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Abstract

Sand dunes recophleoclimatic change within their stratigraphy as they respond to
climatic shiftsthroughsequences aictivation and stabilizatioeveloping chronologies
documenting periods of dune activity and stabilization can thus provide information about past
climatic conditionsConsequently hte need for accurate chronological determinations of aeolian
features has stimulated the advancement of dating techniques. In Alaskan sand dune settings,
radiocarbordating of organic material and optical dating of quartrg have proven to be
problematic due to insufficient organic material anateak optical siga, respectivelyln such
cases, feldspar grains can be dated using Infrared Stimulated Luminescence (IRSL) dating, but
are ofteravoided due to inherent anomas fading that results in age underestimation. The lack
of a viable dating technigu®as resulted in a paucity of chronostratigraphic Alaskan dune
studies, particularly within central Alaskehis research tests the use of a pogtared (pIR)

IRSL protacdl, specifically designed to limihe effects of anomalous fadiran the Nenana

dune field within the Tanana River Lowlands of central Alaska. Results indnzdtiune

activity occurred as far back a$6 kafor the Nenana dunes, dsglaciation of th surrounding
area provided an influof sediment into glaciatreamghroughouthe Tanana River Lowlands.
IRSL ages indicate a switch from sand to silt accumuldi@meen 11 ka andlO kaand

stabilization of the dune fielthat is likely tied to themead of boreal forest throughout the

region around this timé&hese IRSL ages align with regional proxy data indicating similar
timing of activation and stabilization of aeolian features during the transition between the Late

Pleistocene and early HoloaeT his research represents one of the first IRSL sand dune studies



)Y
of central Alaska and suppoftgtheruse of a pIR IRSL protocol to expand aeolian research

within Alaska
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Chapter 1 Introduction

The field of Quaternary geomorphology has directed a large portion of its research
towards developing chnologies of sedimentary deposits agetf of global climate change
become more widely recognized the scientific communitand the general public. Examining
periods of formation or alteration of sedimentary features, such as sand dunes, reveals
information about past environmental condisoRor example, a shift toward a drier climate
seen at the end of the Pleistoceran reduce vegetative cover andth sufficient wind
velocities,induce the mobility of sediment and thus dune formatioreformation Such interest
regardingpag ernvironments generaséhe need for the advancement of dating techniques to aid
Quaternary researchers.

Sand dunes maintain records of paleoclimatic change within their stratigraphy as they
respond to climatic changes through activation and stabiliz@temcaster, 1993Nolfe et al.,
2011). Their formation reques the mobilization of sand, which can be influenced by factors
including transport capacity of the wind, sediment supply, and sediment availability (Kocurek
and Lancaster, 1999). An increase in sediment avatlgliitir example, instigates sand
mobilization and the formation of dunes. Meanwhile, a decrease in sediment availability results
in a decrease in dune field area andncrease idune stability (Lancaster, 2009). These three
primary factors are driven kglterations in climate, vegetative coage, and sediment source
(Lancaster, 1995). By identifying when pakiingesn dune activity occurred, one can infer that
a change tanyof these factorsnay have resulteish the change seen in dune activity.

Developing accurate chronologies documenfirgods of formation and stabilization leads to an



understanding of the regional evolution of an aeolian landdnapsing aeolian features as
indicators of past changes in climate.

Numerous chronometric dating techniques have been developed to datergedi
radiocarbon being among the most widely used; however, problemsvahsadiocarbon
dating when insufficient organic material exists within the sediment, whigpially the case
with aeoliansanddeposits.Accordingly, the application of a necarbonbaseddating method is
oftenneededIn the mid1980s, significant advances in the field of particle datasylted inthe
techniqueof luminescence dating, which enabled aeolian deposits to be dated directly.
Luminescence dating greatly enhandeel capabilities for building more precise chronologies of
aeolian landforms anektended the dating rangepadilities fromaround 9,000 yearvia
radiocarbon dating tgreaterthan1,000,000 yearsn some casesvith luminescence dating
(e.g., Pickeng et al., 2013Arnold et al., 2013 Sinceits debut, iminescence dating continues
to expand the capabilities of sediment dating and hasebgensivelyused for determining the
chronologies of aeolian landforms.

Luminescence dating estimates the tsmee a sediment grain was last exposed to light
and provides the time of burial of the sediment, or dune formation, in the case of aeolian sand
(Aitken, 1998;Huntley and Lamothe, 2001)he method measures the natural buildup of
radiation over time that is contained within sediment crystal lattices and is basedcondéget
that the |l uminescleeaehsdgaawheées trkesesediomenb
sunlight or heat (Aitken, 1998). Luminescence dating is an ideal dating method for aeolian
sediment because it is a form of absolute dating, rather than relative dating, in that it directly
dates periods aeolian activity. Another advantage of using luminescence dating with aeolian

deposits is that it requires ampkrlgment exposure to sunlight, which aeolian grains typically



experience during wind transport. Additionally, luminescence analysis gengafiyguartz or
feldspar grains, which are abundant in most aealeposits Luminescence dating has been used
to study aeolian systems across Europe, North AmennchAsiabut much remains to be studied
in some of the most critical areas of concern witlrent climate change.

High-latitudes areas, such as Alaska, are particularly sensitive to changes in climate.
While geomorphic system processes that link Hagitude ecosystem responses to climatic
changes are not fully understood, moisture is sugdés play an important role within these
regions (Hinzman and Kane, 1992). Within interior Alaska, permafrost is previatemé (

1965) and danges in temperature can cause flux in depth to permafrost, which daféathg
sediment availabilityDespte the importance of understanding past responses of landscape
features within critical areas like Alaska, sediment dating, particularly of sand dunes, within the
high-latitude region remains understudied throughoastof Alaska. Part of this has to datiw
difficulty of accessin addition to being remotenany interior dune fields are located within
marshy lowlands and are not easily accessible byodicalt-terrain vehiclesBut even in those

areas with access, a lack of viable dating techniquesdnaisbuited to the paucity of
chronostratigraphic Alaskan dune studies.

In Alaskan aeolian settings, the most frequently used methods of radiocarbon dating and
Optical Stimulated Luminescence (OSL) are rarely possible due to insufficient organic material
and a weak luminescence signal, respectively. Quartz grains are typically used in luminescence
studies; however, in some glaciogenic and neotectonic regions the quartz minerals show a weak
luminescence signal that is hard to measure (Pietsdh 2008; Rodes, 2011). Luminescence
studies have documented low quartz OSL sensitivity in areas inclirdirtdimalaya region

(Rhodes and Pownall, 1994he New Zealand Alps (Preuss#ral.,2006), and Peru (Steffet



al., 2009). While this phenomenon remainslarstudied, the cause of the weak signal is
currently attributed to a short Iifetime of t
cycl,i nghoi)ch rel ates to a | ack oSimid@ly,O©O3pso i n tF
dating of quartz nmerals found within aeolian deposits of Alaska and western Canada has

yielded dim luminescence signaMynyikwa et al., 2011Johnson et al2012 Reuthey2013.

In such cases, feldspar grains can be dated using Infrared Stimulated Luminescence (IRSL)
dating, but have been avoided in the past due
radiation that often occurs. This anomalous fading (Wintle, 1973) often affects IRSL samples,

and if unaccounted for, can result in ages that are too yfamtpe sediment being dated.

