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PREFACE

This thesis consists of three parts, each part being submitted for publication by this author.

Co-authors on the first

part include Ken Scheidegger and Paul Komar.

Co-authors on the

second part include Ken Scheidegger, Wendy Niem and Paul Komar.
Wendy tHem supplied mineralogical data on Tillamook Bay sediments.

Paul Komar arranged for funding of the study and was in-

volved in establishing empirical relationships between estuarine
sediment composition and estuarine hydrographic parameters.

Ken

Scheidegger is a co-author on the third part of this thesis and
was responsible for overseeing all phases of the research performed by this author.

The three parts presented in this thesis follow in order of
their completion.

Sedimentation in Small Active-margin Estuaries
of the Northwestern United States

I(TRODUCTION

Small estuaries of the northwestern United States occupy the
remnants of high-gradient river-valleys inundated during the
Holocene marine transgression, beginning some 10,000 - 12,000
years B.P.

These active-margin estuaries are abundantly supplied

with fine- and coarse-grained sediment and as a result they
generally reflect relatively 'mature' depositional stages.
However, depositional patterns within the estuaries vary
considerably and major questions arise about factors that control
deposition in these bays.

For example, what are the present

mechanisms of sediment transport and dispersal in these highgradient estuaries?

How do differences in estuarine physio-

graphy and hydrography affect retention of river and marine sediments in the bays?

What factors are important in controlling es-

tuarine sedimentation during the estuaries development and what
are the consequences of present trends of sedimentation in these
bays?

A research program was initiated in 1978 to address these
questions and results from this program are detailed in the next
three parts of this thesis.

In Part 1, results froni a detailed

study of seasonal sand-transport in Alsea Bay, Oregon establish
the major mechanisms of sand dispersal presently occurring within
this estuary.

In Part 2, summer depositional patterns in six

estuaries are related to variations in estuarine physiography and
hydrography.

In Part 3, the results from seismic and deep-coring

work in Alsea Bay, Oregon document several stages of estuarine deposition which correlate with changes in rate of eustatic sealevel rise during the Holocene.
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PART 1

Sand-dispersal Patterns in an Active-margin
Estuary of the Northwestern United States
as Indicated by Sand Composition,
Texture and Bedforms

Submitted to Marine Geology

3

ABSTRACT

Sediments found in Alsea Bay, Oregon, an active-margin estuary which experiences seasonally high fluvial discharge, are
generally a mixture of river sands from the high-gradient Alsea
River and beach sands carried into the bay by tidal currents.
However, sands from these two sources are very distinctive, differing in both their heavy-mineral assemblages and in the degree of
heavy-mineral grain rounding.

Both a measure of the mean grain

roundness and factor analysis of the heavy-mineral assemblages
provides a direct indication of the relative proportions of beach
and river sands in estuarine deposits.

This accurate determina-

tion of sources together with a study of bedform asymmetry and
migration and sediment grain-size distributions permits a detailed
analysis of the patterns of sediment movement and deposition in
Alsea Bay.

Contours of sample composition indicate that the predominant
routes of beach-sand intrusion occur along the south side of the
east-west trending estuary, penetrating 1-2 km from the mouth, and
along the north side of the estuary, reaching 2-4 km from the
mouth.

Asymmetrical, tidal-current transport is also indicated

by megaripple orientations and is the predominant mechanism by
which beach sand is transported up the estuary.

In addition, the

alignment and compression o-f composition contours along prominent
tidal channels imply that:

(1) channels serve as the major con-

duits of sand transport; and (2) channel margins are the predominant sites of recent sand deposition.

In contrast to estuarine

margins, the central channels of the bay are dominated by the seaward movement of river sand, silt and clay with silt and clay passing entirely through the estuary.

Repeated sampling revealed

that down-channel transport of river sands occurs during winter
periods of high fluvial discharge while beach-sand intrusion occurs
during periods of low fluvia] discharge in summer months.
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INTRODUCTION

An extensive body of literature has developed on the subject
of sedimentation in drowned river-valley estuaries of broad
coastal plains.

By comparison, much less is known about the

processes responsible for sediment transport and deposition in
smaller estuaries of active margins.

These estuaries typically

occupy the drowned remnants of steep-sided, pre-Holocene river
valleys and are supplied with abundant coarse-grairied sediments

from high-gradient fluvial sources.

Small active-margin estuaries

are prevalent in the Pacific Northwest, having formed along the
base of a coast range that extends from northern California to
northern Washington.

In one of the initial studies of a Pacific

Northwest estuary, Yaquina Bay, Oregon, Kuim and Byrne (1966)
utilized heavy-mineral analyses to document the transport of
river and beach sand into the estuary's upper and lower reaches,
respectively.

Scheidegger and Phipps (1976) found similar de-

positional patterns in Grays Harbor, Washington, again relying
on differences in heavy-mineral assemblages of the various sand
sources.

Both Yaquina Bay and Grays Harbor are strongly influ-

enced both by tidal currents and by appreciable runoff during
winter months.

Neither study of these estuaries attempted to

unravel the complex processes of sediment mixing and transport
occurring within central estuarine reaches.

Several other

studies have also been conducted on Pacific Northwest estuaries
that are either dominated by fluvial or tidal processes.

For

example, Clifton et al. (1973) and Boggs and Jones (1976) found
that very small estuaries with high-gradient streams are
fluvially dominated and transport both river sand and gravel
to the littoral zone during rainy winter months.

In contrast,

Clifton and Phillips (1980) found sand in Willapa Bay, Washington, a major tidally dominated estuary, to be predominantly of

littoral origin.

The processes of sand transport and deposition in estuaries
that are not clearly dominated by either fluvial or tidal processes
are not well understood.

These estuaries of intermediate type com-

prise the majority of Pacific Northwest estuaries and are representative of active-margin estuaries which experience seasonal
periods of high fluvial discharge.

The goals of this study are

two fo 1 d:

1.

To accurately trace the dispersal of sand within Al sea

Bay, Oregon, in order to determine the mechanisms of
sand transport and mixing that occur in intermediatetype estuaries of active margins.
2.

To evaluate the relative importance of these mechanisms
in producing sand transport and deposition throughout the
estuary.

Alsea Bay was chosen for this study on the basis of its intermediate ratio of fluvial discharge to tidal prism, its pristine
condition, arid because abundant hydrographic data are available

(Burt and McAllister, 1959; Goodwin et al., 1970; Matson, 1972;
Giger, 1972; Boley, 1973; McKenzie, 1974).
This paper focuses on tracing sediment-dispersal patterns,
which are fundamental to understanding the complex interplay of
processes in drowned river-valley estuaries of active margins.
As in previous studies, light and heavy-mineral analyses were
employed in the identification of sand and heavy-mineral analyses
were employed in the identification of sand sources.

Measurements

of grain roundness were also found to provide an accurate measure
of sand sources.

Multivariate analysis of heavy-mineral assem-

blages and quantitative measurements of grain rounding were used
together to accurately trace sand-dispersal patterns within the

estuary.

In addition, patterns of sediment dispersal within

Alsea Bay were monitored over a one-year period to examine the
degree of response to the large changes in river discharge from
winter to summer.

1n investigation of bedforni structures and

standard grain-size parameters further aided in the identification of fluvial and tidal processes of sand transport and deposition.

Finally, a model which is based on results obtained in

this study is proposed for bedload transport in intermediatetype estuaries in active-margin settings.
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PHYSIOGRAPHY AND HYDROGRAPHY

Alsea Bay, located 24 km south of Newport, Oregon, has a
maximum width of 2.3 km, a maximum salinity intrusion of 21 km
and ranges from 10 m depth at the inlet to an average depth of
1.5 m within 4 km of the inlet.

Marine water enters the estuary

through a single tidal inlet which is confined between a relatively stable spit to the north and a resistant headland to the south
(Fig. 1-1).

Semi-diurnal tides of Alsea Bay have a mean range

of 1.8 m, a diurnal range of 2.3 m and generate a (MHHWMLLW)
The predomi-

tidal prism of 1.4 x 1O7 m3 (Goodwin et al., 1970).

nant source of freshwater to Alsea Bay is the Alsea River, some

106 km-long with an average gradient of 4.7 m km. Due to the
predominance of rain during winter months, there are pronounced
seasonal differences in fluvial discharge.

Between 1970 and

1980, Al sea River discharges ranged from a minimum of 1.6 m3 s
during dry summer months to a maximum of 1 .05 x lO

m3

s

following heavy winter rains (U.S. Geol. Surv. Water Resour. Div.
1970-1980).

During periods of peak fluvial discharge the volume

of freshwater entering the estuary in a 6-hr interval exceeds the
volume of the tidal prism.

Studies of fresh and saline-water circulation in Alsea Bay
have been directed towards descriptions of:

(1) fluvial and

marine water stratification on a seasonal basis; and (2) asymmetry of tidal flow.

Several investigations (Burt and McAllister,

1959; Matson, 1972; McKenzie, 1974) have concluded that Alsea
Bay is a partially mixed estuary throughout the year.

However,

more relevant to this study are Giger's (1972) observations of
the displacement of the salinity wedge from the upper and middle
reaches of the estuary during periods of high fluvial discharge.
Giger recorded low-tide salinity profiles of Alsea Bay on a
seasonal basis and found a bottom-water salinity of 3°/

at

FIGURE 1-1.

Flood and ebb tidal current circulation in Alsea
Bay, Oregon, from Boley (1974) and McKenzie (1975).
Dashed line represents MLLW contour.

ALSA
6AY

FIGURE 1-1.
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points 20.9, 12.1 and 2.4 km from the mouth in the summer, spring
and winter, respectively.

Investigations of tidal-current

asymmetry in Alsea Bay (Boley, 1973; McKenzie, 1974) have indicated that a counter-clockwise circulation of tidal flood and
ebb currents occurs in lower estuarine reaches, while in the
middle estuarine reaches a clockwise circulation pattern is
formed (Fig. 1-1).

Thus, tidal flood currents predominate along

the southern estuarine margin in the lower reaches of Alsea Bay
and along the northern margin in middle reaches of Alsea Bay.
Conversely, tidal ebb currents flow down the southern estuarine
margin in middle estuarine reaches and cross to the northern
estuarine margin of the lower estuary before exiting the tidal
inlet.

Sediment Sources

Within the Alsea Bay drainage basin two geologic units predominate and they are the Tyee Formation of middle Eocene age
and the underlying Siletz River volcanics of early Eocene age
(Baldwin, 1955; Snavely et al., 1972).

Approximately 85% of the

drainage basin is covered by micaceous arkosic sands of the Tyee
Formation, which contains minerals that are representative of
both volcanic and metamorphic provenances (Lovell, 1969).

In

sand-size sediments sampled from three tributaries draining
Tyee Formation sandstones, the heavy-mineral fraction comprises
1.5% of the sample by weight (Table 1-1).

By comparison, resis-

tant basalts of the Siletz River volcanics are locally exposed
along ridge tops and comprise only about 15% of the drainagebasin surface area.

The predominant minerals of these basalts

are labradorite, augite and magnetite (Schlicker et al., 1973)
and in sands sampled from three tributaries draining Siletz
River volcanics, the heavy-mineral fractions comprised some 40%
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TABLE 1.1.

Mineral and textural properties of fluvial sands
Mineral Fractions
Liciht

Composition
Tributaries of
Tyee Formation sandstones

Siletz River volcanic
basalts

Alsea River composite

Grain roundness
Tributaries of
TyeeForniation sandstones
Siletz River volcanic

Heav

Hornblende
Clinopyroxene
Upaques
Garnet
Orthopyroxene
Epidote
Clinozoisite
Staurolite
Zircon
Glaucophane

35%
25%
15%
15%
10%
<1%

Augite
Magnetite
Hornblende

60%
35%

Voic. frag. 40%
Feldspar
30%
Quartz
25%
5%
Iiica

Augtte
Magnetite
Hornblende

60%
35%

Variable

Variable

Very angular

Very angular

Variable

Very angular

Voic. frag. 40%
Feldspar
30%
25%
Quartz
Mica
5%

Basalt frag.75%
Plagioclase 25%

basal ts

Alsea River composite

<1%
<1%
<1%
<1%

5%

5%
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of the samples by weight (Table 1-1).

Fluvial sediments entering

Alsea Bay range texturally from clay to gravel.

The sand-size

fraction of these sediments displays a composite mineralogy which
is representative of both source rock lithologies.

Heavy

minerals are dominated by very angular grains of augite and magnetite derived from the basalts while the light-mineral fraction
is primarily quartz

feldspar and altered volcanic fragments de-

rived from the sandstones.

The second major source of sediment to Alsea Bay is very
well-sorted sand from adjacent marine beaches and the inner continental shelf.

Relict shelf sand, eroding coastal terraces, and

small coastal streams presently supply sand to central Oregon
beaches.

The ultimate sources of the beach sands are rocks of

the Oregon Coast Range and metamorphic rocks of the Kiamath

Mountains in southern Oregon and northern California (Scheidegger
et al., 1971).

Sands sampled from beachfaces north and south of

the Alsea Bay tidal inlet contained variably rounded light-mineral
grains (95%) and well-rounded heavy-mineral grains (5%) that are
mineralogically representative of their volcanic and high rank
metamorphic source rocks (Table 1-2).
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TABLE 1-2.

Mineral and textural properties of beach sands
Mineral Fractions
Liaht

Composition
Alsea Bay Spit sand

Grain roundness
Alsea Bay Spit sand

Heav

50%
Quartz
Feldspar
45%
Lithicfrag. 5%

Opaques
Clinopyroxene
Orthopyroxene
Hornblende
Garnet
Epidote
Clinozoisite
Staurolite
Zircon
Kyanite
Sphene
Glaucophane

Variable

Well rounded

40-50%
20-25%
10-15%
10-15%
5-10%
<5%
<5%
<5%
<1%
<1%
<1%
<1%
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FIELD AND LABORATORY METHODS

Surface sediments from 95 locations within and adjacent to
Alsea Bay were grab sampled during the summers of 1978 and 1979
(Figure 1-2a).

Twenty-two of these locations were reoccupied

and sampled in early January and again in mid-March of 1980
(Fig. l-2b).

Bedform structures from 34 sites within Alsea Bay

(Fig. l-2b) were measured, photographed and cored with orientated,
hand-held box corers.

Selected sites were photographed and box

cored during several phases of the tidal cycle using SCUBA.
Navigation within the estuary was accomplished by positioning over
bottom features accurately portrayed in aerial photographs taken
in 1978 by the Army Corps of Engineers.
Grab samples were split for:

(1) grain-size analyses in a

settling tube (Thiede et al., 1976); and (2) heavy-mineral

separation in tetrabromoethane, s.p.g. 2.96 g cm3.

Grain mounts

were prepared from light- and heavy-mineral fractions in the
62-250 im grain-size range.

In each mount at least 150 heavy-

mineral grains were identified petrographically and 300 grains
were examined for the degree of roundness.

