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Sea cliff erosion along the Oregon coast threatens communities that have been built on uplifted marine
terraces. There is considerable spatial variability in the rates of cliff retreat, including a coast-wide pattern
that is likely due to tectonic activity causing differential uplift rates. The highest rates of uplift are found
along the southern half of the coast and near the Oregon-Washington border in the north, areas where
the uplift exceeds the present rise in sea level. There is evidence for past cliff erosion in those areas, and
it is hypothesized that it was initiated about 300 years ago when a subduction earthquake abruptly lowered
those stretches of coast, but that subsequent uplift has halted the continued erosion. Along the northcentral Oregon coast, the global rise in sea level exceeds the tectonic uplift. Cliff erosion is continuing
within this stretch of coast, but the rates are highly variable due to local effects. There are differences
between the littoral cells isolated between headlands, largely due to contrasting capacities of the respective
beaches to act 8B buffers between the waves and cliffs. There also are marked differences in the nature
of the erosion processes depending on the composition and stratigraphy of the bluff. In the Newport area,
the cliffs consist mainly of seaward dipping Tertiary mudstones that are susceptible to landsliding, and
this process dominates cliff retreat. In the Lincoln City littoral cell the cliffs are entirely Pleistocene
sands that tend to erode uniformly with minimal development of landsliding. In this latter cell, there is
a longshore variation in beach sediment grain sizes, ranging from a coarse-sand reflective beach to a finesand dissipative beach. Rip current embayments are more important to cliff erosion on the reflective
portion of the beach, producing bluff retreat that has a high degree of spatial variability and is extremely
episodic. Wave runup during major storms is important on the dissipative portion of the beach, but the
waves generally act to remove only the accumulated talus brought down by subaerial processes. Excluding
the landslide areas, cliff retreat along the Oregon coast is generally progressing at a low rate largely
because of tectonic uplift, but should another subduction earthquake occur, rapid coast-wide erosion
would be renewed.
ADDITIONAL INDEX WORDS:

INTRODUCTION

The erosion of sea cliffs is a significant problem
along many of the world's coastlines, including
the coast of Oregon in the Pacific Northwest of
the United States (Figure 1). Most communities
of the Oregon coast are built on uplifted marine
terraces or on alluvial slopes emanating from the
nearby Coast Range. These elevated lands are
subject to erosion along their ocean margins with
the formation of cliffs. Examples of communities
where cliff erosion is an important problem include Lincoln City, Gleneden Beach and Newport, while lesser impacts are found at many other
locations. State lands are also being lost as cliff
erosion takes place at coastal parks and undermines state highways.
Considering the extent and importance of sea
clifferosion, it is surprising how few studies have
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focused on this problem, at least in comparison
with beach erosion problems and processes. Part
of the reason for this is the inherent difficulty in
accounting for the multitude of variables that can
be significant to cliff erosion. One of the most
problematic aspects is the cliff itself, its material
composition and structure, the latter including
bedding stratification (horizontal or dipping) and
the presence of joints and faults. These factors
are important in determining whether the cliff
retreat takes the form of abrupt large-scale landsliding or the more continuous failure of small
portions of the cliff face. The processes of cliff
attack are also complex. The retreat may be primarily caused by groundwater seepage and direct
rain wash, with the ocean waves acting only to
remove the accumulated talus at the base of the
cliff. In other locations, the waves play a more
active role, directly attacking the cliff and cutting
away its base.
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Figure 1. The Oregon coast with city locations mentioned in
the text and in Figure 3.

A good review of the literature dealing with seacliff erosion is provided by SUNAMURA (1982). Past
studies range from site-specific cliff erosion problems to general analyses involving laboratory experiments of wave attack on artificial cliffs, Only
limited study has been devoted specifically to cliff
erosion along the Oregon coast. The earliest work
examined the occurrence of major landslides and
documented the importance of factors such as
rainfall intensity and rock jointing and bedding
(BYRNE, 1963, 1964; NORTH and BYRNE, 1965).
Little information is available on the long-term
erosion rates of sea cliffs not affected by major
landslides. STEMBRIDGE (1975) compared two sequences of aerial photographs (1939 and 1971) to
estimate erosion rates, but his analysis was limited to only a few areas along the coast and yielded
only rough estimates of long-term changes. In a
more detailed study but one limited to Lincoln
County, SMITH (1978) also used aerial photographs to document average cliff erosion rates.
Both studies revealed a considerable degree of
spatial variability along even short distances of
the coast. They also recognized the episodic nature of the cliff erosion processes.

