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Tour Description 
 
This field trip will travel along the Seattle fault on the Bainbridge Island ferry.  Figures 1 
and 2 give a general sense of the regional tectonic setting.  Following our departure from 
Seattle to Bainbridge Island, we will discuss visible features and lines of evidence for 
earthquakes along the Seattle fault on the starboard side of the ferry, looking north.     

• Seattle landslides: 
The coastal bluffs around Puget Sound are especially prone to slope instability 
because of their unique terrane, geology and climate.  We will discuss the 
Magnolia Bluffs area (see cover sheet for location), which experienced severe 
damage from landslides during the winter storms of 1996/1997 (see “Puget 
Sound Bluffs: The Where, Why, and When of Landslides Following the 
Holiday 1996/97 Storms” in this guide for detailed information).   

• LiDAR and other geophysical methods used to find active faults: 
LiDAR, short for Light Detection and Ranging, is a useful tool in detecting 
linear geologic features through heavy forest cover (Figure 3).  Use of LiDAR 
and applications of geophysical techniques, such as seismic reflection, gravity 
and aeromagnetic surveying (Figure 4) are instrumental in providing evidence 
for the presence of active faults near Seattle. 

• Restoration Point:   
Discussed in more detail on the return trip, we will introduce the history of 
Restoration Point on Bainbridge Island (location shown on cover sheet) as it 
relates to discovery of the Seattle fault. 

• Landslides along the eastern shores of Bainbridge Island: 
Like most coastal areas along the Puget Sound, Bainbridge Island contains 
abundant landslides, some of which are visible from the ferry.  One landslide 
event in particular (Figure 5) in Rolling Bay in the winter of 1997 will be 
discussed. 

• Trenching across active fault scarps:  
Once fault scarps are discovered, trenching is performed to try to determine 
the age(s) of events.  Numerous trenches on and around Bainbridge across 
scarps of the Seattle fault are discussed (see posters on display and Figures 6 
through 12). 



 
Our return trip from Bainbridge to Seattle will be spent on the port side of the ferry, 
looking south.   

• Restoration Point:   
We will examine the evidence for earthquakes on the Seattle fault, viewing 
the topographic expression of the geology of Restoration Point (Figure 13).  

• Mercer Island Seismically-Induced Landslides:   
We will discuss the area of Mercer Island, located just east of Seattle, where 
there is additional geological evidence for seismic slip on the Seattle fault 
(Figure 14). 

• Alki Point:   
Alki Point, (location shown on cover sheet) provides further evidence for 
seismic slip on the Seattle fault (Figure 15). 

• Harbor Island and tsunami hazard in Elliott Bay: 
As we near the ferry terminal, we will discuss the implications of earthquakes 
and tsunamis on Harbor Island (Figure 15), Elliott Bay (see poster on display) 
and (time-permitting) the elevated portions of the Alaskan Way viaduct 
(Figure 16).  

 
Evidence for Seismic Slip on the Seattle Fault Zone 
 
During this excursion, you will see geologic evidence for a prehistoric earthquake on the 
Seattle fault. Geologists concluded that the Seattle area was struck by a large earthquake 
about 1000 years ago, based on diverse lines of evidence that were reported in a series of 
articles in Science (1992, v. 258). The evidence, all dating to about 1000 years ago, 
includes: 

• sudden uplift and subsidence adjacent to a major reverse fault near Seattle (the 
Seattle fault),  

• tsunami-laid sand on two historical tidal marshes in central and northern Puget 
Sound, several landslides that slid into Lake Washington in the same season of the 
same year as the tsunami in Puget Sound, and landslides of approximately the 
same age in Lake Sammamish 

• a layer of graded sediment (turbidite) in Lake Washington, and  
• a series of rock avalanche-dammed lakes in the eastern Olympic Mountains.  
•  

Today, you will see sites where geologists collected evidence for sudden uplift and 
subsidence that accompanied this large earthquake 1000 years ago. 
 
The evidence for earthquake-induced uplift about 1000 years ago in central Puget Sound 
consists of geomorphic and stratigraphic features that record sudden changes in the 
relative elevation of sites along the coast. The most dramatic and conspicuous of these 
features is a raised wave-cut platform at Restoration Point on Bainbridge Island, 5 km 
west of Seattle. Geologists proposed that uplift of this platform was the result of seismic 
slip on the Seattle fault, which extends westward across Puget Sound from Seattle. The 
field trip will cross Puget Sound by ferry, following the course of the fault. The main 
fault is not exposed at the surface.  Several subsidiary faults do break the surface on 
Bainbridge Island, at Waterman Point in Kitsap County, and just south of Alki Point.   
 



