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| Multi-room structures

Human Activity and Archaeology
Along the Colorado River in
Grand Canyon

» People have occupied and used
resources in Grand Canyon for at least
9,000 years

* Indigenous peoples have inhabited
the Canyon region periodically since
time immemorial

» European explorers first visited the
Canyon ~480 years ago

» Today, evidence of ancestral peoples and
recent historic activities is displayed in
100s of archaeological sites along the
river in Grand Canyon National Park

* Many sites are deteriorating due to dam
operation effects (lack of floods,
vegetation encroachment, loss of
sediment) and other factors (rainfall run- } A

off, and visitor impacts) A Prehistoric hearth B. Prehistoric bow! C. Slab structure in  D. Fire-altered rock
in alluvial cutbank ~ exposed by gully exposed by wind
rainfall-runoff deflation

Photo credits: J. Dierker and other National Park Service staff
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Upland vegetation, like
mesquite, help trap new
sediment and build dunes
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River management and Post-dam conditions |
. . . Ripari tation barri Upland vegetation can
archaeological site preservation Xiparian vegetation barrier spread toward the
limits shear stress and sand :
. ) active channel
transport directly downwmdb t —_—
..U
| a‘é‘\'e- can increase W?nd
S0 m\lqe‘ R\ scour and erosion
. S o) further downwind
wind A€ 1ot O o
N ©
. ~a(\2
* Long term reduction in sediment : L N
supply and increase in riparian

vegetation since closure of Glen
Canyon Dam has increased
archaeological site erosion and
decreased preservation potential

Sankey et al., 2023, Journal of
Environmental Management
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Geomorphic changes at
Glen Canyon archaeological
sites: 2015 — 2024

of Select

morph :
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! jion Topoo¥
wigh 80 ?g\'\‘:a\ sites in 61°

* Lauren Tango’s Annual Reporting
Meeting poster

* Ground-based lidar at three river
corridor archaeological sites in 2024

* Sites monitored with lidar in 2015
prior to implementation of LTEMP

Professional Paper 1825

us. Dopartgp,
US. Gooyg, B s:::; Interioy

* How have they changed during the e
past decade?
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Geomorphic changes at
Glen Canyon archaeological
sites: 2015 — 2024

 Methods

* Topographic change detection
of repeat ground-based lidar
survey digital elevation
models (DEMs)

e 3
sclence for a changing| -
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Grand Canyon Monitoring and Research Center |




Geomorphic changes at
Glen Canyon archaeological
sites: 2015 — 2024

* Wind erosion and trailing by
humans has contributed to
erosion in and around site area

ZUSGS

‘sclence or 3 chang(ng WOYK),

Grand Canyon Monitoring and Research Center Preliminary rESUItS, please don’t Cite
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Geomorphic changes at
Glen Canyon archaeological
sites: 2015 — 2024

* Erosion of gully that drains to the local
base level of Colorado River

* Loss of fire pit feature (uncalibrated
radiocarbon age = 2040 + 40 years
before present)

Elevation Change (M)
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Geomorphic changes at
Glen Canyon archaeological
sites: 2015 — 2024

* Erosion of gully that drains to the local
base level of Colorado River

* Loss of fire pit feature (uncalibrated
radiocarbon age = 2040 + 40 years
before present)
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Geomorphic changes at
Grand Ca nyon National Park Summary of ground-based lidar monitoring of all archaeological sites
archaeological sites

m GRCA repeated archaeological site surveys
30 m GRCA repeated archaeological site surveys with NPS vegetation management

GRCA archaeological sites surveyed

* 16 GRCA sites surveyed September 2024

* Long-term GRCA sample includes 36 sites = Petroglyph monitoring: Supai Man

or site loci with multiple repeat surveys
0 EREnBE_

2006 2007 2010 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Survey Year

25 m GLCA archaeological sites surveyed

Count (n)
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(3, ] o

—
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M of Difference

Preliminary results, please don’t cite



Geomorphic changes at

Grand Canyon National Park survey
archaeological sites Completed Interval
AZ.C:05:0031 2023-2024
e Data acquired m FY2024 A AZ:C:13:0321 2023-2024 SUWE'?
» Topographic change detection e In Progress Interval
completed for 7 sites AZ:B:14:0105  2023-2024 AZ:B:10:0237 2021-2024
AZ:G:03:0072 2023-2024 AZ:C05:0037 2021-2024
AZ:C:13:0000 2021-2024

* In progress for 9 sites
» Expected completion of analysis for these
sites is April 2025

=< USGS
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GRCA Lidar Topographic
Change Detection
(LTEMP Goal 1, Metric 1.2)

e Between 2010 and 2023

e 18 of the 36 sites had mean
negative rates of annual
elevation change (erosion)

e 18 have mean positive rates of
annual elevation change
(aggradation from sediment
deposition)

* For context, change of 1 mm per
year for an archaeological site
covering 0.5 hectare (1.2 acres) ~ 8
metric tons of sediment deposited
or eroded each year

Preliminary results, please don’t cite

Mean annual elevation change (mm/yr)