The severity of sea cliff erosion is highly variable along the length of the Oregon coast, between
the several stretches of marine terrace isolated
within littoral cells by resistant bounding headlands. This may reflect the extent of the buffering
beach fronting the sea cliff, differences in the cliff
materials, or it could represent contrasting tectonic uplift rates. This variability in the magnitudes of sea cliff erosion has made it difficult for
citizens and communities to react to the problem
in a satisfactory manner. One objective of our
research has been to obtain measurements of the
long-term erosion rates of sea cliffs along the Oregon coast in order to assess the magnitudes of
the time and spatial variations and to understand
the causes. This has required that we investigate
the processes of cliff erosion, including the roles
of wave undercutting, rain wash and accompanying groundwater seepage, the importance of rip
currents hollowing out embayments in the fronting beach, and the role of rock structures such as
bedding and joints. We have also examined the
coast-wide patterns of tectonic uplift and compared those rates with the changing level of the
sea. Only through such a study of the local processes of cliff erosion as well as the coast-wide
tectonic patterns have we begun to understand
the causes of the variable cliff retreat along the
Oregon coast.
TECTONIC SETTING
The tectonic setting of the Oregon coast is extremely important to the occurrence and patterns
of sea cliff erosion. Significant to the Pacific
Northwest is the presence of active sea-floor
spreading beneath the ocean to the immediate
west. New ocean crust is formed at the Juan de
Fuca and Gorda ridges, and the movement of the
associated oceanic plates is generally eastward toward the continent. These ocean plates collide
with the North American plate which includes the
continental land mass. That collision zone lies
along the margin of the coasts of Washington,
Oregon and northern California. There is clear
evidence that the oceanic plates have been undergoing subduction beneath the continental
North American plate, evidence which includes
the still active volcanoes of the Cascades, the existence of marine sedimentary rocks accreted to
the continent, and the occurrence of vertical land
movements along the coast.
Most of the marine sediments deposited on the
oceanic plates are scraped off during the subdue-
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Figure 2. The sea cliff a t J ump -Off J oe, Newpo rt, showing th e sea ward d ipping Ter t iar y mud sto nes in the lower half of th e bluff
and the light-colored Pleist ocene te rrace sa nds at the to p.

tion pr ocess and are accrete d to th e continental
plat e. Th e ad dition of ocea n sedi ments to the con tinent has led to the long-term west ward growt h
of th e Pacific No rt hwest. The oldes t rocks fou nd
in th e Coast Rang e date back to th e Paleocene
and Eocen e epoc hs, some 40 to 60 milli on yea rs
ago. The pr esen ce of these acc ret ed marine sediments in the sea cliffs is imp ortant to th e eros ion
processes, par t icularly th e occur rence of land slides. Along the north ern half of t he Oregon coast,
the Nye Mud st on e and Astori a Formation of M iocene age are t he principal T ertiar y rocks found
in the sea cliffs (Figur e 2). The fine-grain ed mud dy consiste ncy of th ese sedim en tary rocks makes
them par ticularly suscep ti ble to land slid ing. Furthermore, it has been estimated that th ese un its
dip seawa rd along more th an half of t he northern
Oregon coast (BYRN E, 1964; NORTH a nd BYRNE,
1965), a geome try which also contri butes to th e
developm en t of landslides.
In add it ion to th e T er tiar y mud stone s, man y

sea cliffs are cap ped by an upper un it of clean
sa nd (Figure 2). These a re Pl eistocene marine terrace dep osits, and cons ist of upli fted beach a nd
d un e sa nds. In some areas th e Pleist ocen e sa nds
form the enti re sea cliff, wit h no outc rop of Tert iary mudston es ben eath . The flat mar ine te rrace
see n in Figure 2 is th e lowerm ost and younges t
terrace of a series th at in some places form a stairway up th e slope of t he Coas t Range. Their pr esence documents th at th e coas ta l mar gin of th e
Northwest has been tecton ically rising for hu nd reds of tho usa nds of yea rs, while at t he sam e
ti me t he level of th e sea has oscillated du e to th e
growt h and retrea t of glacie rs.
Da ta from geodetic levelin g sur veys collecte d
by th e National Geodetic Survey indi cate t ha t t he
Ore gon coast is con t inuing to rise. Ea st-west survey lin es from the coas t inl and to the Willam ette
Vall ey demonstrate th at the uplift of th e coast
has been par t of a rotation with t he pivot line
located somewhere within the valley (R EILI NGER
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LATITUDE
Figure 3. The geodetic data analyzed by VINCENT (1989), following a north-south line along the length of the Oregon coast. The
scale on the left gives elevation changes in reference to Crescent City in the south (Figure 1), while the scales on the right place the
changes in terms of rates, the last scale being a comparison with the eustatic rise in sea level.

and ADAMS, 1982; ADAMS, 1984). Of particular interest to the present study are the analyses by
VINCENT (1989) and MITCHELL et at. (1991) of
geodetic data along a north-south line extending
the full length of the Oregon coast. Vincent compared the surveys made in 1931 and 1988 to establish elevation changes; the values are graphed
here in Figure 3. The movement so determined is
relative rather than absolute, so Vincent normalized the elevation changes to the bench mark in
Crescent City, just south of the border in California. Accordingly, the elevation change scale on
the left of the diagram in Figure 3 gives 0 for
Crescent City, while positive values for other locations represent an increase in elevation relative
to Crescent City and negative values indicate reduced elevation relative to Crescent City (but
could still involve tectonic uplift). The overall
pattern seen in Figure 3 indicates that the smallest uplift has occurred along the central coast
between Newport and Tillamook, with higher uplifts south of Coos Bay and along the very northern-most portion of the coast toward Astoria and
the Columbia River. The first scale on the right
of Figure 3 indicates the equivalent rates, the distance of elevation change divided by the lapsed
time, 1988 - 1931 = 57 years. The differential
rates are significant, for example amounting to 2
to 3 mm/yr when comparing Astoria or the south
coast with the Newport and Lincoln City areas.
The general uplift of the Northwest coast is

