














820 McKay and Terich

Figure 5. Seepage through the gravel barrier.

ends welded together. Presently, South Rock View
Beach appears to be in stage 2 (barrier and es­
tuarine sediment accumulation) in the BOYD et
at. (1987) barrier evolution model. However, un­
like the Boyd model, there is a forested wetland
behind the barrier slowing its landward migra­
tion. The rate of sediment supply is expected to
decrease as the glacial deposits, which once sur­
rounded the resistant headlands, diminish. This
decline in sediment supply will eventually lead to
successive stages of the model, where the barrier,
no longer anchored by the headlands, stretches
along the shore and forested shore-bluffs (CARR
and BLACKLEY, 1973).

Three transects each 500 m apart were estab­
lished along the 1.6 km long barrier. Profiles and
sediment samples were taken in September (late
summer) and January (winter) (Figure 8). The
barrier crest heights ranged from 5.0 m to 6.0 m
above MLLWand the barrier width ranged from
20 m to 30 m at MSL. Each profile displayed a
great deal of seasonal variability. All summer pro­
files have a distinct fair weather berm between

the 3.0 m and 4.0 m elevations. In the field, this
berm was clearly evident, stretching along the en­
tire length of the barrier. Scattered drift logs lay
on the accreted foreshore berm. In the winter, this
berm was absent and the entire barrier foreshore
changed into a concave upward profile similar to
that noted by SHERMAN (in preparation) along
the Irish coast. The crest and backshore is covered
by drift logs (Figure 9). The logs are generally
resting parallel to the shore interrupting wave ov­
erwash processes. During severe storm events, both
the logs and overwash sediments are thrown
against small sitka spruce trees, at the seaward
edge of the forest, scaring the tree trunks and in
some cases uprooting small trees. The drift log
and standing trees behind t he barrier slow but do
not halt the landward migration of the barrier.

At South Rock View, the largest mean sediment
size ranged between coarse pebbles (- 4.0 to ­
5.0 4» to very coarse pebbles (- 5.0 to - 6.0 4».
The mean grain sizes generally showed a down­
beach decrease in size at all elevations both in
summer and winter. One exception was site 1 (HW
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Figure 7. Model of Barrier Evolution.

- summer) where large drift logs had interrupted
long shore transport. Similar to the Queets-South
Beach barrier, mean sediment size increased with
increasing elevation along the barrier. The sedi­
ment at the barrier crest showed the least seasonal
change. This is because these sediments are out
of reach of most wave activity and protected by
a cover of drift logs.

Clast size variation shows opposite trends at
the HWM and the barrier crest. Typically, sedi­
ment size decreases with distance downdrift
(SCHWARTZ, et al., 1985). However, the data show

mean sediment size decreasing downdrift at the
barrier crest, while it increases at the HWM.
KIDSON (1963) noted a similar pattern on the
Somerset coast of England, concluding that only
large waves transport shingle along the beach face,
whereas currents of any kind may carry smaller
sediments in the opposite direction along the low­
er part of the beach. Although this barrier does
not show a strong longshore variation, perhaps
the sediment size data reflect differences in the
mode of sedimentation at the barrier crest
(KIDSON, 1963).
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South Rock View Beach 2 Profile

South Rock View Beach 1 Profile
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Figure 8. South Rock View beach study sites.

U.S. Army Corps of Engineers since 1953 to main­
tain the barrier. The middle section of the spit
had been completely rip rapped by 1977. In 1980,
the Corps built a 700 m long low tide line break­
water in front of the rip rap. It disappeared in
less than three months time. In the summer of
1982, the Corps rebuilt and extended the rip rap

South Rock View Beach 3 Profile
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The greatest seasonal variation in sediment size
occurred at the LWM. Summer samples were bi­
modal which corresponds with the findings of CARR
(1969, 1971) at Chesil Beach, England. The winter
increase in sand fraction is peculiar since it is
expected that the sand would travel offshore dur­
ing storms, leaving behind gravel.

Rialto Beach

The barrier at Rialto Beach is the most dynamic
of the three barriers studied. The northern half
is a fringing barrier, while the southern half, ad­
jacent to the Quillayute River, is a barrier spit
connecting James Island to the mainland (Figure
10). This barrier evolved as the coastline retreated
during the Holocene marine transgression. The
rate of relative sea level rise in this region is es­
timated to be 0.7 mm/yr (WEST and MCCRUMB,
1988). Glacial sediments associated with both the
Cordilleran ice sheet and Olympic alpine glaciers
were deposited across the mouth of the Quillayute
River. Eventually, the coastline retreated into and
beyond large resistant blocks of Hoh Rocks which
stand today as James Island and Little James
Island. The barrier's northern terminus is at­
tached to the mainland at approximately transect
site 1.

