4. Landslide numbers by status and reach.
'REACH STATUS
Active Potential Stable Total

1 7 1 3 11
2 1 13 21
3 0 0 1 1
4 1 11 12 24
5 26 12 13 51
6 10 1 20 31
7 0 5 9 14

Total 45 37 71 153
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The Lincoln County shoreline was divided into seven homogeneous
reaches. A reach was considered to be a continuous, tninterrunted
extent of the shorcline area based upon similar lithologic and morpho-
logic characteristics. The length of each reach can be found in Table
3. Five of these reaches are north of Yaquina Bay and two are to the
south. The reaches are differentiated on the map in Appendix B.

Reach 1 is from the mouth of the Salmon River (Lincoln - Tillamook
County line) south to the north end of the village of Roads End. This
reach is characterized by high cliffs protected in places by resistant
igneous dikes of late Eocene age. Elevations in Reach 1 are such that
high, near vertical cliffs (122 m) are formed at the ocean interface.
Where this occurs, the siltstones of the Nestucca Formation are subject
to mass failure. The ancient landslides within this area moved as
rotational slumps and are currently stable. These slides occured on
the upper portion of the bluff and are found approximately 300 meters
inland of the bluff edge. The remainder of the slides in this reach
are debris slides which remain active. The recent activity is indi-
cated by the lack of vegetation on the bluff and the debris cones formed
on the beach.

Reach 2 extends from the north end of Roads End to the southern
end of Siletz Bay, near Gleneden Beach. This reach consists primarily
of Quaternary marine terrace deposits overlying seaward dipping
Tertiary siltstones of the Yamhill and Nestucca Formation. The majority
" of the slides in Reach 2 are ancient, stable slides. Most of these are

found along the contact zone between the Quatemmary and Tertiary
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materials. The slides which are active are rotational in nature and
occur primarily along the coast.

Reach 3 extends from Gleneden Beach south to Fishing Rock. Reéch
3 is distinquished from Reach 2 by a differcnce in underlying Tertiary
material. In Reach 3 the material underlying the marine terrace
deposits is sandstone of the Yaquina Formation rather than a siltstone.
There is only one landslide in Reach 3. However, this occurs in an
area where the marine terrace deposits have contact with a siltstone.
Therefore, no deepseated slides in this reach have taken place in the
marine terrace deposits underlain by sandstone.

Reach 4 stretches from Fishing Rock south to and including Otter
Crest State Park. Lithologically, Reach 4 is composed of Cape Foul-
weather and Depoe Bay basalts of middle Miocene age, Tertiary sand-
stones, and pockets of Quaternary marine terrace deposits. In this
region, most of the slides occur in the sandstone where it comes in
contact with the basalt. Several slides also occur in the weathered
basalt regolith along Otter Crest Loop. These are evidenced by the
tension cracks and repairs along this road.

The basalt in this region is exposed as outcrops along the coast.
The resistance of this basalt protects the overlying marine terrace
deposits from undermining. However, in Boiler Bay and Whale Cove the
Quaternary deposits are unprotected and slides have occured as a re-
sult. Whale Cove contains a large ancient slide which is currently
stable. Boiler Bay has experienced three slides, now stabilized by

riprap, but the potential for further movement still exists.
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Reach 5 includes the area between Otter Crest State Park and
Yaquina Bay. This reach has experienced the most intensive landsliding
activity along the Lincoln County coastline. Although the reach com-
prises only 16 percent of the study area, it contains 33 percent>of the
landslides. Generally, Reach 5 is composed of Quaternary marine
terrace deposits underlain by Nye Mudstone, a siltstone of the early
Miocene epoch. The continuity of this area is interrunted by a basalt
headland, Yaquina Head. There are also sandstone outcrops along the
coast, north of Yaquina Head.

Within the study area, excluding Reach 5, all the ancient land-
slides are stable, although a few show signs of potential future move-
ment. In Reach 5, several large ancient slides occur in the Beverly
Beach area. These slides are in the Nye Mudstone and remain active.
The movements of these landslides toward the ocean contribute to a
large number of mass failures in the marine terrace deposits along the
bluff edge. The ancient slides which do remain stable within this
reach are located in Yaquina sandstones.

