: LATE-PLEISTOCENE AEOLIAN ACTIVITY ON THE COLORADO PLATEAU
CORAL PINK SAND DUNES, UTAH

Kerri Spullert, Dr. David Wilkins?t, Dr. Jen Piercel, Dr. Tammy Rittenour?, Dr. Rick Ford?
k 1.Boise State University, Dept. of Geosciences; 2. Utah State University, Luminescence Laboratory 3. Weber State University, Dept. of Geosciences /

Purpose Methods Discussion of Results

HOW dOes CIlmate Change Inﬂuence IandSCGPES? / Describe stratigraphy \ /Geochronologv of Aeolian Depos% /Geochemistrv of Aeolian Deposits\ Geomorphology and Geochronology Of SEdiment Aprons
 Past landscape change preserved in the geomorphic record can help to better * Describe stratigraphy exposed in = Optically stimulated luminescence = Analyze by ICP-OES  The sediment aprons preserve aeolian activity from ~12 ka, and from ~110 to 150 ka
understand how landscapes respond to climate change Sl fEsee Bier: (OSL) dating = Compare trace elements * Since ~12 ka Sand Wash has incised, dissecting the aprons from the main dune field and
* This research Investigates the.timing and S?UFCE of aeoloian activity preserved in -fjg:;fnéjpgzi:isonal settin = Grain size analysis by laser light between dated deposits, and to cutting off their aeolian sediment supply
topographically-controlled sediment aprons in the Coral Pink and Dunes (CPSD) (aeolia&rln fIEviaI, or : Sl other dune fields * This study provides the first evidence of aeolian activity during the last major glacial period
\ alluvial/hillslope) / \ / \ / on the Colorado Plateau (MIS 6) and an opportunity to investigate hypotheses of landscape

Colorado Plateau Records of Aeolian ACtIVIty change during glacial-interglacial climate change

Aeolian Activity Recorded in Colorado Plateau Dune Fields How does OSL work? Sam p I e CO I I ECtI O n Sediment Source

Coral Pink Sand Dunes
A | = & - : . : :
- - oo \ 3@; s o) SES | - Describe stratigraphy * While the CPSD and Kanab Dunes are located about 5 miles apart and both overlay Navajo
rizona | L5 eet floo -‘%““ = Ry T : ‘\ ' . . . . .
| vy - v | - W L e, ccted in . . . sandstone bedrock, their geochemical signatures are different, suggesting that they are
e | [ ] Black Mesa, NW Arizona Grains are bleached by sun L T NS B 2. Identify aeolian deposits . .
Al during erosion and e R TR derived from different sources
_ - _ I Canyonlands, SE Utah transport S 3 \‘r v < :‘:QVT. ,’“ T ‘11 .
ew Mexico ». : - £ ‘ i., ’<" llected f 3' CO”eCt DE In Ilght-prOOf * FUtu re Work WIII InCIUde analyses Of bedrOCk Samples for Comparlson
MIS 1 MIS 2 Mis 3 Marine Isotope Stage & N e ;% ?;d?usi,?rBE container
__ Logend After burial, grains e L T R s -
I S I S S S E— ) L i s | How has this landscape responded to past climate change?
Thousands of Years Before Present -'_-L”‘E;g'aiaff‘[:”d i, B, y radiation over time ;Vr:tgﬁ';c;:\ézg_i:;%hng BT g A 4. Collect D sample from a
N . e 15 cm radius around D¢ Comparison of CPSD aeolian activity to global and regional paleoclimate records
Aeolian activity on the CP has occurred under a range of climate conditions: R B sample
OSL Ages with Error Bars -
| = | | o Laboratory Analysis and Age Cal cu I atl on B o Previous tudies Wik e a, 2007 . Coral Pink Sand
* Holocene = arid conditions -2 increased sediment availability o - s o = This study . Dune Activity
« MIS 2 and 3 = wetter, windier conditions = increased sediment supply osemnae RO Ay D Distributions il n
etarod, # s T MIS1| MIS2 MIS 3 MIS 4 MIS 5 MIS 6 Marine Isotope Stage
L. . . et LEneneratec A £ = L 3
* The Colorado Plateau is highly susceptible to extreme climate variability because ' ' ' ; Global Records
of its location in the dry, continental interior at a boundary between subtropical et I Ml R " 5 %\\ LRO4
. . .. : " 4 R4 » 30 PR ®3 T . A\ /M~ Benthic foraminifera
and mid-latitude atmospheric circulation patterns i ) T . gt Yl T from 57 marine
. . . . . 2 23 sediment cores
* Preservation of deposits has limited our understanding of how this landscape el B IR . 5 (Liseicki and Raymo,
. . . uminescence a a a o 10 20 30 a0 0 T a 3 Y 16 ] @
responded to earlier periods of climate change De Equivalent dose rate is the amount of sensitvity £ £ £ 2 o 83 5 2005)
° Topographlc ContrOIS prefe rentla”y preserve Ionger and Older records L?gr?;?tgaﬁg??ga:;]()en nnaetﬁf‘jaelcilj[r?ulr?gsgeen? Sllljgnr-:lanlesfctehnet Measure‘OSL(TN) Measur!OSL(Tﬂ Measur!OSL(Tz) CPSD-SIte 4 0 20(I)00 4O(I)OO 60(I)00 80(I)OO 1OOIOOO 120I000 140IOOO 160IOOO 180000
7 7 ’ —_ Probability Density Function 16
o sample. wr > 4 wf Regional Records
Study Region Background — — N
Dp, Dose rate is the dose per unit time received by i = e . S g e
To oera hic cOntrols in Coral Pink Sand Du nes the sample while it was buried, and is calculated senativiy- N / e E i o Qs M_/\ (LV(ZIIn Cf\ICItf I
! correcte g\ %o 18 B S w1l anawenr et al.
p g p from the elemental radioisotopes In surrounding oSt fg / 5 235 WW Ve 2011)
' i A sediment. 53 . ’ ” °5 | | | | | | | |
§ | SN “ lgRe'a””EElrz“”(%' . 50 B 0 20000 40000 60000 80000 100000 120000 140000 160000 180000
Dose@(}gy) 0 50 100 ]I:.)E;?Gy) 200 250 300 0 4 p,ejsmn 12 16
Source: E.L. Cord Luminescence Laboratory, Desert Research Institute CPSD_SIte 3 19 / \/\
A /N