Because of these complications, luminescence dating of interior Alaskan dunes has
remained extremely limited. Several attempts have been made to calculate and account for the
effects of anomalous fading (e.gluntley and Lanothe, 2001; Auclair et al., 200Bhomseret
al., 2008), including a recent protocol from Buylaert et al. (2009) that use$Rp@siR) IRSL
analysis in an effort to limit the effects of anomalous fading. Roberts (2012) tested the potential
of using thisp-IR protocol to date loess deposits near Fairbanks, AK, and yielded IRSL ages in
agreement with independent age control. Because of this success dating central Alaskan loess
deposits, the pIR protocol was tested on a limited number of samples fromusandieghosits of
the Wood River dune field within central Alaska (Johnsaal.e2012). Both studies serve as
impetus for thigesearcho continue testing thgotentialof ap-IR protocol to expand aeolian
research within central Alaska.

This research westigates the chronology of dune deposits within the Nenana dune field
of central Alaska using a pIR IRSL proto¢tdllowing Buylaert et al., 20095 pecifically, the

sampling strategy aims to capture maximamd minimuralimiting ages of aeoliaactivity



within the dune field. The Nenana dunes are proximal to the Wood River dune field, where the
p-IR protocol has previously been deemed successful during an initial exploratory study
(Johnson edl., 2012).Thisresearclserves to address the followg objectives: (1) to determine
maximum and minimumlimiting ages of aeolian activity and stabilization of the Nenana dune
field; (2) to further test the use of a pdRtIRSL protocol for capturing aeolian activity within

the Nenana dune field; and {8)discuss the resulting luminescence ages within a
paleoenvironmental context using regional proxy data.

Resulting Nenana ages will be reviewed in relation to the aeolian activity of the proximal
Wood River dune field during the initial exploratory stdghnson eal., 2012), as well as
aeolian activity recorded elsewhere in central Alaska and northwestern Canada in order to place
the Nenana aeolian activity within a regional cont&kis researclalsoincludes a broad
discussion of the timing of Nenadane activation and stabilization within a paleoenvironmental
context, referencing regional proxipsmarily related to aeoliaactivity, but also including
records pertaining to pollen levels, lake levels, vegetation changes, as well as paleoclimatic
conditions.

Better understanding of timing of aeolian activity in TRL and paleoenvironmental
conditions surrounding changes to the landscape can provide helpful information about
understanding linkages between geomorphic systems, such as glacial, dliagolian
systems, that dominate within central Alaska. For example, aeolian chronologies provide periods
of sediment transport and subsequent deposition that are linked to changes in transport capacity
(i.e., wind) and sediment supply and availabilkp¢urek and Lancaster, 1999). This
relationship occurreduring glacial retreat with an influx of sediment into glaciofluvial and

subsequently aeolian systems as a response to the change in glacial system. In a broader sense,



current GCMs have predictedtfue warming of these areas (Dyke et al., 2003) that will likely
cause changes to the landscdpieen the sensitivity of these hidatitude regions to climatic
changeschronological studies of Alaska are important for understanding possible implications
of future changes.

Luminescence dating has already advanced aeolian studies globally through its robust
capabilities and thecontinueddevelopment of luminescence techniquesild allowfor further
dating of aeolian depositgithin central AlaskaDevebpment of luminescence techniques
particularly important wherthe use of other dating techniques, including OSL and radiocarbon
dating,arenot viable Wherequartz suffers from low sensitivity, as has been observed in
glaciogenic regions, feldspar deg can provide an alternative (Lukas et al., 2012). Success in
the use of dating feldspars using a pIR IRSL protocol would also serve as impetus for use in
other highlatitude aeolian settings globally that face sim#asuesThisresearch is significdnn
its novel approach and serves as a starting point for more research of its kind in Alaska and other
aeolian sand environments where dating methods previously have been limited.

Finally, central Alaska, and specifically the Nenana and Tanana riveyydlave
proven to hold a wealth of information regarding the earliest peopling of Alaska and North
America. The earliest evidence of human occupation in North America occurred during the
transition from the Late Pleistocene to early Holocene withinraeataska, which coincided
with widespread aeolian activity of the region. Determining information regarding aeolian sand
dune chronologies for the remaining aeolian deposits can provide useful information regarding
the timing and extent of human occupatand association with aeolian environments

throughout central Alaska, as well as possible insight for future researchers into use of aeolian



landscapes for prehistoric peoples (e.g., hunting lookouts), proximity to resources, and timing of
inhabitance.

The sgnificance of aeolian research within the Arctic region is substantralation to
understanding paleoenvironmental conditions andelaionships betweegeomorphic
systemsThis researcltaims toexpand what limited information isnxown abouthe isolated
deposits of the Nenana dunes within the TB&e of a pIR protocol makeis researclone of
the first to use IRSL dating on sand dune deposits of central Alaska in light of past difficulties.
Success in dating the Nenana dunes could leadl itecceeased use of luminescence dating in a
region where researchers are only beginning to understand the complexities of the timing of past
aeolian activity and its relationship with paleoclimatic conditions. Additionally, chronological
information regarihg the formation and stabilization of the Nenana dunes would prove useful
for expanding archaeological studies within an area that has already recognized as rich in

potential for learning more about the earliest prehistoric occupations of North America.



Chapter 2 Background

2.1 Aeolian Deposits of Northwest North America

The following introducethe primary aeolian deposits throughout Alaska and western
Canada (including the Yukon, Northwest Territories, and Alberta) and progtdbleexamples
of studiedocusingon these aeolian deposits. Thetionof the background will close with a
discussion of the timing of regional aeolian activity of central Alaska and northwest Canada
during theLatePleistocene and early Holocene within a paleoenvironmental ¢ontex

Aeolian depositsincluding sand dunes, sand sheets, and loesgreralenthroughout
Alaska Péwé 1975; Hopkins, 1982Fig. 2.1). During the last glacial period, 30,000 kof
northern Alaska were comprised of aeolian sand sheets and dunesn@;1dpié2; Lea and
Waythomas, 1990Aeolian sands and silspan most of the unglaciated portions of Alaska,
concentrated in most of the lowland areas and on some uplands proximal to streams draining
formerly glaciated uplands (Black, 1951; Hopkins, 198&&me of thgrimaryaeolian deposits
consist of the Great Kobuk Sand Dunes (GKSD) and Little Kobuk Dunes of the Kobuk Valley,
the Arctic Coastal Plains in northern Alasitae vasiKantishna sand sea, and extensive loess
deposits prevalent throughout cexhtAlaska.

Northernand central Alaskan aeoligeposits have receiveélde majority of attention
(Lea, 1990), likely due to the extent of the GKSD and the presence of extensive loess deposits
near Fairbanktat have been researchedgreatdetail Péwe, 1975; Muhs et al., 2003).
Partially stabilized dune fields in central and northern Alaskeer more than 30,000 Km

(Péwé, 1975; Hopkins, 1982)ithin central Alaskaaeolian deposits include the Nogahabara



dunes in the lower Koyukuk Valley, the Kasttha sand sea, atitbse withinthe Nenana and

Tanana river valleys.

