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Chapter 1. Introduction & Conveyance

1.1.Introduction

The Quinault Indian Reservation is located along the central ocean coastline of the state of
Washington (Figure 1). A study of the relative sea level change along the Quinault Indian
Reservation marine coastlines was requested by the Quinault Indian Nation Business Council to

address the significant effects of global climate change on t he Qui naul t Il ndi an
marine shorelines. This document addresses specific expected changes and their influence in

the area taking into account the factors of global climate change, rising sea level expectations,

tectonic rebound following the retreat of glaciers along this coastline, geologic parent material

soil types, and other factors. This analysis identifies expected areas of significant marine

shoreline changes in the context of these impacts during the coming century.

This assessment is a part of an ongoing effort by the Quinault Indian Nation to address the
Quinault Indian Reservationd shorelines in three segments:

1. Marine Shorelines
2. River Shorelines
3. Lake Shorelines

Although these three classifications of shorelines are highly interrelated, they are addressed

separately through unified planning efforts. This report launches into all three components of the
Quinault Il ndi an Nationés Shoreline Management Pl e
the first component; Marine Shorelines.

The goal of this Relative Sea Level Change (RSLC) document is to consider the influence of
recent scientific research to provide a sound framework to address issues of shoreline
management within the Quinault Indian Reservation. This document is a predecessor to the QIN
Shoreline Management Plan and serves to develop many of the findings of significance that
affect each of the components of the planning effort.
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Figure 1. Quinault Indian Reservation, location map.
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Chapter 2. Earth Processes within the QIR

The information presented in this chapter is based greatly on written reports and geospatial data
provided by the Washington State Department of Natural Resources, Division of Geology and
Earth Resources; the Cascadia Region Earthquake Workgroup (CREW) (CREW 2005); the U.S.
Geological Survey (USGS); Geologists Weldon Rau (Rau 1973), Dan Orange, and Kathy
Campbell (Orange and Campbell 1996); and is supported by site visits and investigations
conducted by Kamiak Ridge staff. This report guides the reader through the integration of these
features, to build an understanding of the past while we look into the next century and make
predictions about how events may develop.

2.1.The Formation of Quinault Ocean Shoreline Rocks

Within the Quinault ocean shorelines and near-shore areas, the land formations seen today,
have been building since at least the Eocene Epoch® (about 50 million years ago) with the
mixing of offshore sedimentary rocks with basalt (igneous rocks) that in time had been
metamorphically reshaped, crumbled, and pushed to rest at Point Grenville (Figure 2). During
the Miocene Epoch (about 7 to 22 million years ago), the Hoh Rock Formations were formed
offshore from siltstone, sandstone, and conglomerates (Figure 2). Those massive formation
materials transformed by tectonic processes had eventually led to the formation of the Olympic
Peninsula where they have provided the foundation of much of the northern landscapes. As the
Pliocene Epoch unfolded (1.5 to 7 million years ago), the Quinault Formation was formed in
deep sea floor environments from consolidated, stratified, and then tilted sedimentary rocks.
These sedimentary rocks are younger in geologic age than the Hoh Assemblage rocks and the
basaltic remnants scattered under the Quinault Formation. Sometimes, the combined effect of
tectonic forces has resulted in tilting these formations to the point that even the basalt layers of
the Miocene Epoch ended up overturned to be found on top of Quinault Formation structures.

All of these geologic structures have been formed during the Cenozoic Era (within the last 65

million years), the most recent era of earth history reaching through time as far back as over 4.5
billion years (Figure2) . The fgeologically recento events incl
retreat of glacial periods. Overlying the bedrock all along this coast deposits of sand and gravel

are found that had been brought by streams from melting glaciers during the Pleistocene Epoch

some 17 to 70 thousand years ago (Rau 1973). The changes to this landscape have led to the

expansion of dense forests, meandering mighty rivers, the movement of salmon into those

rivers, and the flourish of human habitation in the form of the Quinault people and other

indigenous peoples of this region.

