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How Puget Sound Builds its Beaches

Figure 1: When you look at a beach, you are seeing the result of many interacting processes that
act to both maintain and transform it. Image Credit: Jerilyn Ritzman.

Introduction

Our beaches often feel like a constant but, whether during a harsh winter storm or a calm summer day, they
are constantly changing and have developed over a rather small portion of our geologic timeline. If you're like
me, you spend a lot of time marveling at the steep bluffs, the variety of rocks and wildlife, but it isn’t often that
we stop to think about all of nature’s processes that created and maintain these beaches. So, let’s take a few
moments to appreciate what goes into making and sustaining our beaches, and what we can do to help keep
them healthy.

Source of beach sediment

Left by the ice

The recent history of our region’s beaches begins with the last ice age glaciation, known as the Vashon
Glaciation, roughly 20,000 to 15,000 years ago. It began when a massive ice sheet began advancing southward
from present-day British Columbia through the Puget Lowland. At its maximum extent around 17,000 years ago,
this ice sheet extended to just south of Olympia and was estimated to be about a mile thick at the U.S.-Canada
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border. Though the glacier was thinner further south, it was still about 3,000 feet thick (the height of
five Space Needles!) near Seattle. After around 100 years at its maximum, the ice sheet retreated
northward over twice as fast as it advanced, leaving the Puget Sound largely the way it appears today.

The glacier deposited large amounts of sediment across the Puget Lowland during its advance and
retreat. As the ice advanced southward through British Columbia, it eroded and entrapped rocks
ranging in size from silt and sand to gravel and even boulders. As the glacier continued through the
Puget Sound and eventually started its retreat, several depositional processes occurred.

First, as the glacier approached, it significantly altered the streams in its vicinity. Existing streams
became dammed by the ice, creating “pro-glacial” lakes where fine clay particles accumulated.
Meltwater from the glacier also created its own streams, which carried away the mix of sediments
(called outwash) that were trapped in the ice. In a process known as “sorting”, larger rocks settled out
of these meltwater streams closer to the glacier, while smaller particles were carried farther away,
sometimes also into the pro-glacial lakes.

Together, the ice damming and outwash sorting processes left distinct sediment layers as the glacier
approached, with a unit of clay (the Lawton Clay) deposited first and then a unit of sand (the Esperance
Sand) deposited above it.

Next, when the glacier covered an area, melting along the bottom of the ice caused entrapped material
to fall to ground level, where it was quickly compacted by the overlying ice. This dense, cement-like
layer of unsorted sediment of all different sizes is known as glacial till. The Vashon Glaciation’s is known
specifically as the Vashon Till and, where it is present, it overlies the Esperance Sand. Finally, as the
glacier retreated, a loose layer of outwash sediment was left on top.

These layers, along with similar sequences from previous glaciations, are the primary strata you will find along
the edges of river valleys and coastal bluffs in the Puget Lowland. Glacial deposits thus provide much of the raw
material that makes up our beaches today, often with sediment from as far away as British Columbia. It can be
fascinating to pick up just a single rock and imagine its journey of hundreds of miles and thousands of years,
made possible by immense geologic forces.

Dropped by feeder bluffs

Coastal bluffs form some of the most dramatic shorelines
in our region. They are found along approximately 60% of
Puget Sound’s shorelines and can rise up to 400 feet high.
Their erosion provides sediment directly to our beaches.
Bluffs that supply significant amounts of sediment are
sometimes known as “feeder bluffs”.

Beaches below bluffs tend to be narrow and made of a mix
of coarser sediments—sand and gravel. This is the result of
the erosion and sorting of many sediment layers exposed
along the bluff face. Among other forces, wave action at the
toe (bottom) of the bluff slowly undermines the upper

Figure 2: Bluffs like this one at Camano Island State Park expose |gyers, causing them to collapse either bit-by-bit or in the

many different rock layers to the elements, leaving a wider mix of
sediments on the beach below. Image Credit: Jerilyn Ritzman.

occasional landslide. The waves again play a major role in
sorting the mix of sediment on the beach, carrying off the



finest-grained particles and leaving the beach narrower and coarser. Storms can exacerbate both wave action
and landslides, accelerating bluff erosion and sediment delivery to beaches.

Landslides, and bluff erosion in general, are understandably concerning to many shoreline residents. In the past,
this has often been addressed by the installation of hard shoreline armoring: structures such as bulkheads that
are intended to shield the beach or prop up the bluff. About a third of Puget Sound’s shorelines currently have
some sort of armoring. While hard armor can prevent erosion in the short term, it can often end up causing
problems of its own or even increasing erosion in the long term by cutting off the natural flow of sediment that
replenishes the beach. While each beach may require unique management techniques, it is important to
remember that erosion is a natural process that generally occurs slowly. Natural bluff erosion rates in the Puget
Sound are typically on the order of a few centimeters landward per year. Taking this into account in any long-
term plan for bluff properties will help avoid the need for costly armoring projects and their associated
disruptions to natural beach-building processes.

