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Prehistoric Rock Avalanches in the Olympic demtal  WOO^ and charcoal in lacusmne de- 
posits behind a now-breached avalanche dam, 

Mountains, Washington and at Lake Cushman we dated stumps from a - 
quarry in an avalanche (7). 

Robert L. Schuster, Robert L. Logan, Patrick T. Pringle 
Rock avalanches blocked streams in the Olympic Mountains southwest of Puget Sound 
during the past few thousand years. Limiting radiocarbon ages indicated that three or four 
of six avalanches occurred from 1000 to 1300 years ago or shortly thereafter. Most of the 
dates were from the outer preserved rings of trees drowned behind avalanche dams. These 
three or four avalanches may be coeval not only with one another but also with abrupt 
tectonic deformation in western Washington. No rock avalanches in the Olympic Mountains 
are known to have resulted from storms or earthquakes during the past century. The 
avalanches strengthen the case that a large prehistoric earthquake occurred in the Puget 
Sound region. 

Prehistoric earthquakes in western Wash- 
ington have been inferred from features 
that suggest abrupt uplift (I), abrupt sub- 
sidence (2, 3), and tsunamis (2, 3). Al- 
though all of these features are consistent 
with earthauake-induced deformation. 
none of them demonstrates seismic shak- 
ing. Seismic shaking could be recorded by 
rock avalanches, which can be triggered by 
large earthquakes (4). We found 11 large 
prehistoric rock avalanches in mountains 
southwest of Puget Sound. We propose that 
at least three of these avalanches remesent 
strong shaking in western Washington, and 
that this shaking may have accompanied 
abrupt vertical tectonic movement in the 
rerrion. 

rock avalanches (Table 1). At Jefferson 
Lake, Lower Dry Bed Lake, Spider Lake, 
and Lena Lake [see figure 1 of (I)], we 
dated the outer 10 to 30 rines   reserved in 
bark-free trunks of separatestanding dead 
trees (snags) that protrude from the lakes 
at times of low water (Fig. 1) ( 6 ) .  For each 
snag, we assumed that the dated rings 
predated the avalanche by no more than 
100 years. The assumption is based on the 
belief that the trees died within a vear of 
being drowned behind a rock-avalanche 
dam and on circumstantial evidence that 
the trunks have lost fewer than 100 exter- 
nal rings to postavalanche decay and ero- 
sion. At the Hamma Hamma River, we dated 

The radiocarbon ages show that three 
or four of the six avalanches mav have 
happened at the same time. The ages for 
the snags at Jefferson, Lower Dry Bed, and 
Spider Lakes overlap one another at or 
near 1 standard deviation. Snags at Lena 
Lake yielded somewhat greater ages; either 
the avalanche there is somewhat older or 
the dated snaes have lost more rines than 
assumed.  heo other two avalanches yield- 
ed ages that are distinctly older (Hamma 
Hamma River) or younger (Lake Cush- 
man). The weighted mean of the radiocar- 
bon ages from Jefferson, Lower Dry Bed, 
and Spider lakes (1197 2 23 14C years 
before the present) corresponds to a cali- 
brated (approximately calendric) age in 
the range 1000 to 1300 years ago (8). 

Three points suggest that strong shak- 
ing triggered most or all of the six ava- 
lanches, whatever their ages: (i) The ba- 
salt that avalanched is not known to have 
failed historicallv. either durine storms or , , .., 
during the largest 20th-century earth- 
quake at Puget Sound, which occurred in 
1949 with a magnitude of 7.1 and a 
hypocentral depth of 54 km [(9); epicenter 
shown in figure 1 of (I)]. (ii) Worldwide, 
earthquakes triggered 29 of 71 rock ava- 

- 
The 11 rock avalanches are in the south- - Table 1. Radiocarbon ages (13) of wood and 

eastern Olympic Mountains. All of the ava- I charcoal associated with rock avalanches in 
lanches consist primarily of large boulders 
derived from Tertiary basalt, which is wide- 
spread on the south, east, and north sides of 
the range (5). Five of the avalanches 
blocked streams and produced small lakes 
(300 to 800 m long) in which trees died. 
The dams were 10 to 20 m high and as much 
as 300 m lone. 

~adiocarbvon ages were obtained from 
plant remains associated with six of the 

R. L. Schuster, U.S. Geological Su~ey ,  Box 25046, 
Mail S t o ~  966, Denver, CO 80225. 

the Olympic Mountains 

Avalanche 
location* 

Sample 
(Beta-) 

Age 
(14C yr B.P.) 

Lake Cushman (7) 

Jefferson Lake 

Lower Dry Bed Lake 
Spider Lake 

Lena Lake 

Hamma Hamma 
R. L. ~ o g a n  and P. T. Pringle. Washington Department River (7) 39798 2960 + 80t 
of Natural Resources, Division of Geology and Earth Drowned snags extending above 
Resources, Post Office Box 47007, Olympia, WA face of Spider Lake at low-water level, Septem- 'See figure I of (I). tV3C not measured. Age 
98504-7007. ber 1992. normalized to assumed S13C of -25 per mil. 
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lanches that are included in a recent 
inventorv of landslide dams (10). These 
29 rock' avalanches were t&ered by 
earthquakes of magnitudes 6.0 or greater 
(4). Thus, while rock avalanches have 
diverse origins, a significant number of 
them are caused by earthquakes. (iii) In 
New Zealand, the distribution of lakes 
dammed by landslides has approximated 
the locations of shallow earthquakes of 
magnitude 6.5 or greater (1 1). 

