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INTRODUCTION

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 edgez where 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.



THE SALISH SEA jIEs=" I'he Salish Se.
is the official designation | % 7% 4 el
for the diverse inland
marine waters and
assoclated watersheds
of Washington and
British Columbia.

THE SALISH SEA

Is defined by the
geography of the land &
Interconnecting waters.

The name was proposed by

Dr. Bert Webber in 1988 &

became the accepted name BT EB i,
for the region in 2010. Map-by Stefan Freelan;2009
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THE PHYSICAALLKECCIMARTCS EETING! G

OF THEMI[S:EI—SBER]RHGNDN
infliseweedby:
Aectonic/volcanic activity
Fmountain building
seismic events/tsunamis
Fclimatic fluctuations
Fglacial advances & retreats
Fvariable crustal subsidence
Fpost-glacial rebound
Fsea-level variability
ishoreline processes
Fpost-glacial erosion
Aecent human actions

A young, wild, restless, and unruly landscape
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ALL WE SEEAROUND USIOCCURRED IFAIRLELY RECE
A DROP/INITHE BYCKET OF GEOLOGIC

NOTE: The combined Pleistocene & Holocene Epochs are
known as the Quaternary Period of geologic time.
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TECTONIC PLATES ' COLLIDE; MOUNTAINS FORM, ICE'AGE™
OCCURS. LAST GLACIER ADVANCED & RETREATE”""‘“‘




For those who prefer more detall than that
provided Iin the Executive Summary,
bl AAOA Al 1l OElI OA8838

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 T
SALISH SEA HAVE BEE
CREATED BY THE
MOVEMENTS OF SEVER/

[ & 4( % %! 2
TECTONIC PLATES,
which created mountain
ranges and are
responsible for
seismic & volcanic
activity throughout the
west coast of North
America.

(THOSE PROCESSES
ARE STILL ACTIVE)
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The Cascadia Subduction Zone(CSZ) is a 600 mile long
fault line, occurring between 73100 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 theJuan 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.
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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
OAAEI AT OO OAOADPAA Al A ODPIl EA
Of AEO6 EI OEA DPOAOEI OO EI Il O¢
pushed into the edge of the North American Plate.
They are not volcanic nor subject to eruption.
4AEA #AOAAAAO AT A "#060O #1 AO
which have formed above the zone where intense heat
AAOOAA AU OEA AEOEAOEI T Al A ¢
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
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Eruptions in the Cascade Range During the Past 4,000 Years

Mount Baker

Glacier Peak

Mount Rainier

Mount St, Helens
Mount Adams
Mount Hood
Mount Jefferson

Three Sisters
Newherry Volcano
Crater Lake
Medicine Lake Volcano
Mount Shasta

Lassen Peak

California
A

ERUPTION OR PERIOD OF MULTIPL#oo 2,000 0
E ERUPTIONS AT OR NEAR Years Ago 200 |
THE NAMED VOLCANO SOURCE: USGS (2023



WHY SUBDUCTION ZONE EARTHQUAKES HAPPE
(very simply explained)
The edges of tectonic plates are calleglate boundaries.
The edges of the plates are rough. As the leading edge
the Juan de Fuca Plate (JDFP) subducts beneath the No
American Plate (NAP) it does not always slide smoothly
past and under. The two plate boundaries become
jJammed, 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 Iits slide beneath the NAR and enormous
Al AOCU EO OAlI AAOAA EI xAO/
crust, causing the shaking that we know as an earthquak
These types of earthquakes are termed
Interplate or Subduction Zone Earthquakes.



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

TODAY
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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,

Eulalia Gracia, Gita Dunhill, Randolph J. Enkin, Audrey Dallimore, and Tracy Vallier

(1999 -2009). Graphic: Mark Graves, The Ore
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occur at fault lines, LS o
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In the interior of a

tectonic plate. This T D e
stands in contrast to an
Interplate earthquake,
which occurs at the
boundary of two tectonic
plate, such as along the
Cascadia Subduction
Zone.
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M@OS I RECEN T /MAJOR INTRAPLATLE EARTVHQL
I\ THE_ SALISH SEAREGION

6.8 MAGNITUDE

USGS PHOTO

NISQUALLY INTRAPLATE EARTHQUAKE, OLYMPIA AREA,
FEB 28, 2001



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.

Loags

Cordilleran_
Ice sheet <]




GLACIAL PERIODS IN THE NONGLACIAL

Years before present

SALISH SEA REGION (thousands of years) INTERVALS
Sumas Stade (11.5-10 ka) mm 0
== Everson Interstade (17-15.5 ka)
Vashon Stade (19-17 ka) Jl] — Fraser Glaciation (30-10 ka) I
LAST GLACIAL PERIOD
50 Olympia nonglacial interval (60-19 ka)
Possession Glaciation (80-60 ka) I
100 I Whidbey Interglaciation (125-80 ka)
Double Bluff Glaciation (190-125 ka) l
200 w= Hamm Creek Interglaciation (215-190 ka)
Defiance Glaciation (280-215 ka) l
300

NUMEROUS J iderifed gacil an

G LAC IAL & Salmon Springs Glaciation
NONGLACIAL 1000 -

I N T E RVALS 15‘00 I Puyallup Interglaciation

O CC U R R E D Stuck Glaciation I 1600
D U RI N G T H E 1790 I Alderton Interglaciation
PLEISTOCENE - 2000  “

E P O C H Orting Glaciation
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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.




