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In the Beginning...

-Many consider Gilbert’'s “Geology
of the Henry Mountains (Utah)” (1877)
to be the “Bible of Geomorphology”

G.K. Gilbert
1843-1918




Soll Creep?

Soil is “stirred” by animal burrowing,
tree throw, and wet-dry cycles.
Downslope creep is analogous to particle diffusion.



Particle Diffusion@e

Over time, a hillslope’s entire
soll mantle may be mixed by
these stirring processes, and
soil particles, once mobilized,
move downslope.



Gilbert’'s Hypothesis

Rate of soil creep is proportional to slope gradient



Why quantity soll fluxe

Current estimates by Wilkinson (2007) and Hooke (2000)
place the rate of human-induced soil erosion at 10-15 times
the natural rate. But what is the natural rate?



What is soll fluxe

Soil flux is considered in
terms of a volume of soill
moving per unit time and per
unit contour length:
cm3yr! cm-

From Heimsath et al., 2005

- If Gilbert’'s hypothesis is correct, then:
soll flux = K * slope gradient

K = diffusion coefficient in cm3yr!cm-!
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What about lower gradient planar slopes?e

Existing soil transport laws may not be appropriate



So, what problem remainse

e Studies quantifying solil fransport rates still
rely heavily on the assumptions of steady-
state hillslopes and linear diffusion

o Attempts to directly measure soll flux in
the field are difficult due to the spatial
complexities of hillslopes and temporal
constraints of the average geologist’s
field season/lifespan.

e Could a unigue sampling strategy and
cosmogenic isotopes be the answere




Cosmogenic Radionuclides
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Quantifying Sediment Transport Rates with

"Be activity (10° atoms g™')
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- Previous work done by Nichols et al. (2002)
on desert piedmonts

-Common sense tells us that sediment should
be generated in the river basins of the range
front, and subsequently march down
piedmont from points of generation

-Concenftrations of cosmogenic nuclides in
piedmont sediment support this hypothesis
showing a direct relationship between
distance from rangefront and and nuclide
concentrations

-Will sediment on steep hillslopes show this
sgme



-Erosion rates available from Ari Matmon'’s work
-Since the Southern Appalachians are such an ancient
mountain range, we can consider assumptions about

landscape evolution and equilibrium that link hillslopes
to mountain range



Great Smoky Mountains,

NC




Field Methods

Sample Collection




Field Methods

Description of Soil Pits

For each pit:

-depth of horizons measured
-horizon colors described
-horizon textures described




Lab Methods
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Results

['9Be] vs. Distance Downslope

m 10-15cm
® 30-35cm
® 50-55cm

¢ Clasts @ &0 om

1w
=
-
N
| -
L)
=
o
o
=
a
d:ﬂ
i
=
()
et
S

(40m) (140m) (240m) (340m)

Transect
(Distance downslope, m)

Error bars represent 1sigma analyfical error for T1, T3, and T4
On T2, error bars are 1 standard error of the mean (n=7/)



Spatial Variation
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Cross-slope variation Physical mixing vs. Arithmetic mean

-does our physical mixing integrate the unique histories of grains across the slope

Yes
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Great Smoky Mountains, TN
[19Be] vs. Sample Depth
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Mechanism for Soil Mixing

Active
Transport .
avg. velocity (cmyr ™ )

bottom of} ‘

active layer




How can we gquantifty soll
fransport ratese

Cosmic Rays

/ Cosmic Rays
ATL /

l Soil from
Upslope
Weathered
Bedrock

Weathered
Bedrock




Soil Production Rate

-from Heimsath et al., 1997

-use '9Be concentrations at the soil-bedrock contact i
model the rate at which the contact is lowering

-rate of contact lowering = rate of soil production



Soll Production Rate for the
Great Smoky Mountains,

| N

-No relationship between soil production rate and distance
downslope from the hillcrest -- i.e., uniform rate for entire hillslope
-Average soil production rate = 12 m/My or 0.0012 cm/yr



Initial Soil Velocity¢

o
N

1w
=
-
N
| -
L)
=
o
o
=
a
d:ﬂ
i
=
()
et
S

(40m) (140m) (240m)

Transect
(Distance downslope, m)

-Inferred from “Be accumulation rates assuming plug flow
-Downslope soil velocity = about 1 cm/yr









Results

['9Be] vs. Distance Downslope
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Error bars represent 1sigma analyfical error for T1, T3, and T4
On T2, error bars are 1 standard error of the mean (n=7/)
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AOW QO These raites
compare with other

hillslope st

ydiese

Authors Location Lithology Climate Soil Velocity
(cmyr')
McKean et Black Shale Mediterranea |
al., 1993 Bllelgglelgle N
Mines, CA
Small and Wind River Granite Periglacial 0-0.25
Anderson, Range, WY
1999
Heimsath New South Granite Dry 1-3.5
et al., 2002 Wales, (<900mm
Australia annual
precip)
This project | Great Smoky | Sandstone Humid- 1-3.5
temperate

Mountains, NC




How do these rates compare to those of
the desert piedmont where this method
was developede

Nichols et al. (2002) report down-
piedmont fransport rates of decimeters to
a meter per year

Persico et al. (2005) tracked pebble
transport rates in the same environment
and report rates of centimeters to
decimeters per year

Qur rates are different, but so are the
environments and transport mechanisms!

However, the methods have proven
versatile




Erosion In the Southern Appalachians
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Happy Birthday, Angus




