EVIDENCE FOR LATE QUATERNARY AND HOLOCENE EARTHQUAKES IN
WESTERN AND CENTRAL WASHINGTON

During this excursion, you will see geologic evidence for prehistoric earthquakes
on the Seattle fault zone and in the Yakima fold and thrust belt. Geologists concluded that
the Seattle area was struck by a large earthquake about 1100 years ago, based on diverse
lines of evidence that were reported in a series of articles in Science (1992, v. 258, p.
1611-1623). The evidence 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, a layer of
graded sediment (turbidite) in Lake Washington, and a series of rock avalanche-dammed
lakes in the eastern Olympic Mountains.

LIDAR mapping throughout the Puget lowland reveals several scarps cutting
across the glacial landscape. Trenching studies across scarps in the Seattle fault zone
exposed evidence for a cluster of late Holocene earthquakes on the Seattle fault zone.

On this field trip, you will see sites where geologists collected evidence for
sudden uplift, subsidence, and surface rupture that accompanied these large earthquakes
1100 years ago.

Road Log - Day 1 (See Figure 1A)

Mileage

0 Start mileage at ramp onto Interstate 5 from Olive Way in downtown Seattle.

2.9  Take I-5 south to the West Seattle Freeway. Head west on West Seattle Freeway
and cross West Seattle Bridge over the Duwaumish Waterway south of Harbor
Island.

53 Take the Harbor Avenue/Avalon Way exit from West Seattle Freeway.

5.5 Turn right at stoplight at end of exit ramp onto Harbor Avenue.

7.2 Stop at parking spaces along Harbor Avenue. Walk N-NW along Harbor Avenue
to a small park at Duwaumish Head (look for the big anchor).

STOP 1 - OVERVIEW OF THE SEATTLE FAULT ZONE FROM DUWAUMISH
HEAD

Near-surface faults in the Puget Sound region accommodate contraction of
western Washington between the Coast Ranges of Oregon and British Columbia (Wells
et al., 1998) (Fig. 2). The contraction has produced east-trending uplifts, basins, and
associated reverse faults that traverse Puget Sound. The faults, which separate areas of
coastal uplift and subsidence were first identified from geophysical lineaments (Danes et
al., 1965). New geophysical data (Brocher et al., 2001) confirm that one fault zone passes
beneath Seattle and another beneath Tacoma (Figures 3 and 4). The Seattle fault zone
marks the northern edge of an area of crustal uplift, the Seattle uplift, whereas the
Tacoma fault zone bounds this uplift on the south (Blakely et al., 2002; Brocher et al.,
2001; Johnson et al., 1999; Pratt et al., 1997). The two zones probably have similar

Page 1



structural relief—as much as 10 km since the Eocene, in the case of the Seattle fault—
because they coincide with geophysical anomalies of similar amplitude.

A high-resolution aeromagnetic survey of the Puget Lowland (Figure 3) shows
details of the Seattle fault zone (Blakely et al., 2002). Three east-trending magnetic
anomalies are associated with north-dipping Oligocene and Miocene strata exposed in the
hanging wall; the magnetic anomalies indicate where these strata continue beneath
Quaternary glacial deposits. The northernmost anomaly, a magnetic high, correlates with
magnetic Miocene volcanic conglomerate of the Blakely Harbor Formation. The middle
anomaly, a broad magnetic low, correlates with thick, nonmagnetic Eocene and
Oligocene marine and fluvial strata. The southern anomaly, a broad magnetic high,
correlates with Eocene volcanic and sedimentary rocks. This tripartite package of
anomalies is especially clear over Bainbridge Island west of Seattle and over the region
east of Lake Washington. The anomalies roughly follow the path of the Seattle-
Bainbridge Island ferry across Puget Sound. Beneath Seattle, the anomalies become
attenuated, although the pattern can be correlated with the strike of beds in a northwest-
striking anticline beneath Seattle.

Mileage

7.2 Head west on Harbor Avenue from Duwaumish Head parking area (note: Harbor
Avenue turns into Alki Avenue just after Duwaumish Head). The road crosses
onto an uplifted intertidal platform near the intersection of Alki Ave. and
Boudouin St.

