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ABSTRACT

A pair of landslides, forming a single larger landslide complex, occurred on the west bank of Lake Roosevelt
reservoir near Kettle Falls in a location locally known as Reed terrace on November 17, 2024. The landslides
generated tsunamis within Lake Roosevelt that impacted shoreline areas within 2—3 mi of the slides. In response to
this event, Department of Natural Resources (DNR) geologists visited the surrounding shorelines to observe tsunami
evidence. Observed evidence includes scour; flattened (inundated) grasses; sand, gravel, and debris deposits; debris
trapped in tree branches; and scarred tree bark. Based on these observations, we estimate the tsunami wave height
was 11-14 ft above the lake level and tsunami runup (maximum height above lake level of tsunami inundation)
was as much as ~47 ft in the most impacted area diminishing to no runup several miles up- and down-river of
the landslides. The tsunami inundated as far as 800-900 ft from the shoreline in areas of flat topography. This
document summarizes the field-based and remote observations from the November 17 event to increase awareness

of tsunami hazards on Lake Roosevelt.

INTRODUCTION

On November 17, 2024, there were two tsunamigenic landslides
on Lake Roosevelt, a reservoir along the Columbia River. The
landslides occurred on Reed terrace, a steep slope approximately
180 ft tall on land owned by the U.S. Bureau of Reclamation
and Washington State Department of Fish and Wildlife (DFW)
(Fig. 1). This region of Lake Roosevelt is directly opposite the
outflow of the Colville River into the lake. Jones and others
(1961) reported that numerous landslides have occurred along
this stretch of Lake Roosevelt over the last century, with some
being tsunamigenic. This latest failure occured in the same
location as Landslide 259, described in Jones and others (1961),
with a similar slump—earth flow morphology and with the toe
of the slide below the lake surface and the headscarp cutting
into the terrace.

Reed terrace is a broad surface that slopes less than
5 degrees toward the east-southeast and is located adjacent
to Lake Roosevelt along the base of Bangs Mountain (Fig. 1).
The terrace is moderately to heavily vegetated with coniferous
trees, shrubs, and grasses. The edge of Reed terrace slopes
~35-40 degrees toward the lake, is concave, and has multiple
discontinuous topographic benches, hummocky surfaces, and is
incised by several streams. At the bottom of this steep slope is a
beach composed of gravelly sand with a slope of ~5-10 degrees
(Fig. 2). The beach width fluctuates as the lake level is lowered
and raised. During late fall at the time of both the event and the
field survey, the lake level was at 1,283 ft elevation at Grand
Coulee Dam (U.S. Geological Survery, 2024).

To collect perishable data from this event, DNR staff
conducted field work on December 2-3, 2024. The field team
consisted of Alex Dolcimascolo (Washington Geological Survey
Geologist), Esten King (Forest Regulation Division Engineering
Geologist), Kelsay M. Stanton (Mining and Minerals Program
Geologist), and National Park Service (NPS) representative Jon
Edwards. This report describes and interprets observations made
in the field, and uses additional remote observations, to better
understand the landslides and tsunamis at Lake Roosevelt on
November 17, 2024,

GEOLOGIC BACKGROUND

According to 1:24,000-scale geologic mapping, the bedrock
in the vicinity of Reed terrace consists primarily of Eocene to
Jurassic mylonitic gneiss of the Kettle gneiss dome (Kiver and
Stradling, 1987). Seismic surveys from Jones and others (1961)
indicate that the upper contact of the gneiss is several hundred
feet below the surface of Reed terrace and dips to the east, like
the terrace itself (Fig. 2). Regional landslide mapping suggests the
overlying sediment package is composed of Quaternary glacial
outwash (sand and gravel) underlain by a thick glaciolacustrine
sequence of varved silt and clay with thin beds and lenses of fine
sand formed in a lake when the Okanogan lobe of the Cordilleran
ice sheet dammed the ancestral Columbia River during the last
glacial maximum (Jones and others, 1961). In some areas these
sediments are heavily deformed, which Jones and others (1961)
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Figure 1. Overview map of northern Lake Roosevelt showing names mentioned in the report, the location of the November 17, 2024, landslides
and the extent of tsunami impacts. Blue line indicates shoreline with observed tsunami impacts, as mapped from an NPS vessel and boots-on-the-

ground fieldwork. Imagery from Google Earth.

