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Lateral bluff retreat
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Key point: Despite lack of tectonics,

we have a very dynamic coastline
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Goals of this talk:

A Highlight recent research by myself, students, & collaborators
A Synthesize our work with previous research
AAssemble the pieces of the

A Present a long-term, source-to-sink model framework for
erosion, transport, and deposition (sediment pathways) in
the Duluth coastal region

A Use model framework to discuss the effects of anthropogenic
infrastructure (starvedd ) dimate change (ddowned
and batteredo )

Expenditure of tens of millions of taxpayer dollars requires
sound understanding of sediment pathways and rates
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Erosion and Sedimentation
in the

My take-home message:

A Coastal erosion in western Lake Superior is a persistent
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A Driver for erosion is long-term lake-level rise (2 - 3 mm/yr)
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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unpublished; pers.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)
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Coastal processes 101: Waves and longshore transport

Angled approach of wave crests to the shoreline sets l@ngshore currentof
water andSAND
wave crests
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Net longshore transport near Duluth
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Net longshore transport near Duluth

wave crests
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Coastal processes 101: Beaches and Strandplains
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A Great Lakes strandplains

/ Grand Traverse Bay, east
shore of Keweenaw Peninsula

Key Point: Strandplains form with
stable or slowly falling lake level
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Glen Arbor, MI (west of

Traverse City, Leelanau
Peninsula, Lake Michigan)



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unpublished; pers.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)
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50001 1200 years BP: Slow lake-level fall

Sand supply mostly from St.

Louis and Nemadiji Rivers

Some longshore transport of

sand from north- and south-

shore rivers .

Minor bluff erosion o Construction of strandplain (now
- drowned)

Ancient oPark P
edge of strandplain complex

No harbor

No estuary

V\/

Image NOAA
Image @ 2016 TerraMetrics

Google earth

Imagery Date: 4/14/2015  lat 46.749220° lon -92.045254° elev 552 ft eye alt 19.89 mi



Supporting evidence for strandplain beneath harbor

An (elusive) feature like this underlies
the muddy bottom of the harbor

RS e,

Wiki image of Bathhurst Inlet, Nunavut

Digitization of 1863 Hearding
map by Andy Breckenridge and
students

Relative lake level (RLL) (m IGLD 85)




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)
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Rapid lake-level rise drives bluff erosion

(Bedrock) bluff retreat rate =V,
Rate of relative-lake-level rise =V,

Till escarpment

Bedrock escarpment
V,=V,/S

Longshore drift Bedrock weathering

(out of page) \38( l v,

Cobble beach
(veneer of bedrock
weathering product)

Bedrock

(Lambert and Swenson, 2016)



Long-term bluff erosion rates
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Long-term bluff erosion rates
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Y] Ui RiaGe Offshore Retreat Ratg Bluff
Slope (cm/a)
Mnb-1 Undifferentiated Mafic Lavas 0.049 5.145 N
Mnd Leif Erikson Park Interflow 0.036 6.979 N Bed rOCkcored northShore
Mes Endion Sill 0.064 3.887 N
Mep Endion granophyre 0.075 33415 bl Uﬁ retreat rate "“4 Cm/yr
Mnc Congdon Park Rhyolite 0.060 4,200
Mnn Northland Basaltic Andesite 0.052 4.823
Mnu-1 Mafic Lavas - Lakeside 0.040 6.276 Y Large Variabi | |ty because o)
Mne 40th Ave East Icelandite 0.035 72711 ¥ . . .
Mnr 42nd Ave East Rhyolite 0.050 4.964 Y m |Xed ||th0|ogy e. g . rhyol Ité
Mnu-2 Mafic Lavas - Lakeside 0.077 3.257 N ’_
Mni-South Lester Park Icelandite (buffered) 0.068 3.687 N VS. baS alt VS. d |abase
Mli Lakeside Intrusion 0.085 2.940 ¥
Mnu-3 Mafic Lavas - Lakeside 0.058 4.348 ¥
Mni-North Lester Park Icelandite 0.033 7.606 y:
Mnu-4 Mafic Lavas - Lakeside 0.047 5271 N
Mna Amity Creek Diabasic Basalt 0.043 5.811 N
Mnu-5 Mafic Lavas - Lakeside 0.052 4.846 N
Mmd Lester River Sill 0.065 3.864 N
Mnhb-2 North Shore Mafic Lavas 0.043 5.795 N
Srb Sucker River Basalts 0.057 4.386
Spd Stony Point Diabase 0.100 2.500 i Offshore slope Retreat Rate
Mnb-4 Larsmont Basalts 0.070 3.560 {cmlfa}
Lambert and Swenson (2016 Transect 1 0.0049 2l
Transect 2 0.0048 52
Transect 3 0.0039 64
Southshore bluff retreat rate 40 cm/yr
Transect 4 0.0041 61
Transect 5 0.0055 45
Mechanically weak, unconsolidated till # 0.0061 1
Transect 0.0059 42
. .- . Transect 8 0.0068 37
Less variability> homogenous till
y> g Transect 9 0.0077 33







1200 years BP - modern: Rapid lake-level rise

Sand supply from erosion

of south-shore bluffs

dominates budget

Order of magnitude less

from north shore bluffs ,'

St. Louis and Nemad ; A Abandonment (?) and drowning
Rivers contribute almost of strandplain

nothing because of : A Northwestward growth of current
progressive drowningand 8 Minnesota / Wisconsin Point (?)
trapping in estuary A Harbor and estuary formation
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(almost) the only show in town
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Image © 2016 TerraMetrics Google earth

Imagery Date: 4/14/2015  lat 46.749220° lon -92.045254° elev 552 ft eye alt 19.89 mi




The o0i nfrastrStavationed pr obl em:
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IR - 90 m erosion in 80 years

~ 90 m growth
in 80 years

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