Site Number Topographic Change (Monitoring Record) Starting  Recent
Year Year
AZ B-15:0138 2018 2022
_AZBA400SS J | 2018 2022
AZ C:13:0321 2010 2023
AZ C-05:0031 2010 2023
AZ G-03:0072 2010 2023
AZ C-06-0003B 2017 2023
AZ C:13-0009B 2019 2023
AZ B-10:0237 2017 2021
AZ C-05:0037 2018 2021
_AZGO30044 g 2018 2022
AZ B'140105 2016 2023
AZC130060 = 2018 2021
"~ AZ B14:0094 2018 2022
AZ C:06-0003A 2017 2023
AZ B:16:0911 2020 2022
AZ C:13:0365 2018 2023
AZ G-03:0080 2018 2023
AZ G-03:0032 2018 2022
AZ A‘16:0004 2018 2022
AZ B:10:0225 2010 2023
AZCA130006 2010 2021
Az AMs0005 g 2016 2021
AZ C:13:0005 2018 2022
AZ G-03:0041 2007 2023
AZ G-03:0058 2018 2021
AZ C13:0344 2010 2022
AZ C:13:0346 2010 2022
AZ C13:0348 2010 2022
AZ C13:0092 2019 2023
AZ C13:0393 2018 2022
AZ C:13:0336 2010 2021
AZ C:13:0101 2010 2021
AZ C:13:0008 2010 2021
AZ C13:0334 2010 2021
AZ B:13:0002 2019 2021
AZ C:13:0099 . 2010 2021
20'-15 __-10 5 0 5




. . Aeolian Starting Recent
Site Number Recent Topographic Change (2020 - 2023) Classification Year Year
A7 B:15:0138 1
_____ AZB140095
A7 C:13:0321 vr 2020 2023
A7 C:05:0031 vr 2020 2023
GRCA Lidar Topographic Change AZ G:03:0072 r 2020 2023
AZ C:06:0003B vr 2020 2023
H AZ C:13:0009B vr 2020 2023
DEtECUO N AZ B:10:0237 2a
AZ C:05:0037 2a
_____ AZ G030044 2a L
AZ B:14:0105 . 2avr 2020 2023
e Between 2020 and 2023 AZ C:13:0069 - _ 2awr
. . AZ B:14:0094 2b
* 9 of the 15 sites surveyed have mean negative AZ C-06:0003A 2ot 2020 2023
(erosional) rates of elevation change PRI q_ - i .
* 5sites exhibit a positive mean annual AZ C:13:0365 2
elevation change Qi ggggggg gz
. . A7 A16:0004 2c
* Relatively large amounts of erosion for all o BA0.0225 e
Type 1 aeolian classification sites which | AZCI30006 R R
. . A7 A:15:0005 2cvr
have a more direct connection to dam 130008 5
operations AZ G-03:0041 — 3 2020 2023
TYPE1 Extfgtof AZ G-03:0058 3
e AZ C:13:0344 3 2020 2022
Tﬁbu,- A7 C:13:0346 3 2020 2022
" ey AZ C:13:0348 | 3 2020 2022
[ e o AZ C:13:0092 3 2020 2023
site A7 C:13:0393 3
Recent AZ C:13:0336 4
sandbar AZ C13:0101 4
AZ C:13:0098 4
A7 C:13:0334 4
A7 B:13:0002 4 2020 2021
AZ C:13:0099 | 4

-8 6 -4 -2 0 2 4 6 8
Mean annual elevation change (mm/yr)
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GRCA Lidar Topographic Change
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GRCA Lidar Topographic Change 100
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LTEMP Experimental * Does removal of riparian vegetation barriers located
Vegetation Management in between river sandbars and archaeological sites increase the

Grand Ca nyon National Park resupply of aeolian sediment to sites?

Photo credits: J. Sankey, USGS



Colorado River in Grand Canyon National Park

o Lake Powell Resg\rvoir R
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National Park Service (NPS) sandbar vegetation removal annually since

. 2019
Study sites o , ,
e USGS monitoring pre-2019 (baseline) and annually since
 HFE dam release in April 2023




Experimental Vegetation Management:
Basalt Camp example 2018 - 2024

Canc-p)':é:_;;;n‘}:.'!-‘
*>3.0m
25m
20m
1Sm
10m
0.5m

Preliminary
results,
please
don’t cite

After controlled flood

Over 1 year after controlled flood
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Experimental Vegetation Management:
Basalt Camp example 2018 - 2024

Preliminary results, please don’t cite



I Lidar measured vegetation cover 100%

90%
X 80%
= 70%
° 1 i >
Decrgasg in vggetatlon cover at 5 60%
the six sites since annual sandbar O o
. . c 50%
vegetation removal implemented o
by NPS began in 2019 & 40%
Q 0,
e Successfully reduced an 30f’ °
vegetation cover in the > 20% x | _
vegetation management areas 10% o [V

