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Photo in next imageMotivation
Childhood / current home

2007 photo
Bluff edge (1967)Bluff edge (2019)

2 m



Key point: Despite lack of tectonics, 
we have a very dynamic coastline

6 m

Lateral bluff retreat 
rate ~ 8 cm/yr

Fate of eroded material?



Expenditure of tens of millions of taxpayer dollars requires 

sound understanding of sediment pathways and rates

ÅHighlight recent research by myself, students, & collaborators

ÅSynthesize our work with previous research

ÅAssemble the pieces of the puzzleé

ÅPresent a long-term, source-to-sink model framework for 

erosion, transport, and deposition (sediment pathways) in 

the Duluth coastal region

ÅUse model framework to discuss the effects of anthropogenic 

infrastructure(óstarvedô) and climate change (ódrowned

and batteredô)

Goals of this talk:



Déjà vu?
Lake Superior level

(2009 ï2019)Last óhighstandô triggered key studiesé

My take-home message:

ÅCoastal erosion in western Lake Superior is a persistent 

óproblemô over the last 1200 +/- years

ÅDriver for erosion is long-term lake-level rise (2 - 3 mm/yr)

ÅLong-term rise and associated erosion óproblemô gave us 

Minnesota Pointé

Åéand the Duluth-Superior Harbor



Long-term lake level change in Duluth area

Change in outlet of Lake 

Superior @ ~ 1200 yr BP 

triggers rise in lake level

Lake-level curve by Andy Breckenridge (UWS; 

unpublished; pers. comm.) based on earlier work 

by Johnston et al. (2012) and Yu et al. (2013) 

~ 1200 yr BP (+/- geologic slop)

Birth of Park Point?

óslowô fall

Rise rate ~ 2.5 ï3.0 

mm/a in Duluth = FAST 

(geologically speaking)

Slowly falling lake level 

from about 4500 yr BP ï

1200 yr BP



Coastal processes 101: Waves and longshore transport

Angled approach of wave crests to the shoreline sets up a longshore currentof 
water and SAND

[ƻƴƎǎƘƻǊŜ ΨŘǊƛŦǘΩ όǘǊŀƴǎǇƻǊǘύ Ґ ΨwƛǾŜǊ ƻŦ ǎŀƴŘΩ
wave crests

Longshore transport Longshore transport Longshore transport



Alberta Clipper

Colorado Low / 
Texas Hook

Nearly all cyclone tracks generate 
period of E ςNE flow in the 
western arm of Lake Superior



Net longshore transport near Duluth

NE wind

wave crests

wave crests
convergence= 
deposition (SINK)

Source of this sand?



NETlongshore 
transport

concrete dock: 
ΨŘŀƳǎΩ ǊƛǾŜǊ ƻŦ ǎŀƴŘ

wave crests

GlensheenMansion

Net longshore transport near Duluth



Coastal processes 101: Beaches and Strandplains

Basic constructional unit of a 

depositional coastline is a 

strandplain

Successive accretion 

(ówelding onô) of beach ridges 

builds the coastline lakeward

é in net depositional

coastlines

é provided lake level does 

not rise too quickly



Great Lakes strandplains

Grand Traverse Bay, east 
shore of Keweenaw Peninsula

Glen Arbor, MI (west of 

Traverse City, Leelanau 
Peninsula, Lake Michigan)

Key Point: Strandplains form with 

stable or slowly falling lake level



Long-term lake level change in Duluth area

Lake-level curve by Andy Breckenridge (UWS; 

unpublished; pers. comm.) based on earlier work 

by Johnston et al. (2012) and Yu et al. (2013) 

~ 1200 yr BP (+/- geologic slop)

óslowô fall

Slowly falling lake level 

from about 4500 yr BP ï

1200 yr BP



5000 ï1200 years BP: Slow lake-level fall

Å Construction of strandplain (now 

drowned)

Å Ancient óPark Pointô = leading 

edge of strandplain complex

Å No harbor

Å No estuary

Å Sand supply mostly from St. 

Louis and Nemadji Rivers

Å Some longshore transport of 

sand from north- and south-

shore rivers

Å Minor bluff erosion



Supporting evidence for strandplain beneath harbor

Digitization of 1863 Hearding

map by Andy Breckenridge and 
students

Note curvilinear (arcuate) features

in mapped 1863 bathymetry = beach 

ridges (drowned)

Wiki image of Bathhurst Inlet, Nunavut 

An (elusive) feature like this underlies 

the muddy bottom of the harbor



1200 years BP: Things change!

Lake-level curve by Andy Breckenridge (UWS; 

unpublished; pers. comm.) based on earlier work 

by Johnston et al. (2012) and Yu et al. (2013) 

~ 1200 yr BP (+/- geologic slop)

Change in outlet of Lake 

Superior @ ~ 1200 yr BP 

triggers rise in lake level

Rise rate ~ 2.5 ï3.0 

mm/a in Duluth = FAST 

(geologically speaking)



Diabase dike (intrusive 

rock): More resistant to 

weathering

Contact between glacial 

till and underlying 

volcanic flow (bedrock)

Thin veneer of 

active beach 

cobbles

Rapid lake-level rise drives bluff erosion

(Lambert and Swenson, 2016)

Key Point: Nearshore lake-floor geometry holds 

information about long-term bluff-retreat rates



Long-term bluff erosion rates

Nearshore bathymetry, eastern Duluth

Lester River ódeltaô

My house

Multibeam data from Dennison, Wattrus, & Swenson

Nearshore bathymetry 

east of Superior

Lambert and Swenson (2016)



Long-term bluff erosion rates

Lambert and Swenson (2016)

Offshore slope

Bedrock-cored north-shore 
bluff retreat rate ~ 4 cm/yr

Large variability because of 
mixed lithology, e.g. rhyolite 
vs. basalt vs. diabase

South-shore bluff retreat rate ~ 40cm/yr

Mechanically weak, unconsolidated till

Less variability -> homogenous till



Bluff retreat is driven by rise in lake level from 

1200 yr BP - present

~ 4 cm/yr

~ 40+ cm/yr

Image: Star Tribune

What is the fate of this eroded material?



1200 years BP - modern: Rapid lake-level rise

Å Abandonment (?) and drowning 

of strandplain

Å Northwestward growth of current 

Minnesota / Wisconsin Point (?)

Å Harbor and estuary formation

Å Sand supply from erosion 

of south-shore bluffs 

dominates budget

Å Order of magnitude less 

from north shore bluffs

Å St. Louis and Nemadji

Rivers contribute almost 

nothing because of 

progressive drowning and 

trapping in estuary

(almost) the only show in town



~ 90 m growth 

in 80 years

Overlay of 2017 (color) satellite image and 1938 aerial photo.

The óinfrastructureô problem: Starvation

~ 90 m erosion in 80 years

Superior entry forms nearly perfect ódamô 

in the óriver of sandô from south shore