The mouth of the Quillayute River has changed
throughout history. In 1882, the river mouth was
located at its present position, just south of James
Island (REAGAN, 1909), and by 1889 the mouth
shifted nearly 2 km to the north (U.S. ARMY CORPS
OF ENGINEERS, 1974). By 1911, the river dis­
charged at its present position and the channel
was stabilized in 1932 with the construction of a
dike between James Island and the southern end
of the barrier (U.S. ARMY CORPS OF ENGINEERS,
1974).

The Rialto Beach barrier is retreating, in the
fourth stage of barrier evolution (BOYD, et al.,
1987). In this stage, sediment supply from the
glacial cliffs has long since ended and the present
position of the Quillayute River mouth no longer
supplies sediment, leading to frequent overwash­
ing and landward migration of the Rialto barrier.
As a result, the barrier, which attached to the
mainland to the north and James Island to the
south, is "stretching" as it migrates landward and
toward the Quillayute River. Waves frequently
overwash the barrier, in some cases threatening
to breach the barrier, allowing storm waves to
reach the boat harbor across the river. Bulkheads,
sediment fill, and rip rap have been used by the
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Figure 9. The upper barrier surface covered with drift logs.

dike to a length in excess of 800 meters (SCH,WARTZ,
1983).

The barrier crest reaches about 6.5 m above
MLLW at transect site 3, and about 5.5 m at site
2 (Figure 11). The width of the barrier is about
40 to 50 m at mean sea level (MSL). South of site
3, the barrier has been modified by rip rap.

Just north of site 1, the barrier "pinches out,"
no longer exhibiting typical fringing barrier mor­
phology, and exposing wave-eroded Quaternary
alluvial deposits (TABOR and CADY, 1978). There
was no barrier crest to profile or sample at site 1,
hence Table 3 presents no data for this site. Sim­
ilarly, the profiles at site 1 show no morphologic
evidence of a barrier, save one small summer berm
at the 15 m mark.

Seasonal profiles from transects 2 and 3 are
clearly asymmetrical, indicating barrier instabil­
ity and frequent wave overtopping (CARTER and
ORFORD, 1984). The landward (back barrier) slopes
are gradual as compared to the seaward foreshore
slopes. The steep beach face and presence of beach
cusps indicates the beach is highly reflective. It

is evident that frequent overwashing occurs along
this part of the barrier and the entire barrier is
retreating into the forested area (Figure 12). Pro­
file 2 shows the barrier crest migrated inland near­
ly 10 m in one year, between September, 1988 and
September, 1989. As it moves landward, trees are
being killed by saltwater intrusion and eventually
are toppled by high waves and drift logs. Over­
topping and overwashing occur mainly during
winter high tides and storms. Overwashed sedi­
ment flows into the Rialto Beach picnic area im­
mediately behind the barrier (TIM McDANIEL,
personal communication, 1990).

Wave overtopping and overwash processes were
observed during a major storm with gale force
winds which struck on Japuary 27, 1990. Storm
waves washed gravel over the barrier crest. The
movement of drift logs was also very active. Small­
er drift logs on the beach face were easily moved
by the huge breakers and in some cases taken out
into the surf zone, while the largest logs, some up
to 8 feet (2.5 m) in diameter (SWAN, 1971), re ­
flected incoming waves. Some logs rolled down
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Figure 10. Rialto Beach study sites.

the beach face where intercepting waves would
carry them to other locations along the shore.
Those logs remaining on the barrier crest and
back barrier interrupt overwashing, slowing the
landward migration of the entire barrier.

Study of the seasonal sediment data reveals
some similarities and differences with the other
two barriers (Tables 1-3). First, like the other
barriers, Rialto Beach sediments show a "coars­
ening" in the winter. Unlike the other barriers,
the overall mean sediment sizes at nearly every
elevation are smaller. Also, there tended to be a
lower percentage of cobbles in the Rialto barrier
as compared to the other barriers. One explana-

tion could be the absence of cobble-sized gravels
in the region leaving smaller gravels to dominate
the barrier.

DISCUSSION AND CONCLUSIONS

The gravel barriers along the Olympic Coast of
Washington State (U.S.A.) display many similar
characteristics to those found in other parts of the
world's coastline. As in the British Isles and At­
lantic coast of Canada, the Olympic coast barriers
have developed along a paraglacial coast where
storm waves occur and glacial deposits are the
major source of sediments.