180°W 150°W 140'W

Figure 2.1. Expanse of aeolian deposits of AlaskRa&d box indicates study aredata fom Wolfe et al., 2009)

The Fairbanks loessh is comprised of several widesprdadss deposits located near
Fairbanksnotablythe Gold Hills loessKéwe 1975)(Fig. 2.2). SincePéw& s i ni t i al sur f
mapping (1955), Alaskan loess deposits have served in numerous studies, including sicatigraph

studies(e.g., Muhs et al., 2003), magnetism (eviag et al., 1999; Lagroix and Banjeree, 2002,
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2004;Jensen2013, and chronological studies using primarilgi@arbon datingnd some
thermoluminescence (TL) and infrared stimulated luminesceR&_Jldating of the loess

straddling the Old Crow tephré\estgate et al., 199@reece1991;Preece eal., 1999) found

near Fairbanks (e.g., Berger et al., 1994, 19B6ese locations are useful in that they are
relatively continuous deposits that cantpaleosols and several tephra beds that have been dated

back to 142 k cajrs BP (Berger, 2003).
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Figure 2.2. Expansive Gold Hills loess bluff§hese exposures are located approximately 3 km west riviaifsis
along the Parks Highway (Route 3) and extend more than 20 m above the highway (Photographs: W. Johnson and C.
Messner).
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In northern Alaska, the Alaskan Arctic Coastal Plain consists primarily of stabilized
longitudinal, parabolic, and multiyclic dunes that coveapproximatelyl 2,950 knd west of the
Colville River (Black, 1951). Loess has been identified along the lower Colville River varying in
depths of up to a few meters, hiits believedto be extensive throughout northern Alaska
(Black, 1951).Agesof most ofthe Coastal Plain aeolian featusge unknowrbut are believed
to have been formed in a warmer climate (Carter and Robinson, 1978). Smaller aeolian ridges
occur south of the coastline, includititgg Kealok Creek exposure believedide Holocene in age
(Carter and Robinson, 1978). The coastal pkanarea of oriented lakes and dynefavorable
for aeolian activity due to high winds, low relief, and an abundance of sand and silt, but
permafrost and vegetati@urrentlyhinder comptte aeolian activation (Black, 1951). The
Kobuk Valleyof northwest Alaska consists about650 kn? of primarily stabilized aeolian sand
deposits (Fernald 964; Hamiltoret al, 19849. The GKSD extenébr 62 kn?, and the Little
Kobuk dunes cover an aref8 kn¥, and both dune fields are active (Dijknsand Koster,
1990).Silt and sanddeposits othe central Kobuk Valleywerederived mainly from sandy till
and glacial outwash redeposited by glaciolacustrine, alluvial, and aeolian processes following the
Pleistocene glaciation®{jkmans and Koster, 1990The GKSD were previously more
extensive than they are today (e.g., Fernald, 1964; Hanettahh 1984), with episodes of
expansion, inactivity, and subsequemeduction in size throughout the Holoega trend
controlledlargelyby changes in effective moisture (Manrakf2002).

In southwestern Alaska, Pleistocene aeolian sand sheet deposits ataesand
intergrades are exposed within the Nushagak, Holitha and Kuskdkwiands (Lea, 1990).

These areas served as depositional basins duririgjéigtocene glaciations and were primarily

sourced by sand and silt deflating from Kweskokwimand Nashagak River floodplaifisea,
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1990). In these lowlands, the presence of sand sheet deposits,rathéune deposits, was
attributed to a limited availability of loose, dry sand necessary for dune development caused by a
combination of ice, sparse vegetation, high water tables, and snow cover (Lea, 1990).

In Canada, the northern Great Plains areahgelst extent of aeolian deposits, covering
over 40,000 krhacross Alberta, Saskatchewan and Manitoba (Halfah, @015). Aeolian
deposits also occur within the Yukon (e.g., Wolfalet2011), Northwest Territories (Bateman
and Murton, 2006; Murton efal., 2007) and Alberta (e.g., Muhs and Wolfe, 1999; Wolfalgt
2004 2007). While aeolian deposits of the northern Great Plains have been mapped and studied,
Wolfe et al. (2011) recognized the lack of information regarding the extent and signifi€ance o
aeolian deposits within the Yukon Provinead theyprovideda first attempat mapping the
aeolian deposits of central and southern Yukon, which consist of inland sand dunes, sand sheets,
lakeshore and riverside dunes, and ¢bib aeolian depositsp¢luding loess. Using IRSL
analysisWolfe et al. (2011foncluded that the Whitehorse and Rusty Creek dune fields both
indicate maximurdimiting ages of stabilization betweerk@ and 8.5ka. Stabilization is
attributed to the spread of boreal forest kel 0 kaand9 k calyrs BP (Ager and Brubaker,
1985; Dyke, 2005) and coincides with cooler, moister climatic conditions following the
Holocene Thermal Maximum (HTM) (Wolfe at, 2011).

Sanddunes of Albertgrimarily consist ofparabolic and some traverse dunes (David,
1977; Wolfe egl., 2004 Munyikwa etal., 2011).The majority of dunes are currently stabilized
andare shown to have been acthetweenl5 ka andl14 kathrough luminescence dating of
guartz and feldspar grains taken from thegopions of dune stratigraphiyVolfe et al., 2004;
Munyikwa etal., 201]). Dune stabilization occurred in a tifr@nsgressive manner from central

Alberta into northeastern Saskatchewan following the establishment of boreal forest hder
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ka (Dyke efal., 2004) and decreased wind strength and do not suggest subsequent reactivation
(Wolfe etal., 2004). In contrast, some dunes of the southern Canadian prairies, experienced
periods of reactivation during the rAitblocene (e.g., Muhs and Wolfe, 1999; Liarakt 2002;
Wolfe et al., 2004).

Within the Tuktoyakuk Coastlands of the NorthweBerritories, luminescence dating
was used to establish aeolian activity spannin@3@ acrosshe same aredBateman and
Murton, 2006;Murton et al, 2007). Subsequentlyhe landscape transitioned from dune to sand
sheet aggradation until stabilization ak@ kathat resulted from a climatic transition from cold,
arid conditions to cooler, moister conditions (Bateman and Murton, 2006). In turn, cooler,
moister conditios led to a change from herb tundrahoub tundra vgetation (Dyke, 2005).

While many of the aeolian deposits of western Canada are sepgeatgdphicallyfrom
central Alaska (e.g., northern Great Plaisghilaritiesexistbetween the timing of agah
activity due to comparable geomorphic influences on aeolian systems of Alaska and Canada. For
example, the timing of aeolian activity within the boreal forest zone of the northern Great Plains
is closely tied to the retreat of the Laurentide Ice S{wetfe etal., 2004; Munyikwa etal.,
2011).Halfen etal. (2015 constructedh conceptual sedimestate history of the boreal dune
fields of Canada that highlights periods of high to low potential for dune building within the
context of sediment availdlty, supply, and transport capacity that are widely accepted as the
three deciding factors of the aeolian sediment state model (Kocurek and Lancaster, 1999). The
conceptual model indicates a phase of influx of sediment supply along the margins of @iroglaci
lakes immediately and contempoeously followingleglaciation (1613 ka). A lagged influxof
sediment supplgustainediune activity following the retreat of the Laurentide Ice Sheet to the

east but wasinitially influenced by limited sediment availiéiby during a shift to tindrashrub
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vegetation andeplacement of glacial windsy the Pacific aimasg(~13 to 11ka). Aeolian
activity became limited bgediment availability and transport capacity begin@irgund9 ka
and extending through the presemhich culminated in vegetated, stabilized dune fields

throughout the boreal ecozone of western Canada (Haltdn 2015).