Exposures of bedrock are uncommon in the central Puget Sound region and are confined 
to a west trending belt extending from the Seattle-Renton area to Bremerton (see cover 
sheet figure). North of this belt, the top of bedrock is as much as 1 km below the surface. 
The abrupt increase in depth to bedrock as well as a steep gravity gradient and data from 
seismic reflection profiles suggest that a west-trending fault (the Seattle fault) lies along 
the north side of this zone. The Seattle-Bainbridge Island ferry closely follows the 
inferred course of the fault. 
 
Winslow Marsh-Stratigraphic Evidence of Subsidence 
 
As the ferry approaches Bainbridge Island, it passes south of a submerged bar at the 
mouth of Eagle Harbor and then turns northward to follow the coast into Eagle Harbor 
and the ferry dock. South of Eagle Harbor, houses at the foot of the wooded hill above 
the beach are built on a continuation of the raised marine platform at Restoration Point. 
After entering Eagle Harbor you can see a small marsh (Winslow marsh) just west of 
Wing Point on the north side of the entrance to the harbor. There is no raised platform on 
the north side of the harbor, and peat below the surface of the marsh preserves evidence 
of subsidence at this site about 1000 years ago. This contrast with the uplift at nearby 
Restoration Point is a key to inferring the source of the earthquake about 1000 years ago. 
We will not visit Winslow marsh, but we discuss its importance in earthquake studies 
below. 
 
Brian Sherrod, a geologist with the University of Washington, led a field trip similar to 
this one in 1992, and wrote: “Winslow marsh is a small (about 1 hectare) brackish coastal 
marsh slightly above high tide in the sheltered cove of Eagle Harbor. A low sand and 
gravel beach berm borders the harbor side of the marsh. The berm ponds a small 
freshwater stream that flows through the marsh, forming several shallow pools of slightly 
brackish water that percolate through the berm. In summer and fall the surface of the 
marsh is commonly free of standing water, but in winter and spring several centimeters of 
water may stand on the surface. About 2 meters of peat and organic-rich aquatic 
sediments lie below the marsh surface, and record a rise in relative sea level during the 
past 2,000 years. Seeds, pollen, and diatoms in a clay sediment at the base of the marsh 
indicate that the site was a freshwater bog or swamp about 1900 years ago; similar 
assemblages of fossils in the overlying organic sediment indicate a stable environment of 
fresh to possibly slightly brackish water until about 1000 years ago. Scarce diatoms and 
foraminifera with brackish to marine salinity preferences in the gyttja were probably 
washed or blown to the site. The marine fossils suggest that the site was only slightly 
above the highest tides. Peat that overlies the gyttja is dominated by fossil assemblages 
characteristic of brackish and saltwater tidal marshes. Within the peat, radiocarbon dated 
leaf bases of Triglochin maritima, a common plant of brackish and saltwater tidal 
marshes in Washington, show that tidal marine water inundated the site more frequently 
by 700 to 900 years ago. These findings show that the elevation of this site either stayed 
the same or subsided slightly 1000 years.”   
 
 
 
 
 



Early History of Significant Observations of the Seattle Fault Zone 
 
On Restoration Day (May 19), 1792, Vancouver landed at the point on Bainbridge Island 
now named for “that memorable event”, and noted that it was a “projecting point of land, 
not formed by a low sandy spit, but rising abruptly in a low cliff about ten or twelve feet 
from the water side” (Vancouver, 1798).  
 
James Kimball (1897) noted this “Restoration Point uplift” and  called it part of a “post-
Glacial re-elevation”. He further commented that the “promontory of Restoration point is 
limited to that once insulated area. As a comparatively recent event, this area has been so 
far re-elevated as to connect its base with the main island (Bainbridge). This is strikingly 
indicated not only by a complete erosion of the sandstone series directly across the strike 
from the head of Blakely Harbor, and its replacement by alluvial material, but also by the 
raised beach which is a part of such replacement. This occurrence is well exhibited by 
extensive clam beds six to twelve feet above tide and two and one-half feet below the top 
of the marginal plateau, and uncovered in the gullies as far back as 100 feet 
inland...Considering the habitat of these bivalves, along with the uniformity in hight (sic) 
of the baseleveled margin, and its alluvial extension on opposite sides of the original islet, 
the measure of regional re-elevation locally indicated may be estimated as not less than 
25 feet.” 
 