Slabs (25 x 15 x 1 cm)

were taken from oriented box cores, photographed, and then radiographed on low-density, high-contrast X-ray film.
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FIGURE 1-2.

Grab sample and box-core sites in Alsea Bay. Figure
l-2a shows surface-sediment sites samples in summer
months, and 2b shows sites resampled in winter and
spring months.
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FIGURE 1-2.
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RESULTS

Depositional Patterns

In order to identify fluvial and tidal processes of sand
transport and deposition in Al sea Bay, sedimentary structures

and grain-size parameters within various estuarine environments
were investigated.

Within upper estuarine reaches, some 5-10 km

from the tidal inlet, the pre-Holocene river valley broadens and
the south channel displays short meander bends with well-developed
point-bars.

Sedimentary structures associated with the point-

bar sand deposits range from ebb-orientated small current ripples,
near channel banks, to laminated deposits at varying distances
away from the channel banks (Fig. 1-3).

Sediment grain size in

upper estuarine reaches ranges from gravel in channel axes to fine
sand in laminated deposits (Fig. 1-4a).

Suspended silt and clay

largely bypass the estuarine depositional environment.

Moderate

sorting of sand in channel banks and an abundance of river gravel
in channel axes in addition to ripples that maintain ebb orientations throughout the tidal cycle indicate the importance of
fluvial processes in upper estuarine reaches (Fig. 1-4b and c).
Bedforms of the middle estuarine reaches, 2-5 km from the
mouth, occur in response to tidal current flow.

Megaripples and

small current ripples which decrease in amplitude with distance
from the tidal inlet and channel axes indicate decreasing flow
velocities with distance away from the channel axes (Fig. 1-3).
Decreasing grain size with distance from channel axes also implies lower flow velocities over tidal flats relative to channel
axes (Fig. l-4a).

Astonishingly, texturally bimodal sands

frequently occur in narrow zones between channel banks and tidal
flats, indicating very restricted mixing of tidal channel and
tidal flat sands (Fig. 1-4b).

In lower estuarine reaches, tidal

IE

FIGURE 1-3.

Areal distribution of bedforms determined from boxMegaripples in
core sites and aerial photographs.
this study were defined on the basis of ripple wave
length, i.e., megaripples >60 cm, small ripples
<60 cm.
Irregular bed-Forms along the back-bay margins result from low depositional rates and extensive bioturbation from the sand shrimp Callianassa.
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MEG A RIPPLES

RIPPLES
F

IIRREGU LAR

CHANNEL L

FIGURE 1-3.

FIGURE 1-4.

Sediment grain-size distribution in Al sea Bay.
(a) Areal distribution of sediment mean grain-size
Dark stipple pattern outlines channel-lag
values.
deposits of sand, gravel and shell fragments in
(b) Grain-size frequency distribuchannel axes.
tions from upper, lower and middle estuarine reaches.
Bimodal frequency distributions typically occur
along channel margin environments in the mid-estuary.
(c) Areal distribution of sediment-sorting values.
Sorting decreases with distance from the tidal inlet.
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currents in excess of 150 cm s, generate megaripples atop the
tidal flats and planar-bedded sand deposits adjacent to the
In addition, the sand in the lower

tidal inlet (Fig. 1-3).

reaches of Alsea Bay is generally better sorted than its parent
beach sand suggesting that reversing tidal currents here are an
especially efficient winnowing process (Fig. l-4b and c).
Bedforms in lower and middle estuarine reaches provide evidence of tidal-current asymmetry.

In Alsea Bay's lower reaches,

flood-oriented megaripples, 30-50 cm amplitudes, migrate up the
south side of the east-west-trending estuary and do not reverse
orientation with the ebb tidal flow.

In contrast, megaripples

reverse orientation with flood and ebb tidal flow along the north
side of the lower estuary.

This pattern is reversed in middle

estuarine reaches where flood-orientated megaripples, 10-20 cm
amplitudes, migrate up the shallow north channel.

By comparison,

megaripples reverse orientation with flood and ebb tidal flow in
both the central and south channels of the mid-estuary.

Dispersal Patterns

Sand-dispersal patterns in Al sea Bay were investigated in

order to determine mechanisms by which river and beach sand are
mixed within the estuary.

As indicated in Table 1-1 and 1-2,

river and beach sands entering Al sea Bay are easily distinguished
on the bases of:

(1) the abundance of volcanic fragments in the

light-mineral fraction; (2) heavy-mineral assemblages; and (3)
heavy-mineral grain rounding.

Scanning electron microscopy of

the volcanic fragments shows them to be largely altered to smectite and thus highly susceptible to mechanical breakdown.

A

potential loss of the fragments through attrition in the energetic, lower estuarine reaches ruled out their use in tracing
sediment-disperal patterns.

The two remaining methods of
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sediment-source discrimination, heavy-mineral assemblages and
grain rounding, were used as independent methods of tracing sand
dispersal in Alsea Bay.

Percent abundances of 15 non-opaque heavy-mineral varieties
in sediment grab samples were determined petrographically.

A

form of multivariate analysis, Q-mode factor analysis, was used
to reduce the number of variables used to describe each sample
from 15 mineral abundances to 2 factors.

These two factors which

account for more than 95% of the data variance represent the relative proportions of two end member compositions, river and beach
assemblages, in each sample.

Kiovan and Miesch (1976) give a

complete description of the Q-mode factor analysis technique and
the program CABFAC used in this study.

Briefly, the analysis

(1) formation of a cosine theta simi-

consists of three parts:

larity-matrix between samples; (2) reduction of that matrix to an
initial factor matrix; and (3) varimax rotation of the factor
loadings for each sample.

Following the factor analysis, sample

factor loadings or values were normalized to 100% with extreme
values of 0 and 100%, respectively, representative of river and
beach sand end-member compositions.

An additional step taken in this study was the calculation
of a correlation matrix.

As shown in column 1 of the correla-

tion matrix (Table 1-3), augite is negatively correlated with
every other mineral species except titaniferous augite.

These

negative correlations result from a nearly complete absence of
all minerals other than augite and titaniferous augite from the
river sand end member.

The variation in the degree of negative

correlation between augite and other minerals is a function of
relative abundances of non-augite minerals in the beach sand
end-member.

For example, hypersthene, some hornblende varieties,

and garnet are abundant in beach sand and are extremely negatively correlated with augite.

In contrast, minerals of low

TABLE 1. 3.

AU
TI

C )rrelation Ill

trix of 15 non-opaque mineral species in estuarine sands

1,0000
.6943

1.0000
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abundance in beach sand, including basaltic hornblende, kyanite,
sphene and zircon, are only slightly negatively correlated with
augite.

While performing the heavy-mineral analyses, several samples
were noted to have anomalous hornblende to garnet ratios.

Since

both of these minerals are supplied by one source, beach sand,
the anomalous ratios indicate some selective mineral transport
on the basis of either grain density or mineral shape.

Although

only a few samples displayed clearly anomalous ratios, a second
method of tracing sediment dispersal, e.g., grain roundness or
smoothness, was employed which is independent of grain density
and shape.

As previously noted, pyroxene and hornblende grains of
riverine origin are angular while those of littoral origin are
rounded.

These minerals are relatively similar in density and

shape and together comprised over 75% of non-opaque heavy-mineral
fractions in estuarine sediment samples.

In addition, comparisons

of pyroxene and hornblende grain roundness within each source
environment indicate that no apparent rounding differences occur
between these two minerals.

Although grain angularity commonly

increases with decreasing grain size, grain roundness did not
seem to depend on grain size in the size fraction used for grainroundness analyses,O.062-O.25 mm.
estimated using

Shepard1s

Grain roundness was visibly

roundness charts (Shepard and Young,

1961) which divide grain angularity-roundness into six classes.
Frequencies (f1) of grains falling into each of six roundness

classes (xi) were averaged (Zf1x/Zf1 =
roudness value () for each sample.

) to obtain a mean

Mean roundness values were

normalized to 100% and, as with factor values, extreme roundness
values of 0 and 100% represent pure river and beach end-member
compositions, respectively.

To evaluate results of the heavy-mineral and grain-roundness

analyses, a least-squares linear regression was performed on
normalized mineral factor and mean roundness values.

A plot of

factor values versus roundness values was compared with the calculated regression line of best fit (Fig. 1-5).

Outlying points

are invariably associated with samples containing anomalous
hornblende-to-garnet ratios.

A calculated correlation coeffici-

ent of 0.930 indicates a high positive correlation between
mineral-factor and mean-roundness values as indicators of beach
versus river sources.

The high correlation between heavy-mineral

and grain-roundness analyses also implies that selective mineral
transport of fine sand-sized minerals within the estuary does
not generally occur at a significant level, and validates the
observations that grain roundness does not depend on grain size,
within the size fraction observed in Alsea Bay.
Mean-roundness values of summer grab samples were plotted

and contoured at 10% composition intervals (Fig. 1-6).

These

contours document the gradational mixing of river and beach sand
along the length of Alsea Bay.

While mixing patterns are rela-

tively uniform across the upper and lower estuarine reaches,
spatially restricted mixing occurs throughout middle estuarine
reaches.

River sand for example is funneled down the central

axis of the estuary while beach sand is restricted to bay margins.
Nor is the distribution of beach sand symmetrical about the
estuarine axis.

Composition contours indicate beach sand ex-

tends in a broad zone well up the north margin of the midestuary, but only in a narrow corridor along the south margin.
Beach sand is transported up the shallow north channel and deposited along the north bay margin, some 4 km from the mouth
where flow competence diminishes over shallow tidal flats.
Flow competence increases in the south and central channels,
where ebb tidal currents and riverine flow restrict beach-sand
intrusion to within 2.5 km of the mouth in both channel axes.
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FIGURE 1-5.

A plot of sample composition, beach and river sand,
using heavy-mineral factor analysis and mean grainroundness methods of sediment-source discrimination.
Outlying points are associated with samples containing anomalous hornblende to garnet ratios.
1.85;
Linear regression results: y intercept
slope = 0.946; correlation coefficient = 0.930.
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FIGURE 1-6.

Contours
Contours of surface-sediment composition.
based on beach-sand abundance at 10% intervals.
Stippled pattern represents subtidal channel axes.
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FIGURE 1-6.
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Some asymmetry of tidal-current transport is also indicated by
composition contours in the lower estuarine reaches.

A higher

abundance of littoral sand is associated with strong floodAn in-

tidal flow along the south margin of the lower estuary.

fluence of ebb tidal-riverine flow in the main channel is indicated by slightly lower littoral sand abundances in the channel
axis (Fig. 1-6).

Another feature of sediment dispersal within central estu-

anne reaches is denoted by an alignment of composition
contours with prominent tidal channel axes.

This implies that

channels serve as routes of either river or beach sand transFor example, contours are aligned along axes of the

port.

north, central and south channels in the mid-estuary (Fig. 1-6).
In addition, the 10% beach sand contour follows two minor
channels which apparently connect the south and central channels
of the mid-esturay.

These channels appear as little more than

shallow depressions on the tidal flats during summer periods
of low fluvial discharge.

In the lower estuary, contour align-

ment along the main channel axis decreases with proximity to the
tidal inlet as a result of beach sand dominance both outside
and inside the channel.

While beach sand is routed up lower

estuarine reaches and into the mid-estuary through the north
channel

,

river sand is transported down the south and central

channels of the mid-estuary and into the lower estuarine, main
channel.

Tidal channels clearly serve as conduits of sand

transport throughout central estuarine reaches, producing
an interfingering of sands from the two sources.
In addition to contour alignment, contours are also notably
compressed along channel margins (Fig. 1-6).

Narrow contour

spacings indicate areally restricted sand mixing which likely
results from rapid deposition of relatively undiluted river or
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beach sand along channel margins.

In contrast, tidal flat en-

vironments are characterized by broad contour spacings reflecting
extensive mixing through repeated cycles of resuspension and deposition associated with low depositional rates.

Seasonal DisDersal Patterns

As discussed above, dispersal patterns of river sand in
Alsea Bay are clearly related to riverine-tidal channel transport.
In order to monitor the transport of fluvial sand down the estuary, 22 summer sample sites (Fig. l-2b) were reoccupied and
sampled in early January and mid-March of 1980.

Grain-roundness

analyses were performed on the winter and spring samples and
resulting mean roudness values were normalized to 100% as has
been previously described.

Summer, winter and spring sample

compositions were then compared for each of the 22 sample sites.
A zone in which seasonal shifts of sand composition occurred
was found to be centered in the mid-estuary and to extend over
a distance of 3.5 km (Fig. 1-7).

Relative abundances of river

sand increased from summer to mid-March by 25, 35 and 20% in three
sample sites located 3.2, 2.5 and 1.7 km from the mouth, respectively.

Sample sites within 1 km of the mouth did not undergo

a seasonal shift in composition during the period of observation.
However, small amounts of river sand reaching the lowermost
estuarine reaches would likely be rapidly diluted by the high
flux of beach sand in and out of the estuarine mouth.

Inter-

estingly, the greatest influx of river sand into the mid-estuary
occurred between summer and early winter in the south channel
and between early winter and early spring in the north channel
of the mid-estuary (Fig. 1-7).

The time lag experienced by

the north channel is most likely related to the asymmetry of
tidal-riverine current circulation in the mid-estuary.

River
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FIGURE 1-7.

Seasonal variation of sample composition taken at
eight sample sites in Alsea Bay.
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sand must first travel down the south and central channels of
the mid-estuary and into the lower estuarine reaches (Fig. l-8a)
before tidal flood currents can reroute the sand up into the
north channel.

In addition, sand transport by tidal flood

currents along the north side of the estuary is likely to be
inhibited during periods
winter months.

of maximum fluvial discharge in early

Support for this model comes from the observation

that river sand is only transported a short distance up the north
channel during winter months.

Beach-sand transport into mid-

estuarine channels does not occur at significant rates until
major drops in fluvial discharge rates occur, generally during
late spring months.

Littoral sand transport into the mid-

estuarine channels (Fig. l-8b) probably reaches a maximum during
summer periods of minimal fluvial discharge.
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FIGURE 1-8.

Sand-dispersal patterns based on sand composition
(a) River-sand transport
and bedform orientations.
during winter periods of high fluvial discharge.
(b) Beach-sand transport during summer conditions
of low fluvial discharge and asymmetric tidalcurrent circulation.
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RIVER SAND

BEACH SAND
FIGURE 1-8.

DISCUSSION

Alsea Bay contains three broadly defined depositional environments based on the relative predominance of either fluvially
or tidally induced sediment transport and deposition.

Upper

estuarine reaches, which account for some 15% of the total
estuarine surface area (Fig. l-2a), are controlled by seasonally
variable fluvial-processes 0-f deposition.

At the other extreme,

lower estuarine reaches, comprising 20% of the estuary (Fig. l-2a),
are entirely governed by tidal-current transport deposition.
Megaripple orientations in lower estuarine reaches suggest a
dominance of flood-tidal current transport over ebb-tidal current
transport along the southern estuarine margin.