2.1.1Summary oRegional Aeolian Activity

While some areasxhibitaeolian activity within central Alaskarior to the LGM,(eg.,
Hopkins, 1982Muhs etal., 2003), the majority of regional aeolian actiwtjthin central Alaska
and western Canadhkring the Late Quaternasgems to have occurred between the Last Glacial
Maximum (25 20 ka) and the beginning dhe Holocene Thermaviaximum (11 ka) Research
pertaining to regional aeolian activity (i.e., within central Alaska and northwest Canada) is

discussed within the context of current proxies and paleoenvironmental conditions.

2.11.1 Last Glacial Maximur{5 to 20 ka)

The LGM (251 20 ka) in central Alaska was characterized by colg, aind wing/
conditions (Hopkins192; Thorson and Bendet®B5). Glacial conditions led to significant
changes of the landscape of interior Algskahrge amounts of silt and sand were produng
massive alluviation occurring as rivers were choked with glacial sed{iReathey 2013. The
glacial landscape created strong katabatic winds blowing off of the ice that may have helped
create higher aridity within the regiom{orson and Bender, &9; BatemarandMurton, 2006).

Though there was an abundance of sediment produced during the LGM, sediment
availability for aeolian activity remained somewhat restricted, likely due to factors including a

permafrostdominated landscape, snow coward a increase in groundwater levélsea and
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Waythomas, 1990 Radiocarbon ages suggest the limited sediment supply primarily resulted in
sand sheet deposition during the LGllther than sand dune formatiiea and Waythomas,
1990) although there is some evidence of dune formation occurring betwéeral$rs BP and

16 k calyrs BP in the Shaw Creek Flats area afmlvard Sun River Site (USRS) terrace
(Reuther, 2013). Similarly, dune building within the central Kobuk Valley of northwest Alaska
occurred beginning24 k calyrs BP was attributed to an abundant sediment supply fracai|
erosion and river alluationof the Kobuk Riverflamilton et al., 1984, 198&ijkmans and

Koster, 1990. The majority of aeolian activity, however, seemed to occur throughout interior
Alaska and western Canada during the transition out of the glacial period and into thadiatergl

phase.

2.1.1.2 Late Glacial Transition (116 11 ka)

Transitionbetween the Late I&cial and early Holocene periods was marked by
significant environmental change within interior Alaska and the surrounding areas. The
Pleistocene deglaciati@pannindl6.6 ka andl1.6kawasaccompanied by warmer temperatures
and increased moistu(elopkins, 1982; Edwards et al., 2Q0Deglaciation included the retreat
of the Laurentide Ice Sheet and Cordilleran Ice Sheets, which released massive amounts of
freshwater ito the ocean and brought abe@0-m rise in sea level betwed® kaand 15 la
(Manley, 2002). As the ice sheets melted, the regional air masses shifted, bringing increased
moisture to interior Alaska as myisoastal air masses were nogenblocked byhe ice.

Shifting air masses brought about changes in paleowind directions in the area during the Late

Pleistocen@and early Holocene (Anderson and Brubaker, 1994; Bartlein, 1997).



17

Deglaciation also brought the influx of glaciofluvial sediment into tlaédled stream
systems feeding into the surrounding Nenana and Tanana floodpligng2.3) Warmer
temperatures and deeper thaws increased sediment supply during the Late Pleistocene to Early
Holocene transition, and aeolian activity appears to haveviieespread during this phase
across Alaska and western Canada (e.g., Dilley, ; 1\8@fife et al, 2004 2011), posibly as a
result of this increased sediment supply. Within the Tanana River Lowland$, \Webd River
luminescence ages indicate that durrenftion occurred as long ago-€k5.5 ka and likely

continued untik9.6 ka (Johnson, et al., 2012).



12 ka 10 ka

Figure 2.3. Deglaciation ointerior Alaska between 17 ka and 10(kiata from Dyke et al., 2003).
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There remains some discrepancy regarding paleowinds during this time of widespread
aeolian activity across the TRRéwé(1965 hypothesized that winds during the Late Glacial
were coming from the southwest. Based on shape, orientation, and distributierdahes
throughout the Kantishna sand sea tfee to~11 k calyrs BP (Lea, 1996) Collins (1985)
argued that winds from the northeast mhaste formed the dunes. However, the loess north of
Fairbanks, which Muhs and Budahn (2006) identified as priynsolirced from the Tanana
River, is believed to have formed during the Late Glacial or early Holoaedeould have
required winds from the southwest in order to defdetian silt from the Tanana River into the
uplands. As the ice sheets retreaters, iossible thatatabatic winds originating from the
Alaska Range to the soutbudd have been responsible for depositing the Fairbanks loess
(Thorson and Bender, 1985; Muhs and Budahn, 2006)le the exact orientation of paleowinds
during the Late Glacial remains unknown, evidence exists forrmtheaserly winds forming
the Kantishna sand sea to the west of the Nenana River, and southerly winds forming the Wood
River and Fairbanks loess deposits within a similar timeframe. This enigma could result from
localized differences in paleowinds affieg the TRL and the Kantishna valley. For example,
differences in wind intensity or a combination of northerly winds with opposing katabatic winds
could have affected these areas of central Alaska. This prompts further study of the timing of
aeolian actiity throughout the TRL, as well as further paleowind and sourcing research in order
to better understand the complicated nature of these periglacial landscapes.

Around 14ka, proxy data indicate wetter and potentially warmer conditions
(Finkenbinder et al., 2014A rise in lake levels suggests thd#i 13 ka experienced increased
effective moisture ashwarmer temperaturéf\bbott et al., 2000; Bigelow and Edwards, 2001;

Graf and Bigelow, 2011)The vegetation also experienced a shift from tendra vegetation
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around this time, which had previously dominated the central Alaskan landscapes\talarme

of shrub-tundra, dominated by birch (Bigelow and Powers, 2001; Anderson et al., 2004; Graf and
Bigelow, 2011) Several radiocarbon records fronultiple archaeological sitegithin the

Tanana and Nenana river valledateartifacts found within less profilesat 14i 11 k calyrs BP,

which supports evidence for aeolian activity occurring during the Late Pleistocene to early
Holocene transion period (e.g., Holmes, 1998001;Holmes and Dilley, 199@otter et al.,

2008, 2011, 2014Graf and Bigelow 2011 Esdale etl., 2012).