Elevation (ft) i
1600 View to the South _
_
d Terrace
L1500 / Ree _
— — -_—
4 -

| Original surface — Varved silt and clay _

1400 4 —— interbedded with thin

/ Landslide surface beds and lenses of fine
sand. Fine sand becomes
/ thicker at depth.
—1300 Maximum lake elevation 1290 ft /
Lake=Roosevelt .
7 ~ Underwater profile from hydrographic
HZ UL / surveys September 1952 -
~———_ _ _ _ ____ _Oldriversurface
S e e e e e e — — - Bedrock profile from seismic surveys
1100 Old river channel
East West

Figure 2. A cross-section view of Reed terrace showing its subsurface structure and stratigraphy. Figure redrafted from figure 5 of
Jones and others (1961). Note that annotations refer to a previous landslide in this location, not the landslides of November 17, 2024.
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the PNSN fulfilled our request (Written communication Jan. 28,
2025, Stephen Malone, PNSN), and analyzed the seismograms
recorded by six seismometers within ~100 miles of Reed terrace.

OBSERVATIONS

This section summarizes our field observations and observations
based on remote sensing. All collected data are available in the
Data Supplement! which contains two Esri file geodatabases: one
for the landslide data and another for the tsunami data; satellite
imagery as TIFF files; seismic-station charts as png files; field

1 https://fortress.wa.govidnr/geologydata/publications/ger_quick_report_2025-
01_lake_roosevelt_landslide_tsunami.zip

notes scanned and saved as pdf files; photos as jpeg files; and
a readme text file summarizing the contents of the folder. For
detailed information on the tsunami and landslides clearinghouses
see https://www.dnr.wa.gov/clearinghouse.

Remote Observations

Using the available satellite imagery and lidar, we measured the
landslide to be 850-950 ft wide and a minimum of 180 ft tall
based on the difference in elevation from the top of Reed terrace
to the lake surface (Fig. 4). Aerial imagery depicts changes in
vegetative cover and terrace extents that have occurred since the
late 1950s. For example, oblique-angle shoreline photos captured

View to the south

Outcrop
in Fig. 6

B View to the west

Figure 4. Photos of the landslide complex on the west bank of Lake Roosevelt. (A) Photo of the landslide complex from the
north end of the headscarp facing south. (B) Photo taken from a boat on Dec. 2, 2024. Note the tops of trees sticking out of
the lake ~800 ft from the shoreline.
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Figure 5. Seismograms showing seismic signals produced by the two landslide events on Lake Roosevelt on Nov. 17, 2024, in Coordinated Universal
Time (UTC). At the time of the landslide, local time was Pacific Standard Time (PST), which is eight hours behind UTC. Listed on the right is the
distance each seismic station is from the landslides. The observed signal becomes less distinct the farther a given station is from the landslides. Note
that the second event appears to have produced a larger signal. Seismograms from PNSN (Written communication Jan. 28, 2025, Stephen Malone).

in late-2016 and 2017 depict small collapses and debris flows
within the concave scars of older landslides from the 1940s and
1950s. Lidar at Reed terrace (Washington Geological Survey,
2007, 2012, 2016) shows minimal changes in topography prior
to the debris flows identified in the late-2016 shoreline photos.

The PNSN seismograms from nearby seismometers capture
two distinct changes from the background seismicity on November
17,2024 (Fig. 5). The first change occurred at ~7:45 am local time
and was recorded by the nearest three seismometers. A second
change occurred at ~4:13 pm local time. This change was an
order of magnitude larger than the first and was recorded by the
nearest six seismometers (Fig. 5). In consultation with PNSN,
we interpret these changes as marking the two landslides and
tsunamis on November 17, 2024. The seismometers also recorded
two possible additional changes from the background seismicity,
identified by PNSN, at ~9:52 pm on November 17 and ~8:40

am of November 18. However, these signals were less distinct
and PNSN has less confidence that they represent a landslide
or tsunami-produced signal (Stephen Malone, PNSN, written
communication Jan. 28, 2025).

Field Observations

We collected 630 observations of tsunami impacts and 10
observations of landslide characteristics and these are discussed
below. Figure 3 shows the locations of all tsunami data points
collected.

LANDSLIDE

The headscarp of the landslide is steep and concave in cross
section, exposing varved glaciolacustrine silt and clay, within
which are dark gray bands interpreted to be silts and clays below
yellow material interpreted to be sand (Fig. 4). These dark gray
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Figure 6. Photos of varved silt and clay interbedded with thin beds and
lenses of fine sand in an intact block deposited by the landslide.