Weldon Rau (Geology of the Washington Coast; Point Grenville and the Hoh River 1973)
completed an insightful and extensive assessment of the marine coastline lithology. This
assessment has been updated on several key points, but the basis of that assessment provides
extensive fundamental illustrations of the status of this coastline. One of the most substantial
updates to the work of Rau comes from Orange and Campbell (1996) providing a well-
consider ed des cr ingieishmmelineogeologicpeoceSsesk 6 s

The highly variable QIR ocean coastline had been formed as a result of geological processes
that eventually defined currently existing combination of parent materials, soils, and rock

! Thetern Epoch refers togeologic period during which a geologic series is formmeering the formation and
development of the Earth, from aboub #illion years ago to today.
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formations in the area. South of Point Grenville, the CRLC (see Section 2.3) dominates the
shoreline with high-energy and gentle off-shore slopes, all capped with a thick contribution of
sands and silt materials. The bedrock of Point Grenville is basalt in origin which had been
solidified on the seafloor some 45 to 50 million years ago. Northward, along the coastline
bedrock of the cliff gently dipping sandstone and siltstone beds of the Quinault Formation are
observed. The sandstone and conglomerate rocks of Cape Elizabeth, also of the Quinault
Formation, form many high cliffs, including Cape Elizabeth, Pratt Cliff, and Tunnel Island.

A major collection of geologic materials along the coastline is the Hoh Rock Assemblage. It is
structurally very weak and highly susceptible to erosion. For example, north of Cape Elizabeth,
where the formation is exposed at shoreline cliffs, it has slumped and eroded extensively as a
result of the nature of clay which expands when wetted by ocean waves and precipitation. This
rock type extends along the shoreline and is intermittently found starting from Point Grenville
and extending as far as the Hoh River. It may be described as a highly folded, steeply tilted
sandstone and siltstone sequence. Although broken in places by faulting, it generally constitutes
a coherent sequence of sandstone and siltstone strata.

Another group of rock formation called a "Tectonic Mélange" presents a chaotic mixture of
siltstone, sandstone, conglomerate, and volcanic material that are blended into a viscous mix of
materials, gradually extruded by deep-mantle pressures through the overtopping materials of a
piercement structure. A piercement structure appears to be a dome or anticlinal fold® exposed to
pressure, in which a mobile plastic core has ruptured through the more brittle overlying rock.
These are also known as diapir (e.g., Duck Creek Diapir), piercement dome, and piercing fold.
Such rocks are exposed in a number of places along the QIR coast and are easily observed in
the cliffs for a distance of about 2 miles immediately south of Raft River in the Hogsback area.

Resistant boulder chunks within this assemblage of rock are often formed by volcanic processes
and are extremely large. As the softer Hoh Rock Assemblage matrix had been gradually eroded
away by wave action and rains, these resistant boulders were left behind. Big and Little
Hogsback, Willoughby Rock, Split Rock and the large boulders in the Hogsback vicinity had
been formed in this way. The coastal rock formations between Point Grenville and Queets are
mostly basalt in origin with a few interbeds® of ocean siltstone such as those seen near Point
Grenville. Microfossils contained in these interbeds indicate that they were formed some 45 to
50 million years ago during middle Eocene time (Figure 2). The basaltic materials were formed
as a result of submarine lava flows that had been vented from along the Juan de Fuca plate as
it passed the CSZ and then broken off from the plate onto the mélange of sea-mud, sands, silts,
and other materials (Figure 9) (Rau 1973).

2 A shaped deformation in a geologic structimalining downward on both sides from a median line or axishas

a fold of rock strata

% A layer of sedimerst or rockthat extends under a large area and has a distinct set of characteristics that distinguish
it from other layers below and above it.
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Figure 2. Geologic Chronology along QIR Marine Coastline (reproduced from (Rau 1973)).
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2.2.Plates, Faults, Earthquakes, and Subduction

The crust or surface of our planet is broken into large, irregularly shaped pieces called tectonic
plates. The plates respond to movements in the earthd senter to slide past each other
(transform plate boundaries), pull apart (divergent plate boundaries), or push together
(convergent plate boundaries). Transform boundaries result in lateral movement of the plates.
Divergent plates result in sea-floor spreading. Convergent plates result in a) mountain building,
in the case of two continental plates meeting or b) subduction zones formed when oceanic and
continental plates meet. The oceanic plate is denser and is therefore forced underneath the
lighter continental plate at the convergent plate boundary. At a certain depth in the planetary
asthenosphere (Figure 3), the submerged oceanic plate begins to melt. The melted basaltic
crust, known as magma, causes asthenosphere pressures to rise and results in fluid magma
uplift into the continental crust forming stratovolcanoes.