As the climate cooled & slow growth of alpine glaciers
humidity increased,
alpine glaciers grew = N DURGIE OIS
and joined with the

GEORGIA

=~ Vancouver —_— Coast

advancing ice sheet istand Mountains
from the north.

alpine glaciers expand and begin to descend
The peaks of the

BC Coast Range, /7
The mountains of \ '
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Vancouver Island, tstand Mountains
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illustration: Nola Johnson



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 Sheetin Southern
British Columbia; Clague & James,
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Glacial advance averaged about 440 ft southwards per year

(Porter and Swanson, UW, 1998
T
" -




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
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Thickness of glacial ice over the city of Vancouver BC
& the Fraser Valley was about 1 milke (1,600 meters)
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Vancouver, BC. © All Canada Photos / Alémy Stock Photo
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T'he continental ice sheet in NW North America

during the-maximum extent of the last glaciation

CANADA Cordilleran Ice Sheet

S s

UNITED STATES &

Juan de Fuca
Lobe

PACIFIC

« - s -
The toe of the
glacier remained
at the southern
terminus for only
a short time
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| durce: Parfit, The Floods $
 that Car ‘_d the West, Map (1995)




By about 15,000 years ago the glacier was

gceding and Stagnainititee \was melingy

Michael Polenz, WGS/WDNR, (personal communication, 2022)
S 4

sub-glacial melt -water
& sediments continued to

sculpt & carve the Iandscape
;i W'W o
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glacial retreat: about 900 ft per year AR
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(Porter and Swanson, 1998) . e X.q"



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
ofithe present & warmer .epoch; the Holocene.
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As the ice sthestinaeiveltvot Hecniowth) , the Stitet of
Juan de Fumpbeeamed dcedfiee & open to the Pacific
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glacial & post-glacial processes have
created a distinctive landscape



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 2
" OOEA - OOAOI
WATERLINES PROJECT

NOTE: Chronology depicted in
theanimation; may have-been
somewnat:-superseded by
recentresearchn fimaings:

20,000 Years In Puqet Sound YouTube



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

The topograpititr
featunas of the:
most recent glaciail
advance and retieait
can stillllb2 seen,
etched upon
the present
Puget Sownd
landiscape.

Note the
nortth-south
scars, caused by
glacilipassage,
sediment depositiom,
sub-glacialimelit-waten, 7. 177 /7
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Glacial Erratics
attest to the
power of the

glacial advance

Plucked from
and tansputeed Bk County

by advancing ive, ETRAN e
they can be sean =
thicoigiontioke
Puget Lowlands,
where they were

deposited when the 7




Sediment-filled
some common depessiong X

landscape features
created by the
advance & retreat
of the last
continental glacier

Ice block left
b?( retreating
glacier
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C1EEURSTEo I EI ISR SOURCE: WA DNR (2020)
Surficial Geology
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of NW Washington
& Puget Sound

Unconsolidated deposits

Quaternary sediment
(Pleistocene+ Holocene)

Quaternary glacial deposits

Sedimentary Rocks
Lower Tertiary

Mesozoic

B Paleozoic

Volcanic Rocks
P Lower Tertiary

Intrusive Igneous Rock

P Paleozoic

Metamorphic Rocks
B Uitramafic rocks




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

over time, many
sedimentary
layers (strata)
have been
deposited
from
repeated
glacial &

nonglacial \ in some places,
periods, alpine erosion, 9. bedrock is exposed

and volcanic processes %’




CONCEPTUAL CRCSECTION OF A SALISH SEA BL

é Surface -----------------------
erosion
SILT/CLAY

see
PS SAND/GRAVEL ———— groundwater flow
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PUGET SOUN
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For detailled information

Various sediments !
follow the link below

and strata POSSESS

different relative TechnicalRepert 20070 ~
resistance to erosion, Eeadt\ess amcll Blu;f:hof
: uget Sound an e
landslides, & shore Kl ey Esenitic
p rOcesseS . Prepared in support of the Puget Sound Nearshore Partnership
. . . Jim Johannessen and i e "‘ ' .
Glacial till, silt, clay, e e
sand, and gravel -* |

materials all possess s &
distinctive porosity, " £
Infiltration rates, and
surface/groundwater
Interaction
characteristics. S ' e
Beaches and Bluffs of Puget Sound | Washinqtonepartmént of Fishv& Wildlife
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https://wdfw.wa.gov/publications/02216

Since the last glacier receded, subsequent norglacial 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

S ’%"—iej};"""- : FROM: Conceptual Model for Assessing Restoration
L of Puget Sound Nearshore Ecosystems. 2006

oot
e
g

Simenstad,

INTERTIDAL ZONE

et al. 2006 S
COASTAL ZONE



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.
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EROSION&SLANBSLIDESTHAPPEN EN

resulting from complex interdependent factors

SUSSEPPIBRILTYY TRIGGERSS

(conviibiiitigjfoictin)s) (Prwsinadeecarisns)
vgeology/siteditigraphy Yvolcaniic erupiiionss

(some strata are more erodible) Vea St
Popogreaphysiope rtitgukesydasting

Vsoil type/(deyith Wvibraition

¥slope hydialogy Wfieeze/thaw

Fweather ftlimiste valtered hydiology
Wlamiiscape aliterdtion Wprailoyed & intense
Vslope modificition raiifdlll (or irrigation)
vogying)yradds vincireased soil moistince
Velearingdgadiding ¥slope modificitions
¥shorelie processes Ywave action

CONTRIBUTING FACTORS ARE'OF TEN' CUMULATIVE



BACK TO THE POSIGLACIAL LANDSCAPE
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Primaiyy Plant Succession Began
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