demonstrated by records from tide gauges (HICKS
et al., 1983). The relative sea-level change measured by the tide gauge at Astoria is -0.1 to -0.2
mrn/yr, while the rate at Neah Bay on the north
coast of Washington is -1.3 mm/yr, and at Crescent City in northern California the rate is -0.7
mm/yr (the negative signs signify that the water
level is dropping relative to the land). It is possible
to use these tide gauge data to convert the elevation changes relative to Crescent City determined by VINCENT (1989) into rates compared
with the global eustatic change in sea level. This
is simply done by shifting the first scale on the
right of Figure :3, that relative to the Cresent City
bench mark, by an amount of 0.7 mm/yr determined from the tide gauge at that location. This
shift yields the rate scale furthest to the right in
Figure 3, the rate of land-level change relative to
the eustatic sea level; here a positive value indicates that the level of the sea is falling with respect
to the land ii.e., the land is rising faster than sea
level), while a negative value corresponds to inundation of the land by the rising sea. This coastwide shift of the scale by 0.7 mm/yr based on the
tide gauge at Crescent City indicates that Astoria
at the far north is rising faster than the sea by an
amount on the order of 0.1 to 0.2 mm/yr, just as
found by the tide gauge at that location. Furthermore, a shorter term (21 years) tide-gauge
record at Newport midway along the coast also
agrees with the analysis results in Figure 3 (SHIH,
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1992). This overall agreement demonstrates the
validity of the geodetic data analyzed by VINCENT
(1989) to determine elevation changes, and supports the analyses undertaken here to convert that
data into a rate of change compared with the increasing level of the sea.
According to the results graphed in Figure 3,
the southern half of the Oregon coast is presently
rising faster than the eustatic sea level while the
northern stretch between Newport and Tillamook
is being submerged by the rising sea. The latter
rates are on the order of 1 to 2 mm/yr, and therefore are small compared with submergence rates
experienced on most coastlines, rates of 4 to 6
mm/yr being common along the east and Gulf
coasts of the United States (HICKS et al., 1983).
The eustatic rise in sea level has been estimated
by various workers to be on the order of 1 to 3
mm/yr, the large range being due to the difficulty
of separating that world-wide component from
local tectonic and isostatic effects included in records from tide gauges. Assuming that the eustatic
rise in sea level is on the order of 2 mm/yr, the
results from Figure 3 indicate that the south coast
of Oregon is tectonically rising at about 2 to 3
mm/yr, while the north-central coast is approximately stable.
It is apparent that the along-coast differences
in tectonic uplift versus changing levels of the sea
deduced from Figure 3 will be important to spatial
patterns of coastal erosion. However) there also
appears to be a temporal change in the tectonics
that would be important to the erosion. Earthquake activity is generally associated with subduction zones such as that in the Northwest, seismic events generated as the oceanic plate slides
beneath the continental plate. The Northwest
coast is anomalous in that respect in that there
have been no historic earthquakes which can be
attributed to plate subduction. However, recent
evidence suggests that the plates are temporarily
locked together and that the 200-year historical
record of the Northwest is too short to establish
whether earthquakes do accompany subduction.
This evidence has come from investigations of
estuarine marsh sediments buried by sand layers,
deposits which suggest that during prehistoric
times portions of the coast have abruptly subsided, generating extreme tsunamis that swept over
the area to deposit the sand (ATWATER, 1987,1992;
DARIENZO and PETERSON, 1990; ATWATER and YAMAGUCHI, 1991). Based on the numbers of such
layers found in Willapa Bay, Washington, and

Netarts Bay, Oregon, it has been estimated that
catastrophic earthquakes have occurred at least
six times in the past 4,000 years, at intervals ranging from 300 to 1,000 years. The last recorded
event took place about 300 years ago. Therefore,
there is strong evidence that major subduction
earthquakes do occur along the Northwest coast,
but with long periods of inactivity between. Of
relevance to sea cliff erosion is that an earthquake
releases strain that has been built up by subduction. Some areas of the coast may drop by 1 to 2
meters during the release, while other areas undergo minimal subsidence (ATWATER, 1987, 1992;
DARIENZO and PETERSON, 1990). The strain accumulates between earthquake events, and this
produces a general uplift of the coast as recorded
by the geodetic surveys and tide gauges.
In summary, during aseismic intervals on the
Northwest coast, periods lasting for hundreds of
years, the accumulation of strain associated with
plate subduction causes the Oregon coast to tectonically rise but not at a uniform rate (Figure 3).
The infrequent seismic event releases the accumulated strain and produces an abrupt subsidence of major portions of the coast. The degree
of subsidence is likely also highly variable along
the coast. To a first order, one might expect that
the patterns of sea cliff erosion along the Oregon
coast would reflect the tectonic effects of differential uplift interrupted by abrupt subsidence.
That first-order coast-wide pattern would, of
course, be locally affected by second-order effects
such as the ability of the beach to act as a buffer
between the attacking waves and sea cliffs.
STUDY SITES AND TECTONIC
CONTROLS ON CLIFF EROSION

Most of the Oregon coast is divided into a series
of littoral cells consisting of stretches of beach
isolated between rocky headlands (Figure 4). The
headlands extend into deep water and confine the
littoral sands to within the embayments with little
or no bypassing (CLEMENS and KOMAR, 1988).
There is a seasonal reversal in the directions of
sand transport along the beaches, but with a nearly zero net littoral drift when averaged over several years (KOMAR et al., 1976). Sea cliffs back
the beaches of most cell embayments, although
sand spits and dunes are found along some
stretches of coast. From north to south, Figure 4,
the littoral cells included in this study are:
(1) Cannon Beach Cell: The stretch of sea cliffs
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Figure 4. The series of littoral cells on the northern half of the Oregon coast, forming beach embayments between major rocky
headlands (black areas).