The Younger Dryas (YD) Chronozo 2.8 11.7 kg is characterized as a cooling event
that is expresseah isome studies throughout Alaska and northern Europe (BigagldviEdwards
2007 Bigelow and Powers, 2001; Kokorowskiagt, 2008. In general, the effects seemed to be
more strongly expressed south of the Alaska Rahgeain central Alaskawhich wassuggested
to be a result of cool, moist air being blocked from certlatka by the Alaska RangBigelow
and Edwards, Z). Overall, proxy data indicating significantly cookerddrier temgratures
duringthe YD are coarse in resolution, speculation remaings to whether significant changes
were felt in central Alaska3raf and Bigelow, 200)1Overseasincreased ae@n activity was

recorded in northern Europleiring the YD(Bigelow and Edwards2001)

2.1.1.3 Holocene Thermal Maximum (11 to 8 ka)

YD cooling was followed by the Holocene Thermal Maximum (HTMaching entral
Alaska~11ka. An increase in summer instion (Berger 1978) produced warming throughout
central Alaska, though the strength and exact timing of the HTM varied throughout the western
Arctic (Kaufmanet al., 2@4). Lake levels in the southern Yukon suggest a rapid increase in lake

levelfrom 10'9 ka (Kaufman eal., 2004). In central Alaska, lake levels also increased at Birch,
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Jan, and Dune lakes (Rilpw, 197; Abbott etal., 2000; Barber and Finney, 2000). Pollen
records from several lakes in central Alaska indicate a brief expandropafis occurringl1i

9 k calyrs BP (Graf andBigelow, 201). Similarly, the expansion and establishmer®icka
(spruce) throughout Alaska and the Yukd® k calyrs BP or thereafter, as evidenced from
pollen records (e.g., Ager, 1983; Ager and Brubak885 Bigelow and Powers, 2001; Muhs et
al., 2003; Dyke 2005). Dune fields throughout the Yukon, southwest Albamtiyortheast
Saskatchewan seemed to stabilize in a-iraesgressive mannefll ka in the southwest t9

ka in the northeast as a resultloé xpansion of the boreal forest throughout the regMwifé

et al., 2004, 201Bateman and Murtqr2006).

2.2 Luminescence Datig
2.2.1 Basics of Optical Luminescence

Luminescence dating is a technique based on the accumulation of radiation within
sedment following depositiorfFig.2.4. Once sedi ment i s buried,
levels of radiation from the surrounding sediments and a small portion from sunlight dosing
(Aitken, 1998). This ionizing radiation consists of alpha and beteles; as well as gamma
rays, which are emitted during the decay of radioactive isotopes and cosmic rays. The gradual
dosing occurs as electrons become trapped within structural defects or impurities within the
crystal lattice of the mineral. For exampdectron traps can form where elemental substitution
occurs, such as Ti replacing Si in quartz mingfalsodes, 2011)These electron traps continue
to fill over time until eventually saturation can be reached, which is the point at which all
electron traps have been filled (Rhodes, 2011). The point of saturation is dependent upon the

mineral; in general, saturation for quartz sediments occurs motdygthian for feldspar
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sediments (Wintle, 1993). This favors the use of feldspar grains to extend the age range of

particle dating using luminescence.
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Figure 2.4. Generalized depiction of luminescence priesof the buildup and resetting of a luminescence signal
from radiation dosing.

El ectron traps can be released through exp
Abl eachingd), which i sctrendrapeand stoaetl ladiatibhitken,e s et t i n
1998). The amount necessary for all traps to be released varies between minerals, but ranges in
the magnitude of IA00 seconds (Rhodes, 2011). For example, bleadgitiys for aeolian
sediment as the grains are exposed to sunlight during wimeptyet. Once the grains have been
deposited in a dune, bleaching occurs when the dune becomes active and grains that were
previously buried are exposed to sunlight. Because luminescence dating measures the buildup of
radiation over time, it is imperativladt sediment grains were fully bleached prior to deposition

(i.e., received sufficient sunlight exposure to empty electron traps). Inadequate emptying of
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electron traps, known gmrtial bleachingStokes, 1999)eads to an overestimation of sample
age and is discussed in a subsequent section

Several minerals are known to visibly luminesce when exposed to optical or heat
stimulation, though quartz and feldspar grains are most commonly used given their ubiquity in
most terrestriaénvironments (Aitken1985 1998. Thesawo minerals have gictural
differences that control their abilities to effectively trap and release radiation, altering their
sensitivity to luminesce and producing variations in signal brightness and bleaching capabilities
(Rhodes, 2011). For exatepquartz minerals hau®een shown to bleach more quickiyan
feldspar mineralsGodfrey-Smithet al, 1998 Wintle and Murray, 2006), which increases the
likelihood of complete bleaching prior to deposition. However, quartz minerals tend to saturate
at relatively low doses ofdiation (e.g., 200 to 400 Gy), which limits the capabilities of using
guartz for luminescence samples olttem~200 ka Rhodes, 201)1 Additionally, it has been
shown that quartz minerahgbegsedameptialfyotepges
sufer from low luminescence sensitivity (e.g., Rhodes and Pownall, 1994 et al., 2002;
Preusser et al., 2006, 200ychs and Owen, 2008; Munyikwaadt 2011).Pietsch et al. (2008)
measured sensitivity at several locations along a stream in New ®algs and found that
sediment closer to the headwaters exhibited a lower luminescence sensitivity than sediment
further downstreaniTheyconcluded that downstream transport provides numerous cycles of
irradiation and bleaching, which in turn increaseslthmnescence sensitivity of quariRietsch
et al., 2008)On the contrary, feldspars produce a brighter lunceese signal by an order of
magnitude greater than for quartz minerals (Aitken, 1998), allowing for higher precision

luminescence measuremerits€t al, 2007, 2014. Thedisadvantage of using feldspar grains,
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however, is the inherent possibility of lurestence signal fading that results in an
underestation of age if unaccounted for (e.g., Rhodes, 2011).
Signal fading, referred to as fAanomal ous f
Al eaki ng, 0 ocfron Fapsorer tonk. Manysearchdrsebelieve that anomalous
fading affects all feldspar samples (e.g., HundagilLamothe 2001), while others have argued
that fading is dependent upon the luminescence properties of feldspars and/or user
methodologies (e.g., Preusseakt2005).Given the advantages of using feldspars for
luminescence dating, anomalous fading remains one of the largest hindrances to the forward

advancement of dating feldspars (Roberts, 2012).

2.2.2 Optical Luminescence Age Determination

Luminescence age detemmation relies on the relationship between two components, the
equivalent dose and the dose rate. These two values are determined by independent procedures
for which a variety of techniques and their associated advantageésarisharized by Aitken,
1998).The equivalent dose and dose rate values are then combined to determine the time elapsed
since sediment burial (i.e., the age of a landform since deposition). The purpose of this section on
age determination is to provide adfroverview of luminescencanalysis; the specific
techniques used for thissearch and the reasoning behind them are discussed witpite@h
which includes the age determination equation and description of procedures.

A s a mpmuivalénsdoseepresents the total radiatienergy accumulated within
particle grains since the last exposure to sunligigyn as dleaching evenilhe equivalent
dosevalue is determined within the laboratory by irradiating samples with known doses of

radiation and comparing the intensity of tieeulting luminescence signal to the natural
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luminescence signal in order to determine the relationship between radiation energy and
luminescenceAs a whole, equivalent dosletermination consists of a series of heating,
irradiating, and measuring of lunescence signal®& s a m e eale seprdsents tragiation
dose per unit time received by the particles grains within the sample while.Bitreedose rate

is dependentipon several factors that influence the amount of radiation recéir@eh comic
dosing and the surrounding environment, includifgyation, sediment depth, density, age, and
water content (Aitken, 1985). Cosmic dose contributions are typically calculated using the
equations of Prescott and Hutton (1994), and elemental (envirtalinéose rate contributions
can be measured in situ during collection (i.e., in the field) using a portable spectrometer
independently usingigh-resolution gamma mass spectromgobninductively coupled plasma

mass spectroscopy (IGRS) and-atomic emssion spectroscopy (IGRES).

