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Landscapes downstream from Glen Canyon Dam
contain archaeological resources that are affected by
geomorphic processes
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Sand can potentially help preserve archaeological features by
direct burial and/or by mitigating gullying and other erosion
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. Floods (HFEs) deposit sediment
Most archaeological sites are situated & in sandbars up to ~45,000 f3/s
aboye the HFE flood stage throughout S
Grand Canyon (East et al,, 2016)...

To help preserve sites in place through direct burial and/or4e|%§i0h"» itigar
- Option 1: Flood and bury sites with large sediment-rich floods - 2 USGS
- Option 2: Rely on wind to move sediment from sandbars to sites m"m“ma"g'"gwmd
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- Floods (HFEs) deposf’r sediment
Most archaeological sites are situated  in sandbars up to ~45,000 £3 /s
aboye the HFE flood stage throughout | =

Grand Canyon(East et al, 2016)..

To help preserve sites in place through direct burial and/or erosion m
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- Option 2: Rely on wind to move sediment from sandbars to sites
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East et al., 2016, Conditions and processes affecting sand resources at archeological
sites in the Colorado River corridor below Glen Canyon Dam, Arizona: U.S. Geological

Survey Professional Paper 1825, 104 p., http://dx.doi.org/10.3133/pp1825.
The problem: Landscapes downstream from Glen Canyon Dam contain

archaeological resources that are affected by fluvial (river), aeolian (wind), and
hillslope (gravity and rainfall-runoff) geomorphic processes.

The question: Can Colorado River sediment enhance the preservation of river-
corridor archeological resources in these landscapes through aeolian sand
deposition and mitigation of gully erosion?

"’USGS The results: Relatively few archeological sites are now ideally situated to
receive aeolian sand supply from sandbars deposited by recent controlled floods
(HFEs) from Glen Canyon Dam (decreased from 98 sites in 1973 to 32 in 2012)
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Landscape Change at Archeological Sites Recelving
Sand Supply After HFEs (East et al., 2016)
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Landscape Change at Archeological Sites Receiving
Sand Supply After HFEs (East et al., 2016)

Results and conclusions relative to dam operations
and river management
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Project 4. New Approaches

" Use modelling to demonstrate expected characteristics
of archaeological sites in dunefields that are re-
supplied with windblown sand from HFE deposits

" Use geomorphic change detection of lidar survey
monitoring data to make inferences for individual sites
and dunefields during the time period of the current
HFE protocol

= 2012, 2013, & 2014 HFEs
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Fluvial-aeolian sediment connectivity during the current HFE
protocol: effects for dunefields and archaeological sites
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Modelling dunefield changes as a function of
sediment supply
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Modelling dunefield changes asa =%

function of sediment supply
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Modelling dunefield changes as a function of
sediment supply
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Modelling dunefield changes as a function of
sediment supply
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Does it actually work like this

In Grand Canyon?

strong
sediment
supply (x10%)
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long-axis of
erosion/deposition

Glen Canyon sites:

spatial patterns of erosion and deposition are not consistent with
source-bordering aeolian dunefield morphology
net wind erosion or minimal deposition indicate no sediment supply

Grand Canyon sites:

spatial patterns of erosion and deposition are consistent with
source-bordering aeolian dunefield morphology

geomorphic changes range from net wind erosion to net wind
deposition and indicate no to moderate sediment supply
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Proportion of total change in

sediment volume 2010-2016

Results
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Results relative to river management

Parameters Sandbar Metrics Between Stage Elevations Site Photo

Associated with Dischar%es of 8000 and 45000 cfs
Sandbar Elevation Zone for Plotting: (ftfs)

What is the sandbar elevation zone?

- - Eddy Total -
Discharge for Lower Bound of Sandbar

Elevation Zone (ft¥/s):

8000

Discharge for Upper Bound of Sandbar
Elevation Zone (ft¥/s):

45000

¥ Area of sandbar between lower and
upper bound

2008-02-10 to 2015-09-30
¥ Eddy

Sandbar Area (m?)

Channel

Total Site Date

¥ Volume of sandbar between lower and - - Eddy Total -
upper bound |
2008-02-10 to 2015-09-30
¥ Eddy
Channel

Total Site

Streamflow and Sediment Data:

Discharge for Colorado River near
Grand Canyon, AZ
1922-11-12 to 2017-01-05

Sandbar Volume (m?)

Cumulative Suspended-Sand Load for
Colorado River near Grand Canyon, AZ
2002-08-14 to 2016-12-05

Update Plots

Download Sandbar Data
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Results relative to river management

Parameters Sandbar Metrics Between Stage Elevations Site Photo

Associated with Dischar%es of 8000 and 45000 cfs
Sandbar Elevation Zone for Plotting:

What is the sandbar elevation zone? Sand bar (an| Ian San d

Discharge for Lower Bound of Sandbar
Elevation Zone (ft¥/s):

source area)-ranged from
1400-2900 m2 2010-2016

Elevation Zone (ft¥/s):

45000

¢ Area of sandbar between lower and

< 10 % of sandbar covered

with vegetation (from riparian
"VD::&I :Ift:annlharbetween lower and Veqetatlon remOte SenSInu)
E P > 16, m3 of aeolian

v deposition from 2010-2016

Total Site

Streamflow and Sediment Data:
e o oo Rt equivalent to 2-5 % of
1922-11-12 to 2017-01-05 d b I d .
Cumulative Suspended-sanu Load for San ar VO ume urlng
Colorado River near Grand Canyon, AZ . =
2002-08-14 to 2016-12-05 Same tlme pe”Od

Update Plots

Download Sandbar Data
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Proportion of total change in

sediment volume 2010-2016

Results relative to river management

Sandbars (aeolian source

areas) are approx. 400 and

1500 m?, respectively

Vegetation covers approx. 240

and 320 m? of the sandbars

Management opportunity

« Vegetation removal might

Increase the size of the
sand source area by 150
and 25 %, respectively

Site

Other
(non-aeolian)




Results relative to river management

Grand 2
« Removal of riparian

vegetation might increase
the size of the sand source

area by 150 %
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Conclusion

®  Status and trends of fluvial-aeolian sediment for dunefields and
archaeological sites

" Long-term (1973-present; East et al., 2016): The number and
proportion of archaeological sites that are ideally situated to
receive aeolian sand supply from sandbars deposited by floods
from Glen Canyon Dam has decreased from 98 in 1973 to 32 as of
2012

" Project 4 suggests that of the “ideally situated sites”:
" Some have sediment resupply from HFEs
" Some have no sediment resupply from HFEs

" Some are good candidates for experimental vegetation removal
to enhance sediment resupply from HFEs

" (and we can identify specific sites)
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Conclusion

Future work and management actions

" Research and monitoring to sustain and add to the lidar survey
and change detection datasets

® Conduct experimental vegetation removal at a small number of
targeted sites and then continue monitoring whether the
vegetation removal and HFE combination enhances sediment

connectivity
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The End
Thanks for listening!
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