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GEOLOGIC SETTING
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Willamette Basin
Average Monthly
Precipitation

(1961-1990)
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Cross section
lines

-,

Generalized Geology
of the Willamette Valley

Willamette Silt

Alluvium and basin-fill
sediment

Columbia River Basalt Gp

Marine sedimentary rocks
And Cascade Range rocks

Gannett &
Caldwell, 1998
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NORTH-SOUTH SECTION THROUGH THE
CENTRAL WILLAMETTE VALLEY

1,000

Mill Creek
Lake Labish
Willamette R.

500

French Prairie

SEA LEVEL

-500

-1000
-1,400

- Columbia River

- Willamette Silt Basalt Group lava

Alluvium and coarse-
grained basin-fill deposits Marine sediments and

- Fine-grained basin- Western Cascade rocks
fill deposits

Gannett &
Caldwell, 1998
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Plate Tectonic Framework
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GEOLOGIC FOSSIL RECORD OF PAST GLOBAL CLIMATE OVER TIME
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“Last Ice Age”
Pacific Northwest

Missoula Floods Story



Missoula Floods Overview
“Spokane Flood” hypothesis JelglellgEU\ A elge] ol k1=Io M o) VAN,

Harlen Bretz, in the 1920s. Scientific debate lasted for
40 years, until agreement on evidence

Flood source: R EWENEVER IS IES
northwestern Montana, glacial ice dams in North Idaho

Flood path impact zone: EESERRVE gl [{elam ool Iva o] RIS - 1a P
Columbia Gorge, Willamette Valley, offshore seafloor

Landscape evidence: [EVCR S I CRIR S G R iU EMOO RN )
Scablands of eastern Washington, large flood deposits indicating high
water levels, erratics and flood deposits in Willamette Valley

Rl RUERIIT[EH maximum Lake Missoula volume = 2200 km? (Lake
Erie + Lake Ontario), maximum flood discharge ~ 10 million m?3/sec
(~10x global output of all modern rivers combined)

ANl dozens to over one hundred related flood

events from 14,000-18,000 years ago; all variable timing and size
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Wlllamette Valley Inundation Record
§ | -14-18 thousand yrs. ago
e d ; - Multiple flood events (~40 pulses)
- Back-flooding, slackwater, ice bergs
- Deposits: gravel, silt and erratics




GLACIAL LAKE MISSOULA



[ Glacial lakes
I Flooded area
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IDAHO ! MONTANA
Missoula, Montana s gl High Water | |
: Mark 3
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GLACIAL LAKE MISSOULA )

As Mapped by J.T. Pardee, 1910, 1942

GLACIAL LAKE MISSOULA STATISTICS:

Area = 2900 mi? [7500 km?]

Max Lake Elevation = ~4250 ft [1295 m]

Max Lake Depth at Missoula = 950 ft [290 m]
Max Lake Depth at Ice Dam = 2000 ft [700 m]
Max Lake Volume = 530 mi3 [2200 km?3]
Volume Scale: > Lake Erie + Ontario combined
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CHANNELED SCABLANDS AND
COLUMBIA GORGE
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Channeled Scablands Erosional Features
Bare bedrock, stripped soil
Dry valleys, dry falls
Butte and basin topography
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« Giant Current Ripples /| Columbia River Valley
* Mega-Flood Gravel Bars I Depositional Flood Evidence
+ Outsized Boulder Deposits - O -
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Walla Walla Area

Glacial Lake Lewis, Washington

 Localized Slackwater Deposits
 Repetitive Sediment Layers
 Multi-Event Flood Evidence
« Numerical Age Dates

» 14,000-18,000 Years Ago

(Waitt, 1984; Last and Rittenour, 2021)

Elevation of the Maximum Lake Lewis Flood Stage (>366 m)
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Columbia Gorge — Missoula Flood Features
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WILLAMETTE VALLEY-
MISSOULA FLOOD EFFECTS
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Generalized Geology
) NORTH-SOUTH SECTION THROUGH THE
Of the W|||amette Va”ey CENTRAL WILLAMETTE VALLEY
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1,000

Willamette Silt

SEA LEVEL

Mill Creek
Lake Labish
Willamette R.

French Prairie

-500

[ Alluvium and basin-fill 1000
sediment -1,400

Columbia River Basalt Gp

Marine sedimentary rocks
And Cascade Range rocks

B Fine-grained basin deposits

Gannett &
Caldwell, 1998 NORTHWEST-SOUTHEAST SECTION THROUGH THE
SOUTHERN WILLAMETTE VALLEY
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blique view of Missoula floods outflow
features at present-day Canby, Oregon. The
incoming floods burst though the Oregon City
Water Gap and spilled out across the northern &
Willamette Valley

A\ PORTLAND
CLARK

Main Flow

[ OREGON

__ Spillway Gravel e i 8 ( [
Ice-Rafted Erratics , Canby Gravel Delta

~

Thicker Slackwater Silt
Ice-Raﬂ‘ted Erratics

Thinner Slackwater Silt
Ice-Rafted Erratics

SECTION_1

pper Flood Limit

O’Connor et al., 2001;
Burns and Coe, 2012
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Missoula Flood Deposits

Missoula Flood Rhythmites

Irish Bend
South Valley

Willamette Silt

Up to 30 m thick, northern valley
3-5 m thick, central valley

Rhythmites: 40 beds up to 2 m thick c

Minimum 40 flood events recorded
Thins to less than 1 m thick, south
Age range: 13,000-16,000 years