The mid-estuary,

totaling some 65% of the estuarine surface area (Fig. 1-2a), forms
a transitional zone between the fluvially dominated upper reaches
and tidally dominated lower reaches.

Bedform orientations within

the mid-estuary further imply that the northern side of the midestuary is largely influenced by flood-tidal currents while the
southern side reflects processes of both flood-tidal flow and
riverine enhanced ebb-tidal flow.

While bedform orientations indicate general directions of
sand transport, contours of sand composition provide detailed
quantitative traces of sand dispersal in areas of sand mixing.
Asymmetry of beach- and river-sand transport are clearly defined
by composition contours in lower and middle estuarine reaches.
Beach sand is transported by strong flood-tidal currents up
lower reaches and through the shallow north channel of the midestuary, some 4 km from the mouth (Fig. 1-6).

The prevalence of

beach-sand intrusion along the southern margin of the lower
estuary and along the northern margin of the mid-estuary (Fig.
l-8b) is in close agreement with tidal circulation patterns in
Alsea Bay reported by Boley (1973) and McKenzie (1974).
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Asymmetric tidal-current transport is the primary mechanism by
which beach sand is transported up lower estuarine reaches and
is introduced into the mid-estuary.

In contrast, river sand is

transported down the estuary during winter months when winter
fluvial discharge rates peak well over 100 times summer discharge
rates, and riverine flow displaces marine water from upper and
middle estuarine reaches (Giger, 1972).

Composition contours

aligned along the south and central channels of the mid-estuary
(Fig. 1-6) indicate that river sand transport is largely confined
to these channels.

River sand initially enters the mid-estuary

through the south channel and then either continues down the
south channel or crosses northward to the central channel (Fig.
l-8a).

The northward transport of river sand across the central

estuarine reaches is probably limited to periods of peak fluvial
discharge when riverine flow in the south channel spills over
to the central channel and disrupts the clockwise circulation
of flood and ebb tidal current circulation.
Seasonal reversals of sand transport observed in Alsea Bay
are contrary to earlier predictions of sand transport in central
Oregon estuaries (Kuim and Byrne, 1966).

Based on a two-layer

flow model with a salt wedge (Burt and McAllister, 1959), Kulm
and Byrne predicted:

(1) that during periods of high fluvial

discharge and estuarine stratification, beach sand would be
transported up the estuary under the salt wedge and that
river sand would be transported down the upper reaches of the
estuary; and (2) that beach-sand intrusion into the estuary
would be inhibited during periods of low fluvial discharge
when the estuary became well-mixed.

However, we propose

a model of sand transport in these shallow intermediate-type
estuaries that is based on channelized bedload transport
and horizontal asymmetry of tidal-current flow rather than on
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vertical stratification and saitwedge intrusion.

For example,

during periods of peak fluvial discharge riverine flow disrupts tidal current circulation and it transports river sand and
to a lesser extent river gravel down proniinant channel axes.

Deposition is primarily restricted to channel-margin environments.

In contrast, during periods of low fluvial discharge,

asymmetric tidal-current circulation is restored and flood-tidal
flow transports beach sand up estuarine margins dominated by
flood-tidal currents.

Beach sand is deposited over tidal flats

and along channel margins as flood-tidal current velocities decrease.

Alternately, ebb-tidal currents transport sand down

prominent channels and estuarine margins dominated by ebb-tidal
flow.
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SUMMARY

Processes of sediment transport and deposition in Alsea
Bay reflect hydrographic conditions of tidal-current asymmetry
and seasonally high fluvial discharge.

These processes can be

identified on the bases of sand deposition features including:
(1) bedform structures and orientations; (2) grain-size frequency distributions; and (3) dispersal patterns of river and
beach sand,

Bedforms and grain-size sorting clearly indicate

the importance of variable riverine flow in upper estuarine
reaches and the dominance of asymmetrical flood and ebb tidal
currents in lower estuarine reaches.

The relative importance

of fluvial and tidal processes in the mid-estuary, a zone of
transition between fluvial and tidal dominance, is best determined from detailed patterns of beach- and river-sand dispersal.

For example, utilizing two independent methods of

tracing sand dispersal, heavy-mineral and mean grain-roundness
analyses, an intrusion of beach sand primarily along the north
side of the mid-estuary is observed.

Asymmetrical tidal-

current transport occurs during periods of low fluvial discharge and is primarily responsible for the introduction of
beach sand into the mid-estuary.

In addition, contours of

sand composition are both aligned and compressed along channel
axes in the mid-estuary implying that:

(1) channels serve as

primary conduits of sand transport; and (2) channel margins are
the major sites of recent sand deposition.

The transport of

river sand down the south and central channels of the midestuary occurs during rainy winter months when high fluvial
discharge disrupts flood-tide current circulation and enhances
ebb-tidal flow.

Thus the relative importance of fluvial and

tidal processes in middle reaches of Alsea Bay alternates on a
seasonal basis.
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ABSTRACT

Small estuaries of the northwestern United States are fed by
high-gradient streams which range widely in mean fluvial-discharge
rates.

Sediment composition in these estuaries differs with

grain size and with the relative abundances of river- and beachderived sand.

In order to determine to what degree sediment

composition is related to the relative influence of tidal and
river flow in these active-margin estuaries, the modern sediment
compositions in six Pacific Northwest estuaries were analyzed by
standard grain-size and heavy-mineral techniques.

The average

textural and sand-source compositions for each bay were calculated on a percent surface-area basis.

Estuarine sediment com-

positions are compared and found to be correlated with a hydrographic parameter HR (mean tidal-prism volume
charge rate x 6 hours) computed for each bay.

mean fluvial dis-

Both percent mud

and percent beach sand increase as the dimensionless hydrographic
ratio (HR) increases.

Unusual results in two of the estuaries are

attributed to manmade alterations in one estuary and to eolian
transport of beach sand into the other estuary.

INTRODUCTION

Small, drowned river-valley estuaries of the northwestern
United States vary considerably in terms of relative abundances
Sand is the princi-

of gravel, sand and silt in modern deposits.

pal component in these high-gradient estuaries and is supplied
from both river and beach sources.

The relative contribution

of river and beach sand varies greatly among the estuaries
(Scheidegger and Phipps, 1976; Peterson et al., 1982).

An

understanding of the relationships between sediment supply,
sediment retention, and the resulting sediment texture and
source composition patterns in these estuaries is needed to derive predictive models of sedimentation in drowned river-valley
estuaries in active-margin settings.
Several investigations o-f Pacific Northwest estuaries in-

dicate that depositional patterns form in response to seasonal
variations in estuarine hydrography (Kulni and Byrne, 1966;

Boggs and Jones, 1976; Peterson et aL, 1982).

During winter

periods of peak fluvial discharge, marine bottom water is displaced from upper estuarine reaches and terrestrial silt, sand
and gravel are transported down the estuary.

In contrast, beach

sand is transported up the estuary by flood tidal currents
during summer months of low fluvial discharge.

Net deposition

of beach sand in lower and middle estuarine reaches occurs along
channel margins and over tidal flats that are dominated by
flood tidal currents.

Since deposition responds to seasonal

variations in estuarine hydrography, it follows that estuaries

which differ with the relative influence of tidal and river
flow should develop widely varying depositional patterns.

How-

ever, no attempt has been made previously to compare quantitatively general hydrographic properties with sediment texture
and sand source composition in these small estuaries.

47

In this investigation we compare the ratio of mean tidal
prism volume-to-mean fluvial discharge volume with surface sedi-

ment compositions in six Pacific Northwest estuaries to determine
to what degree modern depositional patterns are related to the
relative influence of tidal and riverine flow.

Pacific North-

west estuaries are well-suited to such an investigation as sediment sources are easily discriminated on the basis of heavy

mineral suites specific to beach and river sources (Scheidegger
et al., 1971).

The six estuaries selected for this study--Grays

Harbor in Washington, and Tillamook Bay, Salmon Bay, Siletz Bay,
Alsea Bay, and Siuslaw Bay in Oregon--were chosen to include a
range of physiographic and hydrographic conditions (Fig. 2-1,
Table 2-1).

Man's activities in these estuaries include periodic dredging of tidal entrances in Grays Harbor (Knotts and Barrick, 1976),
Tillamook Bay (!\volio, 1973) and SiuslaW Bãy(Utt, 1975).

Short

jetties have been constructed at entrances to Grays Harbor,
Tillamook Bay and Siuslaw Bay, and small tidal channels have
been diked in Siletz Bay and Alsea Bay.

In addition, it is

generally believed that sediment yield rates in drainage basins
of these six estuaries have increased substantially over the
last 50 to 100 years as a result of timber harvesting (Knotts
and Barrick, 1976; Beschta, 1978; Tillamook Bay Task Force, 1978).
However, the impact of increased terrestrial sediment input on

modern depositional processes in these small estuaries has yet
to be established.

FIGURE 2-1.

Locations of the six estuaries included in this
Alsea Bay, Salmon Bay, Siletz Bay,
study:
Siuslaw Bay, Tillamook Bay of Oregon and Grays
Harbor of Washington
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TABLE 2-1

.

Estuarine hydrographic and physiographic parameters
Grays
Harbor

Drainage Rasin Area (km)

Mear,Fluvial Discharge Rate

6.6x103(1)
320

(d)

Tillamook

Siuslaw

Alsea

Siletz

Salmon

1.4x10(1)

2.0x103(J)

L2X103()

9.7x102(J)

l.9xlO2()

(k)

(k)

60

Suspended Sediment Yields
(tonnes/km2-yr)

115

Max. Salinity Intrusion (kin)

sl..5 (h)

21.2

Estuarine Surface Area

223

(h)

33.5

(k)

2.2 (Ii)

1.1

(f)

(I'1HW)

Mean Diurnal Tda1 Prism

6.0x108

(MHHW-ML.LW) (tr)

Mean Hydrographic Ratio (Hr)
(Tidal Prism Volume : Fluvial

125

124

(k)
/

187

,.

,,

9

(ku)2)

Mean Tidal Ranoc (MHW-HLW) (in)

89

(k)

86

(h)

27,8 (k)

6.1x1071

t,

9.1

1.0md01
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21.0

(b)

(k)

8,7 (k)

(re)

(c)
1.4x107,

(k)

c1

125

20.4

(a)

5.0 (e)
0.8

1.5

1.6

9.9x106
8

(f)
(c,

(1<)

125

4.8 (k)

15

5

'.9;

15

).2x106

(e)
(e)
(e

4

Discharge Volume)

(a)
(b)

(c)
(d)
(e)

(f)

Burt and McAllister,
Giger, 1972.
Goodwin et al., 1910.
Ilerrman, 1972.
Johnson, 1981.
Johnson, 1972.

1959.

(g)
(H)

(i)
(j)

(k)
(1)
('ii)

Karlin,

1980.

Knotts and Barrick, 1976.
Ore. St. Water Res. Bd., 1961.
Ore. St. Water lIes. Bd., 1965.
Percy et al., 1974.
Richardson, 1962.

Ott, 1975.

'ii
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METHODS

Grab samples of surface sediments were obtained in Grays
Harbor, summer 1974 (Scheidegger and Phipps, 1976); in Tillamook
Bay, summers 1974-1977 (Glenn, 1978); in Alsea Bay, summers 1978
and 1979 (Peterson et al., 1982); and in Siuslaw, Siletz and
Salmon bays, summers 1979 and 1980 (Fig. 2-2).

Selected sample

sites in Alsea Bay (Peterson et al., 1982) and Siletz Bay were
reoccupied and sampled during the winter of 1980 (Figs. 2-2a and
2-2e).

Samples from the estuaries, adjacent beaches and tribu-

taries to the estuaries were wet sieved into <0.062 mm, 0.062-2 mm
and >2 mm size fractions.

Textural analyses of sediment samples

have been described previously for Tillamook Bay (Avolio, 1973),
Grays Ilarbor (Phipps et al., 1976) and Alsea Bay (Peterson et al.,
1982).

In Tillamook Bay, Avolio based grain-size patterns on

sample distribution and channel bathynietry.

This technique

might under-represent some fine-grained deposits in Tillamook
Bay.

In this study samples with median grain sizes of <0.062 mm,

0.062-2 m and >2 mm, respectively, are defined texturally as
mud, sand and gravel (Folk, 1980).

Sample grain-size fractions

of 0.062-0.125 mm (Tillarnook Bay) and 0.062-0.25 mm (Grays Har-

bor, Siuslaw Bay, Alsea Bay, Siletz Bay and Salmon Bay) were
prepared for heavy mineral separation in tetrabromoethane.

At

least 150 nonopaque heavy-mineral grains per sample were examined
under a petrographic microscope to determine grain mineralogy.
The relative contribution of river and beach sand in each
sample was established from abundances of heavy minerals specific
to river or beach sand assemblages (Scheidegger et al., 1971).
Heavy-mineral assemblages of river sands are dominated by
augite and magnetite derived from early Tertiary basalts that
cap much of the Pacific Northwest Coast Range.

By comparison,

heavy-mineral assemblages of beach sands contain a variety of
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FIGURE 2-2.

Estuarine bathymetry and sample site locations.
Light stipple pattern represents sub-tidal channel
Small dots represent summer sample sites,
axes.
and large dots in Alsea and Siletz bays represent
summer sample sites relocated and sampled during
Beach and river sample sites are not
winter.
shown.
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igneous, metamorphic and volcanic minerals derived from the
Columbia River drainage basin and the Kiamath Mountains of
northwestern California and southwestern Oregon (Scheidegger
et al., 1971).

Factor analyses of heavy-mineral assemblages in

estuarine sands from Grays Harbor (Phipps and Scheidegger,
1976) and from Alsea Bay (Peterson et al., 1982) were used to
quantify the relative amounts of beach and river sand comprising
sand samples in these two bays.

From these analyses and obser-

vations of mineral assemblages in the remaining four estuaries
it became apparent that a ratio of hypersthene (orthopyroxene)
to augite (clinopyroxene) was sufficient to define the relative
amounts of beach and river sand comprising estuarine samples.
augite ratios of 0.00 and 0.60, respectively, are

Hypersthene

characteristic of river and beach sand end members; however,
hypersthene

:

augite ratios in beach sand were found to vary

slightly among estuaries.

Normalized ratios of hypersthene

augite in sand samples were used to establish the relative
abundances of river- and beach-derived sand in modern deposits
of Tillamook, Siuslaw, Sf letz and Salmon bays.
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RESULTS

Depositional Patterns

Summer, areal distributions of gravel, sand and mud in the
six estuaries demonstrate the predominance of sand-sized sediment in these high-gradient estuaries (Fig. 2-3).

The relatively

minor constituents, gravel and mud, are confined to central
estuarine axes and marginal tidal flats, respectively.

The angu-

lar nature of pebbles in estuarine samples indicates that angular river gravel rather than rounded beach gravel is the predominant source of very coarse-grained sediments, >2 mm, to the
estuaries studied.

River gravel is generally trapped in stream

beds prior to entering the upper reaches of Grays Harbor and
Tillamook Bay.