Stratovolcanoes are common above subduction zones. They are formed as magma rises in
response to mantle pressure changes. The lithosphere materials, when pushed down into the
asthenosphere, are melted into magma. Water trapped both in hydrated minerals and in the
porous basalt rock of the oceanic crust is released into magma of the asthenosphere (Figure 3)
(Kious and Tilling 1999). As the oceanic plate descends, the release of water occurs at specific
pressures and temperatures for each mineral. The water freed from the rock lowers the melting
point of the overlying continental plate, which then undergoes partial melting and rises due to its
lighter density relative to the surrounding rock. When the magma nears the surface of the
continent, it pools into a magma chamber under or within the volcano. When a volume of
accumulated magma and gas has achieved a critical point, the blockage within the volcanic
cone is released, leading to a sudden explosive eruption (Kious and Tilling 1999).

Figure 3. Athinsemif |l uid | ayer of the earthdéds mantl e i s
the rigid Lithosphere (ArchitectJaved.com 2012).
[ continent Lithosphere Ocean

Asthenosphere

As the oceanic plate moves through the Subduction zone, the oceanic sediments are scraped
off its surface. These sediments are accreted, deformed, and uplifted during the shift. This
wedge of sedimentary materials is pushed up to the level of the land surface of the Olympic
Peninsula and then may be eroded and transported back to the ocean to be recycled once
again (Hellwig 2010) (Figure 4, Figure 5, Figure 6, Figure 7).

Movement at plate boundaries is seen and felt along faults. The materials along the boundaries
of these plates are continuously being squeezed and sheared, causing them to bend and break
(Wood and Kienle 1990). Stresses build along edges of the plates until part of the crust
suddenly gives way in a violent movement causing a sudden release of stored energy, radiating
outward from the fault in what is known as an earthquake. Most earthquakes are so small that
special instruments are needed to detect them, but a few release huge amounts of energy,
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causing widespread destruction (Wood and Kienle 1990). During most earthquakes, fault motion
stays below the Earth's surface, but in large earthquakes, fault motion may break through to the
surface and be felt for dozens or hundreds of miles away (USGS 2010).

The pattern of stress in the crust changes over geologic time, faults are formed, slip for a time,
and then retire (USGS 2010). Geologists focus their studies on Quaternary-active (the last 1.6
million years) faults, which have ruptured in Quaternary time. Faults that have not broken in the
last 1.6 million years are probably abandoned, or at least they cause an earthquake so
infrequently as to be less of a concern today. On the other hand, faults that have ruptured in
Holocene time (the last 11,500 years - Figure 2) are considered the most active faults.

Figure 4. Cascadia subduction zone and shifting plates along the Pacific Ocean shoreline
to the North American continent (reproduced from USGS 2010).

Cascadia earthquake sources

- ‘-: <
et ®
i '4*‘—‘—1!\' O
QIR e
\ L W e eanhguakes
“ <& . (900AD, 1872))\,
O

Source Affected area  Max. Size Recurrence
@ Subduction Zone W.WA, OR, CA Mg 500-600 yr
@ Deep Juan de Fuca plate W.WA, OR, M 7+ 30-50 yr
@ Crustal faults WA, OR, CA M7+ Hundreds of yr?