Highway 101 is often damaged as a consequence of the seaward
movement of the active ancient landslides. An interesting landslide
(5-14-06) occurs along Highway 101, between Beverly Beach State Park
and Coal Creek. This slide originated as an ancient rotational slump.
The horizontal strata, through backward tilting, has been displaced to
nearly vertical. Highway 101 is built atop this tilted detached block

" and lateral splitting of this block in both directions causes continual

damage to the highway.
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The city of Newport has been subjected to extensive landsliding.
Eleven landslides have been delineated within the city's coastal
region, ten of which remain active or show signs of potential movement.
The best known of these slides occurs at Jumpoff Joe. This slide in-
volves 1.9 areal hectares to the north of the point (5-12-04) and 2.8
hectaresto the south (5-12-05). This failure has been attributed to
ground-water lubrication and slippage along bedding planes of the
Astoria and Nye complex (Allen and Lowry, 1944).

Reach 6 stretches from Yaquina Bay south to Starr Creek, just
north of Yachats and is the largest reach in the study area. This area
is 32.5 kilometers long and has 31 individual landslides. The entire
length of the reach is composed of marine terrace deposits. The under-
lying materials are similar to those in Reaches 2 and 3, sandstone and
siltstone. However, the lower relative relief and the more horizontal
dip of the underlying materials are reason for distinction.

A few small landslides along the coast occur in
marine terrace deposits underlain by sandstone, but the majority (28)
are in siltstones and occur in the river valleys where the relief is
higher. In this reach the slides are primarily located along the con-
tacts between the terrace deposits and the siltstones. An exception to
this is a unique slide in the vicinity of Hidden Lake (6-06-01). This
slide is a large detached block of Alsea siltstone which is migrating
along a slip surface toward the ocean. The block remains relatively

" intact but is subject to wave attack at its toe during high tides.

Drainage in the area has been diverted around the block since the
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siltstone is comparatively impermeable. There is also evidence of
seepage through the weathered material on top of the block.

The final reach, Reach 7, includes the arca between Starr Creek
and the Lincoln-Lane County line. This reach is in the basalt of
Yachats found in the Cape Perpetua area. Much of this late Eocene
material has developed into a thick regolith. Landslides in this
reach are found in areas with steep slopes. Here the regolith is
subject to saturation during heavy rains and movements occur mainly
as debris flows or torrents. Two such slides are worth noting.

Landslide 7-01-04 developed in an area that had been harvested of
timber several years before. Residents in this area indicate that
several debris jams developed in the drainage system and caused in-
creased ground-water saturation. During a period of heavy rains, soils
‘and other debris cascaded down this valley causing damage to Highway
101 and moving a house eight inches off its foundation. Debris from
the slide is still pushed up against the back of the house. There are
no deep scars in recent air photos of this area; however, barren
patches of land indicate that this slide began as a sheet wash ac-
cumulating debris as it moved and developed into a rapid flow. The
bath of this slide is obvious on recent air photos since the channel
is cleared of debris and vegetation. Debris jams are still forming in
this area and residents fear a recurrence is likely.

Slide 7-01-05nccurred in the Cape Perpetua campgrounds. This
slide also developed during heavy rains and moved as a debris flow;

however, there is evidence of a deep rotation at the source of the

slide.
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The remaining active and potential slides in Reach 7 are either

debris slides or debris flows depending on water content.

CONCLUSIONS

The results of this study indicate that Lincoln County, Oregon
has experienced extensive landslide activity in its coastal region.
Many of these slides ccrrrad in the distant past, many are currently
active, and others are likely to become active in the near future.