backing the beach between Tillamook Head
and Cape Falcon. This cell includes the communities of Cannon Beach and Arch Cape.
Much of the cliff consists of debris from ancient landslides and alluvial slopes of the adjacent Coast Range. Cliff recession is minimal,
occurring locally due to ground water seepage.
There is little evidence for direct wave attack
having occurred in recent years.
(2) Rockaway Cell: This cell consists mainly of
Nehalem and Bayocean Spits and the dune
backed shore in between. Sea cliffs are found
only at the far north and south close to the
headlands. Cliff recession has been negligible,
except to the south of Bayocean Spit where
it occurred early this century in response to

jetty construction on the inlet to Tillamook
Bay rrERICH and KOMAR, 1974).
(;-3) Netarts Cell: The littoral cell between Cape
Meares and Cape Lookout. Most of this cell
is occupied by Netarts Spit, but stretches of
sea cliff backing beaches exist along the north
and south portions of the cell. Cliff recession
was minimal prior to 1982, but the exceptional wave conditions associated with the
1982-1983 El Nino induced erosion of the sea
cliffs south of the Spit as well as attacking
the Spit itself (KOMAR et al., 1988). Cliff erosion has not taken place along the northern
half of the cell within historic times.
(4) Sand Lake Cell: The littoral cell between Cape
Lookout and Cape Kiwanda. There is mini-
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(5)

(6)

(7)

(8)

mal development with only a few houses along
the southern half of the cell, and no significant
sea cliff erosion.
Nestucca Cell: The littoral cell between Cape
Kiwanda and Cascade Head. Most of the beach
is backed by sand dunes and Nestucca Spit.
The stretches of sea cliff are heavily vegetated
and fronted by dunes.
Lincoln City Cell: The littoral cell between
Cascade Head and the Government Point
portion of Cape Foulweather. Development is
high, including the communities of Lincoln
City, Gleneden Beach and Lincoln Beach.
High cliffs of Pleistocene terrace sands back
the beach over much of its length. Cliff erosion
is locally significant and represents a management problem due to the concentrated development along the bluff edge.
Beverly Beach Cell: Cape Foulweather south
to Yaquina Head. Steep cliffs are cut into
Tertiary mudstones that are susceptible to
landsliding. Homes and the coastal highway
are affected by the cliff recession and instability.
Newport Cell: Yaquina Head south to Cape
Perpetua. Large-scale landsliding has occurred in the Tertiary mudstones of the Newport area. Cliff recession is otherwise small in
the Newport area, and medium along the more
southerly portion of the cell.

In addition to investigating cliff erosion within
these littoral cells on the northern-Oregon coast,
we have also examined site-specific problems along
the southern half of the coast. Most noteworthy
of these site-specific studies of cliff erosion and
related problems was an investigation of the erosion potential at Bandon (Figure 1) (KOMAR et
al., 1991).
The degrees of cliff erosion noted above for the
series of littoral cells are based primarily on qualitative assessments. Direct evidence is provided
by the degree of vegetation cover, the quantity of
accumulated talus fronting the cliff, and the occurrence or absence of wave attack in recent years.
For example, the bluffs and talus in the Cannon
Beach cell are well vegetated (Figure 5A), as are
the bluffs fronting Bandon on the south coast
(Figure 5D). There have been no occurrences of
significant wave removal of the talus or any direct
attacks of the bluff evident either in aerial photographs dating back to 1939 or in ground photographs taken throughout this century. What lit-
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tIe bluff retreat has occurred has been in response
to groundwater seepage. This contrasts with sea
cliffs in the Lincoln City and Beverly Beach cells
(Figure 5B and C), where there have been frequent episodes of waves removing the accumulated talus and, in some cases, directly attacking
the cliff itself. At any given site, this may occur
only after a decade of talus accumulation, but
even within that period the degree of vegetation
cover is far less dense and involves different plants
than found on talus that has accumulated over
many decades (we are attempting to develop a
plant succession index and growth as a measure
of frequency of talus and cliff erosion).
We have tried to utilize sequences of aerial photographs to obtain quantitative measurements of
long-term cliff recession rates, but these have not
been particularly successful even in areas of the
Lincoln City and Beverly Beach cells that are
known to have experienced wave attack in recent
years. Our principal analyses have centered on the
Taft area of Lincoln City, an area that eroded
during the winter of 1978 (discussed below). Aerial photographic coverage is available with the
oldest photographs dating back to 1939. However,
the 1939 photos are of poor quality and large scale,
and so have been difficult to use in the analyses.
Extensive aerial photographic coverage is not
available until the 1970's. As a result, even in the
Taft area that was thought to represent significant cliff recession, we have been unable to satisfactorily and convincingly determine the longterm erosion rate using aerial photographs. The
photographs do show episodes of talus removal
followed by decades of accumulation, but recession of the cliff edge has been too small to accurately measure with the aerial photographs.
Ground photographs substantiate that cliff retreat in the Taft area has in fact been smalL Tourist photos (Figure 6, upper), undated but known
to be from the 1920's, suggest that the top of the
bluff has retreated less than 1 meter, yielding a
rate less than 2 cm/yr. My own collection of photographs from the Lincoln City area span some
20 years, and also indicates that cliff retreat has
been very slow. Thus, even in areas of the coast
perceived to be undergoing significant cliff erosion, the long-term retreat rates are actually very
small. In a few locations, the retreat has been
dramatic as rip-current embayments reached the
base of the cliff and allowed the direct attack of
waves, at least for a few days (discussed below).
That erosion is measurable on aerial photographs,
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A. Arch Cape (Cannon Beach Cell)