In 1941, Harvard Geography Professor Erwin Raisz published the most detailed 
physiographic map of the Pacific Northwest states (Raisz, 1941). He was struck by a very 
distinct lineation on the map that he considered to be a major fault cutting all the way 
across Washington from the Olympic Mountains to the Wallowa Mountains (hence the 
Olympic-Wallowa Lineament) and described its location in the Seattle area as running 
through Elliott Bay, the north end of Mercer Island, and along Issaquah Creek (Raisz, 
1945). These are areas that we now consider part of the Seattle fault zone. 
 
The 1949 Puget Sound earthquake caused Weikko Heiskanen (1951) to speculate that the 
earthquake and others in the region might be related to a gravity anomaly later to become 
known as the Seattle low. The force of gravity in Seattle is about 100 milligals (1/10,000 
of the earth’s total field) less than it is in Renton (Figure 4). 
 
In 1965, Frank Danes, a physics professor at the University of Puget Sound, and 9 high 
school students used the previously existing gravity measurements and added many more 
new ones to develop the most detailed map of the Seattle low yet available. Danes and 
others (1965) combined their gravity anomaly map with aerial magnetometer mapping 
and geologic mapping and concluded that “the most active of them (faults) is a double 
fault striking approximately at azimuth 105 degrees through Hood Point, Bremerton, 
southern Seattle, and Renton.” 
 
Pat Rogers (1970) gathered more gravity and magnetic data and mapped the deformation 
at Alki Point and Restoration Point—he named this the Seattle-Bremerton fault and said 
that the evidence was “overwhelming” that it is a major fault. 
 
In 1978, Howard Gower (1978; Gower and others, 1985) went back to Restoration Point 
and radiocarbon dated the fossils shells of the uplifted beach previously noted by 



Kimball. The age of about 3,200-3,300 years demonstrated that this was indeed a 
geologically young uplift and therefore this must be an active fault. 
 
Bob Bucknam and colleagues subsequently refined the age of the uplift and began 
making detailed maps of both uplift and subsidence related to faulting (Bucknam and 
others, 1992). Since then, with the recognition that the Seattle fault is active and highly 
dangerous, numerous studies have been undertaken on the fault, some of which you will 
hear about today. 
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Figure 1.  Tectonic setting of Cascadia subduction zone.  Western Washington region 
(brown),  between fixed North America and Oregon Coast Range, is undergoing
transpression.  This transpression creates folds and reverse faults across Puget Sound.
Bold arrows indicate motions of tectonic blocks inferred from geologic and geodetic data.
Modified from Wang and others (2003) and Wells and others (1998), courtesty of Brian 
Sherrod, University of Washington Department of Geological Sciences.  Box shows area of
Figure 2.
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Legend

Figure 2:  Schematic geologic map of northwestern 
Washington showing the Puget Lowland and flanking 
Cascade Mountains, Coast Range and Olympic 
Mountains.  Abbreviations for cities are as follows: 
B, Bellingham; O, Olympia; S, Seattle; T, Tacoma;  
E, Everett; V, Victoria.  Abbreviations for faults 
(heavy lines) and other geologic features are as 
follows:  BB, Bellinham Basin; CRF, Canyon River 
fault; DDMFZ, Darrington-Devils Mountain fault zone, 
fault; EB, Everett Basin; KA, Kingston arch; LRF, 
Little River fault; OF Olympia fault; RMF, 
Rattlesnake Mountain fault, SB, Seattle basin; SF, 
Seattle fault; SMF Saddle Mountain faults; SU, 
Seattle uplift; SWIF, Southern Whidbey Island fault; 
TB, Tacoma basin; TF, Tacoma fault, UPF, Utsalady 
Point and Strawberry Point faults; CRF, Canyon River
fault; BCF, Boulder Canyon fault.  Geology from maps 
and compilations of Tabor and Cady (1978), 
Washington Public Power Supply System (1981), 
Gower and others (1985), Walsh and others (1987), 
Whetten and others (1988), Yount and Gower (1991), 
Tabor and others (1993), Dragovich and others (2002), 
and Johnson and others (2004).