2.2.1. Cascadia Subduction Zone

The Cascadia Subduction Zone (CSZ) is the result of a convergent plate boundary between
Juan de Fuca oceanic crust and North American continental crust. The CSZ starts with the Juan
de Fuca Ridge where the Pacific Plate, Juan de Fuca Plate, Explorer Plate, and Gorda Plate are
formed (Figure 4 & Figure 7). The oceanic crust of the Juan de Fuca plate is subducted beneath
the continent at a rate of about 30-40 mm/yr (Wood and Kienle 1990, Hellwig 2010, Kirby, Wang
and Dunlop 2002). The Juan de Fuca Plate (Figure 7), has small platelets (plate fragments that
have separated from the larger plate) at its northern (Explorer Plate) and southern (Gorda Plate)
terminations. The Explorer Plate separated from the Juan de Fuca plate approximately 4 million
years ago and is apparently no longer being subducted. The Gorda Plate split away between 18
and 5 million years ago (Hyndman, Davis and Wright 1979) and the subduction process
continues. The width of the CSZ varies along its length, depending on the temperature of the
subducted oceanic plate, which heats up as it is pushed deeper beneath the continent. As it
becomes hotter and more molten, it eventually loses the ability to store mechanical stress and,
as it happens, earthquakes are generated (NGDC 2010).

Tectonic processes active in the CSZ region include subduction, accretion, deep earthquakes,
and active volcanism (Kirby, Wang and Dunlop 2002) that has included such notable eruptions
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as Mount Mazama (Crater Lake) several thousand years ago and Mount St. Helens in 1980
(Geller 2008).

The entire extent of the region that today is called the Olympic Peninsula, is a conglomerate of
sediment cover materials that were scrapped off the eastern moving oceanic Juan de Fuca
Plate under the North American continental Plate beginning at the CSZ deformation front
(Figure 5). Those abraded materials contain sand, silt, chunks of basalt, organic matter, glacial
till, glacial erratics (boulders), and even materials such as volcanic ash released from on-shore
volcanoes (like Mount St. Helens and Mount Mazama), that were carried to the ocean by wind
and rain erosion, and glacial deposition carried by rivers and glaciers to the ocean. Seaside cliff
materials are also deposited into the ocean as a normal course of events. The mélange of
materials includes water particles; both salt water and fresh water. This accumulation of
materials has been uplifted, tilted, and deformed into mountain ranges. The sediment cover over
the Juan de Fuca Plate has a thickness of up to 2,500 m (Hellwig 2010).

Figure 5. The Cascadia Accretionary Wedge and the Juan de Fuca Subduction Zone
(Hellwig 2010).
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The materials scrapped off the oceanic plate are pressed together, deformed, squeezed, and
held under pressure. The materials of the mélange are capped, much like a stew in a pressure
cooker. The heat for this pressure cooker comes from the abrasive motion of the tectonic plates
rubbing and pushing against each other (Holdahl, Faucher and Dragert 1989), from the
pressurized forces of the overburden capping these materials, and from the decomposing
organic matter of the detritus held in this stew. These forces result in compression as the water

and other materials expand makingthepr essur e cookerdéds |l id ultimately

The release of pressure can cause mud volcanoes to erupt below sea, or on land. The Garfield
Gas Mound near Taholah is one example of this type of pressure release point for the forces
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below (Rau 1973). Although the gas emitted from this mud volcano smells bad (stink muds), it is
not a volcano in the same way that Mount St. Helens or Mt. Rainier are volcanoes; those are
andesite stratovolcanoes.

The oldest subsurface materials of the Olympic Mountains are adjacent to Hood Canal (Williams
2002). The deformation wedge layers become progressively younger the further you move west.
At the peak of Mount Olympus a climber can locate an ancient ocean floor fossil group of extinct
marine arthropods that form the class Trilobita. Trilobites form one of the earliest known groups
of arthropods and lived about 521 million years ago and became extinct about 250 million years
ago (Levi-Setti 1995). Their presence along the Olympic Mountains is evidence to the fact that
the peaks of the Olympics have been uplifted to their current heights from the ocean floor
(Eaton and Fredricksen 2007).

2.2.2. Earthquakes

Periodic giant megathrust earthquakes in this region happen as a result of these tectonic
processes. In the period between the mega-earthquakes, the Juan de Fuca plate continues to
slide beneath the North American plate with the consequence that the rocks along the edges of
the plates are compressed or squeezed and uplifted. Knowing where and how fast the rocks are
being deformed enables us to estimate the approximate width and length of the fault that may
slip in the next megathrust earthquake. Another reason for determining how crustal deformation
varies from place to place in the subduction zone is the need to know how and where the stress
is changing so we can predict large crustal earthquake events.