There are also many contrasts between the
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Table 2. Sediment size data.

Rialto Beach 1 Profile A. Summer (September 1989): South Rock View Beach barrier.

Figure 11. Rialto Beach barrier study sites.

vation on the barriers and a bimodality at the
lower foreshore. On the Olympic coast, sediment
size is dictated by sediment source, which in most
cases was glacial outwash or river sediments. In
Nova Scotia, however, sediments up to boulder
size are found because the sediment source is
poorly sorted diamicts from drumlim headlands.

Seepage across barriersoccurs on the Olympic
coast as it does in southeast Ireland (CARTER et
al., 1984). On the Olympic barriers, seaward seep­
age occurs draining back barrier streams. On the
Irish coast, the seepage process drains both low
discharge streams and lagoons. Landward seepage
has been noted both in southeast Ireland and at
Chesil Beach, England (CARR and BLACKLEY,

Sam-
Size Fraction (%)

ple c p s M[¢] SD [¢]

SRV 1

LW 0 74.9 25.1 -1.9 2.5
HW 0 100 0 -5.3 0.5
Crest 0 100 0 -4.9 0.7

SRV 2

LW 2.4 84 13.6 -1.9 2.5
HW 0 100 0 -4.4 0.7
Crest 25.4 74.6 0 -5.0 0.9

SRV 3

LW 0 46.2 53.8 -0.7 2.8
HW 0 100 0 -4.4 0.7
Crest 12.4 87.6 0 -5.4 0.5

B. Winter (January 1990): South Rock View Beach barrier.

Sam-
Size Fraction (%)

ple c p s M [¢] SD [¢]

SRV 1

LW 0 0 100 2.5 0.3
HW 0 100 0 -4.9 0.5
Crest 19.1 80.9 0 -4.9 1.0

SRV 2

LW 0 24 76 0.8 2.5
HW 0 100 0 -4.5 0.4
Crest 9.7 90.3 0 -5.1 0.5

SRV 3

LW 0 0 100 2.3 0.4
HW 0 100 0 -4.2 0.7
Crest 12.9 87.1 0 -5.4 0.5

c = cobbles (-6 ¢ to -8 ¢); (64 mm to 256 mm)
p = pebbles (-1 ¢ to -6 ¢); (2 mm to 64 mm)
s = sand (4 ¢ to -1 ¢); 0/16 mm to 2 mrn)
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Olympic barriers and those described elsewhere.
Resistant headlands tend to anchor the Olympic
barriers, while in Nova Scotia, eroding drumlins
not only serve as anchors but are the primary
sediment sources. Nearly all of the surveyed
Olympic barriers displayed the development of a
summer-type profile similar to those at Malin
Head, Ireland (SHERMAN, in preparation). The
sediment size data showed coarsening with ele-
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Figure 12. The migrating barrier invades and kills the forest trees.

1974), due to extremely high tides or storm con­
ditions. On the Olympic coast, there was no evi­
dence of landward seepage.

The three barriers studied aiong the Olympic
coast appear to be in three different stages of
evolution (BOYD et al., 1987). The Queets-South
Beach barrier is in stage 3 of the evolutionary
model. The high glacial cliffs continue to provide
a positive sediment yield, which delivers sediment
well beyond the Queets River estuary forming a
downdrift fringing barrier. Except near the river
mouth, this barrier showed the least amount of
wave overtopping and sediment overwashing of
the three barriers. The relative stability of this
barrier is also shown by the little summer versus
winter change in profile and sediment size pro­
portions.

South Rock View Beach also appears to occupy
stage 3, but it is moving into stage 4 (BOYD et al.,
1987). Unlike the Queets-South Beach barrier, this
barrier has a diminished sediment supply. The
dense mat of drift logs that covers the top of the
barrier and the forest into which it is migrating

are slowing the evolution of the barrier into stage
4-barrier retreat.

The barrier at Rialto Beach is clearly in retreat
(stage 4) and nearing destruction (stage 5). Sed­
iment is no longer available for rebuilding or post­
storm recovery. The crest occupies a progressively
landward position and overwashing is a frequent
event. This barrier has the least amount of cobble
sized sediments indicating a long past supply loss.
Here, as at South Rock View Beach, the evolu­
tionary stages are slowed by drift logs and the
forest into which the barrier is migrating. None­
theless, the evolutionary processes are operating
and this barrier, which shelters small boats moored
on the Quillayiate River will require maintenance
rip rapping.
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Table 3. Sediment size data.
A. Summer (September 1989): Rialto Beach barrier.