Modified from figure courtesy of:  Brian Sherrod, University of Washington, Dept. of Geological Sciences
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This map is a composite image of LiDAR 
baythymetry and topography from multiple 
sources of the best data available.  The 
advantage of LiDAR over traditional aerial 
survey methods is accuracy, due to its 
ability to survey the actual ground surface 
through the overlying forest canopy.  The 
application of LiDAR over recent years in 
the state of Washington has led to the 
discoveries of numerous active fault scarps, 
that may otherwise have gone undetected 
due to heavy forest cover.  

The inset map (lower left) of Restoration
Point on Bainbridge Island and Waterman
Point to the west.  Clearly visible are what 
were confirmed to be (through subsequent 
trenching) east-west trending, active fault 
scarps of the Seattle fault system.   
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Aeromagnetic Survey Map of the Puget Lowland

4

Aeromagnetic survey map of the Puget Lowland, showing the low anomoly 
(dark blue) created by the Seattle fault zone.  Modified from Blakely, R.J. et.al., 
(1999), U. S. Geological Survey OFR 99-154.
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Right:
Frontal and oblique aerial views to 
the west-southwest of the landslide 
at Rolling Bay Walk on Bainbridge 
Island that occurred on January 
19, 1997.  (photographs by the 
Department of Ecology (top) and 
T. Tamura, The Seattle Times (lower)).  
This house was built after another
house two lots away was destroyed 
by a previous landslide event in the 
spring of 1996. And sadly, the event 
shown here killed a family of four,  
all of whom were home at the time
of the landslide.  

Left:  Modified Landslide 
Hazard Mapof the south-
eastern coastal slopes of 
Bainbridge Island, from the 
Coastal Zone Atlas of Wash-
ington, Volume 10, 1979 
(Kitsap County), Dept.of 
Ecology.   

Rolling
Bay

Below: 
Oblique aerial view of the same area after the debris was removed and remediation of the 
slope has begun.  Note the newer slope failure through the retaining wall under construction. 

Rolling Bay, Bainbridge Island
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Unstable Recent Slide
Intermediate
Unstable
Unstable Old Slide

1 mile
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After locating the fault, what next? 

 
After using aeromagnetic and gravity surveys, seismic reflection 
profiling, aerial photography, and/or LiDAR to locate the trace of a 
fault (its intersection with the earth’s surface), more detailed 
information can often be obtained by trenching. This entails 
digging a trench, generally perpendicular to the fault, to create a 
fresh exposure of the fault in three dimensions. Trenches are 
commonly more than 10 ft deep and 30 ft long. Examples are 
shown on the following pages. These trenches allow for detailed 
mapping of the fault and the geologic units that are offset by it. 
Using radiocarbon or other age-dating techniques, the age of rock 
or soil that is cut by the fault or buried by it can be determined, 
providing limiting ages of faulting. For instance, if a peat deposit 
that is dated at 1,100 years old is cut by the fault, then the 
earthquake happened more recently than 1,100 years ago. 
Unfortunately, this doesn’t tell us how much more recently. 
Conversely, if a soil that developed on top of debris shed from the 
fault scarp (colluvium) is 1,100 years old, then the earthquake had 
to have happened more than 1,100 years ago. Unfortunately, this 
doesn’t tell us how much longer ago. Sometimes we have to date 
charcoal, which may already have been five or six hundred years 
old when it was buried by colluvium or deposited on top of it. 
Because these dating uncertainties are almost always present, the 
time of occurrence of prehistoric earthquakes is generally only 
approximately known. If evidence for multiple earthquakes can be 
found on several trenches on a given fault, however, a statistical 
average of recurrence intervals, or average time between 
earthquakes, can be obtained and applied to the probabilistic 
earthquake hazard maps that are the basis of the building codes. 
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Trenching Across Active Faults in Washington

Canyon River fault

Waterman Point fault

Boulder Creek fault

Figure 6: Location of fault trenches in Washington; labels  of faults reflect trenches shown in Figures 7-11.6



Figure 7. Trench on Canyon River fault, looking south. The blue-gray basalt at the head of the trench 
is thrust up over the gravel in the foreground and to the left, moving about 20 ft in one earthquake. 7 