Elastic deformation builds up between great earthquakes when the joining of two plates
becomes locked into what is called a fthrust faulta Along the QIR shorelines, the western side of
the deformation wedge (Figure 5) is dragged down and a flexural bulge forms (Figure 6). When
the lock between the plates is released, it causes the seaward edge to collapse at the flexural
bulge, causing a great earthquake which can also generate a tsunami. The collapse of the bulge
can cause subsidence resulting in the formation of buried coastal marshes (Eaton and
Fredricksen 2007, Geller 2008). Historically, along the QIR marine coastline these bulge uplifts
and subsidence ruptures have happened (see Section 2.2.4 & Figure 8). They are happening
now with both uplift and subsidence events apparent along the marine shorelines of the entire
coastline (see Section 3.2.1).
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Figure 6. Land deformation caused by Subduction Zone Processes (Hyndman, Rogers, et
al. 2008).

Uplift

Shcrtemng

,.l-l.-,.,
- .
: ‘-h‘-
-
-

. 1
Coastline veemeaad

The motion of the subducting Juan de Fuca plate is influenced by changes in frictional
resistances. Since it does not move as one solid sheet of basalt, the movement is slowed on
one face, while it moves freer on another face, causing fractures along the plate. These
fractures are called fault lines. Some of these fractures are horizontal fractures, while others are
vertical, but most faults are a combination of the two.

"Megathrust" events have historically occurred offshore within the subduction fault zone and can
be catastrophic (magnitude 9 on the Richter Scale). The last such megathrust event along this
coastline occurred approximately 300 years ago and created a tsunami felt locally and a
tsunami wave that travelled across the Pacific Ocean to Japan (CREW 2005). While relatively
infrequent, the megathrust earthquakes have a fairly well documented return interval of 400 to
600 years (NGDC 2010). Researchers believe that strain within the locked zone of the
subduction fault is currently building (Figure 7), and as it does, the likelihood of a major
subduction earthquake event increases. More common earthquakes occur within the subducting
oceanic crust, or within overlying continental rocks, and the 2001 Nisqually earthquake with an
epicenter near Olympia, provides a recent example.

More than 1,000 earthquakes occur in Washington State annually. Washington has a record of
at least 20 damaging earthquakes during the past 125 years. Large earthquakes in 1946, 1949,
and 1965 killed 15 people and caused more than $200 million (1984 dollars) in property damage
(WaDNR 2010). Most of these earthquakes were in western Washington, but several, including
the largest measured historic earthquake in Washington (1872), occurred east of the Cascade
crest (USGS 2010). All the Quaternary-active faults in the Juan De Fuca plate region are part of
the CSZ system and are considered active (WaDNR 2010).
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Figure 7. Tectonic Profile (NRC 2008).
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2.2.3. Faults

The WaDNR, Division of Geology and Earth Resources, created geospatial data containing
Quaternary fault lines for the state of Washington and offshore areas. This digital dataset shows
the location of faults with known or suspected Quaternary (<1,600,000 yrs) activity in the state
of Washington. Data was gathered from numerous sources, including the Washington state
portion of the U.S Geological Survey's "Quaternary fault and fold database of the United States"
(USGS 2009). Faults were attributed with information such as age, visibility, method of
detection, and in most cases, the corresponding ID number for the fault in the USGS database,
for easy correlation between the two data sources (WaDNR 2010). These data sources have
been used to document the location and characteristics of fault lines in and near the QIR.

There are 261 Quaternary fault lines within 100 miles of the exterior boundaries of the QIR.
Selected from these faults, are approximately 66 faults that are located within the QIR or to the
west of the QIR all the way to the CSZ (Table 1). Some of these fault lines are very young,
formed within the last 15,000 years, and some of those faults are located very near the QIR
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(e.g., unnamed faults near Duck Creek). A series of these faults are located between Taholah
and Qui-nai-elt, including Point Grenville.

Table 1. Faults within the QIR and westerly of the QIR.