The rock avalanches that formed Jeffer- 
son, Lower Dry Bed, and Spider Lakes, and 
perhaps Lena Lake, provide evidence that 
strong shaking accompanied abrupt tectonic 
displacement in western Washington. Simi- 
larities in radiocarbon age, summarized in 
figure 1 of (I), permit correlation of these 
avalanches with displacement that has been 
inferred for one or more structures: the nearby 
Saddle Mountain East fault; the Seattle fault, 
about 75 km awav; and the boundarv between 
the subducting  an de Fuca plate and the 
overriding North America plate, 100 to 200 
km to the west. Similarities in age also permit 
correlation with block slides 1000 to 1100 
years ago into Lake Washington, near Seattle 
(1 2). Taken together, these correlations dem- 
onstrate that large prehistoric earthquakes 
occurred in the Puget Sound region. 
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Tree Ring Correlation Between Prehistoric 
Landslides and Abrupt Tectonic Events 

in Seattle, Washington 

Gordon C. Jacoby, Patrick L. Williams, Brendan M. Buckley 
Radiocarbon ages of submerged trees on landslide deposits in Lake Washington, Seattle, 
indicate that the most recent slides in three separate areas may have occurred simulta- 
neously about 1000 years ago. Tree ring crossdating shows that seven bark-bearing trees 
from one of these recent slides and a tree 23 kilometers to the northwest in a probable 
tsunami deposit on the shore of Puget Sound died in the same season of the same year. 
The close coincidence among the most recent lake landslides, a probable tsunami, abrupt 
subsidence, and other possible seismic events gives evidence for a strong prehistoric 
earthquake in the Seattle region. 

Although most landslides are not seismic 
in origin, they sometimes can be triggered 
by seismic events. In this report we describe 
and date landslides in Lake Washington 
using drowned trees and suggest that recent 
landslides, possibly concurrent at three 
sites, were induced by an earthquake. Lake 
Washington, situated within metropolitan 
Seattle [see map in (I)], contains areas 
where forested uplands recently slid into 
the water. Trees were removed from the 
lake as navigational hazards in 1919 (2). 
The removed trees were primarily Douglas 
fir [Pseudotsuga menziesii (Mirb.) Franco]. In 
all, 149 trees were removed from southeast 
of Mercer Island, 26 west of Mercer Island, 
and 11 near Kirkland. All of these trees 
were in water from between depths of 20 
and 40 m. Later, Gould et al. (3) sampled 
trees rising from a landslide bench near 
Kirkland, at a depth of 30 m and 200 m 
from shore. A radiocarbon age of the outer 
wood from one of the trees indicated that 
the landslide occurred sometime between 
800 and 1400 years ago (4). Drowned trees 
are still numerous enough to have attracted 
log-salvage endeavors in 1991 and to pro- 
vide an opportunity to date the landslides 
and to evaluate whether they occurred at 
the same time. 

To compare the ages of other trees and 
slides with the Kirkland date. we focused 
our study on the age and morphology of 
landslides near Mercer Island. Side-scan- 
ning sonar surveys revealed that three large 
slide lobes were located within 1.3 km 

along the shore of southeastern Mercer 
Island. The slides measure as much as 500 
to 750 m from head scaru to toe. Individual 
trees, block and crevasse features, and zones 
of disrupted lake bottom were evident in 
the images. The slides are bounded on some 
perimeters by boulders and aprons of small 
debris. Bathymetric lobes in the lake corre- 
spond closely to these landslide features 
(5). Above the lake level, the slides exhibit 
40- to 50-m-high head scarps that slope 40" 
to 45O toward the lake. Zones of laree-scale - 
hummocky ground also delineate the slide 
areas. The slides traveled 200 to 400 m into 
the lake, and the elevation drop between 
the head scarp tops and upper surfaces of 
the submerged slide masses is about 100 to 
120 m. 

Although many small-scale landslides 
are also present in the area, historical 
documents (6, 7) record no landslides in 
the Seattle area or the Puget Sound low- 
land as laree as the ancient slides in Lake 
washingto\. Landslides have been associ- 
ated with historical earthquakes in the 
Puget Sound region (6, 8). All were small 
except for a thin 800-m section of a 
near-vertical bluff that fell into the Taco- 
ma Narrows a few days after the 1949 
earthquake (8). 

Conventional radiocarbon measure- 
ments of outer rings of four trees from 
landslide lobes southeast of Mercer Island 
and of one tree from a slide west of Mercer 
Island yielded ages of 1000 to 1300 years 
ago (9). These ages are indistinguishable, 
within radiocarbon errors, from the date 

G. C. Jacoby and B. M. Buckley, ~ r e e - ~ i n g  Laborato- for the Kirkland slide. In addition, dates 
N. Lamont-Dohertv Geoloaical Observatorv. Pali- from four other trees indicate limitine aees 
iades, NY 10964. * 
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