Results e [y / WA e

An Extended Record of Aeolian Activit N\ [l coretrom cafori
Inferred ne Type from | i k ‘ $ o & 13 L\\'\/A\/f/\v/\/\f\‘/\,/\/ \J/ \/\ (Herber(t: et al. 2001)

Site Elevation Grain size . Dose rate Equivalent dose  Overdispersion

[») 9] tocation (um) > (G74%)] (Gy) DE 2+ 20 (%) O R, A ) Paleowind Direction
11 . . . | | | | |
4 5671 \?VaanS(:] 150-250 18 (27) 1.59 £ 0.07 19.74 +£1.76 13.2+4.3 12.40+1.65 migrating 0 20000 40000 60000 80000 100000 120000 140000 160000 180000
Years Before Present
3 5801 3\7”?] 150-250 |17 (26)| 1.04 +0.05 118.98 + 17.56 25.3%6.1 114.7 + 20.6 migrating _ . _ Regional Paleoclimate Record Site Locations
as  Arid southwestern US terrestrial climates are affected by R
Tributary i ' ' . St Genye
9 5758 | toSand = 150-250 14 (21) 0.88+0.05 @ 125.69 +12.92 13.8+4.7 142.7 + 20.4 climbing changes in the California Current, for example El Nino o
I , * Semi-arid, steppe environment on the northwest Wash increases SST, which lowers upwelling, and increases | N
Nevads - ‘ e Colorado Plateau 20 | 5747 3\7;‘:] 150-250 |19 (26) 0.74 % 0.04 90.46 + 10.08 20.4+ 4.6 123.0 + 18.6 migrating orecipitation on land it N
\ : * Two distinct fields separated by the Sevier Fault Sand Lol R ¢ .  High correlation coefficient between ODP-1012 and Devils | ===
: e The Lower Dune Field exists within a structurally 22 70 gy D020 18(22) 0 1213006 180762 16.05 105 =36 1982200 erating Hole record (higher than with global record) suggests o
Legend . . i b el Victorville H?:\;ta-;u Prescott
[ Coral Pink Sand Dunes S Arzona New Mexico controlled graben . reglonal climate Slgnal (Herbert et. al., 2001) ke P gy
- t sedi Sediment Source Sediment Apron Stratigraph . Regional feedback onal marine and al
N * This study focuses on the relict sediment aprons at e P grapny Regional feedbacks cause regional marine and terrestria
S wpwom, the base of the Sevier Normal Fault scarp | tes i the northeast v Al 1 *K/Rb and K/Ba values are a measure of K-feldspar o Ccdimentaproncrosssection AA showing location ofSitesdand 3 temperatures to diverge from global patterns
A composition _ oo * Collapse of California Current and rise of SSTs along | oose 'y
_ £ *Muhs (2017) and Muhs et. al. (2017) show that £ 500 2 California coast occurred 10-15 ka before deglaciation of past | o o™ ...
J = Site 3 - -
ReS earcC h Q uestions K/Rb and K/Ba are effective discriminators for K- § a0 * 5 glacial maxima
[} Site 4
feldspars derived from different source sediments o FmmSend Wash COhC|USi0nS
across North American dune fields O " Y istance (miles) - -
Geomorphology of the CPSD sediment aprons erance {mies)  Topographic controls can preserve long records of landscape activity
1. Do the structurally-controlled sediment aprons preserve a longer record of | R straiiit;:phy St * Landscape change corresponds to major climate change events
. .- : : ratigraphy . . . . - . . .
aeolian depOSIthn than the main dune field? When were these features Northwest Colorado Plateau dune fields Southwestern US dune fields 0 : : 0 [omewn | [T 0 T 00 * Aeolian activity during MIS6/5 transition was most likely a result of increased sediment