Sam-
Size Fraction (%)

ple c p s M[4>] SD [4>]

Rialto 1

LW 0 57 43 -1.7 2.6
HW 0 0 100 -4.6 1.4
Crest

Rialto 2

LW 0 30.9 69.1 0.1 1.5
HW 11.7 85.5 2.8 -4.5 1.5
Crest 13 85.5 1.5 -4.0 1.4

Rialto 3

LW 0 91.8 8.2 -0.7 1.9
HW 0 100 0 -4.4 0.5
Crest 8.8 91.2 0 -4.2 1.0

B. Winter (January 1990): Queets, Rialto Beach barrier.

Sam-
Size Fraction (%)

ple c p s M[4>] SD [4>]

Rialto 1

LW 3 97 0 -3.6 1.0
HW 0 100 0 -4.4 0.5
Crest

Rialto 2

LW 0 3.5 96.5 0.2 0.9
HW 0 96.6 3.4 -3.3 1.0
Crest 11.7 88.3 0.1 -4.9 0.7

Rialto 3

LW 0 91.8 8.2 -1.5 0.7
HW 0 100 0 -3.0 0.5
Crest 11.1 88.9 0 -5.0 0.7

c = cobbles (-6 4> to -8 4»; (64 mm to 256 mm)
p = pebbles (-1 4> to -6 4»; (2 mm to 64 mm)
s = sand (4 4> to -1 4»; (1/16 mm to 2 mm)

manuscript given by Dr. Douglas Sherman, De­
partment of Geography at the University of
Southern California.
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o RESUME 0
Les trois barrieres de graviers etudiees Ie long de la cote Olympique (Etat de Washington) montrent des caracteres morphologiques
et texturaux semblables aceux des barrieres des cotes d'lrlande, d'Angleterre et de Nouvelle Ecosse. Deux d'entre elles sont ancrees
sur des promontoires resistants; ces derniers ne sont toutefois pas une per equation necessaire a leur developpement. Ces barrieres
semblent suivre un modele de developpement et de destruction en evolution, quelque peu semblable a ceux de la litterature avec
une difference: aucune des trois barrieres ne migre vers des lagunes ou des estuaires, mais vers des marais recouverts de forets ou
des hautes terres et dans l'un des cas, les arbres sont tues par l'intrusion d'eaux salees et de graviers.-Catherine Bousquet-Bressolier,
Geomorphologic E.P.H.E., Montrouge, France.

o RESUMEN 0
En la costa Olympic del Estado de Washington, se estudiaron tres barreras de grava, que muestran una morfologia y caracteristicas
texturales similares a las barreras de las costas de Irlanda, Inglaterra y Nueva Escocia. Los cabos resistentes sirven como puntos de
anclaje para dos 0 tres barreras. Sin embargo, estos cabos, no son un prerequisito necesario para el desarrollo de las mismas. Esta
barreras parecen seguir modelo de evolucion de desarrollo y destruccion, similares a los mencionados en la literatura pero con una
diferencia: Ninguna de las tres barreras se hallan migrando hacia lagunas 0 estuarios, pero si hacia las marismas 0 tierras elevadas,
y en algunos casos la intrusion de agua salada y grava mata a los arbles.-Nestor W. Lanfredi, CIC-UNLP, La Plata, Argentina.

o ZUSAMMENFASSUNG 0
Drei Schotterstrandwalle wurden an einem Kiistenabschnitt des Staates Washington (USA) untersucht, der den Olympic Mountains
vorgelagert ist. Morphologie und Textur dieser Strandwalle sind denen an den Kiisten Irlands, Englands und Neuschottlands
vergleichbar. Widerstandige Kustenvorsprunge dienen als Ankerpunkte fur zwei der untersuchten Strandwalle. Diese Vorsprunge
sind aber nicht notwendige Voraussetzung fur die Entwicklung der untersuchten Walle. Diese scheinen einem klassischen Ent­
wicklungsmodell zu folgen, in dem sich Aufbau und Zerstorung abwechseln, wie dieses auch von anderen Lokalitaten berichtet wird.
1m Unterschied hierzu wandern aber alle drei Strandwalle nicht in eine Lagune oder ein Astuar, sondern in bewaldete Marschen
und hohergelegene Flachen auGerhalb des Tidenbereiches; in einem Fall werden sogar die Baume durch die Intrusion von Salzwasser
und durch Schotter vernichtet.-Ulrich Radtke, Geographisches Institut, Universitiit Dusseldorf, Germany.
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