Figure 8. Log of trench in figure 7. Faults shown in red. Inferred correlative units on opposite sides of the 
fault have the same number but different letters. 
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Figure 9. Nettle Grove trench on the Waterman Point fault looking northwest. Fault is 
highlighted by color contrast at black arrow in center of photo. From U. S. Geological 
Survey Miscellaneous Field Studies Map MF-2423.  
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Figure 10. Log from Nettle Grove trench 
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Figure 11. Trench and log of the Hornet trench on the Boulder Creek fault in Whatcom 
County. 
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Figure 12. Probabilistic hazard map of 
the Pacific Northwest 
(http://earthquake.usgs.gov/research/haz
maps/products_data/2002/wus2002.php). 
This is one of the inputs to seismic 
design standards in the International 
Building Code, which is in force in 
Washington State. Colors reflect forces 
to be designed for as a percentage of the 
force of gravity. For instance, 50% 
means that a building should be designed 
to withstand a force equal to half its 
weight. Bullseyes around Seattle and 
southern Whidbey Island reflect 
information garnered from trenches such 
as these.  
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     The low-lying bedrock peninsula of Restoration Point juts eastward into the Sound from the west, 
mirroring Alki Point to the east. This bedrock peninsula was uplifted about 7 meters during an 
earthquake on the Seattle fault about 1000 years ago.  Notice the elevated wave-cut platform
in the upper photo.  The peninsula may owe its existence to bedrock that is more resistant to 
erosion than the unconsolidated Quaternary deposits that flank most of Puget Sound.  Restoration 
Point appeared anomalous to Captain George Vancouver, who named the peninsula in 1792. 
Vancouver commented "...we arrived off a projecting point of land, not formed by a low sandy spit, 
but rising abruptly in a low cliff about ten or twelve feet from the water side. Its surface was a beautiful 
meadow covered with luxuriant herbage..." (Lamb, 1984, A voyage of discovery to the North Pacific 
Ocean and round the world [Journals of George Vancouver]: London, the Hakluyt Society, 4 vols., 
1752 p.).
     In addition,  the marsh (indicated in the upper photo) shows evidence of rapid uplift.  Cores taken 
from within the marsh reflect the rapid change from saltwater to freshwater environments about 
1000 years ago. 
     Conversely, Winslow marsh, located to the north of the ferry terminal,  contains fossil evidence 
suggesting either slight subsidence or maintaining the same elevation within the same time period.

Oblique aerial photo of Restoration Point, 
courtesy of the Washington Department of 
Ecology, Shorelands and Environmental 
Assistance Division.

Photo of near-vertical bedding exposed 
on uplifted wave-cut platform.   

Photo by Pat Pringle
.

Restoration Point

Top of wave-cut
platform

Location of elevated 
saltwater marsh
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Below and Right: 1920-era timber recovery of drowned forests from massive, 
ancient, earthquake-induced landslides off Mercer Island in Lake Washington.

Kirkland

Seattle
Bellevue

Shoreline
Bothell

Burien Renton

Mercer
Island

>1160±35

1121±15

1155±40

4 miles

>1160±35   
Location of seimically-induced
landslide with radiocarbon age. 
Data obtained from Adams, J., (1992),
Paleo-seismology: A search for Ancient
Earthquakes in Puget Sound, Science, 
Vol. 258.

Mercer Island Seismically-Induced Landslides
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Alki Point

Alki Point protrudes westward into Puget Sound (see cover map),  a virtual mirror image of 
Restoration Point on Bainbridge Island directly to the west.  Like Restoration Point, bedrock 
is exposed in the intertidal zone, consisting of steeply-dipping Tertiary sandstone and 
siltstone of the Blakely Formation.  Although landforms are obscured by dense urban 
development, building excavations on the point have exposed an uplifted marine terrace 
incised into bedrock approximately 4 meters above high tide .  Conversely, located at the 
northern end of Elliott Bay and directly north of Alki Point, West Point shows evidence of 
between 1 and 5 meters of subsidence 1000 years ago.   Aerial photo courtesy of the 
Washington Department of Ecology, Shorelands and Environmental Assistance Division.