n [ n n = Uni I" k2 ] °
active in the past? And when did they become relict/stop accumulating 500 San Nicolas — . supply rather than aridity
- . 600 Island dunes, 1 % p (U R efe rences
sediment? | - CA | _ \\\\§
: : 500 CPSD Aeolian : _ - m 5 ) \\ 5
2 . H aS the Sed | ment Sou rce Changed Over t| mef) 450 CPSD Eluvial 5[!1'.]—_ GaidE;EDE;l:‘E?E }: _ % & @ \ 0sL1240%165ka 40_-,’ : Ty Ellwein, A.L., Mahan, S.A. and McFadden, L.D., 2015, Impacts of climate change on the formation and stability of late Quaternary sand sheets and falling dunes, Black Mesa region, southern Colorado Plateau,
- = v ni USA. Quaternary International, 362, pp.87-107.
E. 400 = Kanab Dunes é dLll'IES CA i ﬁ' 'g" 3 Unit Il E— 3 Unit IV E.L. Cord Luminescence Laboratory, Desert Research Institute https://www.dri.edu/luminescence-lab
CI I mate Im D“ca‘“ons 250 CPSD o 9 400 - # “ \ Algndanes % 4 % A o Herbert, T.D., J.D. Schuffert, D. Andreasen, L. Heusser, M. Lyle, A. Mix, A.C.Ravelo, L.D. Stott, and J.C. Herguera, 2001, Collapse of the California current during glacial maxima linked to climate change on land,
| i Q Q nit : Science v. 293: p71-76.
300 o 1 Dunes, CA N N . . . . . . .
1 Landwehr, J.M., W.D. Sharp, T.B. Coplen, K.R. Ludwig, and I.J. Winograd. 2011. The chronology for the d180 record from Devils Hole, Nevada, extended into the mid-Holocene. U.S. Geological Survey Open-File
3' What can these dunes te” UsS abOUt |andscape Change? DO they represent 250 _ 300+ # 5 5 | Unitll \\ 0SL 114.7+ 20.6ka | Report 2011-1082, 5 p. htip://pubsusgs.gov/of/zogl1/1082/acces§ed May 7, 2018 o ° TP
" " " " . Dale Lak \\\\ : : Lisiecki, L.E. and M.E. Raymo. 2005. LR04 Global Pliocene-Pleistocene Benthic d180 Stack. IGBP PAGES/World Data Center for Paleoclimatology Data Contribution Series #2005-008. NOAA/NGDC Paleoclimatolo
|0Ca| geOmOrpth Change Wlth N the C PS D SyStem or reg |Ona| |andSCape 200 . . | . . san;:hegt ECA 6 | Unitl Unit| Program, Boulder CO, US?IA. ORIGINAL REFERENCE: Lisiecki, L.E.tand M.E. ngmo. 2005t. A Pliocene-Pleistocene statck of 5t7 globally distribtjtedggent:]ic D12§O retcords. Paleoceanography, Vol. 20, PA1003, o8
h . 'ﬂ d b | t ,) 20 30 40 50 60 200 —r—T—TTT— T I ™ 6 doi:10.1029/2004PA001071.
C ange 1N UenCe y C |ma e ! K/Ba 20 30 40 50 | | | | Muhs, D.R., 2017. Evaluation of simple geochemical indicators of aeolian sand provenance: Late Quaternary dune fields of North America revisited. Quaternary Science Reviews, 171, pp.260-296.
K/Ba TT Soil horizon | Fluvial % OSL sample location Reheis, M.C.,'Reynolr'js, R.L., GoId.stein, H.,'Roberts, H.M., Yount, J.C., Axford, Y., Cummings, L.S. and Shearin, N., 2005. Late Quaternary eolian and alluvial response to paleoclimate, Canyonlands, southeastern
| | | Acolian 7 Alluvium)/debris flows Ut.ah‘. Geological Society of America Bulletin, ‘117(7-8), pp.10‘51-1069. | | |
Kanab Dunes trace element data from current study by Figure Citation: Muhs (2017) Wilkins, D.E., Ford, R.L., Clement, W.P., and Nicoll, K., 2007, Little Ice Age behavior of the Coral Pink Sand Dunes, Kane County, Utah, Abstracts with Programs - GSA, v. 37, p. 426. Yamamoto, M., M. Yamamuro, and

