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Do you want to learn more about the Salish Sea region? 
Are you curious about the geological forces which formed 
the region, and the processes which continue to shape and 

influence the land and shorelines? Have you wondered 
about the human actions which have influenced and 

impacted the landscape in the recent past? 

Then this presentation was created for you. It will help 
you understand how the landscape which surrounds you 
came to be, especially if you live on the edge ɀwhere the 

land meets the sea.

The author hopes the information will help you 
understand the dynamic nature of the Salish Sea and 

provide a basis upon which you may better contemplate 
how best to manage your beachfront or bluff property.

INTRODUCTION



THE SALISH SEA

THE SALISH SEA
is defined  by the 

geography of the land &
interconnecting waters.

is the official designation 

for the diverse inland 
marine waters and 

associated watersheds 
of Washington and 
British Columbia.

Map by Stefan Freelan, 2009

PUGET 
SOUND

The name was proposed by 
Dr. Bert Webber in 1988 &
became the accepted name

for the region in 2010.

GEORGIA
STRAIT



WHAT DEFINES A PLACE?

CITY OF SEATTLE & LAKE UNION, WITH THE PUGET SOUND LOWLANDS, 
FOG-SHROUDED LAKE WASHINGTON, & MT RAINIER IN THE BACKGROUND



physical setting
climatic setting
hydrologic setting   

biotic element
human element
temporal element

CITY OF TACOMA & MOUNT RAINIER

ȣȣÁÎÄ ÔÈÅ ÌÉÎËÁÇÅÓ 
between them



THE PHYSICAL & CLIMATIC SETTING 
OF THE SALISH SEA REGION

influenced by:
Ɇtectonic/volcanic activity
Ɇmountain building
Ɇseismic events/tsunamis
Ɇclimatic fluctuations
Ɇglacial advances & retreats
Ɇvariable crustal subsidence
Ɇpost-glacial rebound
Ɇsea-level variability
Ɇshoreline processes
Ɇpost-glacial erosion
Ɇrecent human actions

A young, wild, restless, and unruly landscape

NASA SATELLITE IMAGERY



A SENSE OF PROPORTION IS HELPFUL

Ȱ3ÔÒÁÔÁ #ÏÌÕÍÎȱȟ 
#ÒÕÉÓÉÎȭ ÔÈÅ &ÏÓÓÉÌ 

Freeway, 2007. Ray Troll



HUMAN INFLUENCE

GLACIATIONS & INTERVALS (several)

UPLIFT OF CASCADE/BC COAST RANGES

UPLIFT OF OLYMPIC MOUNTAINS

ALL WE SEE AROUND US OCCURRED FAIRLY RECENTLY

A DROP IN THE BUCKET OF GEOLOGIC TIME
NOTE: The combined Pleistocene & Holocene Epochs are 

known as the Quaternary Period of geologic time.



It turns out that it is 
all pretty complicated.

CARTOON
BY

NICK 
D. KIM



THE FOLLOWING EXECUTIVE SUMMARY
MAY SIMPLIFY THINGS



TECTONIC PLATES COLLIDE, MOUNTAINS FORM, ICE AGE
OCCURS, LAST GLACIER ADVANCED & RETREATED

POST-GLACIAL PERIOD

RECENT PERIOD OF HUMAN INFLUENCE 



For those who prefer more detail than that 
provided in the Executive Summary,

ÐÌÅÁÓÅ ÃÏÎÔÉÎÕÅȣȣȣȣȢȢ

NOTE: The dating & correlation of 
the processes of physical 

geography which formed and 
continue to influence the Salish 

Sea are evolving sciences. 
Researchers are continually 

learning more about the region.



THE BARE BONES OF THE
SALISH SEA HAVE BEEN 

CREATED BY THE  
MOVEMENTS OF SEVERAL 

/& 4(% %!24(ȭ3
TECTONIC PLATES,

which created mountain
ranges and are 
responsible for 

seismic & volcanic
activity throughout the

west coast of North
America.

SOURCE:
USGS (2023)

North

American

Plate

CASCADIA SUBDUCTION ZONE

(THOSE PROCESSES 
ARE STILL ACTIVE)



The Cascadia Subduction Zone(CSZ) is a 600 mile long  
fault line, occurring between 70-100 miles off the Pacific 
shore, which extends from northern Vancouver Island to 

Cape Mendocino California. It separates the
Juan de Fuca and North America tectonic plates. 

