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WHY STUDY THE KEELER DUNES?

Keeler Dunes Require Dust Controls
*PM,, emissions cause violations of health standards
* Emissions directly impact local residents and workers
* Public safety impacts on highway traffic

Dolomite C1




Keeler PM-10 Trends
(255 Total TEOM Exceedances)
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September 7, 2012
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e 1855-1857 survey of lands in
Owens Valley and Mono
Basin

e Land characterization
conducted along Township
and section lines

e Land survey followed strict
protocol

e Land character rated based
on agricultural suitability and
topography
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1856 von Schmidt land characterization
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— 22 photos were used in analysis
— Historic photos range from circa 1912 to 2007 (95 year
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Legend

waataliey | Historic Photo Locations
Ground Photos

Highway

Old State Highway

3600' Shoreline

(2009 NAIP background)




1936 Aerial Photo of Keeler










Inyo Development Company
c. 1920 vs 2012
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View From Keeler to Northwest
1940 - 2012




Train into Keeler, 1953 - 2012
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3. Air Photo and Satellite Image Analysis

e 16 air photos and satellite image dates

e Photos and images range from 1944 to 2010 (a
span of 66 years)

e All photos and images rectified and analyzed
using GIS

e Dune parameters measured and analyzed (areal
extent of dune field and sand sheet, number of dune ridges, dune
length, dune migration etc) X
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Lake desiccation to brine pond
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Kilometers

Legend

= Highway 136
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Changes in Dune Field Extent (1947 — 2010)
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Changes in Dune Field Area and Volume

(1944 - 2010)
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Dunefield lenght (m)

Changes in Dune Field Length and Migration

(1944 - 2010)
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Dune and Sand Sheet Development Summary

Dune Field Sand Sheet . Dune Field
Area Area Dune Field
. . Length
km? (mi? km? (mi?
(mi?) (mi) (m)
1. 1944 - 1954 0.25 (0.10) 1.8 (0.70) 1,400 215,000
2.1968 — 1982 0.68 (0.26) 4.3 (1.66) 2,300 474,000
3. 1986 - 2000 0.83 (0.32) 4.0 (1.55) 2,300 600,000
v v v v
Changes observed 3 fold increase in 2 fold increase in Z.fo‘ljd mc;'.e a;:e 3 fold increase in
through 2000 dune field area sand sheet area n Iune '€ dune field volume
ength
4.2002 - 2010 0.78 (0.30) 3.4(1.32) 2,700 600,000
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Geomorphlc Map Units
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Geomorphic Map of Northern Shoreline
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GEOMORPHIC MAP OF THE NORTHERN AND NORTHEASTERN MARGINS
OF OWENS (DRY) LAKE, CALIFORNIA
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Geomorphic Map of Keeler Dunes
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Sample Locations

Mineralogical Analyses of Sand
* X-ray Diffraction (XRD) = orange
e Samples collected from:

1. Owens River

2. modern emissive Keeler Dunes
3. Paleo-dunes

4. Swansea and Lizard Tail Dunes
5. Keeler Fan

Numerical Age Date Analyses
* Optical Stimulated Luminescence
(OSL) = yellow and green
* Radiocarbon

Legend
2012 OSL sample locations

XRD sample sites

2010 OSL sample sites

Radiocarbon date sites
— 3600 ft shoreline
— Highway




Mineralogical Analyses

’Dwens River
& Swansea Dunes
4 Keeler Dunes

’I{eeler Fan

‘DWEI‘ISHWBF
e 4k Swanzea Dunes
L O T T
90 80 TO &0 G50 40 30 20

4 Keeler Dunes
Calcite pKeeler Fan

See hand samples

i i o i [ o
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90 80 V0O 60 50 40 30 20 10

Plagioclase




Age Date Data from Keeler and Lizard Tail Areas
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1103 m shoreline
(814 +/-40B.P.)

* Multiple periods of Holocene dune deposition

* Internal stratigraphy of Holocene dunes is complex

e Topographic control of Holocene dunes along 1103 m (~3,618 ft) shoreline

* Modern emissive Keeler Dune bury paleo-dune deposits



Legend
/A 2012 OSL sample locations
{ XRD sample sites
— 3600 ft shoreline

—— Highway
0.1 Miles

(OSL sampling, June 2012)

Lizard Tail Dunes
Two dune ridges present
OSL profiles taken in each dune ridge

(High resolution air photo mosaic, 2011)




Generalized Cross Section across Lizard Tail Dunes

SW Lizard Tail Dunes NE

1103 m wave-cut notch

A \ ,f-ﬁ*- Qf4
/=780 (3500-830 calyr BP)

1872 shoreline

(1097 masl) ~~_

Alluvial fan deposits
(> 5000 yr B.P.)