Distance
From QIR
Fault Nene Age (miles)

Unnamed fault near Wreck Creek <130,00( 0
Unnamed fault zone near Raft River <130,00( 0
Unnamed fault zone near Raft River <750,00( 0
Unnamed fault zone near Raft River <750,00( 0
Unnamed fault near Wreck Creek BTlass Unknowr 0
Unnamed faults near Duck Creek <130,00( 1
Unnamed faults near Duck Creek <130,00( 1
Unnamed fault zone near Raft River (Class B) Unknowr 1
Unnamed faults near Duck Creek <15,000 2
Unnamed fault zone near Aloha (Class B) Unknowr 2
Unnamethult zone near Aloha <15,000 3
Unnamed fault zone near Aloha (Class B) Unknowr 3
Unnamed fault zone near Aloha <1,600,00( 4
Unnamed faults offshore of Queets River <1,600,00( 5
Unnamed faults offshore of Queets River (Class B) Unknowr 6
Unnamethult zone near Langley Hill (Class B) Unknowr 7
Unnamed fault zone near Aloha <130,00( 8
Langley Hill fault <1,600,00( 9
Unnamed fault zone near Langley Hill <130,00( 9
Unnamed fault zone near Langley Hill <15,000 11
Saddle Hill faults <1,600,00( 12
Unnamed faults offshore of Queets River <15,000 12
Saddle Hill faults <1,600,00( 13
Saddle Hill fault zone <130,00( 13
Unnamed fault zone near Langley Hill <130,00( 14
Saddle Hill fault zone <750,00( 14
Saddle Hill fault zone (Class B) Unknowr 15
Grays Harbor fault zone <1,600,00( 16
Unnamed fault zone near Langley Hill <15,000 16
Saddle Hill fault zone <130,00( 18
Grays Harbor fault zone <15,000 18
Grays Harbor fault zone <130,00( 19
Saddle Hill fault zone <15,000 19
Grays Harbor fault zone <1,600,00( 25
Unnamed offshore faults near Grays Canyon <130,00( 25
Unnamed faults near mouth of Willapa Bay <130,00( 26
Unnamed faults near mouth of Willapa Bay <1,600,00( 31
Unnamed fault zone offshore Cape Shoalwater <1,600,00( 32
Unnamed fault zone offshore Cape Shoalwater (Class B’ Unknowr 33
Unnamed offshore faults near Grays Canyon <15,000 34
Unnamed offshore faults near Grays Canyon <130,00( 35
Willapa Bay fault zone <130,00( 35
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Table 1. Faults within the QIR and westerly of the QIR.

Distance
From QIR
Fault Nene Age (miles)

Unnamed faults near mouth of Vilg&lass B) Unknowr 35
Willapa Bay fault zone <130,00( 36
Willapa Bay fault zone <130,00( 36
Willapa Bay fault zone <130,00( 38
North Ninitat fault zone <15,000 40
Unnamed offshore faults near Grays Canyon <130,00( 41
Willapa Bay fault zone <130,000 43
Unnamed offshore faults near Grays Canyon <15,000 46
Willapa Bay fault zone <750,00( 51
Unnamed offshore faults near Grays Canyon <130,00( 53
South Ninitat fault zone <750,00( 53
Willapa Bay fault zone <750,00( 54
Nehalem Bank fault <15,000 63
North Ninitat fault zone <15,000 63
North Ninitat fault zone <15,000 67
South Ninitat fault zone <750,00( 67
Fault J <15,000 68
Unnamed offshore faults <15,000 74
Willapa Canyon fault <1,600,00( 81
Cascadia fold and thrust belt <15,000 81
Cascadia Subduction zone <15,000 81
South Ninitat fault zone <750,00( 81
Nehalem Bank fault <15,000 83

2.2.4. Quinault Marine Shoreline Tsunami Impacts

Quinault marine shorelines have withessed tsunami events. The principal cause of a tsunami is
the displacement of a substantial amount of water. This displacement of water is usually
attributed to either earthquakes, landslides, volcanic eruptions, glacier calvings or more rarely
by meteorites and nuclear tests (Margaritondo 2005). The waves are sustained by gravity. Tides
do not play any part in the generation of tsunamis. The historic tsunamis along the Quinault
marine shoreline may or may not have been triggered by local earthquakes.