By comparison, gravel deposits extend varying

distances down the lengths of Siuslaw, Alsea, Siletz and Salmon
bays, with river gravel possibly escaping the Salmon River
estuary (Figs. 2-3c, d, e, f).

Textural analyses were not per-

formed on samples collected during winter months in Alsea and
Siletz bays.

Sand-sized sediment decreases in abundance relative to
gravel with increased distance up the estuarine tributaries.

Within the estuarine basins, the contribution of beach sand relative to river sand decreases with increasing distance upstream of
the tidal inlets (Fig. 2-4).

In addition, suniner composition

contours of beach and river sand show restricted dispersal of
the two sand types in some of the bays.

For example, the 25%

beach-sand contours in Siuslaw, Aisea, Siletz and Salmon bays

show varying degrees of alignment with the major riverine-tidal
channels of these estuaries (Figs. 2-4c, d, e, f).

Percent

beach-sand contours also indicate some asymmetry of beach sand
intrusion in several of the bays.

Beach sand intrusion is shown

Left blank intentionally
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FIGURE 2-3.

Summer, areal distributions of mud, sand and gravel
defined by median grain-size diameters of <0.062 mm,
Sediment tex0.062-2 nm and >2 mm, respectively.
tural composition in Grays Harbor, Tillamook Bay
and Alsea Bay is taken from Phipps et al. (1976),
Abolio (1973) and Peterson et al. (1982),
respectively.
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to extend farthest up the west side of Siletz and Siuslaw bays
and to extend farthest up the north side of Alsea Bay (Figs. 2-4c,
d, e).

Asymmetrical beach-sand intrusion in Siletz Bay and

Aiea Bay is correlated with asymmetrical tidal-current circulation in these two estuaries.

In the central reaches of Siletz

Bay andAlsea Bay, flood tidal currents dominate the west and
north sides of the estuaries, respectively (Rauw, 1975;
McKenzie, 1974).

However, the apparent asymmetry of beach sand

intrusion in Siuslaw Bay is undoubtedly due to the presence of
active beach-sand dunes (10 m in height) located along the southwest margin of the estuary (Fig. 2-ic).

These dunes supply
Shore-

beach sand directly to the southwest side of the estuary.

line sources of sediment are also present in Tillamook Bay in the
form of eroding shoreline terraces (Glenn, 1978) and in the form
of a temporary Spit breach, 1952-1956 (Terich and Komar, 1973),
which have resulted in anomalously high hypersthene

augite

ratios in several samples adjacent to the southwest margin of the
bay.

These shoreline sources are considered to have supplied

negligible amounts of sediment to the estuary relative to river
and beach sources (Glenn, 1978), and the anomalous shoreline
sample sites are not included in contours of Tillamook Bay sand
composition.

Winter sample sites in Alsea and Siletz bays were located
in riverine-tidal channels to monitor the down-channel transport
of river sand during winter periods of high fluvial discharge.
Winter samples collected from channel axes in central reaches of
Alsea Bay and Siletz Bay generally showed an increase of 10% to
20% river sand abundance over their summer counterparts.

A

seasonal shift in river sand abundarcce, e.g., >5% increase in

river sand abundance from summer to winter, was observed in
samples collected 1.7-3.3 km from the Alsea Bay mouth and 0.11.2 km from the Siletz Bay mouth.

Significant seasonal changes
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in sand source composition are probably limited to riverine-tidal
channels (Peterson et al., 1982) and are likely to differ on a
year-to-year basis as a result of variable winter precipitation.
In an attempt to make comparisons between depositional
patterns in the six bays, mean sediment composition values were
calculated for each bay on the basis of summer distributions of
sediment types shown in Figures 2-3 and 2-4.

Mud-covered sur-

face areas of each bay were summed and averaged over the total
estuarine surface area to establish a mean textural value (% mud)
for each estuary.

Estuarine surface areas were computed with

the aid of an electronic digitizer, and, for purposes of comparison, estuarine basins were defined on the basis of high-water
lines extending from tidal inlets to landward points in estuarine
tributaries where channel bottoms are floored by >50% gravel by
area.

Mean values of sediment textural composition range from

0% mud (Salmon Bay) to 30% mud (Grays Harbor) (Table 2-2).
Similarly, mean values of sand source composition for each bay

were calculated from surface areas associated with contour
intervals of percent beach sand.

Briefly, compositions (x1) of

87.5, 62.5, 37.5 and 12.5% beach sand were weighted (fx) by
surface areas
estuary.

of corresponding contour intervals in each

The weighted composition values are summed (f1x1) and

averaged (fx1/ f1 =

over total surface area (f) to compute

the mean value of percent beach sand () in each bay.

It should

be noted that all mud deposits sampled contained sufficient sand
to be analyzed for sand source composition.

Thus, mean values

of % mud and % beach sand computed for the six bays are determined independently.

Mean values of % beach sand in the estu-

aries studied range from 17% beach sand (Salmon Bay) to 50%
beach sand (Grays Harbor) (Table 2-2).
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TABLE 2-2.

Mean Estuarine Sediment Compositions
Mineralogical

Textural

% Sand &
% Mud

Gravel

% Beach
Sand

% River
Sand

Grays Harbor

30

70

56

44

Tillamook

20

80

43

57

Siuslaw

02

98

42

58

Alsea

08

92

33

67

Siletz

22

78

28

72

Salmon

00

100

17

83

Estuary
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Estuarine Hydrography and Sediment Composition

The estuaries included in this investigation range widely
in mean fluvial-discharge rates and mean tidal-prism volumes
(Table 2-1).

A least-squares linear regression performed on

estuarine drainage basin areas and mean fluvial discharge rates
of the six estuaries resulted in a calculated correlation coefficient of r = 0.98.

The very high correlation between these two

variables indicates that mean discharge rates are highly dependent on drainage basin areas.

Since drainage basins of the six

estuaries are relatively small in size and are all located within
the coast ranges of southwest Washington and northwest Oregon,
it is probable that peak discharge rates are also highly dependent
on drainage basin areas and are roughly proportional to mean discharge rates.

Mean tidal-prism volumes in estuaries are controlled

by both tidal range and estuarine surface area.

The relative

similarities between mean tidal ranges in the six bays (Table 2-2)
result in a very high correlation between estuarine surface area
and tidal-prism volume.

A least-squares linear regression per-

formed on mean tidal-prism volumes and estuarine surface areas
of the six bays resulted in a calculated correlation coefficient
of r = 0.99.

3ue to the very high dependence of tidal-prism

volume on estuarine surface area and the relatively small
changes in surface area above MHHW and below MLLW, it is assumed
that mean tidal-prism volumes are proportional to extreme tidal
prism volumes of the six bays.

The ratio of tidal flow to riverine flow into an estuary
provides one measure of an estuary's hydrography (Schubel and
Pritchard, 197]).

Such ratios, when computed from tidal and

riverine flow volumes averaged over many years, provide a mean
hydrographic parameter which is useful for comparing hydrographies of different estuaries.

This dimensionless ratio (HR)

[1

is of the form:

mean diurnal tidal-prism volume to mean annual

fiuvial-discharge rate x 6 hours, the time equivalent of half a
tidal cycle.

The ratio (HR) represents the mean volume of water

passing through the tidal inlet due to tidal current flow relative to the mean volume of water entering the estuary due to
fluvial discharge in the same period of time (Table 2-2).
Mean flow volumes are used to represent the average hydrographic
conditions under which sediment transport takes place.

In the

estuaries under study, it is probable that mean flow volumes are
also roughly proportional to extreme conditions of river and
tidal flow when peak transport rates of sediment are likely to
occur.

In an effort to compare surface sediment composition with
the relative influence of tidal and riverine flow, the mean
sediment-composition values of the six bays were regressed
against HR values computed for the bays.

In the case of textural

composition, a power regression curve fitted between estuarine
HR values and % mud is found to have a correlation coefficient
of r = 0.79 (Fig. 2-5a).
form:

The empirical relationship has the

% mud = O.71(HR)°88.

A power regression curve is also

fitted between estuarine HR values and % beach sand with a resuiting correlation coefficient of r = 0.75 (Fig. 2-5b).
relationship is of the form:

% beach sand = l7(HR)°25.

This
Inter-

estingly, both plots of hydrographic ratio (HR) versus sediment
composition contain one outlying point each.

In the textural

composition plot, Siletz Bay is associated with an unusually
high percentage of mud, whereas the outlying point in the
sand-source composition plot indicates an anomalously high percentage of beach sand in Siuslaw Bay.

FIGURE 2-5a.

Plot of an indicator of estuarine hydrography,
mean fluvial(mean tidal-prism volume
H
dscharge volume) versus % mud in the six estuOutlying point corresponds to unusually
aries.
high percentage of fine-grained deposits in
Siletz Bay.
:

FIGURE 2-.5b.

Plot of an indicator of estuarine hydrography,
(mean tidal-prism volume : mean fluvialH
d'ischarge volume versus % beach sand in the six
Outlying point corresponds to anomaestuaries.
lously high percentage of beach sand in Siuslaw
Bay.
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DISCUSSION

The moderate correlations found between estuarine HR values
and sediment composition in the six estuaries imply that sediment
composition patterns are closely related to the relative influence of tidal and riverine flow.

However, additional investi-

gations in similar estuaries are needed to confirm the empirical
relationships found between estuarine HR values and sediment
composition.

In general both the abundance of mud and beach-

derived sand increase as the hydrographic parameter HR increases
(Figs. 2-5a, b).

Partial retention of fine-grained river sedi-

ment in estuaries with high HR values results from the recirculation of suspended sediment by flood tidal currents and subsequent suspension deposition during slack water (Kulm and Byrne,
1966; Postnia, 1967; Clifton and Phillips, 1980).

By comparison

estuaries with small HR values are characterized by little or
no significant retention of silt and clay.

A small HR value sig-

nifies river discharge rates sufficiently large to offset tidal
current circulation and thereby periodically flush out most of the
fine-grained deposits (Jones, 1972).

The relative abundances of

beach and river sand in these high-gradient estuaries are controlled by the relative inputs from the two sources (Peterson
et al., 1982) and by the relative losses of beach and river sand
from the lower estuarine reaches (Clifton et al., 1973; Boggs
and Jones, 1976).

Since sediment yields in the drainage basins

are roughly similar (Table 2-1), the supply rates of river sediment to the estuaries are probably roughly proportional to mean
fluvial-discharge volumes of the drainage basins.

Bedload

accounts for some 10-30% of the total sediment yield (Tillamook
Bay Task Force, 1978; Karlin, 1980).

The input of beach sand

is apparently directly related to the magnitude of flood tidal
flow since none of the six estuaries appears to be limited by

the availability of beach sand adjacent to its tidal entrance.
The loss of sand from lower estuarine reaches is controlled by
the magnitude of ebb tidal flow plus riverine flow.

Estuaries

with very low HR values retain little beach sand and effectively

transport river sand tothe littoral zone.

In contrast, estu-

aries with high HR values trap both beach and river sand, and it
is unlikely that any significant quantities of river sand are
lost from these bays.

While the relative influence of tidal and riverine flow
generally correlates with sediment composition in the estuaries
studied, two of the bays do show unusual results.

The high per-

centage of mud deposits in Siletz Bay (Figs. 2-3e and 2-5a) is
very likely the result of fine-grained sediment deposition in
the southern portion of the bay following the artificial closure
of a riverine-tidal channel that entered the estuary from the
southeast (Rauw, 1975; Rea, 1975).

The unusually high percentage

of beach sand in Siuslaw Bay (Figs. 2-4c and 2-5b) is clearly
related to the transport of beach sand into the lower reaches
of the bay by eolian processes.

Siuslaw Bay is situated in a

coastal area that is subject to the development of large eolian
dunes (Cooper, 1958).

Indeed, the riverine-like morphology of

Siuslaw Bay (Fig. 2-2c) is the result of rapid deposition and
channel confinement by beach sand transported inland by eolian
processes.

Textural analyses of modern sediments in Willapa Bay, southwest Washington, and Yaquina Bay, northwest Oregon, have been
previously reported by Andrews (1965) and Kulni and Byrne (1966),
respectively.

Mean estimates of textural composition (% mud)

have been established for these two bays on the basis of grainsize distributions reported by l\ndrews and Kuim and Byrne.

Per-

cent mud composition values of 45% (Willapa Bay) and 20%
(Yaquina Bay) and HR values of 232 (Willapa Bay) (Andrews, 1965;
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Knotts and Barrick, 1976) and 51 (Yaquina Bay) (Johnson, 1972;
Percy et al., 1975) were compared with % mud and HR values of
the six bays investigated in this study (Fig. 2-6).

A power

regression curve fitted between estuarine HR values and % mud
for all eight bays is found to have a correlation coefficient
of r = 0.84 and has the form:

% mud = 0.89(HR)°78.

While

Siletz Bay is once again associated with an unusually high value
of % mud, it is also apparent that Ji1lapa Bay has significantly
less mud than predicted by the power regression curve (Fig. 2-6).
Possibly, fine-grained deposits in estuaries with very large
HR values, such as Willapa Bay, are diluted by marine sand
which is supplied in greater amounts relative to terrestrial
silt and clay as estuarine HR values increase.

Therefore, a

simple power regression curve based on estuarine HR values and
% mud is unlikely to be adequate in predicting % mud in
estuaries which differ greatly with HR values.

Mean values of

sediment source composition in Willapa and Yaquina bays were
not established due to insufficient sediment-source data for
modern deposits in these two estuaries.

Interestingly, the general trend of increasing river sand
abundance and increasing sediment grain size with decreasing HR
values in the estuaries studied might be analogous to late depositional stages occurring during the filling of a drowned
river-valley basin under conditions of stable eustatic sea
level.

As the filling of the basin proceeds, the tidal-prism

volume is reduced relative to fluvial discharge, arid (1)

beach sand is less likely to be retained in the estuary, and (2)
successively coarser grained river sediments are bypassed through
the estuary.

The bypassing of sediments through the estuary

would reduce depositional rates in the estuary and might explain
the continued presence of estuarine basins with small HR values
such as Salmon and Siletz bays.
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FIGURE 2-6.

Plot of an indicator of estuarine hydrography,
HR (mean tidal-prism volume ; mean fluvial-discharge
volume) versus % mud in eight estuaries.
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CONCLUSIONS

Modern sediment compositions in six small estuaries of the
northwestern United States have been quantified with regard
to (1) the relative abundances of fine- and coarse-grained deposits and (2) the relative abundances of beach- and riverderived sand on a percent-surface-area basis.

Both textural

and sand source compositions determined for the six estuaries
are correlated with a mean hydrographic parameter (HR) as defined by the ratio of mean diurnal tidal-prism volume
annual fluvial-discharge rate x 6 hours.

mean

This dimensionless

ratio (HR) serves as a convenient parameter for classifying the
relative influence of tidal and riverine flow in predicting
summer compositional patterns of modern deposits in high-gradient
estuaries of drowned river valleys.
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ABSTRPCT

Seismic reflection data (uniboom) and C'4-dated core samples
from a small active-margin estuary, Alsea Bay, Oregon, indicate
that 1-lolocene sediment fills an ancestral river valley which

has an axial depth of 55 m below present sea level.

sediment in the estuarine basin overlies late

Holocene

Pleistocene and

Pliocene? valley-fill deposits indicating several sequences

late

of valley down cutting, submergence, and deposition.