EXPLANATION

— Contact between
map units

—— Stratigraphic boundary
within map unit, likely

Missoula Flood
deposits

(unit Qff;);
approximately
15-12.7 ka

Pleistocene
sand and gravel
(unit Qgy);

254 approximately

O’Connor et al., 2001



Thickness and Distribution
of the Willamette Silt

(contour interval 10 and 20 ft)

Marshall Gannett, 2003



Longitudinal Profile Showing Thickness Distribution of Willamette Silt
Missoula Flood Fine-Grained Deposits (Qff2)

WILLAMETTE RIVER MILE
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Northern Willamette Valley

Stratigraphic Correlation of Late Quaternary

Weston Land ing
1 1 1 RM 53,1
Deposits, Willamette River Valley River Bend METERS
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© Erratic Location Map
—_Willamette Valley
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o ‘ Missoula Flood Inundation

EXPLANATION
Elevation Units in meters, scale is non-linear
1,320
T00 -
600 —
DS At Maximum Flood height

TZZ 1T

- | Elevation 400 ft
TR A —

D 22T AV 3

—

A glacial erratics located to the
quarter-section or better

A glacial erratics, approximately
located

fine grained flood deposits

coarse grained flood deposits

122 m contour (max. flood inundation)
79 m contour (= 10 floods)

61 m contour (= 20 floods)

53 m contour (= 40 floods)



Significance and Environmental
Applications



_ Missoula Flood Legacy
Generalized Geology . Bedrock-Sediment-Soil

of the Willamette Valley * Agricultural Pay Dirt
« Cropping Systems

Willamette Silt THE Dlrt ON Oregcn W.i”ne-

] Alluvium and basin-fill
sediment

o - "

Columbia River Basalt Gp

Marine sedimentary rocks
And Cascade Range rocks

Gannett &
Caldwell, 1998
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Willamette Valley Missoula Flood Legacy

Well Location Map (Orzol et al., 1999) Groundwater Aquifers
' » Columbia River Basalt

> Willamette Gravel Aquifers
Groundwater Quality
Willamette Silt (Haggerty, 2001)

> Nitrate Water Quality Buffer
Thick Willamette Silt > Low Permeab”ity
Low Nitrate Levels » Aquifer Protection

NORTH-SOUTH SECTION THROUGH THE
CENTRAL WILLAMETTE VALLEY

Thin Willamette Silt
High Nitrate Levels

S

1,000

Mill Creek
Lake Labish
Willamette R.

500 French Prairie

SEA LEVEL

) ) Columbia River
Willamette Silt - Basalt Group lava

I
"}; Alluvium and coarse-

3 M -"JL\\ s g.ralned pasm flll_deposns Marine sediments and
10 20 KILOMETERS  © |~—=an ; 5 Fine-grained basin- Western Cascade rocks
- N ' fill deposits
Skl e g and s i i, Ty Gannett &
T;Tﬂnxui.ah projecan, Zone 10 -

Caldwell, 1998



History of Research on Luckiamute River Basin

1999-Present

2001

2002

2003-2004

2003-Present

2004-Present

2004-Present

2006-Present

Western Oregon University

WOU Geology and Biology Class Field Trips

Environmental Science Institute Course
Geomorphology, Env. Chemistry, Botany, Climatology

Proposal Development (Watershed Learning Model)
Watershed Assessment with Luckiamute Watershed Council
Support of Luckiamute Watershed Council

Funded Research: Hydrogeomorphic Analysis (USGS / CWest)

Funded Reseach: Spatial Distribution of Invasive Plants (OCF)

Synergistic Research: Historical Land-Change Analysis




Luckiamute River, Helmick State Park
* Present-Day Reworking of Missoula Flood Deposits
« Effects: Suspended Sediment, Salmonid Habitat and Water Quality

Missoula Floods - Maximum Inundation Zone
Luckiamute Watershed

(Minervini et al., 2003)

Maximum Missoula Flood Inundantion Area
(400-ft Contour Elevation)

[ ] Erratic Location




Modern Landscape - Suver

el 470 ft
Max Missoula Flood EIl. = 400 ft

Qtm (Bela, 1981)
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SUMMARY AND CONCLUSION

Earth climate cycles: Last Glacial Maximum ~18,000 Years Ago
Cordilleran Ice Sheet advanced into northern WA-ID-MT

Ice dams, blockage and development of glacial Lake Missoula
Multiple catastrophic outburst floods ~14,000-18,000 years ago

Flood evidence: Missoula shorelines, Clark Fork erosion scars and
spillways, Channeled Scablands topography, outsized flood deposits,
Columbia Gorge landscape, Willamette Valley deposits

Legacy large-scale Missoula Flood deposits and erosional features
remain on the modern-day landscape in the Pacific Northwest

Legacy Missoula Flood features influence present-day landuse,
agriculture and groundwater resources in the Willamette Valley
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- Richard Flint, Yale University (Deceased “Pope of the Pleistocene”)

- Vic Baker, University of Arizona

- Jim O’Connor and colleagues, US Geological Survey

- Richard Waitt, US Geological Survey

- Bruce Bjornstad, Ice Age Floods Institute

- Scott Burns, Portland State University

- Oregon Department of Geology and Mineral Resources (DOGAMI)

- Washington Geological Survey, Department of Natural Resources

- Dozens of other international researchers, students, and colleagues
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