R. Tada. 2000. Late Quaternary records of organic carbon, calcium carbonate and biomarkers from Site 1016 off Point Conception, California margin. ODP Scientific Results, 167, 183-194.

H. Cornachione



https://www.dri.edu/luminescence-lab
https://www.dri.edu/luminescence-lab
https://www.dri.edu/luminescence-lab
https://www.dri.edu/luminescence-lab
https://www.dri.edu/luminescence-lab

How has this landscape responded to past climate change?

Delta 180 ppm
> w
Ul Ul H ol

U
U

16
15.5

[EEN
Ul

14.5

Delta 180
N

13.5
13

Delta 180
_ R .
5 N O o

-
(o)}

19.5

18.5
_17.5
=~ 16.5
2 15.5
g,_ 14.5
£ 13.5
= 125

11.5

OSL Ages with Error Bars

o Previous studies (Wilkins et al, 2007)

Chronology of Coral Pink Sand Dune Activity

& This study
i
gt i
11 B
el N
[Misa] wmis2 | wmis3 msa | MIS5 MIS 6 Marine Isotope Stage

Global Record LR0O4

\ A ‘\//\,\A,\Vv/ \/\ Benthic foraminifera
Liseicki and Raymo, 2005
\9/_/\/"-/ A \"4 W —
0 20000 40000 60000 80000 100000 120000 140000 160000 180000
Devils Hole, Nevada
Vein calcite
— ‘\ /\/\/\/—' \_// \\ (Landwehr et al. 2011)
0 20000 40000 60000 80000 100000 120000 140000 160000 180000
Leviathan Cave, Nevada
- ~ V —
\ /\_/\/ \ / Vein calcite
\/ v (Lachniet et al. 2017)
0 20000 40000 60000 80000 100000 120000 140000 160000 180000

Core LPAZ 21p, near California coast

JYah
Y. LA

1AA A
v // \V \.JV \ A /\ I\/\D Benthic foraminifera
A N A \/\/_r V (Herbert et al. 2001)
AN, SVA AT,
~ AvAv
V V
0 20000 40000 60000 80000 100000 120000 140000 160000 180000
Core ODP Site 1014 near California
7
A /
/\ Py J\/\ / Benthic foraminifera
/ NV UV - - (Yamamoto et al. 2000)
\ ,J\V/\ - / A ~_ N\
A A~/ SN — WA VAY
V \
0 20000 40000 60000 80000 100000 120000 140000 160000 180000

Years Before Present

Delta 180 (ppm)
= m = z = G =
w (0] D ul (05} ul (@)

Chronology of Coral Pink Sand Dune Activity

W
@

&
v

w
~N

-39

Delta 180 (ppm)

-43

-45

-47

41 -

nGRIP

i |
Wk LI

20000

OSL Ages with Error Bars

& This study

o Previous studies (Wilkins et al, 2007)

I |
11 B
—-
N
ml MIS 2 F MIS 3 MIS 4 — MIS 5 MIS 6
Devils Hole, Nevada
P
/ AN

—~

Vein calcite
(Landwehr et al. 2011)

Marine Isotope Stage
(Lisiecki and Raymo, 2005)