Core

samples of Holocene fill from six core sites in the estuary were
analyzed for age, embayment salinity indicators, bulk density,
grain-size distribution, source (mineralogy) composition, and
sedimentary structures.

Deposition of Holocene fill has been dominated by lateral
channel migration and overbank suspension deposition.

Three

stages of deposition during the Holocene transgression are indicated on the bases of sedimentary structures, grain-size distribution, and embayment salinity.

These stages represent periods

of transition from (1) a shallow fluvial environment (10 x

and 75 x IO3 yrs B.P.), sedimentation rate between 0.4
and 0.7 cm yr, to (2) a deep-water estuarine environment
(7.5 x

x

yrs B.P.), sedimentation rate approximately

1.1 cm yr, to (3) a shallow-water estuarine environment
(5 x

yrs B.P.), sedimentation rate approximately 0.21 cm

yr. A major decline in sedimentation rate at about S x l0

yrs

B.P. follows a decline in the rate of eustatic sea-level rise and
a corresponding decrease in sediment accumulation rate.
The Holocene fill is comprised of 70% river sand (2.7 x io8
tonnes), 20% river silt and clay (7.5 x
sand (2.9 x lO

tonnes).

tonnes), and 10% beach

Comparisons of modern terrestrial-

sediment supply rates (2.8 x 10

- 3.2 x 10

tonnes yr) and

long-term retention rates of terrestrial sediment (3.45 x l0

tonnes yr

for the last 10,000 years) imply that the Alsea Bay

basin has trapped < 15% of the terrestrial sediment supplied
to it.
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INTRODUCTION

Drowned river-valley estuaries, formed during the Holocene
marine transgression, are ephemeral features, their life expectancies being functions of basin morphology, sea-level changes,
and long-term sedimentation rates within their confines (Schubel,
1971).

Unfortunately, comparatively few studies have been

directed towards establishing how such variables have contolled
the depositional evolution o-f' estuaries through late Pleistocene

and Holocene time.

Factors which might control the evolution of drown rivervalley estuaries vary geographically (Folger, 1972), and this
variability is partly due to the tectonic settings of the estuaries.

For example, several factors which could increase estu-

anne life expectancies, e.g., broad pre-Holocene river valleys,
coastal tectonic stability or submergence, and low supply rates
of coarse-grained river sediment, are associated with many
passive-margin estuaries of the eastern United States (Meade,
1969; Hays, 1971; Knebel et al., 1981).

As a result, sediment

retained in these estuaries is often supplied from the marine
side (Meade, 1969; Bokuniewicz and Fray, 1976) or from the
erosion of estuarine shorelines (Bartberger, 1976; Donoghue, 1981).
In contrast, conditions leading to rapid basin filling, such as
narrow river-valley basins, coastal tectonic uplift, and abundant supplies of river sediment, are typical of active-margin
estuaries of the northwestern United States (Boggs and Jones,
1976; Peterson et al., 1982).

These depositionally

mature1

estuaries are presently characterized by shallow water depths,
coarse-grained bottom sediments, and efficient bypassing of
river silt and clay to the open coast (Kulni and Byrne, 1966;

Scheidegger and Phipps, 1976).

However, these modern deposi-

tional patterns are not necessarily representative of deposition

throughout the Holocene.

For instance, Glenn (1978) reports

that estuarine fill older than 6 x

yrs B.P., sampled from

Tillamook Bay, Oregon, contains significantly higher percentages
of beach sand and fine-grained river sediment than estuarine fill
younger than 6 x

yrs B.P.

Major questions arise about the nature, sequence, and
duration of depositional stages leading up to the present conditions of active-margin estuaries.

For example:

Are modern de-

positional patterns in these estuaries representative of longterm processes of sediment disperal and deposition?

How have

the estuaries' relative trapping efficiencies of river sand and
silt and beach sand varied during the Holocene?

What is the

relative importance of tectonic uplift, sea-level rise, and
basin morphology in controlling sedimentation rate in these
estuaries?

A lack of models of growth and development of active-

margin estuaries has resulted in a poor understanding of the role
these estuaries have played in controlling the availability of
sand and gravel to beach and inner-shelf environments and of
silt and clay to deeper water environments.
This study is directed towards documenting changes in depositional patterns of (1) sediment texture, (2) sediment source
composition, and (3) environments of deposition, in a small
active-margin estuary as a function of rising sea level during
the Holocene transgression.

In addition, efforts are made to

establish the relative importance of (1) the rate of tectonic
uplift, (2) the rate of sea-level rise, and (3) changing basin
morphology in determining the rate of sedimentation during the
filling of the river-valley basin.

We also quantify a sediment

budget for the estuarine fill and estimate minimum erosion rates

for the estuarinedrainage basin.

To accomplish these goals,

extensive seismic profiling and deep coring of sediment fill
in the Alsea River estuary, Oregon, were undertaken in 1980.

r.I

Based on results from this study, we develop a three-stage model
of depositional evolution in small active-margin estuaries dominated by fluvial discharge.

Background

The estuary chosen for this study, Alsea Bay, Oregon (Fig.
3-1), has formed in a terraced river valley at the foot of the
Oregon Coast Range.

Alsea Bay is typical of small, fluvially

dominated estuaries of the Pacific Northwest (Percy et al., 1974)
and has not experienced any significant alteration by man.
In northern Oregon the present rate of coastal tectonic
uplift is about 2 mm yr

(Ando and Balaze, 1979), and the

present rate of coastal emergence or sea-level change is about
0,9 mm yr

sea-level fall (Hicks, 1972).

Alsea Bay presently

has a mean high-water surface area of 8.7 kin2 (Percy et al., 1974)
and a mean tidal range of 1.8 m (Goodwin et al., 1970).

The small

bay becomes fluvially dominated during winter periods when peak
fluvial discharge exceeds tidal discharge into the bay (U.S. Geol.
Surv. Water Res. Div., 1970-1980; Goodwin et al., 1970).
We have previously reported on the origins and depositional
patterns of modern deposits in Alsea Bay (Peterson et al., 1982).
Briefly, modern sediment supplied to the estuary includes (1) river
gravel, sand, silt, and clay derived from the 1.2 x lO

km2 Alsea

River drainage basin and (2) well-sorted sand derived from beaches
adjacent to the tidal inlet.
187 tonnes km2 yr
age basin.

A suspended-sediment yield rate of

has been reported (Karlin, 1980) for the drain-

Bedload probably accounts for some 20-30% of the total

sediment load transported down the high-gradient Alsea River (Tilla-

mook Bay Task Force, 1978; Griggs and Hem, 1979; Karlin, 1980).
Effects on sediment supply from logging activities in the Alsea
drainage basin are not well established.

FIGURE 3-1.

Locations of seismic profiles, solid lines (10),
and deep core sites, dots (6), in Alsea Bay.
Dashed lines represent mean-low-low-water contours
of modern estuarine bathymetry.
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Sources of modern sediment in A?sea Bay can be discriminated
on the basis of sediment grain size and on the basis of heavymineral assemblages (Peterson et al., 1982).

Modern dispersal

patterns indicate that river sand is presently transported down
the central axis of Alsea Bay to within 1
winter months.

km of the mouth during

Gravel is generally retained in channel axes of

the upper estuarine environment.

Beach sand, transported by

flood tidal currents, intrudes some 3-4 km from the mouth along
the north and south margins of the bay.

Grain size of modern

sediment in the bay decreases with increasing distance away from
channel axes, implying high flow competence in channels and relatively lower flow competence over adjacent tidal flats.

Sediment

sorting decreases with increasing distance upstream of the tidal
inlet, reflecting efficient winnowing of sediment deposited in
tidally dominated environments.

n

METHODS

Seismic reflection work was begun on Alsea Bay during the
summer of 1980 in preparation for the selection and drilling of
deep coring sites durinq the fall of 1980.

Seismic lines were

chosen on the basis of maximum coverage and accessibility (Fig.
3-1).

Navigation on the bay was accomplished by compass line

and by bottom features which are accurately portrayed in bathymetric records and aerial photographs of the shallow estuary.
Seismic reflection data were obtained with the use of two uniboom 234 power sources and transducer plates which produced a
broad spectrum pulse (400-14,000 Hz) of 500 3 at a 0.25-second
repetition rate.

The return signal was received with a three-

element hydrophone and was recorded with an EPC Model 3200
recorder.

Based on seismic profiles, accessibility, and distribution
of modern depositional environments, six core sites were selected
and drilled with a rotary mud rig (Fig. 3-1).

Acoustic basement

was reached in all sites except site 2 where rough water conditions forced an abandonment of the drill hole some 5 m short
of acoustic basement.

Split-jar cores (7.5 cm x 20 cm) and

Shelby-tube cores (7.5 cm x 80 cm), respectively, were generally
collected at intervals of 1.5 m and 6 m depth downcore.

At least

20% of each down-core section was retrieved in cores from each
of the six core sites.

Time of core retrieval was recorded

during barge-based operations so that core depths could be
corrected for changing tidal elevation.

All core depths were

normalized to depth below mean-low-low-water (MLLW).

Retrieved

cores were sealed and transported to a refrigerated core locker
prior to processing.

Sediment cores were opened and subsampled for (1) bulk

density measurements; (2) microfossil density separation; (3)
initial grain-size splits of silt, sand, and gravel (Folk, 1980);
and (4) heavy-mineral separation in tetrabromoethane

(sp.g. 2.96 g cm3).

Mean grain size and standard deviation

of sand splits were computed by moment statistics from settlingtube analyses of sample sand fractions (Thiede et al., 1976).
Grain mounts were prepared from light and heavy mineral fractions
in the 0.062-0.25 mm grain-size range.

At least 150 non-opaque

mineral grains were identified petrographically in each grain
mount.

The working halves of cores were reduced to slabs (20 cm

x 7.5 cm x

1

cm) and were photographed and x-ray radiographed

to record sedimentary structures.

Finally, the cores were

seived (2-mm mesh) for wood and mollusk-shell fragments.

Wood

fragments were dried and packaged for shipment to commercial
labs for C14 dating.

E:I]

RESULTS

Stratigraphy of Basin Fill

In order to outline the morphology of the ancestral valley
of the J-\lsea River, a series of seismic lines were run normal

to the central axis of the estuary (Fig. 3-1).

Line drawings

of five of the high-resolution seismic profiles (Fig. 3-2) denote
major features of the river-valley basin and large-scale sedimentary structures within the basin fill.

The ancestral river

valley consists of a sinuous channel bottom, some 55 m below present sea level, and two prominent terraces at depths of about
10-15 m (profiles D-D' and E-E') and 25-30 m (profiles A-A',
C-C1,

and D-D') below present sea level (Fig. 3-2).

At least

two more terraces occur at elevations of 26 m (Palmer, 1967)
and 7 m above present sea level.

These subaerial terraces are

cut into thinly bedded estuarine deposits (Snavely et al., 1972).

Wood fragments collected from one subaerial terrace site, located
5 m above MSL and adjacent to the northern terminus of the D-D'
seismic profile (Fig. 3-1), were C14-dated and were found to be
older than 4 x l0

These wood fragments might have

years B,P.

been deposited during a period of rising sea level, 4 x

to 6 x

1O4 years B.P.. when sea level was some 40 to 80 ni below its present

level (Bloom et al.. 1974).

Estimates of tectonic-uplift rates for

this terrace sample range from about 1 mm yr

(45 m uplift/4 x

yrs) to about 1.5 mm yr

yrs).

(85 m uplift/6 x l0

These uplift

rates are less consistent than modern estimates of tectonic uplift

(2 mm yr) mentioned earlier.

The subaerial estuarine deposits

which rim much of the present bay shoreline are thought to correlate with the Coquille Formation that was deposited in coastal
river valleys during the late Pleistocene (Baldwin, 1950).

Terrace

cuts in the Pleistocene deposits might represent sea-level still
stands during the downcutting of the pre-Holocene river valley.

FIGURE 3-2.

Line drawings of 5 seismic reflection profiles (A-E)
in Msea Bay. Locations of seismic lines A-E are
shown in Figure 3-1. Solid lines represent reflectors in the Holocene fill. Dashed lines represent
inferred contacts between Holocene fill and preDotted lines denote reflecHolocene valley fill.
tors in late-Pleistocene vafley-fill deposits.
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Undisturbed sediment cores from selected depths at each of
the six core sites in Alsea Bay were subsampled and analyzed for
dry bulk density and percent void space or porosity (Fig. 3-3).
In addition to bulk density measurements of selected samples, all

samples were visually examined to detect major downcore changes
in sediment cementation.

Major increases in sediment cementation

were found to occur at depths of 15 m in core sites 5 and 6 where
cemented sand underlies relatively unconsolidated Holocene fill.
Wood fragments from the cemented sand deposit (20.5 m depth, site
6) were C14-dated and have an age > 4 x

years B.P.

The

cemented sands are very likely correlated with the subaerial
terrace deposits that rim the bay.

Major visible changes in sedi-

ment cementation and dewatering also occur at depths of 32 m in
core sites 1 and 3, at a depth of 55 m in core site 4, and at a
depth of 21 ni in core site 6 (Fig. 3-3).

The changes in sediment

physical properties at these depths are associated with a contact
between overlying Quaternary fill and underlying dewatered silts.
The structureless silts contain marine diatoms including:

Stephanopyxis turns and Coscinodiscus marginatus (Simonsen,
1962), and one sample contained one diatom, Achinocycleit oculatur,
suggesting a very late Pliocene age (Schrader, 1983, pers. comm.)
for the silts.

The dewatered silts represent acoustic basement

in this study area and are probably overlying lower Tertiary siltstones and sandstones which crop out intermittently along the
present-day shoreline (Snavely et al., 1972).

At least three

stages of river-valley down cutting, submergence, and deposition
are represented by the dewatered silts, late-Pleistocene estuarine
deposits, and the Holocene bay fill in the Alsea River valley.
This study focuses on the nature of the Holocene fill and on the
conditions under which it accumulated.

FIGURE 3-3.

Plots of dry bulk density and porosity (% void
space) of selected samples and depth in valley
fill at 6 core sites in Alsea Bay. Major changes
in bulk density and porosity are associated with
contacts between relatively unconsolidated Rolocene
fill and pre-Holocene cemented sands and dewatered
silts.
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Volume and Structure of Holocene Fill

An isopach map of Holocene sediment fill in Alsea Bay was
completed from 10 seismic profiles of the pre-Holocene river
valley (Fig. 3-4).

Although a slight narrowing of the river

valley occurs from west to east, it is apparent that the
modern estuarine basin only occupies a segment of the eastwest trending river valley.

Basin contours also emphasize sub-

marine terraces along the north-central side of the pre-Holocene
river valley.