New oceanic crust is formed by submarine eruptions 
along the Juan de Fuca Ridge, 

creating new plate material offshore along the ridge. 

As the Juan de Fuca Plate drifts eastward it cools and 
becomes more dense. The plate eventually dives 

(subducts) beneath the less dense, more massive and 
relatively stationary North American Plate at the 

Cascadia Trench, as illustrated in the following slide.



SOURCE: USGS (2023)

MOTION &
SUBDUCTION
OF TECTONIC

PLATES



FORMATION OF THE STRAIT OF 
GEORGIA & PUGET SOUND

Adapted from Canadian Geoscience 
Education Network graphic (2023) 

Vancouver Island &
Olympic Mountains

Cascade Range
& BC Coast Mts

Tectonic processes
remain active today



As the Juan de Fuca Plate subducts beneath the much larger 
and relatively stationary North American Plate, two 

parallel mountain ranges have been created.

Mountains, such as the Olympics in Washington State and  
those of Vancouver Island, are composed of rock and 

ÓÅÄÉÍÅÎÔÓ ÓÃÒÁÐÅÄ ÁÎÄ ÕÐÌÉÆÔÅÄ ÆÒÏÍ ÔÈÅ ÏÃÅÁÎ ÆÌÏÏÒ ɉȰÏÌÄ 
ÒÏÃËÓȱ ÉÎ ÔÈÅ ÐÒÅÖÉÏÕÓ ÉÌÌÕÓÔÒÁÔÉÏÎɊȢ 4ÈÅ ÃÒÕÍÐÌÅÄ ÍÁÓÓ ×ÁÓ 

pushed into the edge of the North American Plate.
They are not volcanic nor subject to eruption.

4ÈÅ #ÁÓÃÁÄÅÓ ÁÎÄ "#ȭÓ #ÏÁÓÔ -ÏÕÎÔÁÉÎÓ ÁÒÅ ÖÏÌÃÁÎÏÅÓ 
which have formed above the zone where intense heat 

ÃÁÕÓÅÄ ÂÙ ÔÈÅ ÆÒÉÃÔÉÏÎ ÁÎÄ ÐÒÅÓÓÕÒÅ ÏÆ ÔÈÅ ÄÅÓÃÅÎÄÉÎÇ ÐÌÁÔÅȭÓ 
intrusion under the North American Plate results in melting 

of the deep crust and upper mantle and the consequent 
eruption of magma and super -heated gases.



The most recent volcanic eruption in the 
Salish Sea Region occurred on May 18, 1980

Mount Saint Helens May 17, 1980

Sept 10, 1980



SOURCE: USGS (2023)

ERUPTION OR PERIOD OF MULTIPLE   
ERUPTIONS AT OR NEAR

THE NAMED VOLCANO



WHY SUBDUCTION ZONE EARTHQUAKES HAPPEN
(very simply explained)

The edges of tectonic plates are called plate boundaries. 
The edges of the plates are rough. As the leading edge of 

the Juan de Fuca Plate (JDFP) subducts beneath the North 
American Plate (NAP) it does not always slide smoothly 

past and under. The two plate boundaries become 
jammed, but the JDFP continues to move. Finally, when 

the pressure becomes great enough to overcome friction, 
the edges suddenly break free, allowing the JDFP to 
continue its slide beneath the NAP-- and enormous 

ÅÎÅÒÇÙ ÉÓ ÒÅÌÅÁÓÅÄ ÉÎ ×ÁÖÅÓ ÔÈÁÔ ÔÒÁÖÅÌ ÔÈÒÏÕÇÈ ÔÈÅ ÅÁÒÔÈȭÓ 
crust, causing the shaking that we know as an earthquake. 

These types of earthquakes are termed
Interplate or Subduction Zone Earthquakes.