It is apparent that the combined influence of lithology, strati-
graphy, and structure determine the location and number of landslides
in the study area. Reach 5 is by far the most sensitive to landslides
with one-third of the slides in the entire study area. In fact, the
only active ancient landslides occur in this reach. In Reach 5, as in
most of the study area, the materials involved in the slides are marine
terrace deposits overlying inclined siltstones. Siltstones, particu-
larly the Nye mudstone seem most conducive to landslide activity. In
areas where the marine terrace deposits overlay sandstones, landslides
are less likely to occur even if the dip of the Tertiary beds is
similar. This is obvious in Reaches 2 and 3. Reach 2, underlain by
siltstone, has numerous landslides, while Reach 3, similar to Reach 2
except for the sandstone lithology, has only one landslide and this
slide occurs in an outcrop of siltstone material.

The structure of Reach 6 causes considerable variance in the

" number of slides. This reach is similar to Reaches 2 and 3 in litho-

logy but the dip of the Tertiary materials is less than in the other
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reaches as is the total relief. Slides which do occur in Reach 6 are
smaller by comparison or occur in river valleys where the slopes are
steeper.

Most of the landslides in the study area occur either along the
coast or at contact zones where two materials come together. Land-
slides occuring at the contact zones are usually larger than the other
slides in the study area. Ground water seepage and thé differing
porosities of the materials may be a factor in this case.

It is difficult to differentiate landslides from erosion along the
coast. The primary difference is in the contributing causes. Whereas
sloughing or erosion is primarily due to undercutting, landslides are
usually in conjunction with steeply dipping strata toward an open face.

Reaches 1, 4, and 7 are principally composed of basalt. In Reaches
-1 and 4 the basalt acts to protect the coastline from wave attack. How-
ever, in places where this material has been breached, wave energy is
concentrated and damage is intense. This is also the case in Reach 7.
However, most of the slides occur further inland in this reach. These
slides are involved in deeply weathered basalt regolith. Slides in
this reach are probably the most devastating when they occur since they
are usually triggered in periods of high rainfall and take the form of
rapid debris flows or torrents.

The ancient landslides are the largest in the study area. Most of
these slides are located inland from the coast. It is probable that
*smaller slides alsd occured in ancient periods; however, evidence of
these slides has long since disappeared. Most of the ancient landslides

in the study area are stable, however, some show signs of potential
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movement. Any movements in these slides are likely to be smaller than
the original slides. This is not the case with those active ancient
slides in Reach 5. The size of these slides approximates the original
slide. These slides are moving as soil creep and are impetus for ex-
tensive landslide activity in the Beverly Beach area.

It is 1likely that landslides will always be a hazard in Lincoln
County, Oregon. By knowing where landslides have nccurredin the past
and what materials are most conducive to landslides, it is possible to
anticipate where slides are most likely to occur in the future. This
information will enable land use planners to implement programs which

will lessen the impact of landslides in the future.



BIBLIOGRAPHY

Allen, J. E. and Lowry, W. D. 1944. An investigation of sea-cliff
subsidence of March 30, 1943 at Newport, Oregon (abs): Oregon
Academy of Science Proceedings. 1:31. -

Byme, J. V. 1963. Coastal erosion, northern Oregon. In Essays in
Marine Geology in Honor of K. O. Emery. Los Angeles, Univ.
Southern Calif. Press, pp. 11-33.

Byrne, J. V. 1964. An erosional classification of the northern
Oregon coast. Assoc. of American Geographers, Annals, 54:329-355.

Dicken, S. N. 1961. Some recent physical changes of the Oregon coast:
Rept on Invest. Project NR 388-062 between OSU and Office of
Naval Research.

Eckel, E. B. (ed.) 1958. Landslides and Engineering Practice:
National Academy of Science, National Research Council Publi-
cation 544, Highway Research Board Special Report 29, Washington,
D.C. _

Ketcheson, G. and Froehlich, H. 1977. Hydrologic Factors and Environ-
mental Impacts of Mass Soil Movements in the Oregon Coast Range.
Dept. of Forest Engineering, OSU, Project Completion Report
Agreement No. 14-34-0001-7078. 94 pp.

Knuth, P. 1975. Shoreline Erosion and Flooding Erie County. The
Great Lakes Research Institute, Dept. of Environmental Resources,
Commonwealth of Pa. 172pp.