2.3 Applicationsand Developmens of Luminescence Dating
2.3.1 Applications of Luminescence Dating

While its introduction as a dating technique has been fairly recent, luminescence dating
has beemised for a variety of sedents, includinghose ofaeolian, volcanic, fluvial, and glacial
depositsExtensive reviews of sediment types and the corresponding uses of luminescence
datingcan be foundn Prescott and Robertson, 19@7an and Roberts, 2008ateman2008,
Rittenouret al., 2008, and Rhodes, 2011

The widespread use of luminescence dating over its relatively recent past speaks to its
advantages over other chronometric dating techniques, specifically the commonly used technique
of radiocarbon dating. Radiocarbon datrequires sufficient organic material for analysis,

which can be hard to find in environments where organic material is often limited or absent, such
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as highlatitude aeolian environments where decomposition rates are Badenfjan and Murton,
2006). Whee organics are found, there is often uncertainty regarding whether the organic
material is detrital, or if some of the material has been recycled from older carbon.-In high
latitude areas where permafrost limits decay, there is a high potential forcopgaservation

and thus a higher chance of recycling organics (e.g., Nelson et al., 1988; Bateman and Murton,
2006).Another advantage of luminescence dating is that it extends the age range significantly for
dating sedimenOpticalluminescencés widelyusedfor datingsediment less than a decade in

age ranging up t200,000 years, with recent research indicating potential for greater than
1,000,000years(Pickering et al., 2013; Arnold et al., 2Q1#hereas radiocarbon dagj has

generally been found useful for dating organic material rejpfyjom a few hundred years+80

ka (Lian and Roberts, 2006). Luminescence dating can help prasdanchers with a more
complete past extending back many years, with the potenpabwiding sediment or landform

ages throughout the whabé the Quaternary period.

2.3.1.1 Luminescence Dating of Aeolian Sediment

Luminescence dating has been used for determining numerous chronologies of aeolian
sedimenind was first usemh India, wrere TL wasappliedfor the dating ofeolian sand
depositgSinghvi et al. 1982).Within North America, Forman and Maat (1990) used TL dating
to develop the first luminescence chronolegydunes withirof the Central Great PlainSince
these initial stdies researchers have workgtbballyto documenPleistocene and Holocene
sandduneand loess stratigraphies (see Wintle, 193pdes 2011 Aeolianbased
luminescence studidgve been shown to providevariety ofinformation about past

environmentabr climatic conditionsincludingchanges ipaleowind direction or intensite.g.,
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Bigelow et al. 1990 andtiming of dune stabilization in relation thhanges in vegetative cover
(e.g.,Wolfe et al., 201 Luminescence dating is particularly well gditfor dating aeolian
environments for several reasons, including the abundance of quartz and fgtdszathe

preferred minerals used in luminescence dating, within aeolian deposits. Additionally, aeolian
grains normally receive adequate exposureatgight during wind transportation, which is
necessary for producing accurate luminescence ages. Lastly, luminescence dating serves as a
viable option where radiocarbon datinghi® possibledue to a lack accumulated organic

material ancbr organic mateal that does natepresents a direct measurement of aeolian

activity.

2.3.2 Limitations of Luminescence Dating

As with any chronometric dating technique, limitations to luminescence aidingist,
and if unaccounted for, can result in under overeimated predictive age€ne of the
assumptions of luminescence dating is that the sediment grains are fully bleached before their
burial upon deposition, meaning that electron traps were emptied during transport. Length of
sunlight exposure and the intég<f sunlight are environmental factors that affect the extent to
which electron are released from traps (Rhodes, 2011). These factors are determined by the
method of sediment transport leading up to deposition and latitude determines intensity of
sunlight. Inadequacies of either factor lead to partial bleaching, in which traps are only partially
emptied prior to deposition and results in an age overestimation. Partial bleaching has been
shown to be particularly problematic for sediment within glacialgeraylacial environments
(Prescott and Robertson, 199Bateman, 2008-uchs and Owen, 20p8vhere fluvial transport

often occurs in deep or muddy water or sediment carried within or beneath glaffakmsentt
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and Robertson, 1997 onversely, aeolian sediment has a higher probability of each grain
receiving sufficient daylight exposure during wind transport (e.g., Aitken,, 1988). In high
latitude areas where sugttt is less direct than lower latitudes, seasonal effects have been
considered andtudiesshow differing resultsegarding their influencé~or example, Mejdal and
Funder(1994) showed insufficient bleaching within the Arctic Circle in Greenland; however
Berger and Andersof2000 demonstrated a very low OSL signal on modern (i.e.-pedr age)
sediments within two Alaskan lakes, which suggests full resetting is possible even at high
latitudes.

Dose rate measurements rely on a value for water cahegradequately represents the
historical water content since burial, which realistically often varies over time from factors such
as a change in water table or permafrost levels. Uncertainties pertaining to water content values
can lead to substantial@hgedn dose rate calculations and subsequently age estimates. For
sandsized grains, it has been shown that the titak raterariesapproximatelyl% with a 1%
change in water content (Rhodes, 2011). Water contained within sediment pores absorbs
radiaton, so water content values must be measured during collection or within the laboratory.
An important consideration is that the water content measured while sampling should be
representative of historical water content as much as po€Bddausevater @an cause a
lowering of the dose rate as it hinders radiation from infiltrating aghgrchanges in water
content can result in agaderestimatiorfPreusser et al., 200Bukas et al., 2012)or
luminescence samples with assumed past variability in water content, such as former changes in
water table levels, further measures may need to leatalkich as modeling past changes in

water content (e.gMann et al., 2002)This highlights the importance of understanding the
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paleoenvironmental setting and history of a samplieg ar order to produce accurate dose rate
calculations and lumescence age estimates.

Limitations of luminescence datirigced by researchensvefosteredrapid
advancements in this field. The high variability experienced between the luminescencegsroper
of quartzand feldsparndividual sediment depositsased on depositional processes, and
variability betweenndividual grains of the same depositcouragehatresearchers report and
validatethe specific process of luminescence dabiamgusedw h i &ds ledito a degree of
quality control rarely seen with other dating methods. This practice of reporting experimental
detail, and therefore the sharing of methodology, has also resulted in the rapid advance of the

techniqueod (Li am24800.d Roberts, 2006,

2.3.3 Development of IRSL Techniques
Following the use of TL for dating, the realization that sunlight (i.e., optical stimulation)
could bleach sediments gave way to the use of optical means to measure luminescence through
OSL (Huntley et al.1985). Opticadating has been widely used for a variety of applications,
including archaeology, seismology, and geomorphology, and is particularly useful for
geomorphologists and those developing chronologies of different landforms. Several thorough
reviewsdetail such applicationgncludingthose ofDuller (2004)and Lian and Roberts (2006).
The use of infrared stimulation, or IRSL dating, wasp&red by Hutt edl. (1988) and
has sinceseen a shift toward expanding the use of feldspar dating through IRSL dating. Quartz
grains do not have the ability to trap, store, and release radiation within crystal lattices that
feldspargrainspossessFeldspar also extends the dating range for sediments, beyond 100ka

years. However, much remains to be understood about the processes surrounding feldspars,
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particularly methods toounteranomalous fading. The first observance of anomalous fading

came througfi L dating of volcanic feldspars (Wintle, 1973), which led to the common

hypothesis that anomalous fading occurs due to quantum tunneling mechanjc&itken,

1985; Visocekas, 1985Unstable traps tend to release some of the electron-trapransfer

them from nearby trapsvhich causes an underestimation of calculated sample age. Some argue
that feldspar fading tends to occur ubiquitously (e.g., Huntley and Lamothe, 2001), while others
state that feldspar fading is dependent on sediment origin\{esgcekas and Guerin, 2006). As
scientists continue to investigate the specific causes of signal fading, they have used a variety of
methods to combat the effects of anomalous famfirigder toexpandhe use of feldspar dating.