Benthic foraminifera

0 20000 40000 60000 80000 100000 120000 140000 160000 180000
Core LPAZ 21p, near California coast
- A
A X S~ VW ., \,VJAVMD
\ YA NN -4 A 4
\ ST U\ - -
\VAA Vg
0 20000 40000 60000 80000 100000 120000 140000 160000 180000
Years Before Present
: g Equivalent dose
site | Elevatio _ dept grain ” See e (Gy) OSL age Inferred Dune Type
ID n Location h (m) size disks (Gy/ka) DE? + OD3 Ka (ZSE)’ from Paleowind
(m) (um) y e (%) Direction
Tributary
i 150- 18 12.40 £ . .
Site4 | 5671 t?NSaT]d 2.5 250 27) 1(.)5371 19.74 + 13.2 + 165 migrating
as ' 1.76 4.3
i Sand 150- 17 114.7 + i .
Site 3 5801 Wash 5.4 250 (26) 1(.)06151 118.98 + o5 3 + 20.6 migrating
' 17.56 6.1
: Sand 150- 14 142.7 = L.
Site9 | 5758 Wash 2.4 250 21) 0.88+0.05 125 69 + 13.8 + o0 A climbing
Elevation Location Depth from
Site . (ft) surface (m)
I San 150- 19
20 | 2 | wash | 15 | 250 | 28)
4 5671 Sand Wash 2.5 150-250 18 (27)
5720 1.5
” et B0 5758 lputaryto 2.4 150-250 14 (21
Sand Wash ' _ (21)
20 5747 Sand Wash 1.5 150-250 19 (26)
22 5720 Sand Wash 1.5 150-250 18 (22)

Dose rate

from sediment core
(Yamamoto et al. 2000)

(Gy/ka)

1.59 + 0.07
1.04 +0.05

0.88 £ 0.05

0.74 £ 0.04
1.21+0.06

Equivalent dose | Overdispersion

40000

(Gy) DE 2+ 20

Concentrations of trace elements

19.74 +1.76
118.98 £ 17.56

125.69 £ 12.92

90.46 +10.08
180.76 £ 16.05

13.2+4.3
25.3%6.1

13.8 4.7

204+ 4.6
16.3+3.6

Present ——
I T

100000 120000 140000 160000 180000

Thousands of Years Before Present

OSL Ages
with Error Bars

o Previous studies
(Wilkins et al, 2007)

® This study

aeolian
aeolian
aeolian
aeolian
fluvial
aeolian

Ba Zr Hf

Rb

U

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

240 169 0.5
170 133 04
120 135 04
100 114 0.3

50 104 0.3

180 18.7 0.5

394 0.3
26 0.2
19 0.3

13.3 0.2
6.9 0.2

29.1

0.2

Th Pb La Sc
097 55 34 0.6
076 41 26 0.6
088 35 2.7 05
061 32 19 04
073 15 19 0.3

0.96

5.2

3.1

CPSD trace element concentrations

0.7

Site T Ba Zr Hf Rb U Th Pb La Sc
ID (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
4 aeolian 240 169 0.5 394 03 097 55 34 06
3 aeolian 170 133 04 26 02 076 41 26 06
9 aeolian 120 135 04 19 03 088 35 2.7 05
20 aeolian 100 114 03 133 02 061 32 19 04
21 fluvial 50 104 03 69 02 073 15 19 03

aeolian 180 187 0.5 29.1 02 096 52 3.1 0.7

Marine Isotope Stage MS 1 |

0

20 40 60 80 100 120 140 160 180

i
o i
40~ B
* B
MIS 2 ”I-SS | MIS 4 mﬁS MIS 6

How has this landscape responded to past clir

OSL age,
LE)

o
11437
o

1487 1

14985200

[EEN
Ul

Delta 180 (ppm)
[EnY
D

[EEY
w

19

13

11

27

SST (°C)

23

21

OSL Ages with Error Bars -
O Previous studies (Wilkins et al, 2007) -
& This study
B
B
VIIS 1 MIS 2 MIS 3 MIS 4 — MIS 5 MIS 6
ZJ>LE | INnTerrea vune iype |
‘ from Paleowind
Direction
migrating ~ / \ /\’\’\'\
) migrating
) imbing
[o 2 =~ micratine
Qe V IIIISIGLIIIS T T T T T T T
20000 40000 60000 80000 100000 120000 140000 160
migrating

0 20000 40000 60000 80000 100000 120000 140000 16(
A /\\/W\'/AA'A\/J\/J‘I / \/\‘\’\//\
\UAVAVW\VAV/\/
0 20000 40000 60000 80000 100000 120000 140000 16
1AAA N /\ J\/\/J\,A
\/\/\A/ MERAVAR N
0 20000 40000 60000 80000 100000 120000 140000 . 16