9.5  Follow Alki Avenue to the west (past the famous Alki Bakery) to intersection at
end of Alki Ave. Turn left from Alki Ave. onto Beach Drive (at end of Alki
Ave.).

9.6  Park at intersection of Beach Drive and Benton Place SW.

STOP 2 — ALKI POINT (BEDROCK GEOLOGY, INTERTIDAL PLATFORM,
UPLIFTED PLATFORM)

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, and at Alki Point in West 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 northern-most fault strand crosses Puget Sound
roughly along the same path as the Seattle-Bainbridge Island ferry.

We will examine a modern intertidal platform cut on Tertiary bedrock and an
uplifted wavecut platform at this stop. Bedrock consists of Oligocene marine sediments
located on the northern limb of an east-west trending anticline. This anticline is in the
hanging wall of the Seattle fault zone. An earthquake on this fault zone about 1100 years
ago uplifted an intertidal platform about 7 meters at this location. The platform and
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former shoreline angle are preserved in the area behind the sewage treatment plant and
Beach Dr. and Benton Place.

Mileage

9.6  Continue south on Beach Drive to stop sign.

9.9 Turn right at stop sign at intersection of Beach Drive and 63" Ave SW (Beach
Drive continues to the south after you make this turn). Beach Drive is constructed
on the intertidal platform uplifted during an earthquake about 1100 years ago

10.7  Park along Beach Drive at Mee Kwa Mooks Park.

STOP 3 - ME KWA MOOKS PARK (UPLIFTED PLATFORM, OLYMPIA BEDS,
OFFSET PLATFORM)

At this stop, we will examine a wave-cut platform uplifted 1100 years ago.
Elevations of raised shoreline angles in this area suggest anomalously large amounts of
uplift of ~10 m or more. Folded Olympia-age sediments (~20,000 yrs old, pre-Vashon)
are exposed in the intertidal area adjacent to the concrete wall at Me Kwa Mooks Park
(Figs. 5 and 7). Possible origins of these folds include landsliding, glaciotectonics, and
movement on the Seattle fault zone. South of these folds, near the intersection of
Jacobsen St. and Beach Drive, a north-side-up scarp crosses the raised platform. (Fig. 6).

The anomalous uplift measured at Me Kwa Mooks Park led Kelsey et al. (2008)
to question whether the uplift was the result of more than one Holocene earthquake. The
platform here is offset by the “West Seattle fault’ (informal name), an east-trending,
north-side-up reverse fault near the intersection of Beach Drive SW and SW Alaska
St./SW Jacobsen Rd. Hand augering and surveying shows that the West Seattle fault
offset the raised platform by ~1.5 m. Therefore at this site, the regional-uplift earthquake,
involved slip on both a north-vergent master ramp at depth (~6 km based on seismic
reflection surveys) and the south-vergent West Seattle fault at the surface. A locally
higher terrace extends ~300 m north of the West Seattle fault and is ~5 m higher than the
regionally uplifted shore platform — this higher terrace cannot be explained by only 1.5
m of up-to-the-north offset of the lower platform. Kelsey et al. (2008) inferred that this
terrace is evidence for an older, higher shore platform only present immediately north of
the West Seattle fault. However, they could not accurately determine the elevation of the
higher platform because both extensive urbanization of the higher terrace and landsliding
of its paleosea cliff to the east prevent augering through the cover sediment. Kelsey et al.
(2008) observed similar geomorphic relationships along two much better exposed and
less urbanized faulted shore platform sites on the west coast of Bainbridge Island and at
Point Glover in Kitsap County.