B. Lincoln City

C. Beverly Beach Cell

D.Bandon

Figure 5. The sea cliffs wit hin th e Cannon Beach Cell (A) on t he northern Oregon coast (Figures 1 and 4), with in th e Lincoln City
(B) and Beverl y Beach (C) cells on th e mid coast , and at Bandon (0 ) on the sou th coast.
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Figure 6. (Up per) An old photo (circa 1920's) of th e Taft area of Lincoln City, compa red with a 1978 photo grap h (Lowe r) ta ken
following an episode of erosion tha t occur red after d rift logs had been removed from th e fronti ng beach. T he 1978 erosion rem oved
that accumulated ta lus. but had no imm ediate effect on the upper pa rt of the cliff which has changed littl e since th e 1920's,
demonstrat ing that bluff retreat has been minor wit hin the past 60 to 70 yea rs.
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but it is local and extremely episodic, and in the
long term still represents a small rate of recession.
This opens to question the rates determined for
Lincoln County by SMITH (1978) based on aerial
photographs. She placed the county-wide average
at 20 ft (6 m) of erosion between 1939 and 1973,
an average rate of 18 cm/yr (this high rate is skewed
somewhat by her inclusion of toe erosion of landslides). Although it is clear from the cliff morphology and periodic removal of talus by waves
that sea cliff erosion is occurring in the Lincoln
City cell, the rates of recession are certainly much
smaller than reported by Smith.
Another factor that makes it difficult to use
aerial photographs to measure cliff recession along
the Oregon coast is the mass movement of the
cliff itself. In the Beverly Beach and Newport
littoral cells, the sea cliffs consist mainly of Tertiary mudstones. In some areas large blocks, several acres in extent, are slowly moving intact toward the sea, being displaced by only 10 to 20 em
per year. As a block slowly slides toward the ocean,
wave erosion cuts back its seaward edge at just
about the same rate. Although bluff erosion is
occurring locally in these slide areas and homes
slow ly shift toward the cliff edge, the cliff line
itself remains approximately stationary in position as viewed in an aerial photograph.
Although our assessments of the degrees of cliff
erosion are qualitative, it is still readily apparent
that there are different degrees of retreat in the
eight littoral cells involved in this study, from a
maximum in the Lincoln City and Beverly Beach
cells to essentially none in the Cannon Beach cell.
It appears that this along-coast spatial variability
is in part associated with the large scale patterns
of coastal uplift versus global rise in sea level analyzed in Figure 3. The portion of coast containing
the Lincoln City and Beverly Beach cells is experiencing a small degree of relative sea-level rise,
while, of the eight cells involved in our study, the
Cannon Beach cell at the far north is experiencing
the greatest uplift relative to the rising sea. Therefore, there is a rough first-order parallelism between the extent of cliff erosion and relative sealevel change. Of particular interest is the minimal
erosion during historic times of sea cliffs within
the Cannon Beach cell, the northern -most cell.
What little cliff retreat exists is associated with
groundwater seepage, direct wave attack of cliffs
backing the beach having been almost nonexistent and accounting for very little erosion. Yet the
steepness of the cliff and its along-shore unifor-

mity without appreciable degradation by subaerial processes suggests that the cliff has experienced
wave erosion in the not-too-distant past (Figure
5A). This condition is still more evident at Bandon on the south coast (Figure 5D), where, in
addition to the steep cliff backing the beach, a
number of sea stacks exist in the immediate offshore, many having flat tops which continue the
level of the marine terrace (KOMAR et al., 1991).
Our interpretation of both the Cannon Beach cell
and the Bandon area is that cliff erosion occurred
following the last major subduction earthquake
800 years ago, an event that likely resulted in the
abrupt subsidence of those areas. However, the
subsequent aseismic uplift has progressively diminished the cliff erosion, to the point where it
has essentially ceased in the Cannon Beach cell
and at Bandon. The other littoral cells likely also
experienced subsidence followed by uplift, but
their rates of subsequent uplift have been insufficient relative to rising sea level to completely
halt the continued cliff erosion.
LOCAL CONTROLS ON
SEA CLIFF EROSION

Although there is a first-order pattern of cliff
recession variability along the length of the Oregon coast that parallels the tectonic uplift versus
sea-level rise, there is a great deal of more local
variability (spatial and temporal) that must be
explained by other factors. These factors include
the overall ability of the fronting beach to act as
a buffer between the waves and cliffs, beach processes such as runup and erosion within rip-current embayments, and the composition and structure of the cliff material. These local factors can
be viewed as second-order controls that are superimposed on the first-order variability determined by tectonics and sea level. In some cases,
these second -order controls are most important
in governing the amount of cliff erosion at a specific site.
The importance of cliff composition to the erosion is evident when one compares the Newport
and Beverly Beach littoral cells with those further
to the north. The sea cliffs in the Newport and
Beverly Beach cells consist mainly of Tertiary
mudstones (Figure 2). These deposits locally dip
seaward at :30 degrees in the Nye Beach area of
Newport, producing the major Jump-Off Joe
landslide (SAYRE and KOMAR, 1988). The first
movement on that slide occurred in 1942 and involved 15 acres and destroyed 15 homes. Other
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Figure 7. T he slow mass movem ent of cliff materia l immedia te ly nor th of Yaq uina Head within th e Beverl y Beach cell, d est royi ng
roads and sewe rs of a new developm en t.