Figure 7. Photo of tension crack visible between the geologist and log
behind the northern flank of the headscarp as seen in the upper left of
the photograph.

bands were slightly less distinct compared to initial observations
taken on November 19, 2024, a couple days after the event. Within
the landslide headscarp, we observed a small ridge, with deposit
extents that vary on the north and south side of the ridge (Fig. 4B).
The portion of the landslide south of this ridge was deposited
partially on the beach and partially underwater. The deposit
consists primarily of blocks of varved glaciolacustrine silt and
clay with some glacial outwash gravel and sand (Fig. 6). The

Boise Cascade Timber & Wood loading dock
48.610487°N, 118.120595°W

Figure 8. Photo of the Boise Cascade Timber & Wood loading dock
(48.61049° N, 118.12060° W) showing the farthest northern tsunami
impact, indicated by the lower half of the dock wiped clean of sediment.

portion of the landslide north of the ridge cuts farther into the
terrace and has a longer runout that is submerged below Lake
Roosevelt based on the exposed crowns of trees protruding
from the lake surface. These tree crowns were observed as far
as ~800 ft east of the headscarp (Fig. 4B). Above the landslide,
on the terrace, we found one 3-ft long by 0.5-ft wide crack
about 33 ft west of the northern flank of the headscarp (Fig. 7).
This crack was not previously observed during the site visit on
November 19, 2024. On the northernmost end of the landslide,
we also observed a thin layer of sand deposited loosely above
the ground surface of the landslide deposit and leaf litter on the
ground surface surrounding the scarp.

TSUNAMI

The northernmost observed tsunami impact was at the
Boise Cascade Timber & Wood loading dock (48.61031° N,
118.12054° W), where we saw the lower portion of the dock
washed clean of sediment and mud (Fig. 8). The southernmost
observed tsunami impact was the beachfront south of Rickey
Point Rd. Here we saw a tsunami wrack line (woody debris line
washed ashore) below the “full pool’ high-water line, which
dissipated toward the lake when tracked south along the bend
of the Rickey Point shoreline (48.54494° N, 118.14085° W; Fig.
9). We did not find evidence of tsunami impacts beyond these
northern and southern points.

We divide our shoreline observations into six localities
labeled on Figure 1:

1. Lions Island—accessed via a trail off Locust Grove
Campground Road from Delaware Ave S

2. The northern shoreline of the outflow of the Colville
River—accessed from both ski point trail and picnic point
trail via Carson Flats Road

3. Colville flats and State Route 25
Rickey Point Marina and shoreline

Both western shorelines of Lake Roosevelt encompassing
the landslide scarp—accessed via the Sherman Creek
Point Loop Trail

6. The shoreline of the DFW Sherman Creek Hatchery—
accessed via Mellenberger Rd.
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View to the north

View to the south

old wrack-HNes
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Figure 9. Photos of the shoreline along Rickey Point showing an interpreted tsunami wrack line. Older wrack lines, unrelated to the tsunami, were
presumably produced when the lake level was higher. The tsunami wrack line disappears around the bend of this shoreline, suggesting little to no

tsunami impact farther south of this point.

Table 1 outlines evidence that we observed, including scour
(Fig. 10A), flattened grasses (Fig. 10B), deposition of mobilized
sand and gravel (Fig. 10C), debris trapped in tree branches
(Fig. 10D), and scarred tree bark (Fig. 10E).

Lions Island

The southern end of Lions Island has a natural beach berm of
gravel and sand that is ~2-3 ft tall (~5—7 ft above lake level) and
~75-100 ft away from the lake shoreline. Along the gravelly
beach immediately west and south of the ski point trail access
(Fig. 1), we observed a wrack line (a band of debris washed

ashore) of woody debris including recently broken tree limbs on
the beach below the top of the berm. However, further south we
observed locations where the berm was scoured and sand and
gravel as large as cobbles (2.5-10 in. diameter) were deposited
on its landward side (Fig. 10A). We estimate the sand and gravel
were transported as much as 35-40 ft inland (and ~5 ft above
lake level) from the beach berm (Fig. 10C). Further inland, we
mapped the boundary between upright and flattened grass at
~100-500 ft from the shoreline (and ~3-5 ft above the lake level),
with greater inland penetration to the south. The flattened grass
consistently points inland, perpendicular to the shoreline. At the

Table 1. Evidence of tsunami impacts observed in the field. Values of ‘approximate maximum observed elevation above lake level’ and ‘approximate
maximum observed inundation distance from lake shoreline’ are independent from one another and do not describe the same observed point.