When an earthquake happens within the CSZ, the release of stresses within the Juan de Fuca
plate, and the accretionary wedge forming the Olympic Mountains, causes movement of the
ocean floor and a tsunami wave can be generated. Tsunami can be generated when the sea
floor abruptly deforms and vertically displaces the overlying water. Tectonic earthquakes are a
particular kind of earthquake that are associated with the Earth's crustal deformation; when
these earthquakes occur beneath the sea, the water above the deformed area is displaced from
its equilibrium position (UW 2012). More specifically, a tsunami can be generated when thrust
faults associated with convergent or destructive plate boundaries move abruptly, resulting in
water displacement.

Movement on normal faults will also cause displacement of the seabed, but the size of the
largest of such events is normally too small to give rise to a significant tsunami. These tsunami
waves can move quickly and inundate the shorelines with the displaced ocean water. The
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impact area can be local, or involve the Pacific Ocean shoreline for about 200 miles
(Margaritondo 2005).

A Feder al I ndi an Agent report, from Tahmgplikeah, wr it
tidal wave struck the Quinault Agency at midnight. Some of the Indian houses were waist deep

in water, the inmates yelling in terror as they were submerged during sleep on their low sleeping

places. The water receded as rapidly as it came, carryi ng everything portable
December 24, 1920, media reports stat e, fia s mal l
Sunset Beach <cottages (Worlkonan 2010)e These évents rmosi tikelyo n s 0
described local earthquakes along the Juan de Fuca plate and within the CSZ interface that

impacted the Quinault shorelines specifically.

Workman (2010)i ncl udes reports that were conveyehd from
tidal wave races up the Quinault Rivero on April
result of an earthquake at Unimak Island in Alaska. This event was a basin-wide impact in

response to a megathrust event originating in Alaska.

The March 28, 1964, tsunami was felt strongly along the QIR shorelines where bridges were
washed out, roads were made impassable from debris and seawater. North Beach was hit by a
tsunami wave destroying Joe Creek and Copalis Beach bridges. The height of the run-up along
the shore was highly variable with Wreck Creek and Moclips witnessing the highest waves
locally at 11 feet and 15 feet respectively. Slightly to the north of these shorelines, at Taholah,
the run-up height was only 2.4 feet (Schlosser 2010).

The Washington coastline has witnessed approximately 22 tsunami events from 1900 to present

time. Since the development of tsunami travel time charts for the Pacific and the Pacific
Tsunami Warning Center 6s dililityeol tragk isenani eventstngeal 1 96 4,
time has increased the accuracy and reporting of these data. Tsunami events reported prior to

1964 relied mostly on printed records and reports concerning tsunami events and on scientific
investigations to estimate where tsunami events initiated and where data show that tsunami run-

ups were witnessed (often times using tsunami deposits as an indicator).

Some of the most convincing and best-preserved evidence of the tsunami(s) are sand layers
that cover the peaty soils of coastal lowlands. Large tsunamis can deposit seafloor derived
sediment layers on the inundated coasts bordering the fault zone. The last confirmed CSZzZ-
related earthquake occurred in 1700 and resulted in sudden land subsidence of 1 meter (3.3 ft)
or more (Leonard, Hyndman and Mazzotti 2004, Jacoby, Bunker and Benson 1997). One of the
surges along the Oregon coastline picked up sand from the beach or dunes as it came ashore
and deposited the sand as it moved up the river valley (Figure 8). At the site of the photo, the
sand bed covers the remains of two fire pits, perhaps used not long before the tsunami struck.
The layers are well preserved partly because much of this part of the Oregon coast permanently
subsided about 0.5-1.0 m (2-3 ft.) during the earthquake (see Figure 6 for an illustration of this
process) . The rise i n relative sea | evel produc
sediments to quickly bury the sand layers, protecting them from later erosion (USGS 2009).
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Figure 8. This photo (USGS 2009) shows a sand layer in an exposure near the mouth of
the Salmon River along the central Oregon coast about 8 km (5 mi) north of

Lincoln City with tsunami delivered sand overtopping fire pits.