Brought by the rivers
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Once rivers meet the Puget Sound, they typically discharge the fine sediment in a wide delta, another difference
from the narrower, bluff-backed beaches. Deltas, especially for the largest rivers, are complex environments
driven by the interaction between freshwater and saltwater processes. A single delta may contain many
different habitat types, such as salt marshes and muddy tidal flats, depending on local conditions and proximity


https://doi.org/10.3133/fs20113083

to the beach. While the character of river deltas can differ significantly from bluff-backed beaches, both provide
sediments that can then be transported laterally to other beaches.

Carried by the waves

Shoreline evolution doesn’t stop when sediment reaches the beach. Winds and waves continue shifting the
sediment up, down, and sideways along the beach, either maintaining a beach’s structure or transforming it.
One process that can take place is the transport of sediment sideways along the beach, usually in a consistent
direction. This is referred to as littoral drift or longshore drift (or simply shore drift) and a stretch of beach with
a consistent transport direction is referred to as a drift cell. In the Puget Sound, the predominant wind direction
is from the southwest, so many drift cells flow in whichever direction is closest to northeast. Seasonal changes
and local conditions that influence wave direction can create drift cells that flow in other directions.

Distinct landforms often form at the ends of drift
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sources, such as feeder bluffs or river deposits, are
cut off, then the beaches receiving those sediments
might shrink or change in structure. A shoreline
modification (e.g., installation of hard armoring)
made at a single beach can thus impact many other

Figure 4: Drift cells tend to follow the prevailing winds and wave directions.
Sources like rivers and feeder bluffs provide sediments that are transported
towards the terminus of each drift cell, where they can form “accretionary
landforms” like spits and cuspate forelands. Image Credit: Hugh Shipman /
Public Domain. Section 2 of USGS Scientific Investigations Report 2010-5254
(link). Originally from Finlayson and Shipman, 2003 (see References section).

beaches that are part of its drift cell.

Once established, healthy, functioning beaches provide numerous ecosystem services, including shelter from
storms, substrate for aquatic plants to grow, and recreational opportunities for humans. To illustrate the many
interconnected services a beach provides, we will focus on just one example: forage fish spawning habitat.

Forage fish are a group of small schooling fishes that provide a critical link in the marine food web, providing
food for animals such as sea birds, marine mammals, and economically important salmon like Chinook and coho.
Juvenile salmon especially depend on forage fish as they transition from eating smaller prey such as insects and
prepare to migrate out to the Pacific Ocean. Of the six species of forage fish in Puget Sound, three in particular—
surf smelt, sand lance, and Pacific herring—rely on the nearshore environment for spawning.



Surf smelt and sand lance both lay their eggs during high tide in the
upper intertidal zone of sand and gravel beaches. A variety of beaches
in Puget Sound could serve as spawning habitat, but certain parts of
drift cells tend to be most frequently used due to their favorable
sediment grain sizes. Surf smelt spawning is common in the middle
portion of bluff-derived drift cells because sediment tends to be too
coarse directly under feeder bluffs and too fine at the drift cell’s
terminus. On the other hand, the even finer sand preferred by sand
lance is common in the accretionary shoreforms such as spits at the
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Pacific herring lay their eggs lower in the beach profile, in the lower
intertidal and shallow subtidal range, primarily on marine vegetation such as eelgrass. Eelgrass habitat is also
primarily found in sand and gravel, which again can be disrupted by changes in sediment delivery to beaches or
drift cell processes.

Reduction in forage fish spawning habitat is just one of many potential consequences of human alteration of
the shoreline. It is important that we recognize that many species depend on healthy, functioning beaches, and
that our beaches in turn depend on a variety of complex processes to be replenished. Understanding the
sediment that builds our beaches can also help us make decisions for the long-term care of shoreline properties,
ensuring that our beaches will be around for all to enjoy.

Resources

Past editions of Shore Stewards News have addressed some of these topics. These and other newsletters are
available at WSU Extension Island County Shore Stewards’ newsletter archive.

For a fascinating close-up look at the glacial deposits in a Puget Sound bluff, check out this YouTube video by
Nick Zentner from Central Washington University.

Shore Friendly has created some beautiful animations of drift cells in section 3 of this web page. See how one
of the longest drift cells in the Puget Sound is right here in Island County! Shore Friendly has also started a video
series on YouTube about Puget Sound’s shorelines, and the first video highlights coastal beaches and bluffs.

The Washington State Dept. of Ecology has developed a number of maps to explore Puget Sound’s shorelines.
Some highlights include:
e Puget Sound Nearshore Map: Want to know which drift cell your beach belongs to, or whether your
bluff is classified as a feeder bluff? This map can tell you a lot about your beach.
o Feeder Bluffs and Coastal Landforms: This “story map” pairs explanations of different shoreline types
with photos of example locations around Puget Sound.
e Shoreline Photo Viewer: Get a bird's-eye view of any beach in Washington State! You can also choose
from a selection of time series going back to 1976.
e Washington State Coastal Atlas: Choose from a selection of pre-made shoreline maps, or create your
own custom map using many of the data layers in the maps mentioned above.
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local events, and to make sure that the program and educational materials continue to be free for
shoreline landowners and others interested in protecting our islands. Thank you for your contribution!
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