The overall morphology of the basin results in a

nearly linear relationship between basin surface area, e.g.,
surface area enclosed by contour intervals, and basin depth
(Fig. 3-5).

This finding implies a nearly linear relationship

between basin volume and basin depth which is significant in
terms of evaluating the importance of basin geometry in controlling sedimentation in the basin.

The total volume of Holocene

fill in the basin segment studied is approximately 2.86 x io8 m3.
Seismic reflectors within the basin fill define two dominant
types of large-scale depositional structure.

The first structure

type consists of high-angle reflectors dipping towards each
other.

The v-shaped reflectors represent sequences of channel

cut and fill and typically have a vertical relief of 5 m or
less which is consistent with modern channel depths in Alsea
Bay.

The second type of large-scale structure is denoted by a

series of reflectors that dip in a parallel fashion.

These in-

clined reflectors represent channel-bank progradational structures and indicate lateral channel migration.

Examples of both

structure types are evident in the top 10-20 m of each seismic
profile but become less well-defined with increasing depth
(Fig. 3-2).

ri

FIGURE 3-4.

Isopach map of Holocene sediment fill in Alsea Bay
Depth contours are based on depth control
points, dots (96), from seismic profiles, core
Fine lines (6)
site data and field observations.
are drawn equidistant from the 6 core sites and
divide the basin into 6 parcels corresponding to
the 6 core sites.
basin.
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Sediment Age

Wood fragments seived from 15 core samples of the Holocene
fill were C14-dated, and sample ages are plotted against sample

depth below MLLW (Fig. 3-6).

Wood fragments were treated for

removal of carbonates and humic acids prior to counting.

Age

calculations were based on the Libby half-life, 5568 years, and
no corrections were made for atmospheric C14 (Stuiver, 1982).
The youngest sample dates are found to be 2330 ± 80 years
B.P. and 2440 ± 80 years B.P. collected at depths of 8.5 m (core
site 2) and 6.0 m (core site 3), respectively.

Modern channel

bottoms in Alsea Bay are typically 2-4 m below MLLW, and deposits
shallower than these depths are likely to have been reworked by
lateral migration of modern channels.

The oldest sample dated,

sample age = 9960 ± 540 years B.P., was collected from a gravelly sand deposit located at a depth of 53.5 111 at core site 4.

This deposit probably represents the initial stage of sediment
accumulation in the estuarine basin resulting from the encroaching marine transgression.

A sediment-level curve fitted to 12 of the 15 dated samples
indicates sedimentation rates of 0.21 cm yr
and 1.1 cm vr

(5 x 10-.-7.5 x

A sedi-

vrs B.P.) (FiQ. 3-6).

mentation rate between 0.4 and 0.7 cm yr
l0

(5 x l0--0 yrs B.P.)

(10 x 1O3 ± 500--7.5 x

yrs B.P.) is tentatively based on the oldest dated sample from

core site 4.
to 3 x l0

Three of the samples appear to have aged some I

x

years older than would be expected from their strati-

graphic positions.

Two of these samples, from core sites 3 and 6,

were collected just above contacts between Holocene and Pleistocene deposits.

It is likely that all three anomalously old

samples are contaminated by older Holocene or Pleistocene wood
fragments, resulting in anomalously old ages for the samples.

101

FIGURE 3-6.

Age (C-14 dating of wood fragments) and depth of
selected samples, dots (15), from 6 core sites
Age error bars and corresin Alsea Bay basin.
ponding core site locations are shown with each
dated sample. A sediment level curve, dashed line,
is drawn through 12 of the 15 samples.
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Embaynient Salinity

As an aid to documenting the advance of the marine transgression, core samples were analyzed for mollusk species diagnostic of embayment salinity ranges. Significantly, both
diversity and abundance of mollusk species decrease with increasing depth in the estuarine fill (Table 3-1). No mollusk shell
fragments were found in core samples from depths greater than
41 in, and only Macoma baithica, tolerant of low salinity ranges
(Muss, 1967; Coan, 1971; Bachelet, 1980), was identified
6-l5°J
in cores from depths of 41 to 25 m. A variety of species tolerant of brackish-to-marine water l5-35°/
(Table 3-1) were
identified in samples from depths shallower than 25 in. The

vertical distribution of molluscan fauna indicates three stages
of ernbaynient salinity as follows: (1) dominantly freshwater,
years B.PJ; (2)
basin fill depths of 55-42 m (10 x l0--8 x
brackish water >6°/
basin fill depths of 41-25 m (8 x
6x
years B.Pj; and (3) brackish water >15°/, basin fill
depths of 24-U m (6 x l0--0 years B.P.).
To further substantiate the depth-age timing of the advancing
marine transgression implied by the niolluscan fauna, selected
core samples from core sites 2 and 4 were also analyzed for

Salinity-indicator species of diatoms,
benthic and planktonic, were sufficiently abundant to document
three stages of relative intensity of marine-water circulation
diatom assemblages.

The three stages are: (1)
minimal circulation of marine water indicated by the presence
within the embayment (Table

3-2).

of oligohalobous diatoms (basin fill depths of 55-42 m at
10 x io-- x
years B.PJ, (2) restricted circulation of
marine water indicated by the presence of polyhalobous diatoms
years B.P.),
(basin fill depths of 42-25 in at 8 x 10--6 x

and (3) periodically unrestricted circulation of marine water
indicated by the abundance of polyhalobous diatoms (basin fill
depths of 24-0 in at 6 x
years B.P.).
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TABLE 3-la.

Mollusk species and salinity ranges

Species

Salinity Range

1.

Clinocardium nuttalli

marine-brackish

5,6

2.

Cryptomya californica

marine-brackish

5,6

3.

Macoma baithica

4.

Macoma inguinata

marine

3

5.

Macoma riasuta

marine-brackish

3

6.

Macoma species

7.

Modiolus rectus

marine

6

8.

Ostrea lurida

marine-brackish

4,6

9.

Protothaca staniinea

marine-brackish

5,6

marine-6°/00

References
1

- Bachelet, 1980.

2 - Coari, 1971.

3
4
5
6
7

-

Dunnill and Ellis, 1969.
Hertlein, 1959.
Hancock et al., 1979.
Morris et al,, 1980.
Muus, 1967.

salinity

Reference

1,2,7
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TABLE 3-lb.

Core site I
depth

Species

Core site 2
depth

4

4.0

7

15.0

1,2

7.0

1,2

18.5

1

6.0

Core site 3
depth
3.0

Species
6

Species

13.0

2

21.0

6

24.0

8

34,0

6

40.0

3

Core site 4
depth

Species

5.0

5

12.0

1,2,8,6

16.5

3,8,9

17.5

6

21.0

3

29.0

6

35.0

3

38.0

6

41.0

3
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TABLE 3-2a.

2.

3.
4.
5.
6.
7.
8.
9.
10.
11.
1)
I'-.

Diatom species and salinity ranges

Species

Salinity range

Achnanthes lanceolota
Actinocycius species
Actinoptychus unduTtus
AuiiscLJs species

niesohol me

3

polyhalob-meioeuryhal me

3

Bidduiphia aurita

Campylodiscus echeneis
Chaetoceros spores

3

Cyinbelia sDecies

ci iyohalob-rnesoeuryhal the

1,3

polyhalob-pleioeuryhai me

3

ci igahal ice
ci igohal ine-oieioeuryhal me

5

Deiphineis species

Oiolcneis snithii

Endichya ocearlica
Epithernia Soecies

Eoitheniia turgida

rustulia species

22.
23.
24.
25.
25.
27.
28.
29.

Gyrqiiia soecies

30.

Pi riruiaria species

31

Rhaphoneis anohiceras

32.
33.
34.

Rhoicdohenia curvata
Stauroneis ohoenicenteron

-

3
3

Graninatophora species

41

3

polyhalob
polyhalob-pleiceuryhal me

Gcrrchonenia soecies

38.
39.
40.

3

mesoha lob
pa ha lob

ol iqohalob-pleioeuryhaline

21

37.

polyhal ob-meioeuryhal me

Cocconeis placentula
Coscinodiscus marqinatus
Coscinodiscus radiatus
Caioneis species
Cymatopleura solea

13.
14.
15.
16.
17.
18.
19.
20.

0

Ref.

Melosira ambiaua
Melosira nwnrnuloides

Melosira suicata
Meridian circulare
NavicjTa huniurosa
Neidthm soecies

tzcnia trybi ionella

Stehancoyxis turns
5urireila ovalis

Synedra ulna
Thaiassionecra ni tzchioides

Thalassiosira leptopus
Tnaiassiosira oestrupii
Thalassiosira oacifica
Distehanus specuiUi
*

ol iaohai ice
ci igohaiab-meioeuryhal the

3

mes oh a lob

4

polyhalob-pleiceuryhal the
oiicohaiab-neioeuryhaiine
polyhalob-ciiesoeuryhal me

ci igohalob-pieioeuryhal ire
ci igohal ire

0

0

3

6

ci igohalob-pleioeuryhai ice
ci igohalob

5

ooiyhalob-al f goeuryhal the

0

mesaha lob

5

ci iccnalob-rnesoeurybal me
polylialob-meiceurybal ice

3

0
1

0

rnesohal I ne

polyha lob

4

icoflagellate

References

- Amspoker, 1983, personal cornnlunication.
2 - Carpelan, 1978.
3 - Pankow et al., 1976.

4 -

Schrader arid
Gerosonde, 1978.

5 - Sitronsen, 1962.
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TABLE 3-2b.

Sample Location
Depth (m)

Species present (x = major species)

Core_site 2

25x,27x,7,33,32,3

4.0
7.0
11.5
14.5
18.5
22.0
27.0
29.0
34.0
37.0
40.0

25x,27x,7.,33,32,3

25x,40,31,l1,3,32,7
25x,40x,14
25x,40,7,24,16,9,14
25x,9,2,6,16
25x,16,17,40,3,14,7,4,21
40x,16,32,25
40x,32,3,23,15
40x,11,2,25,3
40x,32x,24,17,16,11
40x,16,24,32,25

Core site 4
5.0

8.0
15.0
18.0
21.0
24.0
26.5
32.0
35.0
38,0
41.0
49.5
53.5

32x140x,25,24,12,1 ,30,8,15,13,37,19,26,36,35,
29,28

25x,29,17,24,15,3,14,3410,16,5
25x,24x,40,16,7,17,34,13
25x,40x,14,7
40x,25,162,32
16,17,32
40x,41 ,3,1l ,38,5,24,25,14,22
29x,24,40,3,22,7,16
40x,29x,32,3,4116

29x,32,40,22,39
7,40,32
32,8,36,20,18,19,13
32,8,19,17,13

Salinity ranges of mollusk and diatom assemblages show similar results of decreasing embayment salinity with increasing
depth.

Since lower salinity tolerances are known for identified

mollusks and upper salinity tolerances are known for identified
diatoms, it is possible to use these two groups to bracket embayment salinity ranges as a function of depth in the basin fill
(Fig. 3-7).

Both mollusks and diatoms denote significant increases

of marine-water circulation within the embayment at about 8 x
years B.P. and 6 x 1O3 years B.P.

Sediment Textural Composition

Holocene core samples retrieved from the six core sites in
Alsea Bay were analyzed for weight-percent gravel, sand and silt.
Gravel (median grain size >2 mm) which is common in modern channel
axes comprises only 2% of the 108 core samples analyzed.

Down-core

plots of weight-percent silt and clay (median grain size <0.062
mm) and sand (median grain size = 0.062-2 mm) denote the high
abundance of sand in this high-gradient estuarine basin (Fig, 3-8).
Detailed grain-size analyses of sample sand fractions were
performed to more precisely document flow competence and variability during Holocene deposition (Fig. 3-9).

However, grain-size

differences between samples from different core sites or from
widely varying depth intervals might also reflect the availability
of various grain sizes to local depositional environments.

The

coarsest grained samples measured with mean grain size >0.4 mm are
from core site 5, reflecting an abundant supply of medium sand and
high flow competence with this narrow channel environment.

By

comparison, core site 6 which is isolated from the central axis of
the estuary is characterized by very fine sand with mean grain size
<0.1 nm.

A significant decrease of sample grain size with increas-

ing depth is apparent in the top 15-20 m of core sites 1, 2, 3 and
4 (Fig. 3-9).

This trend is in agreement with a trend of

109

FIGURE 3-7.

A plot of embayment salinity range and depth in basin
Hatchered area represents embayfill of Alsea Bay.
tnent salinity during the Holocene. Minimum and maximum estimates of embayment salinity are based on
mollusk and diatom assemblages, resp-ctively (Tables
3-1 and 3-2). Diatom salinity ranges are after
Sirnonsen (1962) and Carpelan (1978).
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FIGURE 3-8.

Plots of sample weight-percent sand, e.g., wt. %
grain size >62 pm and depth in Holocene fill at
6 core sites in Alsea Bay.
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FIGURE 3-9.

Plots of mean grain size and standard deviation of
sample sand fractions, grain size 0.062-2 mm, and
depth in Holocene fill at 6 core sites in Alsea
Bay.
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increasing silt abundance in the same core depth intervals (Fig.
3-8) and reflects decreasing flow competence with increasing
depth in the top 20 m of core sites 1-4.
Major short-term oscillations of sand grain size are superimposed on long-term trends of sand grain size in core sites 1-5.
These oscillations are thought to represent reversing directions
of lateral channel migration.

Modern channel-axis deposits in Al-

sea Bay invariably contain coarser sediment than do corresponding
deposits in adjacent channel-margin or tidal-flat environments

(Peterson et aL, 1982).

Down-core changes in grain size reflect

shifting proximity of maximum flow competence in channel axes relative to core sites during deposition.

To establish the frequency of grain-size oscillation during
various periods of basin filling, the sand grain-size data from
core sites 2 and 4 were analyzed with a time series technique,
maximum entropy, suitable for short record lengths (Ulrych, 1972).
The maximum entropy technique is an autoregressive process which
uses a filter length empirically determined to minimize final prediction error (Chen and Stegen, 1974).

Briefly, a computer program

AGER was used to assign age estimates to samples from core sites 2
and 4 on the basis of the sediment age curve (Fig. 3-6).

A second

program TIMER converted the sample grain-size and sample age data
into time series or interpolated grain-size values at equally spaced
time increments.

A third program MAXIMUM ENTROPY calculated the

power spectrum or dominant frequencies of grain-size oscillation
from the time-series data.

Power spectra of grain-size oscilla-

tions in core sites 2 and 4 have been calculated for two time intervals which are 0--5 x lO
B.P. (Fig. 3-10).

years B.P. and 5 x lO--7.5 x 1O

years

The results indicate that the rate of channel

migration during the period 0--5 x l0

years B.P. was less than

half the rate during the interval S x lO--7.,5 x

years B.P.

Fre-

quency of channel migration and sedimentation rate for core sites 2
and 4 are compared in Table 3-3 and show that rapid channel migration occurs during periods of highest sedimentation rate.

Time-series
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FIGURE 3-10.