Source: USGS study by Chris Goldfinger, C. Hans Nelson, Ann E. Morey, Joel E. Johnson, 
Jason R. Patton, Eugene Karabanov, Julia Gutiérrez-Pastor, Andrew T. Eriksson,
Eulàlia Gràcia, Gita Dunhill, Randolph J. Enkin, Audrey Dallimore, and Tracy Vallier
(1999 -2009).                                                                              Graphic: Mark Graves, The Oregonian

SUBDUCTION ZONE (interplate) EARTHQUAKES INDUCED BY 
TECTONIC ACTIVITY OVER THE PAST 10,000 YEARS



ONE SEISMIC DOES NOT FIT ALL

SOURCE: UW SEISMOLOGY LAB, 2020

NISQUALLY QUAKE

MAJOR INTRAPLATE FAULT ZONES IN RED

Intraplate earthquakes 
occur at fault lines, 
×ÉÔÈÉÎ ÔÈÅ ÅÁÒÔÈȭÓ ÃÒÕÓÔȟ 
in the interior of a 
tectonic plate. This 
stands in contrast to an 
interplate earthquake, 
which occurs at the 
boundary of two tectonic 
plate, such as along the 
Cascadia Subduction 
Zone. 



MOST RECENT MAJOR INTRAPLATE EARTHQUAKE
IN THE SALISH SEA REGION

NISQUALLY INTRAPLATE EARTHQUAKE, OLYMPIA AREA,
FEB 28, 2001

6.8 MAGNITUDE

USGS PHOTO



Meanwhile, a time of recurring glaciers & nonglacial 
intervals (when the ice receded), known as the 

Pleistocene Epoch, began about 2,580,000 years ago. 
It ended with the retreat of the last glacial ice sheet.



NUMEROUS 
GLACIAL &

NONGLACIAL
INTERVALS
OCCURRED

DURING THE
PLEISTOCENE

EPOCH SOURCE: WA DNR (2020)

LAST GLACIAL PERIOD

GLACIAL PERIODS IN THE
SALISH SEA REGION

NONGLACIAL
INTERVALS



THE STORY OF THE SALISH SEA
AS WE SEE IT TODAY BEGINS

about 20-25,000 years ago, as alpine glaciers 
expanded and flowed downhill. The last of the 
continental -wide glaciations of the Pleistocene 
Epoch was poised to sweep south into coastal 

British Columbia, the Straits of Georgia & Juan de 
Fuca, and the Puget Lowlands region.

ARTIST: RYAN LOWE



As the climate cooled & 
humidity increased, 
alpine glaciers grew 
and joined with the 
advancing ice sheet 

from the north.

The peaks of the 
BC Coast Range,

The mountains of 
Vancouver Island,
the Cascade Range, 
and the Olympic 

Mountains became 
islands in the ice.

illustration: Nola Johnson

slow growth of alpine glaciers    

alpine glaciers expand and begin to descend

alpine glaciers merge with 
advancing ice sheet

STRAIT OF
GEORGIA

Ice Sheet



The last Cordilleran ice sheet likely resembled the 
present glacierized landscape of the high St. Elias 

Mountains in Alaska and Yukon Territory.

PHOTO: Austin Post
FROM: History & Isostatic Effects of

The Last Ice Sheet in Southern 
British Columbia; Clague & James,

2002
Yahtse Glacier



Glacial advance averaged about 440 ft southwards per year
(Porter and Swanson,  UW, 1998) 



The massive sheets ofadvancing ice locked
away water, lowering the sea level,  
and exposing continental shelves.

During the last glacial maximum, 
about 15,700-16,200 years ago, 

(Michael Polenz, WGS/WDNR, personal communication, 2022)

global sea level was considerably
lower than it is today 

New continental & alpine glacial sediment deposition
joined land masses together, and created extensive 

coastal plains where sediments from prior glaciatial periods, 
volcanic debris, nonglacial periods, and river -borne 

sediments were overlain and reworked by the most recent 
glacial action and incised by sub -glacial melt -water.