Debris Approximate Apporximate
caught Damaged maximum observed maximum observed
Flattened above bark of inundation elevation inundation distance
Location Scour? Grass Deposition? ground? trees? above lake level (ft)  from lake shoreline (ft)
Lions Island Yes Yes Yes Yes Yes ~12 ~500
Colville River out-flow Yes Yes Yes None None ~13 ~900
(north shore)
Colville flats and Yes Yes Yes None None ~47 ~900
State Route 25
Rickey Point Marina Yes Yes Yes Yes None ~22 ~300
and shoreline
West shoreline None Yes Yes Yes Yes ~40 ~250
Sherman Creek None Yes Yes None None ~9 ~70

Hatchery
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Figure 10. Photos showing examples of tsunami impacts along the shoreline of Lake Roosevelt. (A) Scouring of sand berm on Lions Island.
(B) Flattened grass (orientated in a southwest direction parallel to shore) along the shoreline of the DFW Sherman Creek Hatchery. (C) Sand and
gravel deposition on the leeward side of the Lions Island berm. (D) Aerial debris caught in a bush on the south end of Lions Island. (E) Scarring of
trees along the west shoreline of Lake Roosevelt south of the landslide failure.

southern end of the Lions Island, we observed debris ~150 ft away
from the shoreline trapped within branches of vegetation that
were ~12 ft above the lake level (5 ft above ground; Fig. 10D).
We also found damage marks on the bark of partially uprooted
and tilted 3—-4-inch-diameter trees that were ~200 ft from the
shoreline and ~8-10 ft above the lake level.

We did not explore the more-vegetated shoreline north
of the trail access point up to Kettle Falls Marina because we
observed this section from the NPS boat and saw little to no
tsunami evidence.

Colville River outflow (north shore)

The north shore of the Colville River outflow is a wetland (Fig. 1)
with tall grasses that, toward the mouth of the Colville River,

becomes heavily forested with a steep shoreline at Picnic Point.
Throughout the wetland, we found deposits of cobble gravel (up
to 6 in. diameter) ~30 ft inland from the beach and ~5 ft above
the lake level. This elevation is consistent with our observations
on Lions Island. We also observed a large log (~20 ft long and
~12-20 in. diameter) ~200 ft from the shoreline and ~7 ft above
the lake level that appeared to have been transported ~3 ft from
its previous position (inferred by divots on the ground; Fig. 11).

Also, along the north shore of the Colville River outflow,
we mapped the farthest inland extent of flattened grasses relative
to Lake Roosevelt. There is a break in mapped extents where
flattened grasses cannot be traced continuously due to a shift
in vegetation and standing water. This occurs where the ground
elevation decreased by ~1 ft in an area that was ~3 ft above
the lake level (Fig. 3). We estimate the average distance from
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the shoreline to the farthest reaches of flattened grasses to be
~800-900 ft in the northern portion of the wetland, which we
accessed from ski point trail, and ~400-500 ft in the southern
portion of the wetland, which we accessed from Picnic Point. The
inland width of flattened grass decreased to ~100 ft or less near
Picnic Point. We observed that the flattened grass was oriented
in multiple directions throughout the area in contrast to the
grass observed on Lions Island which was uniformly oriented.

Near Picnic Point, we observed large quantities of woody
debris deposited ~9 ft above the lake level and at the edge of
the forest floor. Like at Lions Island, we observed evidence of
scour at Picnic Point, such as freshly exposed ground, at various
locations along the beach berm at the edge of the forest. In the
forest, there was also a consistent woody wrack line ~12-13 ft
above the lake level. This wrack line ended at the shoreline
cliff east of Picnic Point toward the mouth of the Colville River.