Ladd, G.E. 1935. Landslides, Subsidence and Rockfalls. Bulletin of
the American Engineering Association, 37(377).

Leighton, F. B. - 1969. ''Landslides,'" Geologic Hazards and Public
Problems Conference Proceedings, Office of Emergency Prepardness,
Santa Rosa, Calif.

Morton, D. and Streitz, R. 1972. 'Landslides,'" in Man and His Physi-
cal Environment: Readings in Environmental Geology, Burgess
Publishing Co., Minneapolis. pp. 64-73.

. North, W. B. 1964. Coastal Landslides in Northern Oregon, OSU, Dept.
of Oceanography master's thesis, 85p.




-24-

North, W. B. and Byrne, J. V. 1965. C(Coastal landslides of northern
Oregon. Ore Bin, 27:11, pp. 217-241.

Schiicker, H. G. 1956. Landslides. Ore Bin. 18:5, pp. 39-43.

Schlicker, H. G., Corcoran, R. E., and Bowen, R. G. 1961. Geology
of the Lcola State Park landslide area, Oregon Ore Bin, 23 (9),
pp. 85-90.

Schlicker, H. J., et. al. 1973. Environmental Geology of Lincoln
County, Oregon, State of Oregon Dept. of Geology and Mineral
Industries, Bulletin 81. 171 p.

Sharpe, C. F. S. 1938. Landslides and Related Phenomena. New York,
Columbia Univ. Press. 137 p.

Terzaghi, K. 1950. Mechanisms of Landslides. In Application of
Geology to Engineering Practice. Berkey Vol. Geol. Soc. America.
pp. 83-123.

Varmes, D. J. 1958. Landslide Types and Processes, in Landslides
and Engineering Practice, Eckel (ed). Highway Research Board
Report 29, Washington, D.C.

Zaruba, Q. and Mencl, V. 1969. Landslides and Their Control. American
Elsevier Publishing Co., Inc., New York.




APPENDIX A

Location, size, and nomenclature of landslides
in the Lincoln County study area.



LIDE LOCATION SIzZ ¥ENCLATURE
NTMIER Len3zth ‘iidth Zectares Type Class Status
(m) (m)
1-25-91 Alen3 coast, 1155 = soush of 22 72 1.8 debris nistoric active
3almon River slide
1-25-02 255 1 inland from slide 1-25-01 2¢3 g 1.6 slumo ancient stable
azirmath 1300
1-25-03 Alonjz coast, 1hslL m south of 317 98 2.1 deobris historic active
3almon River slide
1-25-9L Inland 252 n1 from slide 1-25-03 07 Gé 1.5 slump recent active
azimuth 1560°
1-26-05 Inl:ni 265 m from slide 1-25-03 345 268 9.1 slums arcient stabhle
2 imuth 1530 —
-25-26 \lon: coast, 2074 m south of 220 171 3.8 iebris historic active
3almen River slide
1-25-07 244 m scuth of slide 1-25-0% 19¢ 31 ) debris nistoric active
slide
1-22-78 2L} m inland from slids 1-25-07 159 51 .7 slump ancient stable
zzinuth 80°
1-25-29 127 m inla2nd from slide 1-25-10 2Ll G8 1.8 5lump recent active
s imuth 350
1-28-10 ilonz cousi, 275 = south nf 427 8s 2.6 leoris nistoric active
slide 1-25-07 slide
+25-91 Lllonz coust, 2% north end of 145 67 7 3lump iisteric potentisl
Roads End
2-21:-02 At end of eotune Drive, Roads 122 73 .8 slump histcric sotentia
Erd, south of slide 1-2L-01 .
2-2,-03 Yorthern section of Roeds End, 517 220 10.9 slump historic stable
inland of slids 1-2L-71
2-211-0l 3etwsen Yentune Dr. ani Port Rd. 25 61 o slum» historic pectential
192 m ialand f»om 29th 3t. 3wads =nd
2-2L-05 241 m inland of elide 2-2L-0 3%0 308 10.1 - anclent stable
2-2L,-C5 From the end of Port Lane north bRz G8 Lo - anclent stabls
ty 3al-La-Sea Dr., Roads Ind
2-24=07 Prom £7tnh and lentune ive, north 52¢ 122 L.3 - ancient stable
“o Port Lsne, Rcads ori
2-24-0% Fnom 3IGRL St. north to Z0th St. 754 378 20.4 - anciert jotential
and Lezan Rd., Roadis 3Iand
T-24-06 ilenz coast, within slide 2-2i-08 317 2 . glump recent potentisl
2-23-01 Prom west Devils and Holms 34. sLe 280 9.7 - anclent stable
to Surf Dr., nesr 35th 3%t. Lincoln Cisy
2-23-02 Prom Xeel ive. and 22nd 3t. *+ 571 146 6.3 - ancient statle
¥, Osr and 30th, Lincoln City
2=23-023 Prom La%e Yiew Dr. and Alder Way 1,88 281 0.5 - sencient stabl
acros? Devils Lake 35. to Alice 3t.
Lincoln City
2-23-0l Prom ¥, 8%h and Y. Harbor Ave. 720 L15 20.5 - ancient stable
north %o 21st and Harbor Ave., Lincoln City
2-23-05 Harbor Ave. and ¥. 15th St., 37 12 .1 slump historic active -
Lincoln City
2-23-06 Vicinity cof Inlet Ave. 2rd 183 L9 .6 slumn historic tential
S. 3rd St., Lincoln Ci:y
2-22-01 North of S.%Lth St. near 3. Qar L6 122 1.9 - ancient stable