nearby slides were pr ehi stor ic in their initiation ,
but continue to move and expa nd so they have
progressively a ffected more p rop er ty. Cliff recession in th e Ne wport ar ea ma inly occurs a t th e toes
of the ac t ive landslid es. Blu ff ret rea t in non -land slide areas is other wise small, evide nt in com pa risons between the mod ern cliff and that seen in
old ground photographs ta ken as much as a ce nturyago. La nds Jid ing is a lso importan t in t he Beverly Beach cell, but is less ca tas t roph ic and rapid
compared with that in the Ne wport cell. This di fference pr obabl y results becau se the sea ward d ips
of the T ertiar y mudston es are a t lower a ngles in
the Beverly Beach cell. Landslid ing a t th e south ern end of the Beverl y Beach cell, ju st north of
Yaquina Head, involves a slow mass movem en t
and disruption of a lar ge area . Although t he a nnual movement is sma ll, a recent attempt to develop the site led t o th e wholesal e destruction of
roads and sewers (F igure 7).

Landsliding has also been important in t he
Ca nno n Beach cell wh ere the cliff mater ial consists of mudd y a lluviu m and anci ent debris flows.
Major efforts have bee n mad e to contro l t hese
slides (d rai nage, etc .) si nce t hey affect t he ma in
coas ta l highway . These efforts hav e reduced th e
impacts in recent yea rs. Landslides have not been
a significa nt pr oblem in the ot her littoral cells.
The cliff in th e Lin coln City cell is composed enti re ly of Pl eistocen e te rrace sa nds , and t hese fa il
by sma ll-sca le vert ical fall rather th an developing
larg e-s cal e slide s typi cal of th e T ert iary mudsto nes .
Of th e se ries of littoral cells, cliff eros ion is most
ac t ive in t he Beverl y Beach cell (Fi gur e 5C ). So me
of this erosion is occur ring al ong intact masses of
land slowly mo ving en ma sse toward th e se a as
de scribed ea rl ier. H owever, an other important
facto r is that t he beach within t h is ce ll offers ins ufficien t bu ffering protect ion . PETERSON et al.
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(1991) have established that the beach sand volume within this cell is relatively small due to a
lack of sediment sources. Its buffering capacity is
more directly evident in measurements of wave
runup (SHIH, 1992). The objective of our measurements of wave runup is to document the frequency with which waves reach the talus and base
of the sea cliff, and the intensity of the swash
runup when it does so. The video-analysis techniques developed by HOLMAN and SALLENGER
(1985) are being employed. Although continuing,
the measurements to date have established that
swash runup frequently reaches the cliff base in
the Beverly Beach cell, but rarely in the other
cells. Beach surveys show that this is due to the
low elevations of the beach profile with respect to
mean sea level and high-tide elevations.
An interesting pattern of spatial variability in
beach and cliff erosion developed during the 19821983 EI Nino and persisted for several years thereafter. That EI Nino year was characterized by
unusually severe storms and enhanced water levels due to a coastally trapped sea-level "wave'
(KOMAR, 1986; KOMAR et al., 1988; KOMAR and
GOOD, 1989). Also important was that the storm
centers crossed the coast far to the south in California, and this resulted in a strong northward
transport of sand within the littoral cells. There
is generally a long-term equilibrium between the
north and south sand movements within the pocket beaches of the cells, yielding an effectively zero
net littoral drift (KOMAR et al., 1976). This equilibrium was upset during the 1982-1983 EI Nino
when strong waves approached the Oregon coast
from a more southwesterly direction and produced an enhanced northward sand transport. The
resulting effect was one of sand erosion at the
south end of each littoral cell, and beach accretion
at the north end. This can be viewed as the reorientation of the pocket beach within the cell to
face the waves arriving from the southwest, or as
anyone headland acting like a jetty so that it
blocks sand on its south and causes erosion to its
immediate north. This pattern is illustrated in
Figure 8 for the beaches north and south of Yaquina Head, respectively in the Beverly Beach
and Newport littoral cells. Within the Beverly
Beach cell, the beach was denuded of sand at its
south end (Figure 8, upper) and cliff erosion ensued due to the lack of any buffer, while at the
same time sand accumulated and widened the
beach at the north end of the Beverly Beach cell
to provide a strong buffer and protection from