Colville flats and State Route 25

Colville flats is located on the east side of Lake Roosevelt and
south of the Coville River (Fig. 1). It is just above lake level,
relatively flat, and flanked to the northeast and southwest by
higher and steeper topography. We traced a clear woody wrack
line at ~10-14 ft above the lake level and up to ~800-900 ft from
the shoreline. The inland distance to the wrack line decreased
northeast and southwest, though elevation above the lake level was
consistent. Toward the mouth of the Colville River (northeast),
the wrack line faded entirely along the rocky shoreline. We did
not observe any evidence of tsunami impact east of this point
(48.57119° N, 118.10930° W) until reaching the mouth of the
Colville River. At the mouth of the river, we observed another
woody wrack line just north of State Route 25 that was, on
average, ~20-30 ft from the shoreline and ~5-9 ft above the
lake level (refer to Fig. 3).

Southwest of Colville flats, we observed thin deposits of
sand, gravel, and woody debris on the shoulder and guard rail
of State Route 25 (Fig. 12) at an elevation of 47 ft above the lake
level and ~90 ft from the shoreline. One wooden support block
for the highway guard rail was observed lying against the post
and downslope and we infer that it was broken and dislodged by
the tsunami. Between State Route 25 and the shoreline, we traced
awrack line that was up to and greater than ~30—40 ft above the
lake elevation in some areas, and found freshly exposed ground
surfaces at the shoreline, possibly from the tsunami. Below the
highway, we also observed flattened grass and shrubs pointing
toward the lake.

Rickey Point Marina and shoreline

At Rickey Point Marina, where tsunami impacts to Ricky Point
Sail Club dock were noted on social media, their dock was out
of the water and broken into several sections (Fig. 13). At the
shoreline we observed logs (~10 ft long by ~6 in. diameter) and
a variety of smaller woody debris and leaf litter. We mapped a
wrack line of woody debris that ranged from ~12-22 ft above the
lake level and ~200-300 ft from the shoreline within the Marina
and traced it north to the one we observed at Colville flats. We
also found debris ~11 ft above the lake level (~6 ft above the
ground) and ~140 ft from the shoreline at the east end of the
marina (48.55974°N, 118.12122°W).

— X

Figure 11. Photo of a log (~20 ft long and ~20 in. diameter) that appears
to have been transported ~3 ft from its previous position by the tsunami.
Observed on the northern shoreline of the Colville River outflow (Fig. 1).

Figure 12. Photo of sand and gravel deposition from the tsunami
along State Route 25. WSDOT had previously cleaned the roadway of
woody debris shortly after November 17, 2024, prior to our site visits
on December 2-3, 2024.
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Figure 13. Photo of broken Rickey Point Marina Sail Club dock removed from the water. Prior to the tsunami, the dock had been located to the left
of the left-most post, at the end of the grassy boat ramp.

We noted multiple orientations of flattened grass at the
Rickey Point Marina. Grass pointed away from the lake near
the boat launch and toward the lake in a nearby cove west and
downslope of the marina parking lot. South of Rickey Point
Marina, we also saw flattened grass oriented toward the lake
and parallel to a large outcrop along the shoreline (48.55577°N,
118.13017°W). Inland from this outcrop, we observed pine trees
from which their needles had been scoured and a woody wrack
line on a dirt road (48.55522°N, 118.12983°W) at ~12-13 ft
above the lake level.

West shoreline

South of the landslide on the west shoreline, we observed flattened
grass generally pointing southwest and southeast, parallel to the
shoreline. Here, we also observed woody debris deposited along
the beach and into the forest ranging from ~14—-40 ft above the
lake level and ~100-250 ft from the shoreline. At the forest edge,
about 100 ft from the shoreline, there were large quantities of
woody debris caught in bushes ~14-24 ft above the lake level.
In the forest, there were many trees with damaged bark as high
as ~13-14 ft above the lake level (Fig. 10E). The damaged bark
was located on the north and northeast sides of the trees, facing
the landslide.

On the north side of landslide, we could not safely and
easily access the shoreline, but from the terrace above, we did
not observe any evidence of tsunami impacts in the location
of the April 1952 slide (Fig. 1) (48.57662°N, 118.13892°W).
However, north of the 1952 slide, we observed impacts along
the shoreline such as north-oriented flattened grass within the
inundation zone. We also observed debris and flattened grass in
a variety of orientations relatively high on the shoreline bluff.