Mileage

0.1 Head southeast on Beach Dr SW toward SW Snoqualmie St; go 0.1 mi
0.5  Take the 3rd left onto SW Alaska St; go 0.4 mi

0.6  Continue onto SW Hudson St; go 0.1 mi

0.9  Turn left onto 50th Ave SW; go 0.3 mi
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1.6  Take the 2nd right onto SW Alaska St; go 0.7 mi

1.8  Turn left onto Fauntleroy Way SW; go 0.3 mi

1.9  Continue straight to stay on Fauntleroy Way SW

4.6  Continue onto W Seattle Bridge; go 2.7 mi

59  Keep left at the fork, follow signs for Vancouver B C and merge onto I-5 N; go
1.3 mi

14.8  Take exit 164A to merge onto 1-90 E toward Spokane; go 8.8 mi

15.3 Take exit 11A for 150th Ave SE; go 0.6 mi

15.4  Follow signs for SE 37th St; go 79 ft

15.9  Continue straight onto SE 37th St; go 0.6 mi

16.3  Continue onto SE 35th Pl; go 0.4 mi

16.7  Continue onto SE 34th St; go 0.3 mi

16.8  Turn right onto W Lake Sammamish Pkwy SE. Destination will be on the right;
go 0.2 mi. Park at the big red barn.

STOP 4 — VASA PARK, WEST SHORELINE OF LAKE SAMMAMISH

At this stop, we will examine a small fault scarp along one of the main strands of the
Seattle fault zone at Vasa Park. Fault strands in the eastern part of the Seattle fault zone
(SFZ) ruptured the ground surface at least two times in late Quaternary time. Previous
paleoseismic evidence for late Holocene surface faulting along the SFZ focused on north-
dipping thrust faults between Seattle and Bremerton. In contrast, several exposures along
the SFZ east of Seattle show evidence for surface rupture on south-dipping thrust faults.
At Factoria, about 12 km east of Seattle, a ravine crossing the fault zone exposes
proglacial lake sediments thrust over younger outwash to the north. Locally, this fault
may account for a south side up topographic scarp. At Vasa Park on the west shore of
Lake Sammamish about 16 km east of Seattle, recent excavations at two sites exposed a
W to NNW-striking fault zone. At the RipRap site, NNW-striking subvertical dip-slip
faults form a contact between glacial till and Miocene bedrock, and appear to
accommodate bedding-plane slip in the steeply dipping till. The vertical faults merge
upward with or are truncated by SW-dipping thrust faults in the overlying bedrock. A
radiocarbon age on charcoal immediately overlying bedrock-derived colluvium suggests
that the last event occurred between ~16,000 and ~4500 years BP. At the Blackberry
trench about 200 m east of the RipRap site, Miocene volcanic mudstone and Quaternary
glacial deposits are thrust northward over late Quaternary glacial deposits and a Holocene
forest soil. Stratigraphic relationships suggest at least 3 m of horizontal motion and 2m of
vertical motion during the last earthquake. A radiocarbon age on charcoal at the top of the
buried soil indicates that the last event postdates 12,390 — 12,050 cal yrs BP. Thrust faults
eroded by a late Pleistocene (?) stream channel eroded into the hanging wall suggest at
least one earlier episode of faulting.

Road Log - Day 2 (see Figure 1B)

Mileage

0.6  Turn left onto SE Eastgate Way; go 0.5 mi

0.7 Turn right onto 148th Ave SE/150th Ave SE Continue to follow 150th Ave SE;
g0 0.2 mi
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99.9 Merge onto [-90 E via the ramp to Spokane; go 99.1 mi

101  Slight right onto US-97 S (signs for [-82 E/Yakima); go 0.9 mi

126  Continue onto I-82 E; go 25.7 mi

127  Take exit 26 for WA-821 N toward WA-823/Selah. Turn right onto WA-821 N
129  Take the 1st left onto WA-823 S/Harrison Rd; go 1.9 mi

132 Sharp right onto N Wenas Rd; go 2.9 mi

146  Turn left to stay on N Wenas Rd; go 13.7 mi
146  Turn right onto Black Canyon Rd; go 0.8 mi
147  Take the 1st left onto Elk Ridge Ln; go 0.5 mi

STOP 5 - WENAS VALLEY, UMTANUM RIDGE SCARP

At this stop, we will examine a scarp running along the north side of Wenas Valley at the
base of the southern limb of the Umtanum Ridge anticline. The linear scarp runs along
the northern edge of Wenas Valley for about 11 km, approximately 400 m south of the
steeply dipping south flank of Umtanum Ridge (Figure 8). The scarp trends west-
northwest and varies in height from ~2 m to over 8 m, and lies on a relatively flat alluvial
fan surface that slopes southward towards Wenas Creek at about 1 to 9 degrees. An
aeromagnetic lineament that tracks the flank of Umtanum Ridge lies parallel to the scarp
— the scarp and magnetic lineament are offset ~400 m, but the scarp follows each bend
and wiggle of the magnetic lineament. This close association between scarp and magnetic
lineament suggests that the scarp may be structurally controlled and caused by the same
structure that generates the magnetic lineament. The Wenas Valley scarp is related to
either recent faulting along the southern flank of Umtanum Ridge or deep-seated
landslides.

