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• Streamlined and aligned terraces
• Flood-modified granite knobs
• High-level eddy gravels
• Expansion fans with impounded lakes
• Longitudinal bars, pendant bars
• Massive flood deposits
• Megaripples
• Flood boulders
• Slackwater basins
• Flood-scoured lowlands
• Flood scarps

What is Our Evidence for Outburst 
Floods?



Background
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Explain geographic setting, GPC project



Purple: Donnelly-age glacial deposits (OIS 2)
Blue: Delta-age glacial deposits (OIS 4/6/8?)
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General overview of glacial chronology and mapping.  Show Delta Junction, Dot Lake, Tanana River, Johnson River, Little Gerstle River, Gerstle River, Delta River, Lake George, Sand Lake, Clearwater Lake.



The Flood Story
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Where Did They Come From?



?

?

Where Did They Come From?
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Overtopped ridge at 1900-2000ft.  Valley bottom at Tanacross ~1550 ft.  Depth of lake at least 350-450ft.



Delta-age Megafloods



Flood-modified granite knobs
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Flood-modified granite knobs



High-level eddy gravels
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High-level eddy gravels and scoured granitic knob 200 feet above Tanana River, ~22 miles below Robertson River ice dam.  Eddy gravels because cross-bedding goes up-valley.
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of Donnelly age

Johnson River
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Expansion fans, impounded lakes.Note: Pendant bar of Donnelly age, crevasse splay deposit



Lake George
Moosehead Lake

Expansion fans of Delta
and Donnelly age

Expansion fans

Johnson River

Presenter
Presentation Notes
Expansion fans



TAPS
crossing

Prominent flood scarps

Evidence of scouring
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Prominent flood scarps and evidence of scour



Flood scouring
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AirSAR DEM – overtopped bedrock ridges & saddles, flood-eroded scarps, flood-scoured basins.  Donnelly-age outwash fans are built into scoured basins.



Donnelly-age Outburst Floods
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Numerous and smaller (but still plenty big!)



North

Streamlined and aligned terraces
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Bedrock-defended terraces of Donnelly age



Streamlined and aligned terraces

terrace

terrace
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Streamlined and aligned terraces, typically form during massive flooding. Note pointed on downstream end. All Donnelly flood gravels.



Massive flood deposits
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Upper 3 m composed of coarse, clean massive pebbly sand with numerous cobbles and rare subangular and subround granitic boulders up to 1.1 m diameter; underlain by at least 6 m clean, coarse to very coarse sand with numerous pebbles.  Massive sands like this represent the suspended load laid down during floods by hyperconcentrated flows.  Waning flood stage deposits.



Margin of 
slackwater basin

Sand Creek
delta

Sand
Lake

Tanana River
delta

Expansion fans and slackwater basins
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Expansion fans and slackwater basins; very little elevation difference between Tanana River and Sand Lake – during times of high water on Tanana, backflow into Sand Lake has formed delta.  Warming and thawing – actively disintegrating permafrost (thermokarst).



Flood-scoured bedrock knobs
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Flood-scoured bedrock knobs, no grus below ~1460 ft elevation (about 100ft above modern stream level).  Above this elevation, up to 2 m grussification.



Large flood boulders
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Flood boulders up to 2.7m diameter.  Compare to Bonneville flood boulders of Snake River (widths of Tanana River and Snake River canyon are similar): on Donnelly strath terrace, 5 largest boulders measured 150-180 cm along intermediate axes; paleoflood velocities averaged ~6 m/sec, when boulders ceased moving.  Up to twice as fast when boulders were being scoured and picked up.



0.6 - 2.7m

Megaripples
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Megaripples in coarse to very coarse sand with numerous perbbles and scattered cobbles; similar to those associated with flood bars of Channeled Scablands of eastcentral Washington.Julien et al (2002) – Rhine River flood of 1998 – ripple heights of 0.6 m correlated to discharges of up to 5,000 m3/sec.  Their data topped out at ripple heights of about 1.5 m, with max discharge of 7,500 m3/sec.



Late Donnelly-Early Holocene Floods



Dot Lake Village escarpment

Flood-scoured lowland

Holocene alluvial fan

Proximal outwash of Donnelly age

Flood scarps and scoured lowlands
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Erosion of earlier flood deposits; scarp-bound troughScarp near Dot LakeModification of Donnelly flood barsFlood boulders as lag



Implications of Pleistocene 
Outburst Flooding:

Clearwater Lake Escarpment



North
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Clearwater Lake escarpment, which is probably late Delta (OIS 4) in age, certainly pre-Donnelly (OIS 2). Some of the best evidence for large-scale flooding is represented by that feature. Alyeska mapped several trenches and conducted geophysical surveys across the scarp and found no evidence for faulting. And, of course, its extent way to the west has regional implications.



Clearwater Lake
escarpment



Questions
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