0% -
2017 m2019 m2020 m2021 =2022 =2023 72024

Preliminary results, please don’t cite



Lidar measured topographic
change at downwind i
archaeological sites R
&g
- 6
e Cumulative topographic changes 'g
from sediment erosion and 2 0 | I |
deposition at archaeological sites < | B 4 w
downwind of sandbar vegetation £ 4 | | \! ”
management areas O : : |
E) A AZ C:6:0006A (Marble Canyon) :
E -12 A AZ C:6:0006B (Marble Canyon) :&
g - & - AZC:5:0031 (Marble Canyon) :
,E 18 --0--""AZ C:13:0321 (Eastern Grand Canyon) :
E —o— AZ B:14:0105 (Eastern Grand Canyon) :
E 24 —B— AZ G:03:0072 (Western Grand Canyon) i
3 2016 2018 2020 2022 2024
Year
** Resultsfor AZ C:13:0321 were reduced by a factor of 10 to improve visual interpretation

T%“‘rﬁ Les  Preliminary results, please don’t cite



Lidar measured topographic
change

* Greatest total topographic change
occurred at vegetation management
sites and years with lower vegetation
cover

* Observed within the vegetation
management areas on the
sandbars and at long distances
(50m) downwind of the sandbar
vegetation management areas

e Threshold levels of vegetation
cover on sandbars could be
managed to promote aeolian
transport or deposition of river
sand

™ PR BT &
‘ = L0 2 o -
sclence ora ) saarec-
Grand Canyon Monitoring and Research Center

Preliminary results, please don’t cite
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Geophysical Research Letters

RESEARCH LETTER Landscape-Scale Modeling to Forecast Fluvial-Aeolian
- GeNeINaL 0N Sediment Connectivity in River Valleys

Alan Kasprak"* ), Joel B. Sankey® , and Joshua Caster” ©

zency, Center for Public Health and Eaviroos

Modeling River Sourced e ————

deposition of sediment. Sediment connectivity refers 10 the hypothesis that pathways of sediment transport do
not occur in isolation, but rather arc mechanistically linked. In dryland river sysicms, one such example of
sediment connectivity is the transport of fluvially deposited sediment by wind. However, predictive tools that

1 o
can forecast fluvial-acolian sediment connectivity at meaningful scales are rare. Here we develop a suite of
Sopportiog Information: maodels for y Labili P

Supportin Ifcemtm may be found o Wind regime, and land cover across 168 km of the Colorado River in Grand Canyoa, USA. We compare and
the colin version of this ricle. validate these models using topographic changes observed
dunefield setting. The models provide a path forward for d

NPS Management Goals T |

variety of processes, especially water and wind. In rivers k
Citathon: fowing water during river floods. Once this sediment dries,
o requently observe this

predict when and where windblown transport of river-depos
Grand Canyon alang 168 km of the Colorado River, along w
cover, to develop four models that predict how much sedimi
results of these models to actual windblown sediment trans |
when models predicted more sand was available at the site |
which were due to wind. Our research makes it possible to
amount of sediment moved by wind.

» Kasprak (2024) model to
evaluate alternatives for SEIS o R
and Post 2026

* Funded by BOR and NPS, not

Monthly Variations
for Downstream
Water Delivery

Daily Variations
for Hydropower
Production

400(

GCDAMP

200 Spring 2021
* Leverages Project D data and 0 . . . b
expertise

54 Method 4: Vegetation-Dependent
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Modeling River Sourced
Aeolian Dunes to Support
NPS Management Goals

* Maddy Kelley’s Annual Reporting
Meeting poster

* Funded by NPS, not GCDAMP

* Leverages GCMRC (Projects A, B, D,
L) data and expertise

* Adapts numerical model developed for
coastal environments to explore site
specific aeolian processes

 Incorporates topography, wind strength,
river stage, sand supply, grain size,
vegetation cover into sediment flux
estimates and geomorphic change
results.

Preliminary results, please don’t cite



IModeImg River Sourced Aeolian Dunes to Support NPS Management Goals

T

Final Topography
\ (w/in Model Domain)
pla:!view :;

—_
€ .
e

30

20

10

9800009
|
h\J
[o2]
N

11 ‘ '{"1!'

0 50 100 150 200
Model Time (days)

Wind Magnitude (m/s)

(@)]

22 138 S srvems

\

a

N

[$)]

Elevation of Dry Sand (m)

S a e S es  Preliminary results, please don’t cite



IModeIing River Sourced Aeolian Dunes to Support NPS Management Goals

Wind Magnitude (m/s)

Bed level at the first time step

Bed level at the last time step

100 150 200
Model Time (days)

Preliminary results, please don’t cite
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Next Steps for Project D

e Continue to monitor archaeological
sites and collect data to report on
LTEMP metrics 1.1-1.3

 Continue to evaluate effectiveness
of LTEMP HFE and vegetation
management experiments

* Develop experiments with the Hopi
Tribe, NPS and others to identify
new strategies to retain sand on
sites.

ZUSGS

gy o

n Monitoring and Research Center

ey
Grand Canyo!

Photo credit: J. Sankey, USGS
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