An excavation across the scarp at McCabe Place revealed a sequence of volcaniclastic
alluvial deposits, cobble-rich debris-flow deposits, angular unconformities, and buried
soils (Figure 9). The oldest exposed deposits (units 1 through 3) are white — cream-
colored, sandy silt to cobble-rich silt to sand volcaniclastic deposits. An angular
unconformity separates the volcaniclastic deposits from the overlying pumicerich sandy
silt (unit 4). Overlying the sandy silt of unit 4 is a gravelly silty sand (unit 5). Both units 4
and 5 taper out and disappear in the lower third end of the trench. A dark chocolate-
brown sandy clay (unit 6) displaying well-developed prismatic soil structure overlies unit
5 and extends along the entire length of the trench. A sandy silt (unit 7) buries the
chocolate brown clay in the lower half of the trench and is missing from the upper part of
the trench. Overlying unit 6 in the upper half of the trench is unit 8, a sandy silt similar in
lithology to unit 7 but with slightly different color. Unit 8 buries unit 6 in the upper half
of the trench but buries unit 7 in the lower half of the trench. The entire sequence is
capped by modern surface soil (unit 9), which includes thin pods of tephra from the 1980
eruption of Mount St. Helens.

Faulting/folding

The stratigraphic sequence at McCabe Place is broken by several normal faults. The
oldest units also show evidence for folding. Bedding in units 1 to 3 and the unconformity
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between units 3 and 4 form a slight arch, with the apex of the arch about in the center of
the excavation. F1 to F5 are normal faults that offset the stratigraphy in a down-to-the-
south fashion. F6 to F9 are normal faults that bound two horsts, with the southernmost
horst bounded on the down-thrown side by a small syncline.

The stratigraphy, unconformities, and faults exposed in the McCabe excavation suggest
at least three episodes of deformation. The total amount of normal faulting is ~3 m, while
the total scarp height is ~7 m, suggesting substantial deformation not accounted for by
faults evident in the trench. Bedding in the volcaniclastic alluvium is folded and could
account for the discrepancy between scarp height and observed faulting. The small
syncline adjacent to one of the horsts suggests that contraction accompanied movement
on faults F8 and F9, which predated movement on the other horst bounded by F7 and Fé6.
The most recent episode of movement is on fault F2, which extends through the entire
stratigraphic package except for the modern soil, suggesting a relatively recent age for
movement along this fault.

We favor an interpretation that the possible folding/faulting of basalt at Hessler Flat and
normal faulting at McCabe Place are due to bending-moment normal faulting in the
hanging wall of an oblique and blind thrust fault, or from normal faulting accompanying
development of a small pull-apart basin. A blind thrust may be the cause of the
aeromagnetic lineament 400 m to the north that closely parallels the entire Wenas Valley
scarp. Although alternative explanations for the Wenas Valley scarp are possible, such as
the headscarp of a shallow landslide or erosion along bedding planes, the length and
morphology of the scarp favors a fault origin.