Plots of frequency of grain size oscillation and
relative spectral power for Holocene fill,
years
0--5 x iO years B.P. and 5 x l0--7.5 x
B.P., at two core sites in Alsea Bay.
Dominant
0.7 cycles/bOO
frequencies at core site 2 are:
years B.P.) and 1.4 cycles/bOO
years (0--5 x
years (5 x 10--7.5 x iO years B.P.). Dominant
0.4 cyclesIl000
frequencies at core site 4 are:
years B.P.) and 1.25 cycles!
years (0--S x
1000 years (5 x l0--7.5 x 1O years B.P.). A
trend of decreasing grain size with increasing
depth is reflected in a very low frequency peak in
core site4 (5 x 103--7..5 x 103 years B.P.).
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TABLE 3-3.

Comparison between frequency of channel migration and sedimentation
rate for two time intervals in core sites 2 and 4
Time Interval
(0-5 x l0

Frequency of channel
migration (cycles!
1000 yrs)

Sedimentation rate
(cni/yr)

years B.P.)

Time Interval
(5 x 10

- 7.5 x

years B.P.)

Core Site 2

Core Site 4

Core Site 2

Core Site 4

0.7

0.4

1.4

1.25

0.21

0.21

1.1

1.1

-J
-J
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years

analysis was not performed on deposits older than 7.5 x

B.P. due to decreased core recovery below basin fill depths of
35-40 in.

A second grain-size parameter, standard deviation or sorting,
was computed for sand fractions of core samples from the six core
sites (Fig. 3-9).

Downcore trends of sand sorting are complex and

appear to be related to downcore trends of sample grain size and to
the relative distance of the core site from the mouth.

To better

establish these relationships a series of least squares linear regressions were performed on mean grain-size and standard-deviation
values of samples from the top 12-13 in of core sites 1-5.

Core site

6 was not included in these analyses due to the negligible change
in grain size downcore.

Correlation coefficients from the linear

regression analyses (Table 3-4) indicate a general trend of negative correlation between grain size and standard deviation of sampies in core sites 1, 2, and 3, near the mouth, and positive correlation betwen the two variables in samples from core sites 4 and 5,
well upstream of the mouth.

The re1ationship between sample grain

size and standard deviation appears to be a function of the relative
importance of tidal-flow and riverine-flow deposition which varies
with distance from the estuarine mouth.

For example, as tidal flow

intensity increases, the frequency of tidal current winnowing increases and sample grain size increases as standard deviation decreases.

By comparison, when riverine flow increases the flow vari-

ability increases and sample standard deviation increases as grain
size increases.

The correlation between mean grain size and standard deviation
provides a parameter useful in establishing the relative importance of tidal and fluvial flow during deposition of Holocene
deposits.

For instance, a trend of negative correlation between

sample grain size and standard deviation is apparent below 25
depth (Fig. 3-9).

in

Tidal flow deposition in the lower reaches of

the basin did not dominate riverine flow deposition until
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TABLE 3-4.

Correlation between grain size and standard deviation
in the top 13 m of core sites 1-5

Core
Site

Distance from
Mouth (km)

Number of
Samples

Correlation Coefficient (r)

1*

0.5

6

-0.79

2

0.9

7

-0.82

3

2.2

8

-0.69

4

3.5

8

+0.72

5

8.8

8

+0.92

*

Does not include samples above cobble layer at 3.0 m depth.
Cobble layer represents base of sand spit.
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after 6 x 1O3 years B.P.

By comparison, sample grain size and

standard deviation are negatively correlated at depths less than
10 m in core site 3 (Fig. 3-9).

Tidal flow deposition did not

dominate riverine flow deposition in mid-estuarine reaches until
after 4.5 x 1O3 years B.P.

Sample grain size and standard

deviation are positively correlated throughout the lengths of
core sites 4 and 5.

Evidently, riverine flow deposition has

been relatively more important than tidal flow deposition in the
upper reaches of the basin throughout the Holocene.

Sediment Source Composition

In an effort to establish the relative contributions of sand
sources to the Holocene fill of Alsea Bay, the two end-member
sources, river and beach sand, were discriminated on a mineralogical basis.

Heavy minerals in Alsea River sand, collected from

10 km upstream of the bay mouth, comprise a nearly bimodal
assemblage of augite and magnetite, reflecting the high percentage of these minerals in basalts (Snavely et al., 1972) drained
by the Alsea River (Table 3-5).

By comparison, beach sand

adjacent to the tidal entrance of Alsea Bay contains a complex
assemblage of heavy minerals ultimately derived from rocks of
the Oregon Coast Range and of the Kiamath Mountains of southern
Oregon and northern California (Scheidegger et al., 1971)
(Table 3-5).

One heavy-mineral species, hypersthene, accounts for about
20% of the non-opaque heavy.-niineral fraction of beach sand, and

it can be used as an indicator of beach sand in estuarine samples.
Modern end members of river and beach sand, respectively, are
represented by hypersthene:augite ratios of 0.00 and 0.60.

Hypers-

thene:auoite ratios were computed from heavy-mineral counts of
estuarine core samples, and the normalized ratios were used to
calculate the percent river sand and beach sand in core samples
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TABLE 3-5.

Heavy mineral composition of river and beach sand
supplied to Alsea Bay
% o-f Heavy Mineral Fraction

Heavy Minerals

River Sand

Beach Sand

Augite

60%

20%

Opaques

35%

50%

5%

10%

Hornblende

Hypersthene

--

10%

Garnet

--

5%

Epidote

--

<5%

Clinozoisite

--

<5%

Staurolite

--

<5%

Others

<1%

<1%
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from core sites 1-6 (Fig. 3-11).

Downcore trends in % beach sand

in core sites 1-3 show major decreases in the relative contribuBeach

tion of beach sand to estuarine fill with increasing depth.

sand contribution to the estuarine fill is negligible prior to
about 6 x

years B.P. (20 ii depth), and the last evidence of

river sand clearly escaping the basin segment under study occurs
at a depth of 4.5 m in core site 1.

However, dilution of river

sand by large fluxes of beach sand near the mouth might mask evi-

dence of river sand escaping the embayment in the very recent past.
Interestingly, an event of increased beach sand contribution
to the estuarine fill is apparent at depths of 22-27 m in core
sites 1-4 (Fig. 3-li).

This event might reflect a change in

estuarine circulation as a result of rising sea level and changing
basin morphology.

As previously noted, a major submarine terrace

in the ancestral river valley occurs at depths of 25-30 m (see
Fig. 3-4).

A temporary increase in the estuarine width-to-depth

ratio might have increased the basin's efficiency in trapping
beach sand.

Another major change in sand composition occurs in core site
1

at a depth of 10 m where river sand abundance increases by 50%

for a short interval.

At core site 4 a significant increase

(10%) of beach sand occurs at a depth of 5 in.

Such isolated

shifts in sand composition might occur in response to major
changes of channel position within the basin.

Channelized

transport of river and beach sand presently occurs in Alsea Bay
and might have been important in sand dispersal during the last
6 x

years of basin filling.

Unfortunately, the spacings of

core sites in the estuary are such that north-south shifts in
channel position are not clearly established on the basis of
down-core sample composition.

A major goal of this study is to calculate a sediment
budget for the Holocene fill in Alsea Bay to establish the basin's
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FIGURE 3-11.

Plots of percent beach sand in sample sand fractions
and depth in Holocene fill at 6 core sites in Alsea
Relative abundance of beach and river sand
Bay.
is based on heavy mineral assemblages of the sand
fraction.
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relative trapping efficiency of sediment during its development.
In order to estimate the physical, textural and mineralogical

properties of the estuarine fill as a function of depth, an
averaging method based on volume partitioning was used.

Briefly,

10-rn contour intervals of the pre-Holocene basin were each divided

into six volumes or partitions corresponding to the six core sites
(Fig. 3-4).

Estimates of sediment bulk density and composition,

e.g., percent sand and silt and clay and percent river and beach
sand, within each partition were computed from averages of core
sample analyses corresponding to each partition.

In several

cases, core samples were not recovered from a given partition.
In these cases, the sample analyses from the nearest core site
interval of similar depth were used to estimate the partition's
average sediment composition.

Finally, tonnes of river sand and

river silt-clay and of beach sand deposited in six depth intervals
of the }-Iolocene fill were calculated from estimates of sediment

mass and composition in partitions associated with each depth
interval (Table 3-6).
river

The total contributions of river sand,

silt and clay and of beach sand deposited in six depth inter-

vals of the Holocene fill were calculated from estimates of sediment
mass and composition in partitions associated with each depth interval (Table 3-6).

The total contributions of river sand, river

silt and clay and beach sand, respectively, in the Holocene fill
are estimated to be 2.7 x io8 tonnes, 7,5 x 10
l0

tonnes.

tonnes, and 2.9 x

Holocene fill in the basin segment studied contains

approximately 70% river sand, 20% river silt and clay, and 10%
beach sand.

The low abundance of river silt and clay and beach

sand in the Holocene fill indicates that the Alsea River basin
has not provided an efficient trap for these sediments during the
Holocene.

rates of river sand and river silt and clay occur at 4.5 x
years B.P.

For example, a basin accumulation rate of river sand

TABLE 3-6.

Sediment budget for basin fill

Depth
Interval

Volume

Mean Dry
Bulk Density

(m)

(m3)

(g/cm3)

Total

Silt and Clay
(tonnes)

River Sand
(tonnes)

Beach Sand
(tonnes)

Sediment
(tonnes)

0-10

8.79 x

1.22

1.53 x iO

7.24 x 1O7

1.94 x

1.07 x io8

10-20

7.38 x

1.24

1.72 x

7.02 x JO

3.89 x io6

913 x 1O7

20-30

5.51 x

1.36

2.00 x

5.08 x

3.98 x

748 x

30-40

3.85 x 1O7

1.42

1.19 x

4.17 x

1.32 x io6

549 x

40-50

2.61 x

1.41

8.93

2.76 x

3.77 x l0

3.69 x

50-55

4.95 x io

1.44

1.67 x l0

io6

5.45 x io6

0

1O7

7.12 x io6

-J
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FIGURE 3-12.

Plots of quantities of river silt and clay, river
sand and beach sand in Holocene fill and duration
of sediment accumulation in Alsea Bay basin.
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decreases from 5.8 x
B.P.) to 1.7 x

tonnes vr

tannes yr

(7 x

JQ3__45

x IO

years

years B.P.).

(4.5 x

Simi-

larly, a basin accumulation rate of river silt and clay decreases
from 1.7 x JO

tonnes yr

(7 x l0--4.5 x iO

3.3 x JO3 tonnes yr1 (4.5 x

years B.P.) to
A change in

years B..PJ.

basin accumulation rates of river sand and river silt and clay

miaht have also occurred around 7 x l0--8 x

years B.P.

How-

ever, the sediment-level-age curve for this time period is not
well-constrained and corresponding sediment accumulation rates

for the period 10 x 10--7 x 1O3 years B.P. are tentative.

In-

terestingly, the basin accumulation rate of beach sand, approxirnately 4.2 x IO

tonnes yr, has remained relatively constant

for the last 6 x

years.

Factors which reduced the basin's

trapping efficiency of river sediment after 5 x IQ

years B.P.

did not have a similar effect on the basin's trapping efficiency
of beach

arid.

Sediment Internal Structure

Radiographs of sedimentary structures in undisturbed core
samples were analyzed to establish relative energy of deposition
in Holocene deposits.

Relative abundances of five primary struc-

tures were established for core sections showing minimal or no
bioturbation and were based on percent area of core radiographs corresponding to each primary structure (Table 3-7).

The

five primary structures recognized include in order of increasing
energy of deposition:

(1) horizontal sand and silt laminations,

(2) inclined sand and silt laminations, (3) small ripple crossbedding with forset thickness <5 cm, (4) megaripple cross-bedding
with forset thickness >5 cm, and (5) channel lag deposits of
structureless gravel and sand or shell fragments (Clifton and
Phillips, 1980; Reineck and Singh, 1980).

The five primary

its)

II

(-flflPA

P.) 010

0).

01
I0
'i -o a-e

i_fl

i_fl ).

V0

LI

(0

'C Cf II

-I,

II

>1 0- 0 0' 0'
-, [4
r* C

iii

C-t

di

in 0) =

Ii

-i a.

II

LI £0 - 0

0' Cl

Ii

a

F') IS) C..) F')

Cl 0' a.

0)

(4C4(11D.li_p3i.)l_4I_..i1..1t_.Jp.J._.J_aLJ__4C.JNFQL4lj0__I

041.) 0010 0000 iii (110101 001(11 in (110010) i_fl 0
a r 0- 0' a n 0'n, a C> 0' 01 0'0'

als)ars)-.o
I

a-ia

LI

(4
14 Là

LI 1.4

4.4

(4

(4 i_I

I

I

a(4a-o

LI 14 (4 1.4 IJ

(S)_1_I.a.-__4__I_-l-_-a

44 (3

I'J-N)S

lOLa(s) I

F') Is) C'.) F'.) C') Us) F') F') 151 Us)

F'.)
IN) (N)

45145.

(5)44(41') I') (4(4(4(4 F'.) (5)

(40' p3(4
4

IN)

LJ10000000000000000
0. 0 CT 01
0.0 (7 0)
0.0 C PS 0. CL

-Ca

0 0000000000000000 000000000000 I 004 0

-

(N) F.)

a
.CaL).JLJ(1JL.AI4fs)P.)IN)fs)1S)(s)F')
o10aoo-4aaato'-a--J'-4a--.-.

(N) Cs)

00O00-'O--JO00

J-'fs)--40-' 00 4

I

I

.a-co

&.4Li--'.I5-JLfl-*511S1----'

0000

4'.)

00 (5)
(5)

(11

N)

1.,)

.

1L1W014_4j's)

Li 14 15) F') (3 45' (5)4.4

(.0 (liEN)

LIN)-1---.--JQW-.cocoU)
(fl*J)U41240t.flU)CDt,,Lr.00000000000
0 0' PS Cl 0' 01
£1 Q01
(altQ

aaa.a.-aaaaaaaa $aaaaaaa.,

aaaaaaaorjpaa _I(1JI

(5)

00000000 O-'o------.. C
0000000CDLIpa-., ('aol

-4:'

I

45.

'a

-P 45. £4 F')

0 0 0 0

S

I

04 0000000 0rs)a0 00'0000000000, 0000000
04 0000000 -prutJa 0000000000000, 0000000
04 01400000 0000 aaa00-.a000.a000, 0015)00.-ar..)
CI 00000 ('3 F') 0000 00-0O(400000--JO 00P)t5)0paN)

Lia(a-.(4LI50u1pa

0' 05

000100(11000
0000
0 0)
0 Ui

lnUlUrn.