Ave., Lincoln CTity




2-21-02
3-19-01

L=16-02
4=16-22
=1C-04
L-158-01

L-18-02

1=19203

4-18-2L

L-17-n2

4=17-03
Lhe15-01

L o16-07

4=16-05
4-16-06

L=16-07
L=156-08

4=16-09
4-16=10
L-16-11
L1612

€.16-13

2lyip m rorcth of Thorne Roszd, 415
Lincoln City

LLE8 m south of S. 23rd 3t., 732
Lincoln City

Prom 3. Mst St. tc S. 27th 622
St., Lincoin City

florz S. 2each Ave., from S.Li7th 732

*. to 3. 51st 3t., Lincoln City

210 m 0ff Ezwy 17 on Orezon 229 73
north side of 3ilst: Bay

Adlacent to silde 1-21-01 183
Alonz Posarty Zraek, 1300 m east 439
of Horur 101

North face of Fishinz Rock 122
South face of Fishing Rock 24
Along coast, 333 m south of 146
Pishinz Rock

Alon: coass, azimuth 239,1145n 8g
from Boiler 2ay Park rest room

Alonz coast, north side of Boiler 134
38y

‘here Boiler Bay undercuts Hgwy 101 28
Prom Zoiler Bay rest room, azimuth 305
23%, 1037 =

rdjacent to slide -18-Ch 403
YWear the fork in llortn Denoe 732
Bay Creesyk

Setween 3wy 101 and South Depoe 561
2ay Creek
torth of whale Cove, Betwssn 378
Hzwy 101 and coast

tlons Rocky Creex, off Hzwy 191 2
i1lan: Ctter Srest Loop, 1.15 km 12l
north of Cane Foulweatherv

Alonz Otnter Crest Loopn, 1 km 73
north of Zape Foulweather

Alon- Otter Crest Loon, .8wm 245
north of Cane rfoulweather
Bast of Eswy 101 .37k, azimuth 647
300 from Cape Foulwesather

Alonz cosst, .3km north of 165
Cape Foulweather

Alony Otter Crest Loop, .3km 27
north of Cape Fdulweather

e sast of Cane Foulweather, .8km 1439
Alonz Otter Crest Loop, .5im 266
south of Cape Foulweather

%lonz Otter~ Crest Loop, .9um k27
south of Cape Foulweather

1l northeast of the Junction of cho
Hywy 101 and Otter Rock Rd.

.7%m north of the Juncticn of 522
Hryy 101 and Otser Rock Rd.