Harbor Island
Harbor Island (shown below), located about 1/8 mile from the Pier 52 ferry terminal, is composed entirely of hydraulic 
fill, and is therefore susceptible to liquefaction during earthquakes. The next page contains a vivid account from Bob 
Norris, a now retired USGS seismologist, who experienced 
this phenomenon first-hand on Harbor sland shortly after the 
M6.8 Nisqually Earthquake in 2001.  The epicenter of the 
Nisqually quake was about 60 km southwest of Seattle.  A 
large-magnitude earthquake along the Seattle fault would 
be catastrophic for the port of Seattle.
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Narrative of strong ground shaking and liquefaction  
on Harbor Island (south of downtown Seattle) during the Nisqually earthquake 
 
 
Editor's Note:  

The following is one of the most exciting scientific descriptions of the Nisqually earthquake that I 
have read. It recounts the strong shaking produced by the earthquake, and most interestingly, 
describes the formation of a sand boil in the Port of Seattle on Harbor Island. Sand boils result 
from the liquefaction of sand layers that contain abundant water. This description by Bob Norris, 
a seismologist with the U.S. Geological Survey, is one of the few known observations of the 
formation of a sand boil by a scientist. Bob wrote his account about 6 days after the earthquake on 
March 6, 2001. 

This is a narrative of my observations of strong ground motion and a sand blow I observed on 
Harbor Island from the Nisqually earthquake.  

Harbor Island is located on the south shore of Elliot Bay, south of downtown Seattle. The island consists 
largely of artificial fill and overlies former tidal flats of the Duwamish River delta. In common with 
other sites on artificial fill, Harbor Island shows high site response during earthquakes. (I can now verify 
that from personal experience.) For this reason, the USGS maintains a portable digitally recording 
seismograph on the island.  

At 10:54 AM on February 28, I was driving along 11th Ave. SW on Harbor Island en route to the 
seismograph site to download seismic data and perform routine maintenance. The instrument is located 
in a small outbuilding that contains fire control equipment for a complex of oil tanks nearby. I had just 
entered the gravel driveway that gives access to the site when the truck started yawing from side to 
side as if I'd just driven diagonally over a large speed bump. I thought I had driven over something I 
hadn't seen, and went through several seconds of confusion because the truck was still rocking sharply 
after I had stopped. It wasn't until I looked up and saw some electrical wires overhead swaying and 
their support poles leaning back and forth that I realized this was not only an earthquake, but an unholy 
BIG earthquake! I was utterly amazed that all this ground motion could go on so quietly-- I could hear 
things creaking and clanging from all the swaying, but the ground itself was silent.  
 

http://www.pnsn.org/


When I stopped gawking and resumed thinking, I remembered the wires overhead and gunned the truck 
into an open area about 60 feet ahead, which looked like a safe area to wait it out. At this point, about 
1520 seconds into the strong ground motion, its amplitude seemed relatively constant and although the 
ride was bumpy I had no problem steering the truck into the open area. It seemed the worst was over, but 
as I stopped the truck again the amplitude of shaking abruptly increased. In less than a second the truck 
was rocking so violently I lost sight of everything outside and could do nothing but hold on and hope my 
flying head didn't hit anything. This violent phase was brief, perhaps 5-7 seconds, but long enough to 
give me a mild strain in my neck. If it went on much longer, this could turn from an exciting 
professional experience to a survival situation. I remembered I was next to an oil tank farm and had a 
visualization of the huge oil fire in Valdez, Alaska after the 1964 quake, which I could have done 
without.  

When it eased enough for me to be able to look around again, perhaps 25-30 seconds after the strong 
shaking began, I saw the dozen or so 200 foot tall cargo cranes that line the waterways of Harbor Island 
quivering and flexing in place, resembling huge steel giraffes trying to dance. I remember hoping no one 
was in them. It was at least another minute before I felt safe enough to get out of the truck. Outside, 
there was a pervasive background din of car and industrial alarms going off all over the city. As I 
walked over to a crew of ARCO people in hardhats about 100 yards away to see if they were all right, I 
could plainly feel the asphalt under my feet gently moving back and forth with about a 2-3 second 
period. We traded our stories for a short time, perhaps 2 to 3 minutes, then I walked back to the truck. At 
this time I could still feel subtle ground motion if I stopped walking.  

Since my cell phone was out and I no longer felt in danger there, I thought I might as well get the 
earthquake data from the seismograph. I estimate that what happened next occurred at least 5 minutes 
after the onset of strong shaking at that point, perhaps as long as 10 minutes, but that's probably an upper 
limit.  