The Olympic 
Mountains 
caused the

Juan de Fuca
Lobe of the
Cordilleran
Ice Sheet to

diverge from
the Puget Lobe
as ice advanced

south from
Canada, filling 

the lowland areas 
between 

Vancouver Island 
& The Olympic 

Peninsula with ice

Map: WA Geological Survey, modified from Patrick Pringle, 
Roadside Geology of Mount Rainier Park and Vicinity, WA Div. 

of Geology and Earth Sciences Circular 107,  WA DNR, 2008 



The maximum
thickness of ice
& extent of the

Puget Lobe of the 
last Pleistocene

glaciation  of
Puget Sound

SOURCE: WA STATEDNR (2023)
SOURCE: (2017) WATERLINES 

PROJECT, BURKE MUSEUM

the southern terminus  

THICKNESS
OF ICE IS
IN FEET



Thickness of ice over Seattle was about 3400 feet
The height of more than 5 Space Needle Towers

605 ft.



Thickness of glacial ice over the city of Vancouver BC 

& the Fraser Valley was about 1 mile (1,600 meters)

Vancouver, BC. © All Canada Photos / Alamy Stock Photo 



7ÅÉÇÈÔ ÏÆ ÔÈÅ ÇÌÁÃÉÅÒ ÄÅÐÒÅÓÓÅÄ ÔÈÅ ÅÁÒÔÈȭÓ ÃÒÕÓÔȢ 
Deformation varied greatly, depending on ice thickness

and the nature of the substrate at a given location.

think 
Ȭ×ÁÔÅÒÂÅÄȭ

WEIGHT OF
CONTINENTAL 

ICE SHEET

ILLUSTRATION: Tom James, 
Natural Resources Canada

(2023)

crust bulges 
up from 

displacement



The continental ice sheet in NW North America 
during the maximum extent of the last glaciation 

Source: Parfit, The Floods
that Carved the West, Map (1995)

The toe of the 
glacier remained 

at the southern 
terminus for only 

a short time 

TOE OF GLACIER

Juan de Fuca 
Lobe

Puget
Lobe

Cordilleran Ice Sheet



By about 15,000 years ago the glacier was 
receding and stagnant ice was melting 

glacial retreat: about 900 ft per year

sub-glacial melt -water 
& sediments continued to 

sculpt & carve the landscape

Michael Polenz, WGS/WDNR, (personal communication, 2022)

(Porter and Swanson, 1998)



By 13,000 years ago the ice was mostly gone
from Puget Sound and the Strait of Juan de Fuca

(Blaise, et al; 1990)

The retreat of the last ice sheet heralded the beginning 
of the present & warmer epoch, the Holocene.



As the glacier decayed & receded, its weight was 
ÒÅÍÏÖÅÄ Ǫ ÔÈÅ ÅÁÒÔÈȭÓ ÃÒÕÓÔ ÂÅÇÁÎ ÔÏ ȬÒÅÂÏÕÎÄȭ ɀ

a several thousand year-long process.  

ILLUSTRATION: Tom James, 
Natural Resources Canada (2023)

BULGE
Ȭ2%,!8%3ȭ

the rate & degree of rebound 
varied geographically



As the ice sheet receded to the north, the Strait of 
Juan de Fuca became ice-free & open to the Pacific 

Ocean, allowing seawater to invade the inland 
channels scoured by glacial melt -water, and to 
inundate the lowlands, creating the Salish Sea.

IMAGERY: NASA (2020)



DENISE DAHN
Courtesy of

The Salish SEA
became a 

complex bay 
& saltwater 
estuary fed 

by freshwater
runoff from

Vancouver Is, the 
Coast Mountains 

of BC, the 
Olympic 

Mountains & 
Cascade Range 

watersheds.

glacial & post -glacial processes have 
created a distinctive landscape https://www.dahndesign.com

https://www.dahndesign.com/


Follow the link below to view 
a 2013 animation of 

the last glacier advance 
& retreat. Produced

by Amir Sheikh, the model 
was developed by Ralph

Haugerud , Harvey 
Greenberg & others for the 

"ÕÒËÅ -ÕÓÅÕÍȭÓ 
WATERLINES PROJECT

NOTE: Chronology depicted in 
the animation may have been 

somewhat superseded by 
recent research findings.

20,000 Years in Puget Sound - YouTube

EXTENT OF LAST GLACIATION

https://www.youtube.com/watch?v=Dl2rObdNUFw


The topographic 
features of the

most recent glacial 
advance and retreat

can still be seen,
etched upon 
the present
Puget Sound 
landscape.

