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Introduction Location Methods Results Discussion Summary

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

Discussion Summary

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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Obijectives

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

e Low-mid Strahler order watershed in western Penobscot

e Above marine transgression

e Shallow and fresh enough to measure sediment column with radar

e Deep enough to be oligotrophic

e Dam on lake outlet
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Study location - Kingsbury/Mayfield Ponds (K-M)
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Methods - ground-penetrating radar
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Radar processing & core location selection

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

e RADAN 7 for filtering and picking e , ;

e XYZ of picks to surfaces in QGIS el . . __
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Coring and analysis

e Livingstone (1955) style piston
corer (pictured)

Standard core analysis

14C dates

210pp activity

Matched core features with
radar reflections
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LIDAR

Key takeaway:
complex surface!

MEGIS 2015-2016
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Radar pick analysis

Key takeaways:
complex surface
+ sediment focusing
= complex sedimentation pattern

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

Methods Discussion Summary

Thickness (m)
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Gyttja-clay transition

Key takeaway:
Transition zone between
gyttja and clay at 2.7-3.1 m
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Core results and 14C Key takeaways:

- Major difference in water and organic content between
pre- and post-transition
- Transition at around 8500 cal yr BP
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Core-radar comparison

West Core location East

Key takeaways:

- Core did not : Core depth based on £=36 gyttja
reach till surface ; and assumption that core begins at
i : ) “:leading edge of water bottom waveform.
Note fewer debris -hyperbolae in clay
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210Pp results

Key takeaways:
- Major increase in sedimentation rate in mid 20th century
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Deglaciation timing
Deglaciation age is probably between 13.0 and 14.2 cal ka BP
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Deglaciation timing

Deglaciation age is probably between 13.0 and 14.2 cal ka BP
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Discussion - sediment delivery continuum

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
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LIDAR analysis

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?

Explanation
- gravel pit
- dam
- core site

- spillway
- sed. dam?
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Outwash channels

1

LN
\'«

Key takeaways: g

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

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

Flow direction
—_—

Results

Bigelow
Brook

Discussion

Meltwater channels

Summary

Present-day
Kennebec-Penobscot divide
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Summary points

e Sedimentation studies can be successful in glaciated regions, but complex!
e Sediment focusing makes accurate sediment volume calculation challenging.
Radar (or other geophysics) necessary

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

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

e Modern sedimentation is higher than in past 7000 years, but nowhere near
rates seen prior to 8500 cal yr BP
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Table 3: Table of quantities.

Q U a n t i ti eS Description Quantity Source

Anderson et al. (1992); Dorion et al. (2001);

Additional references cited here: Deglaciation age 13.0-14.2 cal ka BP Borns et al. (2004); Gramly (2009); Dalton et
al., (2020)

Mgl RS Jaiseh, G Ly e, 2L 6 ex\c/:\i;:;(f):osr:dc::]t?;sh 108 m? Topographic difference calculation
Struckenrath, R. (1992). Gould Pond, Maine: s e Rekian
late-glacial transitions from marine to upland »
environments. Boreas, 21, 359-371. Volume of paraglacial clay 04 105m? GPR volume
https://doi.org/10.1111/1.1502-3885.1992.tb00040.x InEM

Dorion, C. C., Balco, G. A, Kaplan, M. R., Kreutz, K. J Dentbrotely =Py Kgme scn}ﬂ:ﬁ:tge:: ::;«;22(:/1 :J)r:::\?cd nc::tZeGrA =
Wright, J. D., & Borns Jr., H. W. (2001). Stratigraphy,
paleoceanography, chronology, and environment Clay-gyttja transition age 8.41-8.55  calkaBP '“C sample D-AMS 028115

during deglaciation of eastern Maine. In Special Paper
351: Deglacial history and relative sea-level changes,
northern New England and adjacent Canada (pp.
215-242). Geological Society of America.

Volume of gyttja in K-M 10° m? GPR volume

https://doi.ora/10.1130/0-8137-2351-5.215 Density of gyttja 1140-1460 kg m? Holstad and Degago (2021)
Holstad, B., & Degago, S. A. (2021). Strength and Paraglacial sedimentload ~ 1417-1913  Mg/yr R W
deformation characterization of Norwegian organic LSl L
cohesive soil (gyttja). IOP Conference Series: Earth b e T N Calculated based on GPR volume, density,

and Environmental Science, 710(1), 1-11. g : B/y and estimated duration ranges

https://doi.org/10.1088/1755-1315/710/1/012018 T
2020

317-363 Mg/yr 2% analysis (mean yearly value)

Flanagan, D. C., & Nearing, M. A. (1995). USDA-Water
Erosion Prediction Project. Hillslope profile and WEPP discharge estimate 18 10" m? Flanagan and Nearing, (1995)

watershed model documentation.
WEPP sediment delivery

7 :
R 6 Mg/yr Flanagan and Nearing, (1995)
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Table 1: 1C analysis of core samples taken at Kingsbury and Mayfield basins.

Sample
Pond & dpe Core — thrust Depth (m) Sample type

. D-AMS GE262-KBP18-1A :
Kingsbury 028113 o1l 0.970 macrofossil
D-AMS

028114 —02L 1.835 macrofossil

D-AMS

028115 —03L macrofossil

D-AMS — 04L* bulk sediment
028116

GE262-MAY19-1A
Mayfield —o3L g : pine cone

— 04L 3.13 bulk sediment

* sample reported but likely contaminated with dead carbon.

Summary