Mileage

0.5  Head south on Elk Ridge Ln toward Black Canyon Rd; go 0.5 mi
1.4 Take the 1st right onto Black Canyon Rd; go 0.8 mi

15.1  Turn left onto N Wenas Rd; go 13.7 mi

18.0  Turn right to stay on N Wenas Rd; go 2.9 mi

19.9  Turn left onto WA-823 N/Harrison Rd; go 1.9 mi

27.3  Turn left onto WA-821 N; go 7.4 mi

27.6  Turn right onto Burbank Creek Rd; go 0.3 mi

28.3  Slight left to stay on Burbank Creek Rd.; go 0.7 mi

28.4  Keep bearing to right; go ~0.1 mi

STOP 5 — GUS SPRING SCARP, BURBANK CREEK AND UMTANUM RIDGE

At this stop we will examine a possible fault scarp first show to me by Bob Bentley on an
informal field trip in 1998. This scarps lies near and parallel to a magnetic anomaly lying
along the flanks of Umtanum Ridge and paralleling a mapped thrust fault informally
referred to as the Burbank fault (Figure 10). This fault follows Burbank Creek just south
and east of Mount Baldy. A scarp identified on lidar images also falls near the magnetic
lineament and lies very close to the mapped trace of the Burbank fault (Schuster, 1994).
Another scarp, located about 1 km north of Roza Creek, falls directly on a magnetic
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lineament. The magnetic lineament follows a contact between N2 Grande Ronde Basalt
and the Frenchman Springs Member of the Wanapum Basalt, both normally magnetized.
This scarp and its associated magnetic lineament may be the continuation of the Burbank
fault on the west side of the Yakima River canyon, where the fault becomes the
subsurface contact between Grande Ronde and Wanapum Basalt.

Mileage

1.1 Go back to the WA-821 N/ Canyon Road

18.1  Turn right onto WA-821 N/Canyon Rd; go 16.9 mi
16.0  Turn right onto WA-821 N/Canyon Rd; go 14.8 mi

Stop 7 — Manastash Ridge straths

At this stop we will view evidence for three strath terraces at significant elevation above
the modern Yakima River (Figure 11). The lowest surface is associated with an
abandoned river meander lying at ~430 m in elevation. Loess observed in road cuts along
Canyon Road mantles deposits of rounded river cobbles (across road from parking area)
suggesting that this meander was abandoned in the late Pleistocene by down cutting of
the river. Further up Manastash Ridge to the north, an intermediate strath terrace at ~500
m in elevation suggests an earlier episode of down cutting by the river. A road cut
(private driveway) cuts through this surface and exposes a thin veneer of sediments
deposited on the bedrock surface — rounded river cobbles, cross-bedded sands, and fine-
grained deposits (loess?). This surface is visible across the river on the western flanks of
the canyon. A vineyard occupies a third, yet higher surface at ~570 m in elevation. Road
cuts through this surface exposed rounded basalt cobbles sitting on basalt (Tyler
Ladinsky and Harvey Kelsey, Humboldt State University, personal communication).

Thanks to Tyler Ladinsky and Harvey Kelsey for information on this stop.

Mileage

2.1 Head north on WA-821 N/Canyon Rd past Canyon Ranch Rd; go 2.1 mi

7.3 Turn right onto WA-821 N/Thrall Rd. Continue to follow Thrall Rd; go 5.2 mi

9.4  Turn left onto Badger Pocket Rd; go 2.1 mi

12.0  Turn right onto Carroll Rd; go 2.7 mi. Park in turnout at top of hill on right side
of gravel road.

STOP 8 — KITTITAS VALLEY AND BOYLSTON RIDGE SCARP

At this stop we will examine a recently discovered fault scarp trending NW-SW
across Boylstone Ridge. LiDAR data reveal a scarp cutting across the northwestern end
of Boylston Ridge in eastern Kittitas Valley, about 16 km east of Ellensburg (Figure 12).
This scarp, referred to as the Boylston Ridge scarp, trends northeast, is up-thrown on its
northwestern side, and is 3—4 m high at its highest point. The scarp crosses a small stream
valley adjacent to a highway (streamflow is to the west). Here the stream incises alluvium
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that fills the valley on the up-thrown side of the scarp, resulting in a narrow deep ravine.
Field reconnaissance suggests that a small wetland or pond may have formed in the
stream valley at the time the scarp formed. Down cutting of the stream into late
Quaternary alluvium in the valley suggests relatively recent movement. The scarp
continues to the northeast and crosses into an alluvium filled valley (part of Kittitas
Valley) and appears to warp the valley surface mapped as Quaternary alluvium. The
LiDAR scarp and an associated aeromagnetic lineament suggest that the Boylston Ridge
scarp is a northeast-striking fault at least 15 km in length.
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