I00)O)0)

C
Li-CaLJ0.PIli. h)0-0't0
15)00ISJ00 000rs)cJL.Jr..) aLIL)

S_0C0000O00.O0_a

4 0000000000000iD0000 0000000000004 0010

.451

C)

0 01
01
o OOtfl0000&71U1U1UIU10001CJ1UI(J)
a 0 0' 01
an o- pa
C)

01

F') (s1P.1

Li l.Q

Lid c.J-'OIs)c.)-a.a 0-'CD

S

0 * 0 0000d 0 1') 0 000 I 4 00000 £0

010000001000 0001 IO00000000000000000
o, 000000100.0' 0001 i 0000000000000000p100

(_..D1..)r)t'J(.ji.4(.ap(..)(.a_a

o- 0'

0 000C) U) U) U) 000 (il

.__a__.0.._,c_flt_no1_p1I__J__I.p

pa__I_a_I

10 P.) F'.. F..) P.1 (N) (N) lu

CD
U)

Inclined Laiiiinatlons
Horizontal Laminations

Small Ripple Bedding

Megaripple Bedding

a

(4)

-5
CD

Gravel Channel Lag

MLLW

0

C')

CD

CD

C>

0
J
0

.4.

-5
CD

(-t

C>

-.5

U>

CD

(D

U)

'.54

(j)

rn

h

kloturbation

Iepth (in) Below

CORE SITE

Horizontal Laminations

Inclined Lamiatons

Sinai) Ripple Bedding

Megaripple Bedding

Grave) Chnne1 Lag

Bioturbatlon

Depth (in) Below MLLW

CORE SITE

Sinai) Ripple Bedding
Inclined Lauhlnations
horizontal Lalihinations

Megaripple Bedding

Grave) Channel Lag

Boturbation

Depth (in) Below MLLW

CORE SITE

(a)

a
a

132

structures were assigned relative energy of deposition values

(x15) and the frequencies (f) of the primary structures (xi)

in each core were averaged (>fx/f =

)

to obtain a mean

relative-energy value () for each core sample.
The relative energy of deposition of core samples is plotted
against core depth for each of the six core sites (Fig. 3-13).
Core site 5, located in a riverine channel environment, is
characterized by very high energy of deposition (relative
energy x

0.75-1.0).

tn contrast, core site 6 which is asso-

ciated with a back-bay margin environment is characterized by low
energy of deposition (relative energy x = 0-0.25).

The remaining

four core sites show a general trend of decreasing energy of deposition with increasing depth for the top 15-20 m of each core
Laminated sands and silts which are generally abundant

site.

in deposits older than 5 x

years B.P. are gradually replaced

by cross-bedded sediments in deposits younger than 5 x 1O3 years
(Table 3-7).

The shift from suspension deposition to traction

current deposition denotes an increase in confined channel flow
possibly as a result of decreasing water depth during the last
5 x l0

years.

A brief period of high energy of deposition is

also apparent in core site 4 at depths greater than 45 m (Fig.
3-13).

The high energy of deposition and absence of bioturbatiori

associated with cores from depths >45 m indicate a shallow-water
fluvial environment for these earliest deposits.

Two depositional environments, the bay spit and salt marsh,
mIght have very recent origins in Alsea Bay.

A 1.5-rn thick de-

posit of rounded beach cobbles at a depth of 3 m in core site 1

denotes a probable beach lag deposit at the base of the modern
spit.

Small ripple cross-bedding above the cobble deposit grades
The

upward into eolian dune stratification some 2 m above MLLW.
spit did not reach its present position until after 2 x l0
B.p.

years

A recent origin for the salt marsh which rims the upper
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FIGURE 3-13.

Plots of relative energy of deposition of core
samples and depth in Holocene fill at 6 core sites
in Alsea Bay. Circled dots at core tops represent
relative energy of deposition of modern deposits
at core sites.
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reaches of Alsea Bay is indicated by a complete absence of salt
marsh or peaty deposits in recovered core samples.

Apparently,

high sedimentation rates and lateral channel migration have inhibited marsh development in Alsea Bay until the very recent past.
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DISCUSSION

Seismic reflectors in the Holocene fill of the Alsea Bay out-.
line sequences of channel cut and fill and channel bank progradation produced by migrating channels.

Carbon-14 dated samples

from six drill sites in Alsea Bay generally show similar depthage relationships, implying relatively constant rates of deposition throughout the length of the river valley basin. In contrast to the larger Tillaniock Bay embayment, Oregon (Glenn,
1978), the confined river valley basin of Alsea Bay shows no
evidence of river delta development. Rather, deposition by
lateral channel migration and overbank suspension deposition have

prodominated during the filling of the Alsea River basin.
Three stages 0f deposition are evident in the basin fill of
the Alsea River valley, and these stages are thought to reflect
changing conditions of enibayment hydrography during the Holocene
transgression. The first stage of deposition represents a period

of transition from a high-gradient stream environment to an
estuarine environment (Fig. 3-14). A fluvial gravel deposit
at 53.5 m depth in the basin fill (10 x 1O3 ± 500 years B.P.) is
overlain by cross-bedded sands which grade upward to laminated

years B.P.). This
sands and silts at 40 m depth (7.5 x
transition reflects a period of decreasing energy of deposition
(Fig. 3-13) probably resulting from increasing water depth as
a function of rising sea level. However, marine water circulation in the embayrnent during the first 2 x 1O3 years of basin

filling was negligible (Fig.
of between 0.4 and 0.7 cm yr
deposition ending some 7.5 x

3-7).

A

moderate sedimentation rate

is estimated for the first stage of
years B.P.

The second stage of deposition a-f the basin fill reflects
to 5 x IO
deep water depths in the embayment from 7.5 x
years B.P. (Fig. 3-14). An abundance of laminated sands and
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FIGURE 3-14.

Diagram of river valley basin and relative position
of sea level at three time periods during the
Holocene transgression.
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silts deposited during this period signifies low energy of deposition associated with deep water and minimally constricted
riverine flow.

Restricted circulation of marine water in the

embayment from 8 x 1O3 to 6 x 1O3 years B.P. probably reflects
a distant tidal entrance and dampened tidal flow in the deep embayment.

The second stage of deposition also represents a period

of efficient trapping of river sand and silt (Fig. 3-12) which
corresponds to a high sedimentation rate of 1 .1 cm yr

(7.5 x l0--5 x
(Fig. 3-10).

years B.P.) and rapid channel migration

Glenn (1978) describes a similar period of rapid

sedimentation in the Holocene fill of Tillamook Bay, Oregon,
prior to about 6 x 1O3 years B.P.

The third stage of deposition represents a period of transition from a deep-water estuarine environment to a shallow-water
estuarine environment (Fig. 3-14).

A major increase in embay-

ment salinity after 6 x 1O3 years B.P. correlates well with
evidence of increased tidal current deposition (Table 3-4) in
the lower reaches of the basin.

Both sediment grain size

(Figs. 3-8 and 3-9) and abundance of cross-bedded sands increase
with decreasing depth in the basin fill after 5.5 x
B.P.

years

Interestingly, the return to shallow water depths and

channelized flow during the third stage of deposition resulted
in (1) more efficient bypassing of river sediment and (2) increased intrusion of beach sand into the embayment (Fig. 3-11).
The third stage of deposition is characterized by selective retention of coarse-grained sediment, a low rate of sedimentation,

0.21cm yr1 (5 x 1O-_O years B.P.), and decreased rate of
channel migration.

These trends are in contrast to modern de-

positional patterns in many passive margin estuaries of the
eastern United States.

In these low-gradient estuaries, coarse-

grained river sediment is trapped well upstream of the marine
embaynient and fine-grained river sediment is deposited in upper
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estuarine reaches by landward trending bottom currents (salinedensity currents) (Meade, 1969; Nichols, 1972; Knebel et al.,
1981).

Recent trends of sedimentation in Alsea Bay can be projected
into the near future assuming constant rates of sediment supply
and minimal change in eustatic sea level.

For example, embay-

ment water depths will continue to decrease as a result of
coastal emergence (Hicks, 1972) and ongoing sedimentation.

How-

ever, a diminishing tidal prism will likely promote bypassing
of river sediment and inhibit beach sand intrusion thereby decreasinq rate of sedimentation in the embayment (Peterson et al.,
1983).

Low sedimentation rate and channel stabilization might

finally lead to uninhibited salt marsh progradation over shallow
tidal flats.

The rate of sedimentation in the Holocene fill of the Alsea
River basin is a function of the rate of sediment volume accumulation and change of basin volume with depth where:
rate (cm

sedimentation

yr1) = volume accumulation rate (m3 yr)/basin volume

change (m3 cni).

The change in basin volume with decreasing

depth is nearly linear in the basin segment studied (Fig. 3-5) and
is estimated to be about 5.2 x 1O4 m3 crri1 (Table 3-6).

By com-

parison, the rate of sediment volume accumulation in the basin
m3

might have varied by an order of magnitude, e.g., 2.1 x
yr

(0-10 m depth), 6.9 x IO4 m3 yr

0.6 x 1O

m3 yr

(20-30 m depth) and

(50-55 m depth) during the Holocene.

Variabili-

ty in the rate of sediment volume accumulation could result from
either changes in sediment supply rate or changes in sediment loss
rate or throughput rate.

Over 90% of the Holocerie fill is de-

rived from river sediment and pollen records indicate relatively
constant conditions of temperature and precipitation in western

Oregon and Washington for the period B x l0--2 x lO
(Heusser and Shackleton, 1979; Heusser et al., 1980).

years B.P.

Since major
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changes in sediment accumulation rate occur during the period of
constant climatic conditions, we attribute variability in rate
of sediment volume accumulation to changes in sediment throughput rate.

Downcore changes in sediment grain size and relative energy
of deposition correlate with changes in rate of terrestrial sediment accumulation and indicate that the rate of sediment volume
accumulation in the Alsea River basin increases as embayment
water depth increases.

Embayment water depth is increased by

eustatic sea-level rise and is decreased by tectonic uplift and
sedimentation.

Tectonic uplift rate, 1-2 mm yr1, has probably

not varied by more than 1 mm yr

during the Holocene as indicated

by modern and long-term rates of terrace uplift.

By comparison,

the rate of eustatic sea-level rise has varied by more than 8 mm
yr

(Milliman and Emery, 1968; Dillon and Oldale, 1978) of average

sea-level rise, sediment level and sediment volume in the Alsea
River basin show significant decreases in both the rate of sedi-

ment volume accumulation and sedimentation rate after 4.5 x 1O
years B.P., following a major decline in rate of eustatic sea-level
rise (Fig. 3-15).

A relative sea-level curve is also portrayed in

Figure 3-15 and is based on an assumed tectonic uplift rate of

1 mm yr. The very close correspondence between the relative sealevel curve and the sediment level curve during the last 5 x
years implies that tectonic uplift rate during this time did not

significantly exceed 1 mm yr.
Estimates of terrestrial sediment trapped within the Alsea
Bay confines represent minimum amounts of terrestrial sediment
supplied to the basin.

Minimum estimates of long-term sediment

yields of the Alsea River drainage basin can be established on
the basis of terrestrial sediment trapped in the basin fill.

For

example, 1.63 x 108 tonnes of river sand, trapped between depths

of 10 and 40 m in the basin fill (Table 3-6), accumulated over
a period of 3.3 x

years.

This quantity of sand corresponds
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FIGURE 3-15.

Plots of eustatic sea level (Milliman and Emery,
1968; Dillon and Oldale, 1978), sediment level in
Alsea Bay basin, sediment volume in Alsea Bay
basin arid age in years B.P.
Vertical bars denote
relative sea level position assuming 1 mm yr-i of
tectonic uplift.
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to a sand yield rate of 41 tonnes
drainage basin.

km2

km2

Karlin (1980) reports a modern yield rate of

suspended sediment of 187 tonnes km2 yr
drainage basin.

for the 1.2 x

yr

for the Alsea River

If bedload comprises 20-30% of the modern

sediment, then a modern yield rate of bedload sediment of 47-80
tonnes

km2

yr

can be calculated for the drainage basin.

The

long-term yield rate of sand, which is a minimum estimate, is in
agreement with the estimated range of modern yield rates of bedload sediment.

If modern, sediment yield rates are generally representative
of terrestrial-sediment supply rates during the last 10,000 years
then an estimate of basin trapping efficiency can be calculated.

Modern, terrestrial-sediment supply rates of 187 tonnes

km2 (suspended load) and 47-80 tonnes km2 yr

1.2 x

1.2 x l0

km2 yr1

km2 (bed load) total 2.8 x 10

or 2.8 x 10

- 3.2 x l0

- 3.2 x l0

x

tonnes yr

tonnes for the last 10,000 years.

By

comparison, some 3.45 x io8 tonnes of terrestrial sand, silt and
clay have been retained in the Alsea Bay basin during the last
10,000 years (Table 3-6).

The Alsea Bay basin might have retained

<15% of the terrestrial sediment supplied to it during the period
of basin filling (0--i x lO

yrs B.P.).
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SUMMARY

Data from this investigation outline the depositional evolution
of Holocene fill in Alsea Bay, a small, high-gradient estuary of
a drowned river valley.

Holocene sediment fills a pre-Holocene

valley which cut, 55 m below present sea level, into uplifted
Pleistocene and Pliocene(?) deposits.

Seismic reflectors in the

Holocene fill are discontinuous and denote channelized erosion and
± 500--

deposition throughout the period of basin filling 10 x
0 years B.P.

Major changes in the nature of the basin fill with increasing
depth define three stages of deposition during the Holocene transgression.

The first stage of deposition, 10 x 1O3 ± 500--7.5 x 10

years B.P., is characterized by dominantly freshwater, cross-bedded

sands, and a moderate sedimentation rate, between 0.4 and 0.7 cm

yr. The second stage of deposition, 7.5 x

years

x

B.P., is associated with brackish water, laminated sands and silts,

and a high sedimentation rate, 1.1 cm yr. The third stage of deposition, 5 x 10-_O years B.P., is characterized by strong tidal

flow, cross-bedded sands, and a low sedimentation rate, 0.2 cm yr.
The three stages of deposition reflect periods of transition from
(1) a shallow fluvial environment, to (2) a deep-water estuarine
environment, to (3) a shallow-water estuarine environment.
Embayment water depths varied significantly during the
Holocene transgression as a result of changes in rate of eustatic
sea-level rise and corresponding changes in the rate of sediment
accumulation in the basin.

Deep water depths in the embaymerit in-

creased the trapping efficiency of river sand and silt.

However, a

decline in the rate of sea-level rise after 6.5x 103 years B.P. together with rapid sedimentation led to shallow water depths and channel-

ized flow by 4.5 x

years B,P.

tnterestingly, channelized flow

in the embaynient resulted in increased bypassing of river sediment
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through the estuary and increased intrusion of beach sand into
the estuary.

The basin segment studied in this investigation has trapped
some 2.7 x io8 tonnes of river sand, 7.5 x

and clay and 2.9 x
years.

tonnes of river silt

tonnes of beach sand during the last 10 x

Comparisons of modern, terrestrial-sediment supply

rates and long-term (10,000 years) sediment retention rates imply
that the Alsea Bay basin has retained less than 15% of the terrestrial sediment supplied to it during its development.
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