wave attack. The comparable sand accumulation
at the north end of the Newport littoral cell, immediately south of Yaquina Head, is seen in Figure 8 (lower). This was the pattern in most of the
littoral cells during the 1982-198~j EI Nino, and
persisted for several years thereafter until sand
was able to drift back to the south under the
normal wave regime.
Most of our research concerned with sea cliff
erosion has centered on the Lincoln City cell (Figure 9). This cell is of particular interest due to
the extensive development along this stretch of
coast and the associated management problems.
In addition, one unusual feature of this cell enhances its scientific interest-there is a marked
longshore variation in the coarseness of the beach
sand, and this produces longshore changes in the
beach morphology, in the nearshore processes, and
in the resulting factors important to cliff erosion.
We have completed a detailed study of the changing grain-size distributions from beach sand samples collected along the full length of the cell (SHIH,
1992). Our analyses show that the longshore variations in grain sizes are produced by the relative
proportions of discrete grain-size modes within
the overall sand-size distributions. We have succeeded in tracing these individual modes back to
specific areas of the eroding sea cliff. Of interest
to us are the longshore movements and mixing of
these grain-size modes, and why the mixing processes of the nearshore have not succeeded in homogenizing the beach sands to eliminate longshore variations. However, the overall effect of
this longshore sorting is that the beaches toward
the central to south part of the cell are coarsest;
this includes the beaches fronting Siletz Spit and
the community of Gleneden Beach (Figure 9).
Sand sizes decrease somewhat toward the south,
but particularly toward the north where the sand
is finest in the Roads End area of Lincoln City.
The effects on the beach morphology are significant, with the coarse-grained beach at Gleneden
being a steep reflective beach for most of the year
while the beach at Roads End has a low slope and
is highly dissipative with a wide surf zone.
Beach profiles have been obtained at eleven
stations spaced at roughly even intervals along
the length of the Lincoln City cell in order to
document the beach morphologies and how they
change with sediment sizes (SHIH, 1992). Two sets
of profiles have been obtained, one during the
summer and the second in the winter so that gross
seasonal changes can also be examined. In addi-
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Figure 8. Er osion an d acc retion respect ively to th e north a nd sou t h sid es of Yaqu ina Head during th e 1982-1983 El Nino due to
an ab normally ext reme a nnual lit toral dri ft to t he nort h.
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LINCOLN CITY CELL
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Figure 9. The Lincoln City cell where the beach sand is coarsest in the vicinity of Gleneden Beach and becomes progressively finer
toward the north and somewhat to the south. The hounding headlands are shown in black.

tion, high-density profiling has been undertaken
at approximately monthly intervals for over a year
at Gleneden Beach State Park (reflective beach)
and at the 21st Street beach access at the north
end of Lincoln City (dissipative beach). This highdensity profiling permits the generation of detailed topographic maps of the beach and more
accurate analyses of seasonal changes. Of particular interest in this series of profiles is the contrast
in the response of the reflective and dissipative
beaches to winter storms and to a determination
of whether they offer contrasting degrees of buffering protection for the sea cliffs. The results
document that profile changes and accompanying
quantities of cross-shore sediment transport are
much greater on the coarse-grained reflective
beach (Gleneden Beach) than on the dissipative
beach at the north end of the littoral cell. The
rates of change as well as total quantities of sand

moved under a given storm are larger on the steep
reflective beach. This makes the reflective beach
a weaker buffer from wave attack, and cliff erosion
is therefore more active than in the area where
the cliff is fronted by a fine-grained dissipative
beach. In addition, we have found that the development of rip current embayments is extremely important on the reflective beach and largely
controls the locations of maximum episodic cliff
erosion (Figure 10). The process is similar to that
described by KOMAR and REA (1976) and KOMAR
(1988) for the erosion of Siletz Spit immediately
north of Gleneden Beach, which is also fronted
by the reflective beach. Ground observations and
aerial photographs show that ri p currents on steep
reflective beaches tend to cut narrow embayments, so they exert a significant role in controlling the erosion impact along the sand spit and
also in the sea cliff areas. In contrast, rip current
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Figure 10. Beach a nd sea cliff erosion at Glenede n Bea ch d ue to t he developm ent of a rip -cu rren t embayment which all owed sto rm wave swash to reach th e cliff base.
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embayments on the dissipative beaches of north
Lincoln City are broader in their longshore extents, but do not cut as deeply through the beach
berm. This is also the case in the other littoral
cells on the north Oregon coast (Figure 4) since
they are fronted by dissipative beaches.
Bluff retreat in north Lincoln City, where the
dissipative beach is present, depends mainly on
subaerial processes of rainfall against the cliff face
and groundwater seepage. The loosened material
accumulates as talus at the base of the cliff. That
accumulation may continue for several years to
decades, at which time it is removed by wave action during an unusually severe storm accompanied by high-tide levels. There is little direct wave
attack of the cliff and no evidence for undercutting. However, once the talus has been removed
by the waves, sloughing of the cliff surface accelerates so that a new mass of talus quickly forms.
Our program of obtaining video measurements
of wave runup has focused primarily on the beaches at Gleneden Beach and at 21st Street in north
Lincoln City (SHIH, 1992). The data are being
used to examine the model of THORNTON et al.
(1987) which accounts for water levels in the nearshore by evaluating tidal elevations together with
the superimposed wave setup and runup, and
hence the frequency and intensity of wave attack
on the cliff. We have found that infragravity motions, those having periods longer than the incident waves (i.e., greater than 20 sec), are extremely important in the runup on the dissipative beach
of north Lincoln City, but less so on the reflective
beach at Gleneden Beach. This also accounts for
differences in cliff erosion processes and intensities at these two locations within the Lincoln City
cell. The low-intensity infragravity dominated
swash in north Lincoln City acts only to remove
the talus, whereas the swash at Gleneden Beach
has a strong incident-wave component which can
rapidly remove the talus and directly attack the
cliff base.
There are other complicating factors that may
control the erosion of sea cliffs along the Oregon
coast. One is the presence of drift log accumulations on the beach berm which might enhance the
protection from wave attack. Our examination of
the potential role of drift logs has centered mainly
on the Taft area of Lincoln City, the stretch of
beach immediately north of the inlet to Siletz Bay
(Figure 9). Taft beach tends to accumulate large
quantities of logs, so much so that its recreational
uses are affected. For this reason, in 1976 the state