Sherman Creek Hatchery

The Department of Fish and Wildlife (DFW) Sherman Creek
Hatchery is located north of the landslide on an inlet along the
western shoreline of Lake Roosevelt at the outflow of Sherman
Creek (Fig. 1). Here, we mapped flattened grass northeast from
the boat ramp to bedrock (48.58553°N, 118.13549°W) and found it
was ~20-70 ft from the shoreline and up to ~9 ft above lake level
in the northeast, decreasing to ~2-5 ft near the boat ramp. The

flattened grass was orientated parallel to the shoreline (west and
southwest; Fig. 10B). We also observed gravel deposited within
the grass near the hatchery dock and boat ramp. At the hatchery
shoreline, we observed a damaged DFW boat, presumed to be
from the tsunami (according to a DFW employee, although no
one witnessed the damage occurring). The propeller had broken
off and was found onshore.

EYEWITNESS ACCOUNTS

Several eyewitness accounts came from boaters and people
recreating in the area the day of the landslide. These accounts
include:

1. A photograph circulated on social media of a large, long,
linear wave about halfway across the lake. In the background
you could see a fresh-looking landslide surrounded and
partly obscured by what appear to be dust clouds. The wave
was initially reported to be to be 30 ft tall based solely on
this photograph.

2. Avideo circulating on social media of the Colville River
running in reverse with waves pushing upriver, scouring
the shoreline, and increasing the turbidity of the water via
suspended sediment.

3. A secondhand account of a fisherman who described his
experience in a boat bobbing up and down on the tsunami
wave (verbal account to field team).

Two people verbally provided indirect accounts of post-tsu-
nami debris or landscape disturbance to the field team. A local
Department of Fish and Wildlife (DFW) employee described
that this event included at least two separate tsunamis with the
first slide occurring the morning of Sunday, November 17 prior
to 11:00 a.m. The employee stated that the first tsunami washed
away a DFW net-pen dock, which was retrieved at 11:30 a.m.
After retrieving this dock, DFW employees placed two-by-four
lumber near the shoreline and ended their workday at 4:00 p.m.
Then, sometime afterwards a second tsunami occurred, which
unmoored and damaged the DFW boat, and swept away all the
lumber. According to the DFW employee, they were later told by
another, unidentified person that this second event occurred ~4:15
p.m.). Furthermore, a DFW employee took a photo of their dock



RECONNAISSANCE INVESTIGATION OF THE LAKE ROOSEVELT LANDSLIDE AND TSUNAMI 11

retrieval at 11:30 a.m. and coincidentally captured the landslide
in the background. This photo was presumably taken prior to
the second tsunami, and DFW employees indicated differences
between the slide’s appearance captured in the photo versus its
appearance during the December 2-3 site visit to the field team.

Another account was from a local dog walker the team met
near the Rickey Point Road cabins, who reported that there was
only minor tsunami impact on the shoreline near these cabins.
He confirmed with the DNR field team that the elevation of the
observed wrack line (below the “full pool’ lake elevation water
line; Fig. 9) at Rickey Point (the southern extent of tsunami impact)
appeared to accurately mark the tsunami runup according to his
knowledge of typical high-water elevations there.

DISCUSSION
Landslide Movement

Initial accounts in the media and social media described a large
tsunamigenic landslide in the Kettle Falls area on the landform
colloquially known as Reed terrace. Based on observations
collected in the field, we revise this hypothesis and instead
suggest that the landslide formed from two possible stages of
failure. We infer this from the presence of a small ridge within
the slope of landslide which likely represents a separation point
between the two landslides. This hypothesis is supported by
different slide morphologies and slightly different amounts of
headscarp incision into the terrace on either side of the ridge.
Also, from the presence of tree crowns sticking out of the lake
surface being more dominant to the north of the ridge we infer
there are differing runout distances at the toe, with the longer
runout happening on the north side of the ridge. Unfortunately,
the slide plane on either end of the slide was unobserved and
likely extends below the lake surface and is deeper than the 180 ft
vertical distance from Reed terrace to the lake level measured
from lidar digital elevation models.

Eyewitness accounts collected from the staff of the DFW
hatchery further support a two-slide hypothesis as their facility
was disrupted at two separate times indicating that there must have
been two tsunamis generated on Lake Roosevelt on November
17th. While no employees were on-site at the time they roughly
constrained the timing of the events to the morning and afternoon.
Following the field data collection we contacted the Pacific
Northwest Seismic Network (PNSN) to see if they detected any
anomalous signals from the background on any of their nearby
seismometers. They confirmed that seismic signals, interpreted
to be from the landslide and tsunami, provide the timings of at
least two separate tsunami events on November 17, 2024, one in
the morning (7:45 am) and one in the late afternoon (4:13 pm).