Initial attempts to dinmish the effects of anomalous fading came from studies that aimed
to track signal decay, or fading, rates. This is done with a fade test that measures signal decay
after irradiation and calculates a fading r@ientleyand Lamothe, 2001; Auclair et al., 2003)

Fade rate correctionsitéhen be made using the calculated fading rate (Huntley and Lamothe,
2001). Lamothe et al. (2003) simplified this method by incorporating the environmental dose and
dose rate values intbe fading equati® While these methods offer a plausible means for
diminishing the effects of anomalous fading, they are often time consuming and rely on the
accuracy of equivalentode and dose rate measuremenhi® processes are dependent on each

other and so any inaccuracies are emphasized in the results. Thus, alternative methods that avoid
signal fading are better suited for IRSL dating because they do not require calculating fade
corrections.

Due tocomplications of using fade rate measurementthods have recently shifted
towards developing methods that target a more stable (i.efadmmg) signal. These methods,

first proposed by Thomsen et al. (2008) and utilized by Buylaeait @009), are known as
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elevated temperature, tvgdep posiR (pIR) protocols that utilize a lower preheat temperature

(e.g., 50°C), followed by IRSL measurement at a higher tempefatgre225320°C)(Table

2.1). A lower preheat temperature is intended to clear out unstable traps before luminescence
measurementsave been made, thereby ensuring the measurement comes from electron traps
less prone to fading (i.e., more stable) rather than luminescence from unstable traps (Thomsen et
al., 2008). While the development and testing of pIR techniques continues, thésmisthave

served as a breakthrough in targeting anomalous fading, which has allowed for the expanded use

of feldspars in luminescence dating.

Table 2.1. Treatment process of the applied pd&iRSL SAR prdocol (following Buylaert et al., 2009).

Step Treatment Observed
1 Give dose, P

Preheat, 250 C, 60 s

IR stimulation 100s at50°C L*

IR stimulation 100s at225°C L**

Give test dose, P

Preheat, 250 C, 60 s

IR stimulation 100s at50°C

IR stimulation 100s at225°C T**

IR stimulation 400s at290°C

10 Return to Step 1

*Referred to as IR &0°C
** Referred to as podR IR at225°C

© 00 NO O & WON

2.3.4 Aeolian Luminescence Studies of Alaska
The prevalence of loess throughout Alaska has led to the tgagbtuminescence
research conducted on aeolian material to focus on loess. Thienaelh loess seances near

Fairbanks, Alaska have received the bulk of luminescence research within Alaska, including the
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Halfway House loess (Westgateabt 1985; Weggate etal., 1990; Oches et al., 199&uclair et
al., 2007) andthe Gold Hills loessd.g.,Preece1991; Preeceet al, 1999; Berger 2003. Some
of the earliest luminescence studies of loess within central Alaste@conducted bBerger et
al. (1994), whoused Ttodatebor acket i ng | oess surrounding the
(below the tephra) and 110 ka (above the tephra). Berger et al. (1996) also used TL at a nearby
exposure to show similar bracketing ages of the Old Crow tephra ranging from 144 ka (below the
tephra) to 128 ka (above the tephrBaleosols within loess sequences at Gold Hill near
Fairbankswere dated using TL and IRSL to bracket the ages of the associated Sheep Creek
tephrabetween’5 kaand 30 kaBerger,2003). Severabtherstudies used TL datiyito
determine the ages of loess within the areg,(@/intle and Westgate, 198Bgrger etl., 194;
BergerandPéweé 2001; Berger2003).

In addition to the loess deposits of central Alaska,tanana and Nenana river valleys
are weltknown for thef abundance of archaeological material that dates the first populations
into eastern Beringia, and possibly the New W@Bdaf and Bigelow2011) Due to the
presence of cultural material found within aeolian deposits across the vaitests,
archaeological studies within central Alas&adatehaveutilized radiocarbon dating to provide
chronologicframework; howeverRReuther(2013 used acombination of IRSLland radiocarbon
for geoarchaeological and paleoecologmadlysis of the Tanana Valley.

Despite the appeal of using luminescence dating for aeolian materiappheationof
this dating technique has not always been successfdafiorg aeolian deposits in Alaska and
elsewhere. For example, Auclairat(2007) conducted three types of fading tests on feldspar
grainssampled from tephra and loemsddetermined that the IRSL ages of loess were

reasonablehutthe measured fadingte (gvalue)used on the tephrasulted in age
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underestimatiofAuclair et al., 2007)Berger 003 found that IRSL ages of loess near

Fairbanks were underestimated and stratigraphically inconsistent in comparison with ;TL ages
which hesuggested may be duewuariations in feldspar grains that affected tke offade
correctiondollowing Huntley and Lamothe (2001At the Halfway House site in central Alaska,
Oches et al. (1998gported IRSL ages that were discordant from their more reliable TL ages.
Age dscrepancies have been reported elsewlierexanple, Berger etal. (2000) received

similarly inconsistent IRSL ages in relation to TL agé$ake core sediments from northern
Alaskathatthe authorsuggestedaverea result oimineralogical variatiommongthe polymineral
samplesWithin the northern Ggat Plains, @mplications with luminescence dating of quartz
grainsappearedslow luminescence signals in aeolian studies, which has led to the use of IRSL
dating of feldspar grains, rather than OSL dating, throughout the region (Mungikava2011;
Halfen etal., 2015).Similarly, Reuther (2013)ferenceslim luminescence of quartz graiasd
avoidedquartz OSlanalysisby adoptingdRSL analysisnstead Giventhe complications faced

by researchers pertaining to avallchronologic dating methodaapreviougpreferential

interest of research in loess deposits in central Alaska, sand dune chronologies throughout central
Alaskaare lackingn relation toloessdeposits of the region.

Recent investigations af dune field irthe TRLof central Alask brought to light initial
complications using luminescence dating, but subsequently produced promising resulis using
pIR IRSL protocol.The Wood River dunesomprisea relatively small dune field within the
Tanana River Lowlands (TRL) that coveskm? and consists of a predominately northeast
southwest trending linear dune compleurrentlystabilizedby tree and shrub growtNineteen
luminescence samplesllectedfrom the dune crests, flanks, and basal portions of the dune

wereinitially processedising IRSL datinghat employedhe standard fade rate corrections
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(Huntley and Lamothe, 2001Becase theresultingages of the dunes were anomalously young
in comparison to regional aeolian proxidse samplewere subsequently dated using a gést
IRSL protocol recently deemed successful for dating loe®e Fairbanks arg®oberts, 2012)
(Table 22). P. Hanson ahA. Young at the University of Nebraskancoln Geochronology
Laboratory conducted initial and subsequ&8L analysesThe se of the pIR IRSL protocol
produced reasonable ages in relation to regional proxigs Potter et gl2008, 2011, 2014;

Esdde et al., 2012; Reuther, 2013nd dating of the Wood River dure=ved asin exploratory
investigation of dune activity within the TRL. Given the segxof the first use of this protocol

to date a stabilized central Alaskan dune field, the pIR IRShadecentral to this researctvas
adoptedo further test the pIR protocol and provide information regarding the timing of aeolian

activity and stabilization of the Nenana dune field.