MAP CREDIT:
DAVID FINLAYSON

Note the 
north -south

scars, caused by 
glacial passage, 

sediment deposition,
sub-glacial melt -water, 

and erosion.



Plucked from 
mountain slopes
and transported  
by advancing ice, 
they can be seen 
throughout the 
Puget Lowlands,
where they were 

deposited when the 
glacier receded.

Glacial Erratics
attest to the
power of the 

glacial advance

Skagit County

Saratoga Woods, Whidbey Island



some common
landscape features 

created by the
advance & retreat

of the last
continental glacier

OUTWASH PLAIN



Glacial Sediments &
Surficial Geology

of NW Washington 
& Puget Sound

SOURCE: WA DNR (2020)

(Pleistocene+ Holocene )  



The lowlands of the 
Salish Sea are like a 
complex layer cake

TOPSOIL

over time, many
sedimentary
layers (strata)
have been
deposited
from 
repeated 
glacial & 
nonglacial 
periods, alpine erosion,
and volcanic processes

in some places,
bedrock is exposed



ADAPTED FROM:ȰLIVING ON THE COASTȱȟ 53 !ÒÍÙ #ÏÒÐÓ ÏÆ %ÎÇÉÎÅÅÒÓȟ ςππσ

SAND

SAND/GRAVEL

SILT/CLAY

SILT

CLAY

PUGET SOUND
BASIN

CONCEPTUAL CROSS-SECTION OF A SALISH SEA BLUFF

TILL

= seeps topsoil

(there is great variability 
throughout the region)



Various sediments  
and strata possess 
different relative 

resistance to erosion,
landslides, & shore 

processes. 

Glacial till, silt, clay,  
sand, and gravel 

materials all possess 
distinctive porosity, 

infiltration rates, and 
surface/groundwater 

interaction 
characteristics.

For detailed information 
follow the link below

Beaches and Bluffs of Puget Sound | Washington Department of Fish & Wildlife

https://wdfw.wa.gov/publications/02216


Since the last glacier receded, subsequent non-glacial processes 
such as wave action, bluff erosion, stream erosion & deposition, 
volcanic activity, earthquakes, and weathering have shaped the 

shore of the Salish Sea, creating the landscape we see today
FROM: Conceptual Model for Assessing Restoration

of Puget Sound Nearshore Ecosystems. 2006

Simenstad,  

et al. 2006



SHORELINES ARE TEMPORARYPLACES

HAT ISLAND Snohomish Co. Strait of Juan de Fuca

Erosion and shoreline retreat rates vary widely 
throughout the region & through time in any given place 

due to storm patterns, prevailing winds, sea level  
changes, earthquakes, human actions, and other factors.



SUSCEPTIBILITY
(contributing factors)

Ɇgeology/stratigraphy
(some strata are more erodible)

Ɇtopography/slope
Ɇsoil type/depth
Ɇslope hydrology
Ɇweather/climate
Ɇlandscape alteration
Ɇslope modification
Ɇlogging/roads
Ɇclearing/grading
Ɇshoreline processes

TRIGGERS
(proximate causes)

Ɇvolcanic eruptions
Ɇearthquakes/blasting
Ɇvibration
Ɇfreeze/thaw
Ɇaltered hydrology
Ɇprolonged & intense
rainfall (or irrigation)

Ɇincreased soil moisture
Ɇslope modifications
Ɇwave action

EROSION & LANDSLIDES HAPPEN

CONTRIBUTING FACTORS ARE OFTEN CUMULATIVE

resulting from complex interdependent factors



BACK TO THE POST-GLACIAL LANDSCAPE
it is about 13,000 years ago                     

glacial ice is melting, the land is rebounding and 
adjusting, melt -water and outwash from the receding 

glacier has incised channels & redistributed sediments, 
sea level is rising & the climate is fluctuating.

THE BIOTIC ELEMENT BEGINS AGAIN



Primary Plant Succession Began  
As Climatic Conditions Stabilized

ÁLichens
& Mosses
ÁFungi
ÁHerbaceous
Plants
ÁScrub/Shrub
and finally
ÁTrees &
ÁMature 
Forest

re-starting the
biotic clock
from bare
sediments

& rock

PRIMARY PLANT SUCCESSION

a very slow
process

Glacial
sediments

& rock


