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Seattle was strongly shaken by moderate seismology is the study of the evidence for 
earthquakes deep under Puget Sound in prehistoric earthquakes--before the direct 
1949 and again in 1965, the latter alone evidence of historical observations and in- 
causing $12 million worth of damage. Con- strumental seismograms were available- 
sequently, seismic zoning maps have been and it has been an extremely useful field in 
devised to ensure safe construction practic- North America, which has a relatively 
es and so mitigate future damage from such short historical record. Early workers stud- 
earthquakes. A flurry of geological research 
in the mid- to late 1980s showed that the 
Pacific Northwest has in addition been 
shaken by great earthquakes (magnitude 
greater than 8) on the Cascadia subduction 
zone (the area under the continental shelf 
and coast where tectonic plates collide), 
the most recent just 300 years ago (1). 

Work by Atwater (2) and other scien- 
tists showed that these great earthquakes on 
the Cascadia subduction zone had left a 
geological imprint on the Pacific coast from 
northern California to Vancouver Island, 
even though no such earthquake is known 
from the brief historical record. The most 
obvious evidence was the sudden subsid- 
ence of tidal marshes, sometimes associated 
with sand layers interpreted as tsunami 
deposits (1). 

However, the evidence was cucumstan- 
tial, so scientists also searched for indica- 
tions of earthquake shaking such as lique- 
faction (in which the shaken sediment be- 
haves like a fluid) and slope failures. 
Drowned trees on submerged landslides in 
Lake Washington had been known for some 
years and had been dated to roughly the 
same period as one of the coastal subsidence 
events. Did the landslides record the shak- 
ing from a great subduction earthquake? At 
fitst, it seemed they might. 

The answer, as revealed in five reports 
(3-7) on pages 1611 to 1623 of this issue, 
has turned out to be even more remark- 
able. In a synergistic collaboration, each 
group of researchers uncovered a part of 
the puzzle. Together, the evidence shows 
that a large earthquake occurred less than 
1100 years ago, immediately beneath Se- 
attle, and not deep under the city (the 
1965 earthquake was at 59 km depth), nor 
far to the west (as had the Cascadia 
subduction earthquikes). 

These results are an application of a new 
field of study-paleoseismology~stab- 
lished mainly over the last 15 years. Paleo- 

crustal deformation or shaking effects. At- 
tribution of these effects to a paleo-earth- 
quake is more difficult, because although 
earthquakes cause multiple synchronous ef- 
fects, the same effects may also result from 
other environmental processes acting inde- 
pendently. The challenge is to assemble a 
strong cucumstantial case for a single earth- 
quake origin, and the key is demonstrating 
the synchronicity of the effects. The results 
presented in this issue build as complete a 
case as has ever been achieved by paleoseis- 
mology . 

For starters, a marine terrace represent- 
ing a sudden, 7-m uplift of Restoration 
Point, Bainbridge Island, was discovered 5 
km west of Seattle (3). Peat analyzed by 

carbon dating shows that the 
uplift happened between 500 

An uplMing rite. Oblique view of an uplifted marine terrace 
at Restoration Point. The ~latform, which underlies the arass- 

i d  1700-years ago. Just to the 
north, one site shows no evi- 
dence for uplift and another far- 
ther north shows subsidence in 
the same time frame. Dating at 
further sites to the south and 
east suggest a sudden regional 
uplift (1 0), again in the same 
time period. Although there is 
no fault rupture-in the sense of 
a sharp o&et of the surface-the 
juxtaposition of uplift and sub 
sidence is consistent with move- 
ment on a south-dipping reverse 
fault buried in the crust (3). 
The inferred fault occurs very 
close to a long-known east-west 
trending gravity anomaly, now 
termed the Seattle Fault, and 
the amount of uplift suggests an 
earthquake of magnitude 7 or 
larger. 

An immediate effect of the 
sudden uplift during the earth- 
quake was a local tsunami as the 
displaced water sloshed in the 
narrow channels. At two sites 
north of Restoration Point, At- 
water and Moore (4) found un- 
usual sand layers in tidal marsh 
deposits. . . Such layers have re- 

covered surface in the central part of the was cently been recognized as repre- 
abruptly uplifted 7 meters, probably during a large earth- senting sand washed onshore by 
quake that occurred 1000 to 1100 years ago. A view to the tsunamis. Vegetation and wood 
east across Puget Sound toward Seattle is shown. [Photo by associated with the sand layers 
Robert Bucknarn, U.S. Geological Survey] are dated to between 850 and 