* Two periods of Late Holocene dune development
e Formation of dunes below 1103 m (3,618 ft) erosion feature
e Historic shoreline forms erosional notch in Holocene dunes






6. Sand Transport Analysis







1-Kilometer Grid used in 2000-2001
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250 meter Irregular Grid used in 2009-2012

2009-2012 Sand Motion Analysis Area
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Average Surface Change: 2000-2001

(Pre-Dust Controls)

N

Meters
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Average Sand Motion: North Sand Sheet (2000 thru 2001)

Average change/year = 0.10 cm erosion

Jan 2000 - Dec 2001

On-Lake Dunes

Sand-Flux: Direction & Magnitude
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Average Surface Change: 2009-2012
(Post-Dust Controls)

Dust Years: 09/10-11/12
Avg Sand Motion (g/cm?/yr)
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+ 2501 - 5000

Deposition - Erosion (cm)
——4.000001 - 6.000000
~——2.000001 - 4.000000
0.010001 - 2.000000
-0.009999 - 0.010000
-2.328999 - -0.010000
-4.668999 - -2.330000
-6.999999 - -4.670000
s -9,329999 - -7.000000
—-11,500000 - -9.330000

Surface Change
o Deposition

B Erosion

——— Owens Lake 3600ft Shoreline
Keeler Dunes: 2009 Extent
DDust Control Measures




1. Alluvial material from Inyo Mountains
2. Flood silts

6.. Lake bed exposed from historic deS|ccat|on of
Owens Lake
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Location of Potential Sand Sources
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 Mineralogy
e Volume
e Particle size

= sand

e Transport direction

Sand Volume (ms)

Important Considerations
for Sand Source Identification
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’Dwens River
A Swansea Dunes

1. Alluvial Material from s reroves

Inyo Mountains

material is different from Keeler
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’Keeler Fan

e Overall particle size of alluvium is 8
coarse — high proportion of gravel

e Alluvial fan does not show signs of o ©
extensive erosion o/

e Source is located to east of dunes N
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3. Swansea and  Mineralogy is similar to Keeler Dunes
Lizard Tail Dunes e Particle size = sand

=7 * Sand Transportation direction to east

\‘i;.; : *’*4:‘% Volume considerations:

Swansea Lizard Tail Total
Dunes Dunes
\\ _ Area (acres)

 Area (m?) 375,000 135000 510,000
"-\'\ Erosion needed (m) 1.6 4.4 1.2

"~ Swa nsea Dunes
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/
4



4. Lake bed exposed during
1872 Earthquake

Estimate exposed lake bed = ~200 ft
wide

N

Area exposed that could have supplied %
dunes = 35-40 acres (140,000 to ¥
160,000 m?)

12-14 feet of erosion required (3.75-




5. Holocene Dunes General Character of Known Holocene Dune Deposits
1. Occur along topographically controlled elevations

o N 2. Considered to have been stabilized by vegetation
? | 3.Expressed as large vegetated mounds

= | AnaIS|s conducted based on Geomorphic Mapping
* |dentified zone based on geomorphic features

e Large vegetation anchored mounds
e Analysis of change in slope from LiDAR data




Area with Potential Holocene

Dunes on Geomorphic Map
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EXPLANATION

£X] Area of Paleadune Deposits

Alluvial Fans

l:l Qf6 - Alluvial fan (active channel)

|: Qf5 - Alluvial fan (730 cal yr B.P. to 1872 A.D.)

l:l Qf4 - Alluvial fan (3500 to 730 cal yr B.P.)

I:l Qf3 - Alluvial fan (8000 to 3500 cal yr B.P.)

|:| Qfd - Flood deposits (3500 cal yr B.P. to recent)

Eolian Features

- Qe(d) - Eclian active dune

l:l Qe(ss) - Eolian active sand sheet

l:l Qe(ssc) - Eolian sand sheet with coppice dunes

‘_ » 1 Qe(vd) - Eolian vegetated dune

Lacustrine Features

|:| QI9(p) - Lacustrine lake plain (1872 A.D.)

QI7(br) - Lacustrine beach ridge, 1101 m (730 cal yr B.P. o 1872A.D.)
’_‘ QI7(p) - Lacustrine lake plain (730 cal yr B.P. to 1872A.D.)
QI6(br) - Lacustrine beach ridge, 1103 m (900-730 cal yr B.P.)
D QI6(p) - Lacustrine lake plain (900-730 cal yr B.P.)

[T ci5(p) - Lacustrine lake plain (3500 cal yr B.P)

[: QI4(t) - Lacustrine terrace, 1120 m (8000 cal yr B.P.)

D QI3(t) - Lacustrine terrace, 1135 m (8000 cal yr B.P.)