permitted removal of a significant portion of the
logs from that beach. During the winter of 19771978, the first episode of cliff erosion in many
years took place at Taft, erosion which removed
the accumulated talus but had little direct affect
on the cliff itself (Figure 6, lower). Since that erosion, logs have returned to this beach and there
has been no subsequent erosion. However, this
evidence for the inducement of erosion by log removal is circumstantial and questionable in view
of the fact that erosion also took place during that
1978 storm at other locations where logs had not
been removed from the beach (KOMAR, 1978).
More definite is the role of natural cobble ramparts backing an otherwise sandy beach in offering local protection to the sea cliff. Examples are
shown in Figure 11 from the Manzanita area at
the north end of the Rockaway cell and from
Oceanside within the Netarts Cell. The cobbles
are derived from nearby headlands, so the ramparts are most effective in offering protection to
the cliffs in close proximity to the headlands. It
is apparent in Figure 11 that the cobbles are protecting the sea cliffs from direct wave attack, the
natural configurations of these deposits being more
effective than artificial placement of riprap. The
sea cliffs in both locations are densely vegetated,
and the top of the cobble rampart at Manzanita
is partly vegetated and covered with rotting drift
logs-it is unlikely that wave action has reached
the cliff in more than a century.
CONCLUSIONS

There is a high degree of spatial and temporal
variability in cliff erosion intensity along the Oregon coast which has made it difficult for citizens
and communities to react to the problem in a
satisfactory manner. There is a systematic firstorder spatial variation along the full length of the
coast that reflects the north-to-south pattern of
tectonic uplift versus eustatic sea-level rise, that
documented in Figure 3. Uplift exceeds the sealevel rise along the southern half of the coast, and
in the very northern portion near the border with
Washington; sea cliff erosion is small to negligible
in those areas, and what little exists is due largely
to groundwater seepage and other subaerial processes rather than resulting from wave attack. The
global rise in sea level exceeds the tectonic uplift
in the north -central portion of the coast, and cliff
erosion there is more significant and represents a
management problem. In this stretch of coast there
is a considerable smaller-scale spatial and tem-
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A. Manzanita (Rockaway Cell)

B. Oceanside (Netarts Cell)

Figure 11. Th e heavily vegetated sea cliffs at Manzanita at the north cnd of th e Rockaway cell and at Ocean side with in th e Netarts
cell, each prote cted by a cobhle rampart. Low-slop ing dissipat ive beaches front th e cohble rampar ts , the one at Man zanita being
submerged d urin g high tide s.

para I vari ability, a seco nd -orde r level of variations in cliff recession. We hav e identified a num ber of factors that account for this variability. Of
particul ar importance is the overall buffering a bility of the beach to protect the sea cliff from direct
wave attack. Analyses of wave runup and profil eelevation changes have dem on strated different
buffering capacities of the beache s in th e se ries
of littoral cells along the Ore gon coast. In particular, the overall cliff erosion is maximum within
the Beverly Bea ch cell due to low elevations of
the beach profil es relative to wave runup heights.
This can also vary spa t ially and temporally within
a specific littoral cell. This is esp ecially th e case
in the Lin coln City cell due to longshore vari ations
in beach sed iment grain sizes that result in areas

of reflectiv e versus dis sipative beach es. The reflecti ve beach is mu ch more dynamic in profile
cha nges und er var ying wave cond it ions, and rip
cur rent embayments are extremely important in
cutting back the bea ch berm so th at wave s can
directly attack the sea cliff. This is significan tly
different from t he response of the dissipative beach
where the run up is dominated by infragravity (period > 20 sec) wave moti on s that act a t most to
wash away talus that has accumulated at the cliff
base due t o subaerial p rocesses. Other factors important to vari ations in cliff erosion include longshore movements of sa nd within th e embayme nts
of the littoral cells as waves approach the coast
from different direction s (important during the
1982-1983 El Nino), the development of cobble
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ramparts fronting the cliff, and numerous smallscale factors such as streams, groundwater concentrations and man-induced conditions (culverts, etc.) that have not been addressed in this
paper.
Based on the findings of our study, it is appropriate to offer suggestions with respect to management decisions regarding problems with sea
cliff erosion on the Oregon coast. Our initial objective was to undertake standard aerial-photo
analyses to determine long-term recession rates
so that set-back distances could be established.
However, that approach proved to be largely fruitless even in areas thought to be eroding at substantial rates. The long-term retreat turns out to
be much less than initially thought. This was confirmed by comparisons between the modern cliff
and old photographs taken by tourists early this
century. The establishment of set-back lines is
still a valid management approach, but should be
based on a general assessment of the factors discussed in this paper-the capacity of the beach
to locally serve as a buffer and the susceptibility
of the cliff material to landsliding. These factors
and thus the recommended set-back distances differ from one cell to another, and secondarily within the littoral cell itself.
Management decisions should also reflect the
potential for the occurrence of another subduction earthquake, which among its destructive effects would be increased beach and cliff erosion
along the coast. The present patterns of cliff erosion reflect the along-coast interseismic uplift that
has presumably continued for 300 years since the
last major earthquake. Many sea cliffs show evidence for significant erosional retreat in the distant past, but are now heavily vegetated and have
not retreated due to wave attack within historic
times. Our interpretation is that the erosion occurred following the last subduction earthquake
and accompanying subsidence, but that the subsequent aseismic uplift has halted continued erosion. Another subduction earthquake, which has
a high probability of occurrence within the next
100 years, can be expected to result in rejuvenated
sea cliff erosion, and therefore should be included
in management considerations.
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