While we cannot determine triggering mechanisms for this
event due to the length of time which passed between the event
and our visit, we can make some inferences based on the field
observations and historical record. Historically, landslides on
this terrace were dominantly triggered by water level changes
on the Lake Roosevelt as evidenced by the flurry of activity in
the 1940s-1950s and cessation of activity following strict water
controls being put in place for the rate in which the reservoir is
filled or drained. However, the earliest record of landslides in the
pre-reservoir period indicates that the terrace experienced failures

prior to the lake being filled and thus some other mechanisms
exist to trigger landslides on this terrace. Evidence of water
seepage in the form of dark gray bands within the headscarp
was observed with the chroma reducing in intensity between site
visits. We interpret this to indicate a reduction in water seepage
flow rate between November 19 and December 3. We infer that
the yellow sands above these gray bands were dry based on
the observed thin layer of yellow sand deposited on the terrace
derived from a dust cloud formed during the landslide events
which was captured in eyewitness photographs. We infer from
these observations that there are preferential flow paths for water
to seep through the terrace which saturates some parts of the
terrace while keeping other parts relatively dry. A crack was
found ~33 ft from the headscarp on the north side of the slide
which was not identified in the initial site visit. This indicates
that the crack formed between November 19 and December 3.
Combined with the observed changes in water seepage we infer
that terrace stability and water seepage are connected in some
way. Future work to understand the water pathways within the
terrace may help in understanding the conditions that lead to
instability.

Tsunami impacts, wave height, and runup

Evidence of tsunami impacts was well preserved during our field
investigation on December 2 and 3, 2025, two weeks after the
events occurred. We interpret our observations of debris trapped in
vegetation and the height of damaged bark on trees as high-water
indicators and the minimum overland flooding depths of tsunami.
We use these observations to infer a maximal onshore flooding
depth of 11-14 ft above lake level directly across the lake from
the landslide on Reed terrace tapering to no flooding ~3 miles
north and south from the landslide. These depths differ from the
speculative 30-ft tsunami height reported on social media and
by following news reports. We infer that this difference is due
to the eyewitness’ distance from the wave and lack of objects
near or within the wave to provide adequate scale.

We can use observations of sediment and debris (wrack
lines) and flattened grasses to infer minimum runup height (the
height the tsunami wave reached, relative to the pre-event lake
shore). Along Highway 25 at 48.56281°N, 118.11798°W; we found
deposits that appear to be related to the tsunami at 47 ft above
the lake level. This is the maximum runup observed during our
field visit (Fig. 14). This location is also on the shoreline directly
across from the landslide, suggesting the greatest wave energy
was directed perpendicular to the slope failure. Runups decrease
north and south of here (Fig. 14).

Observations of wrack lines and flattened grass can also
be used to infer the minimum inundation extent (the distance
the tsunami wave reached, relative to the pre-event lake shore).
Overall, inundation extent is strongly influenced by local topog-
raphy. The northern shoreline of the Colville River outflow
and Colville flats, both of which have gentle slopes, record the
greatest inundation extent at ~800-900 ft from the shoreline.
It is possible that inundation extended further, though we saw
no evidence of this.

In vegetated areas, we can make several inferences about
the directionality and dominant speed of tsunami waves from the
positions of observed flattened grass, the locations of damage on
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Figure 14. Map of the locations of tsunami-runup observations, along with a chart showing tsunami runup height versus latitude. Points are colored
based on whether they were collected on the eastern or western shore of Lake Roosevelt. Runup is measured relative to a lake level of 1,283 ft,
which was measured at Grand Coulee dam on the day of the tsunami (USGS, 2024). The highest runup was recorded along State Route 25 at

48.56281°N, 118.11798°W.

