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Problems and Importance

Sediment delivery studies are critical to understanding landscape evolution, but:

1. Lack of studies in formerly-glaciated regions

2. Sediment volume is tricky to measure - lakes are complex & not man made

3. Sedimentation time is tricky to measure - ice-off age is not well known
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Problem 1
Sedimentation within the North American glacial limit is under-studied.

Especially compared with other regions (e.g. Roehl, 1962; Happ, 1975; Smith and Wilcock, 2015)
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Problem 1
Sedimentation within the North American glacial limit is under-studied.

Especially compared with other regions (e.g. Roehl, 1962; Happ, 1975; Smith and Wilcock, 2015)

???
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Problem 2
Most studies use point-source methods (cores, probes) for volume estimates.

Assumes spatial predictability in highly variable landscapes (Jacobson and Bradshaw, 1982)
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MEGIS 2015-2016



Problem 2
Most studies use point-source methods (cores, probes) for volume estimates.

Assumes spatial predictability in highly variable landscapes (Jacobson and Bradshaw, 1982)

Need many cores to create a decent volume model here!

Introduction             Location             Methods             Results             Discussion             Summary

???

MEGIS 2015-2016



Objectives

1. Use core analysis and geophysics to estimate sediment delivery rate and 
volume for deglaciated period

2. Establish a delivery rate continuum

3. Attempt to use landscape features to help explain events in the continuum

4. Quantify the effects of human influence (dams, logging, development, etc.)
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Study location - selection criteria

● Low-mid Strahler order watershed in western Penobscot

● Above marine transgression

● Shallow and fresh enough to measure sediment column with radar

● Deep enough to be oligotrophic

● Dam on lake outlet
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Study location - Kingsbury/Mayfield Ponds (K-M)
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White line = Penobscot-Kennebec watershed boundary



Methods - ground-penetrating radar
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Radar processing & core location selection

● readgssi (Nesbitt et al. 2021) for 
distance normalization

● RADAN 7 for filtering and picking
● XYZ of picks to surfaces in QGIS

Introduction             Location             Methods             Results             Discussion             Summary

ε=80, depth=33.5 m
Samples: 2048
Timezero: 233 smp
Distance-normalized
Stacking: 6
BGR window: 75 traces
VT FIR: 75-125 MHz
Gain: 300
Not migrated

Zoom: 1115m - 2010m
400ns - 1600ns

Ideal core location



Coring and analysis

● Livingstone (1955) style piston 
corer (pictured)

● Standard core analysis
● 14C dates
● 210Pb activity
● Matched core features with 

radar reflections
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LiDAR
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Key takeaway: 
complex surface!

MEGIS 2015-2016



Radar pick analysis
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Key takeaways:
   complex surface
+ sediment focusing
= complex sedimentation pattern

Note: Bigelow Brook delta sediments 
(symbolized as Δ) are too thick to evaluate 
with radar and are excluded here



Gyttja-clay transition
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Key takeaway:
Transition zone between 
gyttja and clay at 2.7-3.1 m



Core results and 14C
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Key takeaways:
- Major difference in water and organic content between 

pre- and post-transition
- Transition at around 8500 cal yr BP

Note: oldest date (23402 ±350) is likely from 
a sample contaminated with old carbon



Core-radar comparison
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Key takeaways:
- Core did not 

reach till surface



210Pb results
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Key takeaways:
- Major increase in sedimentation rate in mid 20th century



x

X = study location
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Deglaciation age is probably between 13.0 and 14.2 cal ka BP

Deglaciation timing



Deglaciation age is probably between 13.0 and 14.2 cal ka BP

x

Deglaciation timing

x x x

xx x

X = study location
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Discussion - sediment delivery continuum
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Key takeaways:
- Sediment mass delivery to 

K-M decreased by an 
order of magnitude around 
8500 cal yr BP

- Pre-transition sediment 
mass delivery rate greatly 
exceeds that of modern

- Modern rates are highest 
in more than 7000 years

- WEPP sediment delivery 
estimate for this 
watershed: 67 Mg/yr 
(within purple bar)

Note: error ranges are symbolized with dotted lines



LiDAR analysis
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Key takeaways:
- Outwash channels (OC) exist on both 

sides of present-day drainage divide 
(white line)

- Whitman Bog (WB) appears to contain 
lake deposits

- Apparent spillway from Whitman Bog to 
Bigelow Brook (BB)

- OC as source of inorganics?



Outwash channels
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Key takeaways:
- Volume of sediment 

eroded from channels is 
same order of magnitude 
as volume of clay in K-M 
subsurface

- Channel erosion caused 
by large volume of 
meltwater from retreating 
ice sheet (panel 3)



Summary points

● Sedimentation studies can be successful in glaciated regions, but complex!
● Sediment focusing makes accurate sediment volume calculation challenging. 

Radar (or other geophysics) necessary

● Continuum curve suggests switch in the K-M sediment dynamics around 8500 
cal yr BP

● Glacial outwash channels probably major source of sediment in the K-M 
tributary system, perhaps much of the clay in the subsurface

● Modern sedimentation is higher than in past 7000 years, but nowhere near 
rates seen prior to 8500 cal yr BP
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