Playa Features

l:’ Qpl(si) - Playa with silt crust

D Qpl(d) - Playa disturbed

Anthropogenic Features

[ | At Artificial fil

[ |Rrd-Road
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K
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Area with Potential Holocene Dunes with Bare Earth DEM

Maximum extent = 77 acres (~300,000 m?) | | GEOMORPHIC MAP UNIT

Alluvial Fans

Maximum th iCkness ~1.5m I o - Flood deposits (3500 cal yr B.P. to recent)
. Eolian Features
M aXI m u m VOI u m e = 450I000 m3 Cl Qe(vd) - Eolian vegetated dune
Lacustrine Features
- QI6(br) - Lacustrine beach ridge, 1103 m (900-730 cal yr B.P.)
[ Qi6(p) - Lacustrine lake plain (900-730 cal yr B.P.)
[ i5(p) - Lacustrine lake plain (3500 cal yr B.P)

SURFICIAL PALEODUNE DEPOSIT
POTENTIAL

Slope

E 50° HIGH
0 LOW

Based on estimated volume
Almost 1 % of the paleo dune
deposit would have to be eroded
to form modern Keeler Dunes




6. Exposed Lake Bed from Historic Desiccation

GEOMORPHIC MAP BELOW 3600 ft (1097 m) ELEVATION SHOWING
AREAS OF EXPOSED LAKE PLAIN AND DELTAIC DEPOSITS OF

36340
L

NORTHERN OWENS (DRY) LAKE FROM 1872 TO 1924 A.D.

RECONSTRUCTED MAP UNIT

Boundary of geomorphic map of the northern and northeastern margins of Owens
Area above (Dry) Lake, California
3600 ft (1097 m) elevation
Hydrologic and Fluvial Features
3560 ft (1085 m) water level after large flood events (e.g., 1938, 1969, 1983 A.D.)
[ afi9 - Active channel Owens River (2005 to 2010 A.D.)

Deltaic Features

I:] Qd11 - Delta plain (post desiccation of lake)
[] @d10 - Delta plain (post desiccation of lake)
|:| Qd9 - Delta plain (post desiccation of lake)
I:' Qd8 - Delta plain (post desiccation of lake)
[] @d7 - Delta plain in 1884 to 1834 A.D.

[ @d6 - Delta bar and plain in 1872 to 1884 AD.

36°330N

ano
Lacustrine Features

[_1 @it - Lacustrine lake plain in 1312 to 1924 A.D., 3579 to 3560 ft (1091 to 1085 m)
[] Qi10- Lacustrine shore lands in 1884 to 1912 A.D., 3584 to 3579 ft [1092 to 1091 m)

4 amn ads
[ @19 - Lacustrine shore lands in 1872 to 1884 A.D., 3600 to 3584 ft [1097 to 1092 m)
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6. Exposed Lake Bed from Historic Desiccation
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Area above
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Exoved playa betow 3580 Tt (1085 m)

GEOMORPHIC MAP BELOW 3600 ft (1097 m) ELEVATION SHOWING
AREAS OF EXPOSED PLAYA AND RECENT EOLIAN DEPOSITS
OF NORTHERN OWENS (DRY) LAKE AND
THE ACTIVE KEELER DUNEFIELD
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Area nbove
3500 M (1097 m) wbevabion,
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GEOMORPHIC MAP UNIT

Boundary of geamarpiec map of the nordhem and noheastern manging of Cwens
" (Dry) Lake, Califomia

Recent Fluvial and Alluvial Features
[ @ - Active channel Owens River (2005 1o 2010 A.D.)
[ o6 - mctive channal, alluvial fan (2005 to 2010 A.D.)

Deltaic Features

[ ] @d11 - Detta plain (past desiceation of lake)

[] @d10- Delta plain {post dasiceation of lake)

[ ] @8 - Delta plain (post desiccation of lake)

] @28 - Delta plain {pos! dessccation of lake)

[ a7 - Dsha piain in 1884 10 1894 A D.

] 06 - Delta bar and plain in 1872 1o 1884 AD.

Active Eolian Features on Playa Floor and Keeler Dunefield

- Qe(d) - Eolian active dune and mega-rippies on floer of playa

- Qe(ss) - Eolian active sand sheet

Lacustrine Features

] @10 - Lacustrine shore lands in 1884 to 1912 A.D,, 3584 to 3579 1092 to 1091 m)
[ @19 - Lacustrine shore lands in 1872 to 1884 A.D., 3800 to 3584 R [1097 1o 1092 m)
Playa Features

IE Qpl(s) - Playa with sandy surface

[ Exposed playa below 3550 f (1085 m) elevation that is frequently inundated

I:[ pl - Exposed playa (salt and sill crus! surfaces)

Geosmorphalogy mapped by Steven Bacon. PG, CEG., and flald
checked by Ncholas Lancaster, Ph.D. and Scoft Stine, Fn.O.