= R e

The 1700 tsunami has been linked with flooding that drowned entire forests along the
Washington, Oregon, and British Columbia coastlines, and deposited sand on marshes and in
lakes along the southern part of the CSZ coast. It is believed that a sand sheet at Discovery Bay
in the Straights of Juan de Fuca was also placed by this 1700 tsunami (Atwater, et al. 2005,
WSMD 2009).

Based on geologic evidence and scientific interpretation, the CSZ has experienced major
ruptures and created tsunamis at least 7 times in the past 3,500 years and has a considerable
range in recurrence intervals, from as little as 140 years between events to more than 1,000
years. Researchers predict a 10 to 14% chance that another tsunami generating earthquake
could occur in the next 50 years within the CSZ (Wood and Soulard 2008, WSMD 2009).

2.2.5. Bathymetry Profiles

A bathymetry profile of the seafloor from slightly west of the CSZ to the shoreline at Taholah
(Figure 9) shows elevation changes (bathometry) along this path (Figure 11). This transect line
reveals the undersea rise, peaks, canyons, and climb to the shoreline. This profile shows a
2,500 meter (8,200 foot) elevation ascent from the Juan de Fuca plate floor to the current
coastline spread over a distance of 112 miles.

This particular profile (Figure 11) shows several interesting events. First, in the distance
between 35,000 and 80,000 meters from the western edge of the profile, we can see several
peaks of accretionary prisms and subduction-complex basements. These have been formed
along the Juan de Fuca Plate between the Juan de Fuca Ridge and the CSZ. The oceanic plate
is saturated with water, and volatile materials such as water drastically lower the melting point of
the mantle (Grove, et al. 2006). As the oceanic plate keeps subducting, it gets subjected to
greater and greater pressures with increasing depth. This pressure squeezes water out of the
plate and introduces it to the mantle. At this point the mantle melts and forms magma at depth
under the overriding plate. Sometimes, the compaction, heat, and friction can cause premature
melting of the Juan de Fuca Plate triggering materials to expand upward along fault line
crevices in the process of relieving the mounting pressure.
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The amalgam of materials (sedimentary deposits) settling on top of the Juan de Fuca plate force

severance of the basaltic O6stacks® whegeéorming e

the Olympic Mountains. These fragments are seen along the Quinault coastline in the form of
basaltic islands and erosion resistant points mixed with glacial erratics (boulders) in such
locations as Hogsback and Point Grenville. Although these features are 1) erosion resistant
basalt formed at depth and 2) glacial erratic materials, they are not physically attached to the
Juan de Fuca Plate as it is subducted under the mantle.

Another conspicuous feature of this profile (Figure 9) is seen in the distance between 100,000
meters and 135,000 meters from the initial point: Quinault Canyon. This offshore canyon is
displayedfrom t he o6 mout h 6 it tindersbaesidgelaed yiee Quirtadt Canyon is a
complex of glacially carved features containing a mixture of soft sediments, with cobble and
boulder patches, and scattered large glacial erratics (boulders) deposited during ice retreat.
High-relief, submerged topographic features serve as fish aggregation areas.

Low-resolution surveys of this seafloor have revealed a generally wide and featureless
continental shelf dominated by soft substrates (sand and mud bottoms, to pebble and cobble)
with scattered areas of rock outcrop and basaltic spires (USGS 2010, Verdonck 2006).

2.2.6. Topographic Profiles

The topographic profiles (Figure 12) of the Quinault mainland are shown along a transect line
(Figure 10) from Taholah up the general path of the Quinault River, through Amanda Park,
generally along the Upper Quinault river until its zenith is reached at Mount Anderson. This

crag

profile shows a relatively horizontalasc ent from Tahol ah to the gl aci al

Amanda Park. At this point the elevation starts to climb rapidly with the reach achieving its final
point at Mount Anderson.

All of the substrate materials of this profile are composed of sand, silt, chunks of basalt, organic
matter, glacial till, glacial erratics and other materials that begin their accumulation near the
CszZ.
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Figure 9. Profile line overview of seafloor bathymetry shown in Figure 11.

Figure 10. Profile line overview of topography shown in Figure 12.
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