the barks of trees, and scour. When compiling these observations
holistically on all surrounding shorelines, there is strong support
that the landslide generated powerful tsunami currents that
radiated in all directions from the point of failure. We infer
eastward flow at Lions Island; south-southwest flow south of the
landslide; northward flow north of the landslide; and westward
flow into the DFW Sherman Creek Hatchery inlet (opposite to
the creek there). While we cannot provide any direct measure
of speed of the flow, we can make some minimum estimates.
For instance, using the Hjulstrom curve (Hjulstrom, 1935) of
sediment erosion, transport, and deposition and considering the
cobble size (2.5-10 in) materials moved off the Lion’s Island berm

we would calculate a minimum speed of 3.9 kn (2 m/s) required
to transport the cobbles. Additionally, considering the damage
done to the DFW hatchery and Ricky Point Marina dock, we
would infer a minimum speed of 3 kn (1.54 m/s) following the
port damage characterization of Lynett and others, 2014.
Flattened grass orientations can also provide insight into
dominant flow paths which are influenced by local topography.
Outflow (return of the tsunami to the lake) is likely represented
by grass pointing toward Lake Roosevelt, while inflow (the initial
tsunami wave) has grass pointing away from Lake Roosevelt.
For example, we noted lakeward-pointed grasses below State
Route 25, on the steep slope which allows water to rapidly drain
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back into the lake. At Lions Island, the grass points landward
which we attribute to the presence of a beach berm several feet
tall that may have impeded direct outflow back to the lake. At
Rickey Point Marina, grass points south away from the shoreline
and then west toward the shoreline in a nearby cove. We interpret
this as the result of a wave arriving from the north into the
marina that subsequently drained west into the cove. South of
here grass records flow around a large shoreline outcrop of rock.
In the relatively flat and low-elevation wetland north of Colville
River, we observed flattened grass with various orientations
and suspect this may be due to turbulent flow. We interpret
that the various orientations of observed flattened grass on the
relatively high shoreline bluff on the western shoreline north of
the landslide as resulting from splashing during wave impact.

CONCLUSION

Based on eyewitness accounts, field observations, aerial and
satellite imagery, and analysis of seismic data from nearby
seismometers, we conclude that two large landslides occurred
on Reed terrace and created tsunamis in Lake Roosevelt on
November 17th, 2025, at 7:45 am and 4:13 pm.

The landslides formed a concaved shaped feature ~850 ft
wide and ~180 ft tall with a slight ridge within the headscarp
delineating a break between the two slides. The landslide mass
deposited on the beach and within the lake runs out to ~800 ft
based on tree crowns exposed above the lake surface. The field
teams noted the headscarp had a darkened discoloration within
the silt along identifiable bands that became less distinct between
site visits. Additionally, a crack was found on the ground surface
~33 ft from north side of the headscarp that was not present in
the initial site visit. The observations suggest that the landslide
failed in two stages with the southern and smaller failure in the
morning and a larger second failure immediately north of the
initial failure later that afternoon. The difference in intensity of
color from the darkened bands within the headscarp may indicate
changes in water content at the headscarp surface between the
site visits. Additionally, a crack formed on the north side of
headscarp between site visits that suggests some deformation
occurred between site visits.

Our observations of the shorelines surrounding the Reed
terrace identified evidence of sediment and debris deposition
(wrack lines), flattened grasses, debris transport, scour, debris
trapped in tree branches, and damaged tree bark. These obser-
vations suggest that tsunami impacts reached as far as ~2—3 mi
from the slope failure. We estimate that tsunami wave height
ranged from ~11-14 ft above the lake level. Tsunami inundation
reached as high as State Route 25 south of the outflow of the
Colville River, suggesting a local runup of at least 47 ft, though
most other runup observations were much lower. Inundation
distances reached ~800-900 ft from shoreline at Colville flats
and north of the Colville River outflow. Inferred runups and
inundation distances represent a minimum because they are
based on proxies of wave depth and presence (for example,
wrack lines, or woody debris deposits, limits of downed grasses,
and sediment deposition). These observations may be useful
for future tsunami modeling and benchmark problems for
landslide-generated tsunami sources.

Throughout its history there have been frequent landslides
in or near Lake Roosevelt; a small number of these generate
tsunamis. Even before construction of the Grand Coulee Dam
some landslides in this area would briefly dam the Columbia
River. The landslides on November 17, 2024, at Reed terrace
are significant for their size relative to other landslides on Lake
Roosevelt in the past few decades and because they generated
tsunamis. Based on the historical record of landslides in the area
near Reed terrace it is possible that subsequent subaqueous or
subaerial slope failures could occur nearby. This event demon-
strates that large landslides and tsunamis are still possible in
Lake Roosevelt and that such events have the capacity to cause
damage and loss of life. This underscores the importance of
awareness for the people who work or recreate in and around
this area of Lake Roosevelt.
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