.Cxm rorth of Ctter Rock Rd., "long 268
aast 3ide of Hzwy 101

Alony coast, north of Devils L03
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Z-43-01 izimuth 537, .57¥m from thie south 762 159 7.0 - ancient stavle

junetion of H3wy 191 % Otter Cres< Loop
£-15-92 .37km fron the south junction of 207 2 3 slumo recent active
Ezwy 101 and Otter Crest Loop, on
vest side of Hzwy 101
5-15-03 Asimuth 57°, .37km from the south 615 182 1.2 - anclent suctive
Juncticn of HY:wy 101 & Ottar Crest Loop
5-15-ch A.imath 125°, .24km from she south 165 13}, C3.2 - ancient. active
Junction of Hiwy 101 and Otter Crest Loov
€-15-05 Alon: coast, 30Sm south of Devils 124 N .2 Jebris  historic stable
Punch 3Bowl slide
£.15-05 ilornz coast, 188m south of Devils 58 2l .2 debris nistoric stable
Punch Bowl slide
Te13-07 Alonz Hiwy 101, 193m south of sonuth 24} 2232 3.2 slump historic active
Junction of Hzwy 101 % Otter Creat Loo»
5-15-08 2%ém south of south junction of 165 a3 1.3 slumn nistoric asctive
Hzwy 101 & Otter Zrest Loop
S-15-0G .73%m nw of 2everly 3each State 732 146 7.2 - ancient active
?ark rznger station
5-1%-190 Alonz Hzwy 161, 1km south of south 122 2L .2 slump nistoric active
Junetion of Hiwy 101 X% Ctter Crest Loop
£-15-11 Azimuth 142°%, .9km from the 1159 171 10.7 - ancient uctive
entrance of 3everly Beach State Park
5=15-12 ilons Hzwy 101, 3566m south of 13 21 .3 slump recen< active
2everly Reach State Park entrance
5-12-12 Alorng Hiwy 101, .73km scuth of 110 2 W2 3lump. historic active
2sverly Zeach 3tate Park entrance
5-15-14 Alory Hxywy 101, .E7:xm south of 146 By .3 slump historic active
2everly 3each Stste Park entrance
Z-15-15 Alongz Hzwy 101, 1.1m south of 241 73 1.1 slump historic active
2everly Beach State Park entrance
5-1L-01 17.6m south of Wade Creek mouth a8 85 7 slump recent active
5-14-n02 .35 km sast of Hzwy 101, Dbetween 510 110 L.3 - ancient active
Wade and Coal Creeks
5-14-03 2djacent to slide 5-14-02 (south) 5C0 232 5.8 - ancient active
S-1h-0ﬁ Alonz Coal Cresk, 1.%m esst 1,03 500 17.6 - anclent statle
of Hzwy 101
5-14-05 24lim N3 of Coal Creek & Hzwy 1M 268 37 .7 - anclent stable
Z-1)-06 Alonz Hzuy 101, 220m I of Coal Cre3ki%3 49 1.3 slump historic active
5-14-07 Alonz Hzwy 101, 122n S of Coal Creek123 27 o4 slump historic potential
5-41-08 Ailong coast, 122m S of Coal Creek ag 12 .1 deoris recent active
slide
5-15,-09 Just N of Moolack Creex mouth Rg 2L .2 slump historic stable
5-14-10 356m S of ioolack Creek, alonz hiy 232 9.5 slump ancient potential
Hewy 101 _
5-14-11 Directly E of landfill, I of 793 177 5.0 - ancient stable
Moolack Beach
5-14-12 Alonz coast, .73km S of Moolack 2Lt L9 .7 slump ancient po%ential
Creek .
5-14-13 ilonz coast, 1.1km S of Moolack 119 2l . debris historic stable
Creek : slide
5-14-1l ilonj coast, 1.3km 5 of tloolack 1583 419 .5 debris historic stable -
Creek sligde
5-14-15 Aleng coast, 305m 3 of 3choonsr 122 37 .3 debris historic potential
Creek moutn slide

debris historic notential
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APPENDIX B

Map of landslide locations in
the Lincoln County study area.