1250 years ago, showing a tem- 
ied active faults to establish their rates of poral association with the Restoration 
movement. Researchers, notably Lensen Point uplift. 
and Wellman in New Zealand (8) and The ground shaking from the earth- 
Wallace and Sieh in California (9), then quake caused rock avalanches in the Olym- 
found places where the slip during individ- pic Mountains that dammed streams to 
ual earthquakes could be identified and form lakes (5). Drowned trees in the lakes 
dated, leading to an earthquake prehistory. date to between 1000 and 1300 years ago, 
In other places, the active faults were off- the same period as the uplift. Closer to 

The author is in the Geolphysics Division, Geologic-. shore or buried, so later researchers have ~estoratioi Point, the shaking induced 
Survey of Canada, Ottawa KIA OY3, Canada. been seeking and interpreting earthquake landslides in three parts of Lake Washing- 
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ton. These large landslides car- 
ried trees in growth position to 
the bottom of the lake. Initial 
coring and dating of the trees was 
performed by divers working un- 
der difficult conditions (6). Eco- 
nomics fortuitously intervened, as 
the commercial value of the 
drowned trees was sufficient to 
justify their recovery by barge, 
resulting in very large samples for 
analvsis. Carbon- 14 datine had - 
previously established an age of 
about 1000 years for all three 
landslides, consistent with a sin- 
gle triggering event. A pair of 
high-precision carbon-14 dates 
gives the best estimate for the age 
of the event. between 1000 and 
1100 years ago. Detailed tree ring 
countingdendrochronology- 
could provide a more precise cal- 
endar date and also confirm that 
the trees on the three landslides 
died at the same time, but suit- 
able sam~les have not been ob- 
tained. 

About the same time as the 
landslides, sediment on the bot- 
tom of Lake Washington was re- 

northeast of Seattle-but for one 
to have occurred so close to Se- 
attle and so recentlv is unexDect- 
ed. Perhaps earthquakes of this 
size could occur anywhere in the 
Puget Lowlands Strait of Georgia 
region. If so, the major cities of 
Seattle and Vancouver may be at 
greater risk than anticipated, for 
such a shallow, nearby earth- 
quake would be much more devas- 
tatine than even a ereat earth- 
quake on the distant Gscadia sub  
duction zone. A Cascadia earth- 
quake would cause strong long- 
duration shaking at Seattle, but a 
repeat of the paleo-earthquake 
would cause extremely strong 
shakine. tsunamis in Pueet Sound. 
and meters of ground iplift and 
subsidence over large populated 
areas. 

There has not yet been time 
to assess the hazard implications 
of the Seattle Fault: to do so will 
need an inter~retation of the 
earthquake activity on the fault 
[current microearthauakes in 
this area are monitored by the 
Universitv of Washineton and 

suspended and move; downslo~e Ancient earthquake. Map shows location of Restoration Point, site of the U-S: ~eologicar  Survey 
as turbidity currents that appear the uplifted terrace, and Lake Washington, where trees sent to the (USGS)], strain changes across 
to have multiple, but simultane- bottom by landslides were cored and dated. Solid line indicates the the fault (monitored by a USGS 
ous origins (7). The most domi- Seattle Fault. T marks locations of tsunami deposits. [Adapted from (3)] geodetic network), an estimate 
nant turbiditv in the  to^ 2 m of of the leneth and s l i ~  of the 
sediment was'deposited about 940 
to 1280 years ago, consistent with it being 
caused by the earthquake. Other turbidites 
may represent the shaking from previous 
earthquakes, potentially giving a history of 
shaking from both near and far earth- 
auakes. 

Perhaps the single key to success in 
paleoseismology is precise dating. Im- 
provements in the field have resulted from 
the application of high-precision carbon- 
14 dating, the combination of high-preci- 
sion dating with tree ring counts to resolve 
ambiguity in converting carbon-14 years 
to calendar years (1 I), and direct applica- 
tion of dendrochronolow. Success has - , 
come not only from applying or develop- 
ing new concepts (this is still a new field), 
but also from luck. Luck was on the side of 
these scientists. At West Point, Seattle, 
Atwater and Moore found a Douglas fir log 

uprooted by the tsunami. Tree ring corre- 
lation showed that the tree died in the 
same season of the same year as the 
drowned trees on one of the Lake Wash- 
ington landslides (6). Here was the final 
link in the chain of effects that pointed 
conclusively to an earthquake cause: two 
phenomena in different bodies of water, 
and so implausibly coincidental if they 
did not have a common earthquake cause. 

The paleoseismological studies in the 
five reports therefore demonstrate a large 
earthquake occurred little more than a 
thousand years ago in the shallow crust 
under Seattle. Deformation and shaking 
effects suggest a magnitude of 7 or greater. 
Shallow crustal earthquakes of this size are 
not unknown in the northwest-the 1872 
earthquake (magnitude about 7) is as- 
cribed to the Lake Chelan area 150 km 

- 
known paleo-earthquake, and 

most importantly the dates of any previous 
earthquakes. Thus there is still consider- 
able work for paleoseismologists. 
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