Risonstructed map units based on tow inapping ol & scale
1:5000 to 1:10.000 using 2-, 18-, and 1-meter resalution imagery
aquired in 1970, 1998, and 2008, respectively. Spatial distribution
of reconstructed mag units based on infial mapging from the
Genmorphic Map of e Northern and Norlleasten: Margins of
Cwenss (Dry) Lake. California by Bacon and Lancasier (2012).
deltaic and sali p units in the area of the
‘northern sand sheet” are baved on 1970 and 1998 imagery.

Geograptic cooldinate syslem WGS 1984

Final Viersion: November 2012




Reconstructed Map Unit

[:|Areaabov93600ft(1097m)elevatinn Eroded La ke Bed Area
D 3560 ft (1085 m) water level, 5.1 mi2 (13.2 kmz)

l:l QI(1) - Lacustrine lake plain features, 9.1 mi2 (23.7 km?)
|:| Ql(2) - Lacustrine lake plain features, 2.2 mi2 (5.8 km?)
I:l Qd - Deltaic features, 5.9 mi2 (15.4 kmz)

Ql(2) L 1

- ]

Qd
Qi(1)

Ql(2)
Recent Geomorphic Unit
[ ] Area above 3600 ft (1097 m) elevation
[71 3560 ft (1085 m) water level, 5.1 mi? (13.2 km?)

Qpl(1) - Exposed playa in eastem lake plain area 8.6 mi* (224 km?'
3560ft (1085 m) WL L] awic) P - Sy

I:l Qpl(2) - Exposed playa in western lake plain area 2.0 mi< (5.3 km<)
[ api(3) - Exposed playa in defta area, 0.8 mi? (2.0 km?)

[ ait) - Lacustrine lake plain features, 0.5 mi? (1.3 km?)
[ ] al2) - Lacustrine lake plain features, 0.2 mi? (0.5 km?)
[ ad - Preserved deltaic features, 5.2 mi? (13.4 km?)

Eroded Lake Bed (Total = 9.4 mi?) ok M, e
8.6 mi? (in eastern lake plain) '
0.8 mi? (in eastern delta)

Qpl(1)

Qpl(2)

8.6 mi?

3560 ft (1085 m) W.L




6. Exposed Lake Bed from Historic Desiccation

Mineral composition is correct
Transport direction is correct (geometry)

Evidence of erosion on over 6,016 acres
(= 9.4 mi? or 24.4 km?)

Average erosion of 2.5 cm erosion
needed to get 600,000 m3 volume
required

o
i

Average erosion rate ~0.10 -0.13 cm
calculated from sand flux data

77 year erosion period (1924-2001) x
erosion rate = 7.7 to 10.0 cm erosion on
lake bed.

Only 1/3 to 1/4 of this is needed to be
transported into dunes



Summary of Main Results

. Historic documents do not identify current Keeler Dunes until 1987

. Analysis of public lands survey data suggests that modern and emissive Keeler Dunes
were not present in 1850’s

. Historic photo/rephoto analysis indicates that modern emissive Keeler Dunes are a
recent feature of the landscape

. Air photo and satellite image analysis shows that modern Keeler Dunes are a young
immature dune field that grew by a factor of three from 1944 to 2000

. Geomorphic mapping shows that Keeler Dunes are one of the youngest features in the
area and that they bury older dune deposits

. Age dating indicates that were multiple dune building episodes in the Late Holocene and
that paleo-dunes are located along former shoreline features

. Sand transport analysis indicated that there is a net movement of sand off of the
exposed lake bed and that the lake bed has eroded about 0.10 to 0.13 cm/yr.

. Sand source study indicates that main source of sand for modern Keeler Dunes came
from dried bed of Owens Lake

(photo rippled dune surface)



Staff Summary and Conclusions

@ >
District conducted 7 separate research investigations.
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The landscape within the Keeler Dunes has changed dramatically over the last century. B
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Geomorphlc mapping and geological anaIySIs show that thergwere oider stable yegmi(ced dunes .-!! 3 :
= assoaated with Late Holocene stands of ancient Owens Lake.- ‘

e STy N
The Late Holocene dune deposits are dlfferent in characteL_?nd exte‘n&;hangeunrgniactme and emlﬁv‘g? B
modern Keeler Dunes. : e gl I
Modern active and emissive Keeler Dunes formed from sands moving off of the‘ﬁi‘st‘o*i"icélly\exposed -5
- | bed of Owens Lake that was dried as a result of water diversions of inflowing waters. *\f"kxi_w_
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> Material from the eroded lake bed moved onto the existing vegetated Keeler Fan ch: nging t‘F\'é‘)"*T‘m B
ndscape and creating a mobile and emissive sand deposit that is a public healf and safety threat.
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" | Modern active and emissive Keeler Dunes are anthropogenic.