I had just opened the door of my truck to get my laptop and notebook when I was distracted by a wet 
swishing sound coming from the ground nearby. I looked over to its source and saw a smooth dome of 
brown fluid, perhaps a foot and a half wide and high, issuing from the ground a few yards away from the 
southeast corner of the fire control house where the seismograph was located. This dome lasted perhaps 
two seconds, then grew and burst into a muddy geyser. This geyser issued three or four very fluid 
splashes over the next few seconds, about a yard high each, then it widened and collapsed into a column 
about half that wide that discharged a tremendous volume of muddy water. This flood emerged much 
faster than it could spread, so that within a few seconds the flow front had become a surge several inches 
high, like a small wave travelling up a dry beach. Its velocity was near 3ft/second as far as I could tell. 
Within an estimated 30 seconds, the surge had grown into a shallow rotating pool about 25 feet across 
with bits of suds floating on it, still vigorously fed by the column of water at the original breakout site.  

I confess I didn't think it was a liquefaction feature at all; the delayed onset, the limited amount of 
sediment in the water, and the high flow rate convinced me it was a water main break-- particularly as it 
occurred near a building containing fire control equipment. In fact, I was annoyed because I thought the 



growing pool might engulf the driveway and strand me there, or prevent me from getting to the 
seismograph and downloading data! The feeder column remained centralized at the breakout site but 
began to gradually wane after a couple of minutes. I walked over to get a closer look and was surprised 
to find the water was relatively clear; I could see to a depth of a couple of inches in the pond.  

Unfortunately, I paid no further attention to it and focused on getting data from the seismograph. When I 
left the site about 90 minutes later, I noticed that the column had dwindled to a disturbed patch of water 
in the now-quiet pool, which had approximately doubled in size.  

After learning that this was indeed a sand blow, I returned to the site as soon as time allowed- about 3 
days after the quake. Its deposit consisted mostly of dark sand-sized material, much coarser than the fine 
muds emitted by similar features along First Avenue South. This may explain why the eruption was so 
fluid; the sand added relatively little viscosity to the water and quickly settled out once the water had 
surfaced. The vent that I had witnessed forming had been filled in with gravel by the property owners, 
who had cordoned off the area. The area covered by emitted sand was approximately 45-50 feet in 
maximum diameter. I was surprised to see several other vents in the sand (closer to where my truck had 
been!); these may have erupted shortly after the initial vent and were submerged before I could see 
them.  

This was only one of many sand blows that occurred on Harbor Island. I was luckier to get out of there 
than I realized; subsurface piping had opened an oblique collapse pit about 3 feet wide and of 
uncertain depth, only a few feet from where my truck had been parked.  

Bob Norris  



Elliott Bay

Seattle

Left:  Diagram showing vulnerabilities of the aging
Alaskan Way Viaduct and seawall.   The seawall was 
built in the 1930’s to hold the hydraulic fill placed 
on top of tideflat deposits along the waterfront.  
Image courtesy of the Washington Department of 
Transportation.

Right:  Photograph viewed to the southeast of the
Alaskan Way Viaduct, aging and weak elevated 
structure used by 110,000 vehicles per day.    The 
structure was built on hydraulic fill in the 1950’s,  
and was not engineered to sustain a major eartquake.   
It was not (nor can it be) retrofitted for current 
seismic design, and thus, it required major structural 
repair after the 2001 Nisqually earthquake.   Numerous 
vital municipal utilites are housed by the viaduct, all 
of which would be lost should the viaduct fail.   Plans
are in effect to replace the viaduct completely 
beginning in 2012 (see dashed line in bottom figure).

Right:  Map showing the location of the Viaduct in 
relation to potential seismic hazard.  This map
shows the seismic hazard of a 5% Probability of
Exceedance in 50 years.   The limits of the two 
darkest red zones are coincident with the limit of 
artificial fill.  Features within artificial fill,  such as the 
waterfront,  the viaduct and Harbor Island, have the 
highest amount of seismic hazard associated with
them.  Routine monitoring of the structure revealed 
that since the 2001 Nisqually earthquake,  select 
sections of the viaduct (indicated with a star on the 
map) have settled 5 inches.   Image modified from 
the United States Geological Survey SeismicHazard 
Map of Seattle.

Alaskan Way Viaduct

1 mile

Alaskan Way Viaduct.  Dashed line indicates 
portion of viaduct to be replaced in 2012..

Location of five inches of viaduct subsidence 
since the 2001 Niqually earthquake.
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