Table 2.2. Wood Riverdune IRSL age estimatesing standard age correction method (Huntley and Lamothe,
2001), which yielded anomalously young ages, versus subsequetiR@gs estimates in agreement with regional
proxy data (Johnson et al., 2012).

Sample # Std. Age (ka) Post-IR Age (ka)

AK 1-2 492+ 0.33 1186+ 0.92
AK 1-3 1110+ 1.01 1264+ 1.14
AK 2-1 6.95+0.48 1062+ 0.88
AK 2-2 6.92+ 0.45 9.65+ 0.73
AK 3-1 6.12+ 0.46 10.24+ 0.95
AK 3-2 6.59+ 041 10.06+ 0.81
AK 4-1 10.11+ 0.65 1540+ 1.32
AK 4-2 6.61+0.61 1187+ 1.47
AK 5-3 6.06 + 0.60 10.38+ 0.97
AK 6-1 8.55+ 0.62 1422+ 1.40
AK 7-4 10.6 £ 0.60 1162+ 1.12
AK 7-5 8.39+ 0.53 1176+ 0.93
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In summarymultiple researchers have extensively studied loess exposures within central
Alaska (Péwé, 1955, 1975; Hamilton 1983, 1988; Begét, 1988, 1990, 1991, 199@B &)X ;
and Hawkins, 1989; Begét al., 1990; Westgate et al., 1990; Preece et al., 1991, 1999; Berger et
al., 1994, 1996, 2000; Muhs et al., 2001; Lagroix and Banjeree, Béd@er, 2003Muhs et al.,
2003), but there remains a paucity of information regarding central Alaskan sand dunes by
comparison (e.g., Collins, 1985; Lea 1990, 1996; Lea and Wayth@8%(, Esdale et al., 2012;
Johnson et al., 20123ndeven fewemwithin the Tanana River Lowlands (Johnsomlet2012).
Given the lack of knowledggurrounding the Nenana dunes and the potential of dating success
using a pIR protocokhisresearcldocunent thetiming of aeolian activityand stabiliation of
the Nenana dune field. Thisojectserves as onef the first studies within central Alaska to use
apostIR IRSL protocolfor dating sand duneandprovides further testing of the protocol, which
is significant for assessing its potential as a dating technique in sand dune settings. As a corollary
to the primary objective of documenting aeolian activitgisgusgon is includedof the resulting

luminescence ages within a paleoenvironmental coofeke region
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Chapter 3 Regional Settingand Study Area

The Tanana River Lowlands (TRL) is a broad valley region located within the Fanana
KuskokwimLowland Basin (Wahraftig, 1965) whichdefines this eastentral division of
Alaska Fig. 3.1). This region $ bounded to the north by the Tandsiaands and the northern
foothills of the Alaska Range to the south. Multiple streams flowing northward, some of which
originate in the Alaska Range to the south, dissect the landscape, and their sedmieadtls
hawe deposited coarse bed load material as expansive alluvial fans that extend into the lowland
region (e.g.Péwé 1975 Collins, 1985Wahrhaftig, 1985). Remnant stream channels, oxbow
lakes, and natural levees signify previous migrations of streams. Baserack outcroppings
serve as topographic highs across the valley, including the Blair Lakes outcropping in the
southeastern portion of the TRL. Much of the bedrock is composed of Precambrian and
Paleozoic schist that is highly weathered (Soil Sustif, 2007.

During the Pleistocene, glaciers existed to the north, south, and east of the plains and
smaller glaciers within the Yukehanana Uplands, but the TRL remained unglaciated (Péwe,
1975) and instead served as an accumulation basin for sedimiengt tthe recent glacial and
interglacial periods. As such, the majority of the TRL consists of Quaternary deposits, including
alluvium from the nearby streams, colluvium from the surrounding upland areas, and aeolian
deposits (Péwé et al., 1966; Péwé 197aljins, 1985; Foster and Keith, 1994). Windblown silt
mantles the topographic highs within the area, includingtdifterraces, sand dunes, and
bedrock outcroppingsBlack, 1951; Péwé, 1975; Wahrhaftig, 198&hs et al., 2003)it is
well-established that aeolian sediment is prevalent throughouRhégHig. 2.1), shown

particularly through extensive research of loess deposits north of the Tanana river near Fairbanks
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(Muhs et al., 03). To date, however, little is known of the sand dune deposits within the

lowlands.

149°W 147°W 146°W

Physlographuc Regions
Alaska Range
Yukon-Tanana Upland

Tanana-Kuskokwim Lowland E

A ff}
f. -l,u
’

Figure 3.1. Physiographic regions of central Alaska (Wahrhaftig, 1968hana River Lowlands (TRL) lies within
the Tanan&uskokwim Lowland and south of the Yukdianana Upland.

Climate ofthe TRL is continentadubarcti¢ with winter temperature averaging19°C
and mean summer temperaturd4fC (NationalClimatic Data Center2015. Monthly

temperature and precipitation averages are provided for the village of Nenana i8.T.able
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Table 3.1. Temperature and precipitation data fgnana from 1982010 (Data from NCDC, 2015).

: Minimum Mean Temp. Maximum
Month Precip. (cm) Temp. (C) °C) P Temp. (°C)
January 1.37 -25.9 -21.2 -16.3
February 1.07 -23.4 -17.6 -11.7
March 0.66 -18.8 -11.8 -4.8
April 0.81 -7.3 -0.7 5.9
May 1.96 1.8 8.7 15.7
June 3.63 7.6 14.7 21.8
July 7.21 9.9 16.1 22.2
August 5.31 7.1 12.8 18.5
September 3.23 1.3 6.6 11.8
October 2.18 -8.8 -4.9 -0.9
November 1.80 -20.4 -16.0 -11.6
December 1.37 -24.2 -19.2 -14.2

Due to the presence of the Alaska Range to the south, air masses tend to lose the majority
of their moisture before reaching the TRésulting in arannudaverage annual precipitation of
only 25 40 cm for the region (Muhat al., 2001; Bigelow anBdwards, 2001). This part of
central Alaskacurrentlyexperiences seasonal windsth primarily southwesterlyinds during
the summer months amertheasterlwinds during the winter monsh(Figs. 3.2and3.3).

The TRL consists of discontinuous permafrost, which varies by depth throughout the area
(Wahrhaftig, 1965Péwé, 1975). Permafrost is largely responsible for frequent ground saturation
and the marshy coitobns of the lowlying areas within the TRL, as it hinders the downward

infiltration of groundwater in the ares@hrhatftig, 198h
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Figure 3.2. Seasonal wind rose showing prevailing wind directianing line1961 1990in FairbankgFigure
modified from http://www.wcc.nrcs.usda.gov; data from National Climatic Data Center).

Figure 3.3. Seasonal wind rose showing prevailing wind directiarning Dec.1961 1990in Fairbanks Figure
modified from http://www.wcc.nrcs.usda.godata from National Climatic Data Center).






































































































































































































